INTEGRATED RENAL-ELECTROLYTES



Renal Physiology

_ mlmuw
/ T

ml Jrwin 2
Clearance= U V™™ : Rt
P :
= Cini § .
GFR= Cinlin s B C inuliv
RPF= Crnw RoF = —— e 6P £ ol
Filtration fraction= s e £
w0/ RPF /Nu ,Ub g 200.. 8 Nﬂ’ I[L' /)1[03..
Clearance: PAH > Creatinine > Inulin > Urea > Na > Glucose 8 b aa Lengthof nephron
7 (—— ~ — 5 ]
gecr” reabfovhed. *
Counter-current :
AL 190
o PAH o
CC multiplier — 104 185 Creatinine
—Vacw recla .
CC exchangﬂc‘er ¢  Jacia cell 180 -
/ TG ~< 175 clearance = GFR
/ .
Macula Densa | gppis — Juxtaglomerular cells i) B
~ Chemo temsry - baroreceptv . — 7 ya
- TAL-DeT j0 > ,,,JP' - Mo Swisoh Mucle celu o~ Tubular 123 :
J e M fluid - e
n & W adencdde _fluid] 100 = : - I
@—-) Adenosine '\*";,_)J’“ [Plasma] N Osmolanty Nat

\

—~ReENND > RAAS 0751\ \_HCO;

/hbul.;du W aciemole f Na? [ ny0 'Cﬁ""?'" 0.50 v
gle Kt [ nl exes 0.25 A Amino acids :

4Fe L/_\/\J 0.0 Glucose J&

0% 25% 50% 75% 100%
% Distance along PT length



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


hvkdwfﬂvﬂmo Braﬂm” =T

l ACE — Wﬂw
AT-ID ""‘0‘“‘"
l___’, _ ]
] L z )
A Y /
ve AcE’ PeT Aldostaone A—=D.;’
AT dwema
fcrent TN&-"/ 0/ N0 sk
. Kf 7
GERT 'ﬂ— e
rca.b:ﬂn
 (oaha chow
Mlalori ”
Vi - Yc

VWE release [f¢
= =

Abu \/
/ VZ—L"’ () —1‘,4}9'

S Paem (Mb pt)


Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Glucose transport (mg/min)

hesd Y Filtered (y(osumow
S 3 Excreted ,~ Cowm
450 -/ I~ 375mg/min #
Cg ............ .. _Reabsorbed
- _ ~ ('r /,
300 1 kW,’a,
150 i ,,,/’,
0 e
o | 20 400 600 800
Normal Plasma glucose (mg/dl)

- f\PULxWA vol -
La /01"?,60(03129/ \7’/\4.(_0 ¢t

Flow rate (L/min)

Autoregulatory

range
—

Renal blood flow

.04
5-
GFR
o ﬁ i

0 40 80 120 160 200 240
Mean arterial blood pressure (mmHg)

S0 - [80 ML Hﬁ

(%) ISvNJ/

%{ﬁmmwly

~4400 L

boplace  laws =

P= 2T
R
S PAras - ® ¢” —
Pemge Pmm Crafcack
e relax

EUS = Sommhe
—€2-Su /udeaw N

“Syup — Vhots 7 ~dobar relox


Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Glomerular Filtration

Prostaglandins preferentially

NSAIDs —=+ | (dilat@afferent arerioe Bowan capsule ANP: Afferent
T LNk e arteriole dilation
z
2 gowman Space Podgeytes Tq9Fr - net
© ° (visceral layer) . )
% p O~Q-B,, 4 nafriureea)
% o P/ vol [es4
’}O' :
Juxtaglomerular {° o V v Py
cells A\ R
v o > Filtered —— bxcreted
lacula densa—\ P
« __’
R R
Dista renal—/ " | eabsorbed \Secreted
tubule * ’ Peritubular
capillary
@ _/"4 Net filtration pressure
P ) . Endothelial cells =P+ x,) - P+
( ThSmm T (C36410)
b Mesangial Basement z [0mm¥Y
membrane = ——

cells
Efferent arteriol.

(T Angiotenin I preferentially
ACE inhibitors —~— || constricts efferent arteriole

Ve . ( +RPF, 1 GFR, s0 1FF)
czim L poc

ARS i~ dM Mf'vlyﬁﬁ; /ced

Glomerular filtration barrier: _

- Fenestrated capillary endothelium: 50-100nm -¢13¢ '\.? charge
- Basement membrane with type IV collagen and heparan sulfate

* Podocyte foot processes Slit diaphragm pore size: ~4 nm - 9«3},
Dopamine/ANP NO CAMP PGE2 -muangizl relrxahm  —s TG re

GFR RPF FF
Afferent arteriole J L -
constriction
Efferept grterlole ~ L 14
constriction
High plasma protein L
. J
concentration
Low plasma protein ~ ~
concentration ‘
Ureter constriction”’ 0‘;:‘\“’ v L
Dehydration N} ) @
1.0
>‘0A8~
g 0.64
£ 04
0.2
0

18 22 26 30 34 38 42
Effective molecular radius (A)



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Renal tubules

& {a4LT-1 753 —per- slmﬂlhtf

Apical membrane - urine Apical membrane - urine

"/abl-’ !
drugh bader, ’:ﬁ
SGLT-2 inh'@vj;ors\‘

nt m  Basolateral membrane - blood
 Prosimal convolutel sty ‘SN

Basolateral membrane - blood

o) et A

gt A B loopdiuretics~~
Na* <y Y ol Q- |
: |"ac > ) + )
Glucose sy 3Na* —s Na: i o \
Angiotensin Il -—@—\ JTP K_ _m ATP
Na* —p - 0 —==» — K
HCO;5" HY < H “[Muaw alealoen” RpMIK-
| ] \ ‘ Cm—

H, CO; L . Diffusion d
Acetazolamide H,CO;  * ) . s Diffusion down
w-‘\a:s:"ul cA ootental the electrochemical

00— O tHO (I — Jradent
UL ) Q- = ~ .
% ~—Base" 'M;92+ > ]bMac ¢ [hdor
Fangpit
- [oors  LoSE  cA*t

.60% water < |max

. + ), - t M
max Nat ) a'mlb"m" creept M.
Y leed (7"'/“'

. exerm — allost mat
= HY txe”

PTH:

ali
PCT: P, exer ? o Chvcenhliy e

DCT: (a>* renbaomp” 7 THIN DESCENDING LOH: Hx0 reabioe



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Apical membrane - urine Basolateral membrane - blood

Collecting tubule
Cr ——— ——
" pincpalesl
Aplcal membrane - urine Basolateral membrane Principal cell
»
(A it G DGl > —O T
=amn %I b - L
3Na+—/'—\—>
diuretics &, INa* Amiloride CATP
Nat ,'Tframterene 3, — oKt VRA .
— LT
@ﬁ ENacC | o,
PJ’MG 5 Spironolactone 1(7” v
1 Liddle s(ﬂ’D) ( _é Eplerenone 2Th
(ot —p HC03—<—-—<’\’: - oyt exd
) .
'E Cr CI™ channel L\/’
—— diffusion < S acd b4
: . ) < H+ —,-\J-—V ,../
( “arp) M (03 excr”
4 = -

Med,w”t] €O — wea rabib” 1T

1-2% water absorption: no ADH
1 _/o water absorption: ADH



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


The story of ADH

MAK W0 weabes™
J Absent ADH

pcT

ADH normal

NaCl H20 Urea HQO NaCl

A A300

x
2
o
&
600 600 600 600 ‘\‘
4 .

4“7 NaCl H.O 4 " . |
H,O 2 ) c p
2 NaCl 4| . (refiesd :
Urea 4 - — — per g
1200 1200 200+ l w J
W\ .

MuUun oOLwWL



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Diuretics Pharmacology et VoY

= - —~ reg P alkalora Thiazid
S/E: Chlorthalidone - lages
. Paresthesias . Metabolic Chlorthiazide - -‘"mr 0(4‘ W
- NH3 toxic @—— o alkalosis ndapamide -Ljver ucr
- Sulfa allergy, . Hyponatremia etolazone .c?/u!
- Hypokalemig, -| Ayperglycemia | ‘f""l“‘ . f[alc.w«w
. Calcium phosphate stones - o llaloc r“l .| Hyperlipidemia
(insoluble at high urine pH) vadne . Hyperuricemia
HCO Distal « Hypercalcemia
Glomerulus No' - comoluted Sulfa allergy
Proximal
Afferent r AR % convoluted a ¢ \
= N % tubule
DOC: Efferent | ‘/\32,/‘“/ E é | O
ACG, DDS| N\ -y ... = ®
HO e i ﬂ V\.(‘"W
Mannitol 0<mohe o MEA DT
(& .
dMﬁG /_. Mg /’ = MW T
SIE: Cortex %
-Dehydration Medulla : Efl(/ﬂ*‘-'wt@ r
-Hypo- or hypernatremia g 3 il
ST © Mannitol i & SEAT  Arenme y-@
— Descending limb, / . )
@ Acetazolamide loop of Henle Ascending limb, [nlh—(#lﬂd"l’
CII:-" o (permeable to water) };f’,ﬂf:.,ieglfam MSPIE ium Sparing
© ( o « Hyperkalemia EN‘! C@
O { Lol e cting - Metabolic acidosis Avilonde
l/a 2P duct
Mea DO T amseren~t
Loop Diuretics Loops: Cardlogenlc 6\%][
e  ane "'2 AMILORIDE:
i ) DOC Li induced NDI,
. Ototoxici
. DehydrationAllergy T;’“"‘id.‘" LB o Liddle, cystic fibrosis
umetanide: mos¥r
ulfa aller Ethacrynic acid: mayx o'h*ﬁw;ﬁ — a[dou“&lvw

. Metabolic Alkalosis
. Interstitial Nephritis
« Gout

& hw 'CI.UA

quv\dno § - $

( ﬂ‘d"“"{" wﬁx) )


Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Tubular Disorders

TAL DCT CD
Na-K-2CL Na-cl ENac
/ 9-!;"\0} @ ) @/ \(‘D @/ \@
MR ¢ Lot sy R
\m
\
Dx | Barfer Gifflemann | Govdon PWoH,oafdogt Liddde
BP J J T U T
K’ J L 7 0 v
P" | alealoses AT acedogia acd opa afalo cis
Ca”| Vea ? Vea. b Sca - - —
J<DEE T
% P
AL

K ACA —base
Addﬁ)oh;ur @ el 5Ed
W) O aflialofu
SEAT @ acd 2y


Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


ML acdorn

Renal Tubular Acidosis™ ™ "®, /.,

~
Type 2RTA "2, Type 1 RTA /’@Mﬁin‘“”
e
Proximal Distal
Tubule Tubule Hepanin -
/

o, PTT tvidul(t — NJIL'/M,/
Fanconi disease,
Wilson, Lovlggg_x,”“‘““.;ﬁ
Ifosfamide, Cisplatin,
Tenofovir, Lead
poisoning, MM

Amp B, Al,

Sjogren, Li Type 4 RTA | ,(dostersme

Collecting
Tubule @

Wt txer” xx

Mosi severt

Urinary
pH

| L r (280) | e®
!’

Nephrolithiasis



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Reno-Vascular Diseases

Aldosterone +—————=—2

£

l’«wul/v°5"(“wJt

Proximal 1/3 ¢

Distal 2/3 e 9
1 sodium J
retention
RSy 9 beadr’
Angiotensinogen A(J
Ischemia —> Renin release —»1 B’ FMD— Fbrovmunzulry
Angiotensin | 4‘0‘ plaa
v ‘
Hypertension <— Vasoconstriction Angiotensin [l

3 “ Bruit”

Renal - Segmental -lInterlobar - Arcuate - Interlobular artery - Afferent
arteriole - Glomerulus - Efferent arteriole - Peritubular capillaries

Acute ureteric obstruction/
pyelonephritis/ renal vein
thrombosis

.§ Mated K¢f hao ayavw



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Renal Pathology

- AD - PCKD AR- PCED

Chreme N Chr 16,4: PKD1 & 2 ||Chr 6: PKHD
” : . )
FJJ Polycystin anc Fibrocystin

Mc = Cycls = Liver Dpleen
= Aortic dissection ||Congenital

-»Berry aneurysm\ | hepatic fibrosis
= Diverticulosis

- odwllz ~
~C .
me ‘"(1“: Ia'dul” a’k’:‘”ww Hy“w Mk«o.cc(ﬂaaw "0 D(T{z
w vudiscant Tlw
&)L enlarged — pm Hhm d

G B/L Ap-Pckd


Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Glomerular Diseases
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Nephritic Syndrome
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Hematuria, Oliguria, Hypertension
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AKIl vs CKD

Biomarkers of AKI:
Cystatin C
KIM-1
NGAL
TIMP2
NABG

_ AKI CKD
cMD  [© MacrTacned LT
Size j @) ] (micadled
Urine Osmolarity - 1010 — 10 St
Anemia — + + / EPO xx
MBD _ | e on xx
Casts mbnley - ATN  broad /w«x;/
hat -1 - W .
b Sp franls
B'aiumaﬂyv ?
bt~ o

Renal papillary necrosis:
- NSAIDS
- Sickle cell disease or trait
- Acute pyelonephritis
- Infections ()
- Diabetes mellitus

Gﬁ z
Hematuria;” A6 o
_//thM"P““
Glomerular:\ )

Non-Glomerular: usomp /,,:1,,;,.



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


AKI

i Pre renal Acute Tubular necrosis
. Sepsis, Ischemia, Nephrotoxms
Cause Hypevolenla, CHF Rhabdom onsns IVH,MTumor ysi s/
(ACE)  ope MW Btids fodinated Gontrast
= Cna v/ (79 ,
FeNa f" P::"W <1/ >/
Urine Na <IOmeq L 70 meg /1 Eosinophilia + Low complement
D"e‘/ . 0 Wu&mbﬁo D
Urine Osmolality >S€vo <340
BUN/Creatinine 20 </o:| Fever + Rash + Eosinophilia +
: o'l Drugs  (Pacoud)
Urine casts — @C’D I\~ —
v \ AED
. . . . . . . . R-(actmms - .
Vancomycin, Aminoglycosides, Tenofovir, Cisplatin,Cidofovir, Mfampie  Allopusnel
Foscarnet, AmpB, Crystals: Acyclovir, Indinavir Diretia
Acute Kidney Injury - Phases LN = B b bt
Initiation (damage) - edama hjo 1CT N tinersrbolic D

Maintenance (oligo/anuric)< 7«7 / acdora
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Risk
KDIGO Stage 1

EGFR Decrease by 25%/
Creatinine Increase by 1.5x

UO <0.5 mL/kg/hour for 6 hours

Injury
KDIGO Stage 2

EGFR Decrease by 50%!/
Creatinine Increase by 2x

UO <0.5 mL/kg/hour for 12 hours

Failure
KDIGO Stage 3

EGFR Decrease by 75%
Creatinine Increase by 3x

U0 <0.3 mL/kg/hour for:24 hours or-anuric
for42 hour

Loss

Persistent renal failure >4 weeks

End stage — CKD

Persistent renal failure >3 months
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CKD

MCC of CKD: Diabetic e S
MCC of death: Y arest M alcdernied,  awens

Anemia: £po deprionc

Calciphylaxis: & -ro, - MIW-),J?
Acid-base: NnAamay  —2 HAGMA

. . welow oL
Indication:Hb <10 g/dlI - EPE@ D”""’;;/ ,
Target: lo- -cq/al (Il v trgure ot Fo
Bone disease: ko L vt Di-la L &&""

Rx: L e 1] fe- = gro)
vit D Supplercenks  + b%:: reieod #p T |” Dapruduci=t
HIF@')

EPo M

Stage of CKD

Stage 1

Stage 2

Stage 3a

Stage 3b

Stage 4

Uremia:

Pericarditis

P.Edema

PH <7.2 clialy
Potassium >=6_,§
Encephalopathy

Bleeding: it dgsf~

Dialysis disequilibrium syndrome DOC:
Mannlrl

Stage 5

Ll T T 2l
25 50 75 100
Glomerular filtration rate

(percentage of normal)
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Acid-Base Balance

pH - #.40

"]CO2 -4omm 4y

HCO3- a4 M%/L

Derived value in ABG: H,

Causes pH Z;:;nnagz Compensation
X QQ/ Winkré ferrde
ETABOLIC) HAGMA ~
s / =
H Idost i
yperaldosteronism,
METABOLIC Vomiting, Loop/thiazides N Heo, T /)
ALKALOSIS : 3 2
Bartter-Gittleman A men JL 02 mnn Ha
v
RESPIRATORY |Hypoventilation A _ﬂ,'
ACIDOSIS |Airway obstruction b [DQ— Z;M i /’1603 1 -4
RESPIRATORY o [P A-2
ALKALOSIS Hyperventilation ¢ "1™/ ™ Loy %MM L Hro, J s

DKA’ I: % A ! ’}\Uﬁnh{q)

—_—
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Metabolic Acidosis

P

Normal: 8-12

High anion gap metabolic acidosis
2

Assocnated clues

B N

Anion gap= (Na) - (HCO3 + Cl) 7

Drug ingestion Hypoperfusion Renal failure Hyperglycemia Osmolal gap@

! . '

fSerum lactic fBIood urea Urine & serum

NAGMA= Hyperchloremic acidosis:
~— Vg : e
[Renal tubular acidosis - v+, — Vi

Diarrhea @ws loss ) e
e Addison disease/Spironolactone
e Carbonic anhydrase inhibitors Yoo L

o Hyperalimentation *”
o

e Saline infusion™ ()
Ureteral diversion (e.g., ileal loop)

&’iﬂ(&b{/ -

-
uo""‘}”U

acid nitrogen ketones R LWMM odleadot
e . , ,
l l l /v ~ (L\\w_)\)iuﬁ”ﬂ‘w "“"(
..gali(dlaf?s lache Ve i o DKA / N cx- Jiver P
lot:A A Zinkisg pefondt
Clﬁcf alia acedo (j%]a-" Hoa,o‘\— #% Vi
Hhtrmh )
- G- oxalsl? blndrera
\}&\g’/\/

Pr- ?Ivmefiwt
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Arterial blood [H*] (nmol/L)

100 90 80 70 60 50 50 30 20
60 | 1 | 1 1 | 1 | | |
56 120 110 10090 80 70 60 50 40
g 50 (HRONIL i Ao
g 48 AP 35
= Ao
— 44 30
'8 40
T |36 25
g 32 v
_8 28 y 20
o 1
— 24 .@
% 20 15
E 16 ;
7 o¢C 4 O
12 CHR e
8 e
4 & Pcoy (mm Hg)
0

|
7.0 71 72 T3 \74 75 T6 T7T T8
Arterial blood pH
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On laboratory investigations in a patient, pH=7.3, pC0O2=35 mm
Hg, What is the likely acid base imbalance? =

A. Respiratory acidosis

/B;/ Metabolic acidosis

C. Metabolic allc?iosis

D. Respiratory allsélosis
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A patient is having pH-7.12, HCOSnd PCO2-50 mm
Hg. What is the acid base disorder in this patient?

A. Metabolic acidosis with respiratory compensation
B. Metabolic alka%is with respiratory compensation
(y@f Respiratory acidosis with renal compensation

D. Respiratory a%losis with renal compensation
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26mm

A patient is having pH-7.27, HCO3-14 and PCO2-28 mmY
Hg. What is the acid base disorder in this patient? =~

/\/‘IV\T/{//S :

/ﬁetabolic acidosis with/fespiratory compensation
: : f
C/ IX ng) +¢ 2

B. Metabolic acidosis with respiratory acﬂidp/s's (by =306

C. Metabolic acidosis with respiratory alkalosis @f X)) +§ 20
. ., /
D. Respiratory a\}@losis with renal compensation 2>/+€ * 2

<
-} ..% m

=
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A patient who is a known case of CKD has complaints of.vomiting. His ABG
reports are as follows: pH pCO,- 40, HCO,-25. Na-145, chloride-100.
What is the metabolic abnormality? B

A /’/\C——@@*“j

A. Normal anion gap metabolic acidosis

B. High anion gap metabolic acidosis
C. No acid base abnorn/q/al;i«ty

&/D.”High anion gap metabolic acidosis with etabolic/alkalosis
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Electrolyte abnormalities

88 -390 210 Ko /1 =10 26 /2.5 =10 Hyper Mo’
Serum osmolarity: 2(Na) + glucose/18 +BUN/2.8 Free water deficit: N+ —/40 73w
Lo o[-~ /40
MANAGEMENT of HypoNa ol ¢

Sodium deficit: - Tew  x (40 — NaT)

5’*{7”’ Na: {20 Li” cPx IO = éoamzz.

Management of Hyperkalemia:%

1ststep: 107/ (& Jhu:mafb (Y st uie)

Max: 8 meg/l in a day
Severe-Seizures/coma: 3’/ Wmmic
Overcorrection: CPM /obs —paac

InSulenw +
& .
2 — -~ XY //QTé\nscellular spread./<p . 3:,4
rugs causing Hyper Na H(o, (allalois _ LA

/K sparing diuretics ($z7) 5 ( ) L Sa‘lié/‘\"h’
|/ACE-/ARB Eliminate: Durcpn ~lmp 4

Digoxin (Na-k #17) () N@n 135~ ,4;( meg /L Most effective: Hem. dualyss

B-blocker Co3.s Binders:

Calcineurin inhibitors G2 pS-lo r\ﬁ [ oh " Sodium polystyrene sulfonate

Pentamidine ‘ (SPS / Kayexalate)

NSAIDs _nd « Patiromer
MHeparin [lﬁ,» L) trangeelluder E?;g_”,_f « Sodium zirconium cyclosilicate el ede

Succinylcholine (cet ) {preat alleadora

Trimethoprim
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