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Renal failure
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Kidney Functions

>  Urine formation (53 c_%,'-g )
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»  Fluid and electrolyte balance (b reabsent=-
or exewehion }o P’"’f’ He  range of hormad |

»  Regulation of acid-base balance
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»  Excretion of the waste products of protein metabolism
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»  Excretion of drugs and toxins

Erythropoietin

Arginine
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> Secretion of hormones: ;'\ o &)

(S Qe el

Angiotensin || <G AnGIOIENSIN | <gee—Angiotensinogen




“\?o )‘enly\'ﬂ"‘
Response (A) Stimulus (A) Response (A)
® 0
t Blood volume —— = | Blood volume/blood pressure t Blood pregure
‘i T Cordbion (VL2 ““N
t H,O reabsorption L ' @ @ _tope ®© e .
PRy R | t Renin |— tAngiotensin | — t Angiotensin Il

KIDNEY

t Plasma osmolality @
A

t Plasma Na~ =

/

tAldostegne *——""'ﬁaENAL

Yebbsorpb:on  of
pi - P

ond  exorh i of K

@
t Na= Reabsorption

inerame wdll yerlbs ovrfl’“’w

t ADH
® ™\

t Plasma ?2120 -

| Z

®
t H,O Reabsorption

POSTERIOR
PITUITARY

. /
e

1
¢ Plasma osmolality = t Plasma osmolality — HYPOTHALAMUS

Response (B) Stimulus (B)




e ——
Blood Pre-urine

2_\.?33\ &LOQ):L:U\ \\.9\)

() :VW

secretion

reabsorption

BN CAR T R A PRAER R

excretion



Kidnev and nenhrong
Fig 3. Anatomy of a nephron
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Kidney Tl

Nephron, functional unit of kidney, consists of glomerulus, Bowman's
capsule, proximal tubule, loop of Henle, distal tubule, collecting duct
(shared by many nephron).

Glomerulus: ball of fenest;astéd capillaries.

O
O Bowman's capsule: Cup/Capsule that surrounds the glomerulus.
O,

_ O  (Proximal tubule: convoluted tubule on the side of the Bowman's capsule.
- ;fg ~ It 1s the major site for reabsorption (nutrient, salts and water) and
: 2 Koo X b

secretion (e%ept for K*, the secretion of which is the job of distal
convoluted tubule in response to aldosterone).

0 Loop of Henle: U shaped loop that dips into the renal medulla.
w7 v countercurrent multiplier mechanism occurs here

u  Descending limb:water reabsorption by osmosis (permeable to water,

butnotito solute).

= Bottom of U: most concentrated.

= Ascending limb: salt reabsorption (permeable to salt. but not water).




Kidney

O « Distal tubule: convoluted tubule on

"> the side of the collecting duct.
hormone-controlled (fine tunes the
work done by the proximal tubule)

: —  —
reabsorption of salts and water.
Aldosterone-controlled secretion of
K—i—

O .- Collecting duct: the distal tubules of
AUH many nephrons drain here. ADH-
e < controlled reabsorption of water,
%/ 2~ ¢ hormone-controlled
reabsorption/secretion of salts.
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(2) Proximal tubule  (4) Distal tubule

(1) Renal
corpuscle

In some nephrons,
the loop of Henle

is long and plunges
into the medulla.

Final urine to ureter

Medulla

Cortex



Kidney and nephrons

Aldosterone:
+
Reabsorb all nutrients SR:carl:s;r.lz_’_Na
Reabsorb most ions )
+
Bowman's Capsule | Secrete wastes PIEE Resbisor Cx
{collects whatever \ \
filters through glomerulus)
PCT DCT
(major reabsorption (hormone-controlled
and secretion) reabsorption and secretion)

Glomerulus
(Urea + anything small enough
i ""°“9 hl Cortex
e ATP | ;2 —I—
e | L 2 Medulla
(passivt) Loop of Henle . 2
Z (create osmotic gradient) ~ | ) 2 ADH: Reabsorb Ha0
I I 3 Urea recycling

|z Descending Limb ' o Reabsort/Secrete

2 |= {water reabsorption) | | " various tons

5|5 - V

2|2 Ascending Limb .

g2 NaCl mb,o,pg“on, | <€ Collecting Duct

o=z I U (concentrate urine

= S using osmotic gradient)
v I
/\l-v\;‘ "J))‘
QUiCk facts: PCT proximal convoluted tubule . ¢
" DCT distal saksnS ¥
convoluted tubule - \
pH homeostasis tubules secrete H+ if blood too acidic (M‘l-“}"d" N
don't reabsorb (same effect as secrete) HCO3™ If too basic
urea recycling urea diffuse out of collecting duct back into loop of Henle
help maintain osmotic gradient
Wastes secreted by PCT NHg*, Creatinine, Organic Acids

Loop of Henle
Countercurrent Mechanism

The longer the loop of Henle, the more concentrated the urine can be produced

Powered by NaCl pumps in upper ascending limb.
Results in osmotic gradient down loop of Henle



Formation of urine

O

Glomerular ﬁltrati()l[l e Fill b s ) p miEa (b A5 Q1 A\ pp TP

Filtration is a passive process which 1s powered by hydrostatic

pressure. Serdhion TS I\ filebion op Lp2> SN
All substances and 1ons are filtered out, as long as its small enough.

The amount of filtrate that flows out of all the renal corpuscles of o
both kidneys every minute is called the glomerular filtration rate =+ -~
(GFR). In the normal adult, this rate is about 125 ml/min _, ¢ )7 ¢~ "7 .~

PPV pTy &
Proteins with molecular weights lower than that of albumin (68,000 ft-
daltons) are filterable

Negatively charged molecules are less easily filtered than those
bearing a positive charge (1 6 g lppel 31 7\ Ly
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Formation of urine Y

O Secretion and reabsorption of solutes

Proximal convoluted tubules reabsorb all the nutrients and most of the

o ~a A s %07 WJ\S\\,\; Joo— B —
lons FADA NIV

Materials that are reabsorbed include water, glucose, amino acids, urea
o wist-\o sz <(partially), and 1ons such as Na+, K+, Ca2+, Cl-, HCO3 -, and HPO3- .

R Waste products are left in the filtrate (as urea) And also actlvely > Ve ATp

5D 522 b wad<d
2 excreted (NH,",[creatining, organic acids). sedt “m>5—7
fildion 2ae S\ Vol

G.hlcgse_and_ammﬂ_amds are reabsorbed by an active proces$ co-
transpotred with (Na+) ions.

Loop of Henle reabsorbs water and salt using the countercurrent
mechanism.
Distal convoluted tubules selectively reabsorb or secrete substances
based on hormonal control. Afit . pTH

Conanyraded \oh &

357, 7 e Ty é\Collectmg duct reabsorb water to concentrate urine if ADH present.
n gileo- (Also can secrete and reabsorb substances based on hormonal control)

s Regulation of blood pH: secrete H+ when blood too acidic, not to
reabsorb HCO3- When blood too basic.
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Formation of urine

O Concentration of urine
The distal convoluted tubule contains dilute solution of urea.

The collecting duct concentrates it by water reabsorption (facilitated
diffusion) when ADH is present.

Water reabsorption in the collecting duct is possible because the loop of
Henle has very high osmolarity (very concentrated) at the bottom.

0 Countercurrentmultipliermechanisim (basic function)

5 -\ #b— (NaCl pump on ascending limb creates an osmotic gradient down the

g s’“*’;f) loop of Henle, which is used by the collecting duct to concentrate urine.

7 Descending limb: water flow out of filtrate, impermeable to salt.
Ascending limb: salt flow out of filtrate, impermeable to water.
The gradient-producing power of each individualINaCl pump multiplies
whs 52 7 dowmytheslengthyofitheslooprofiienie. Longer the loop of Henle, greater
&0 Y77 the osmotic gradient, more concentrated urine can be produced.

What i1s eir€areécycling? Urea at the bottom of collecting duct leaks out
into the interstitial fluid and back into the filtrate. Contributes to the
high osmolarity at the bottom of the loop of Henle.




Urine formation
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Endocring| function of kidney

>  Secretion of hormones:
b by Yb ¢

» @Renin: produced by juxtaglomerular cells of the renal medulla as a
result of reduced kidney perfusion en,. =7l 55 §o L Jyad

pAIvss ULyl sur dishine @ varte, Jidn© 5 gV S (e T Y T U

o, 26 “”""_ secreted by cells near to proximal tubule as a response
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we oo 0 blood oxygen levels. It affects bone marrow to produce
o) (BG 51 erythrocytes re T O T nd S YN 1G I8 ol oS bl el o
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> 1,25-Dihydroxy vitamin Dj. act in the formation of the active form of
vitamin D3 S8 by GO &G 5 05 7 @ ofiulel 3\ g
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>  Prostaglandins: increases renal blood flow, sodium and water

excretion, and renin release
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Elimination of Nonprotein Nitrogen Compounds

»  Nonprotein nitrogen compounds (NPN) are waste products formed in the
body as a result of the degradative metabolism of nucleic acids, amino

acids, and proteins. The three pr1nc1pal compounds are urea, creatinine,
and uric acid 05 5l ol iy VS L5 O b 015 menprbin wibag, G- ) (LN Uans

> Urea win el hoer

> Urea makes up the majority (>75%) of the NPN waste. Urea
synthesis occurs in the liver from ammonia

\//)A\\{/w ey Jy e N Lo
»  The kidney is the only significant route of excretion for urea.

» Itisreadily filtered by the glomerulus. In the collecting ducts,
40-60% of urea is reabsorbed. The reabsorbed urea contributes to

the high osmolality in the medulla, which 1s one of the processes

. . _ G , S R ' I '—.
of urinary concentration SUlppao o 55 le s S wme I 453
VNG yo-tor wple< |




Elimination of Nonprotein Nitrogen Compounds
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" .. > _Muscle contains creatine phosphate, a high-energy
. _-,compound for the rapid formation of “ATP catalyzed

7 o s WOl eV TS <d hydwnes s. i
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yont inive -
> Every day up to 20% of total muscle creatine (and its ‘\E _7T.C"“""“”"“ X
.<....; < phosphate) spontaneously dehydrates and cyclesto ¢ i ‘op HCT CH,
‘.., =<2 form the waste product creatinine. o A
N C/ma@e Phosphocreatine
»  Crearinine 1s readily filtered by the glomerulus but Sponianeos Spontaneons
reabsorbed by the tubules. ¢t > ~ v S e a0 :JCH}

H0 /E NH P
.
Uricacig . »' 2777 0 {z

> uric acid 1S the pri . Crealinine 0\ () | <,

metabolism (adenine and guanine) w5 mebabofor
pree  urie ac.u/

GIM G $es v

»  like creatinine, uric acid 1s readily filtered by the
glomerulus, but undergoes a complex cycle of
reabsorption and secretion as it crosses through the
nephron
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Renal assessment S o g T e

>

Renal function tests focus largely on glomerular clearances, as assessed
U
by creatinine and @rea measurements i

wle; TS ¢
Tubular functions are assessed by protein measurements (eg, urine
ElECIFOPHOTESIS) '\ -2 cos T Ll o> e e § 01 TS U S B
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The analysis of urine for analytes, such as pH, glucose, ketones, and -

bilirubin, continue to be important screening tests for manymon- renal - 7, «

diseases, such as diabetes mellitus, ketoacidosis, hemolysis, and liver -/

disease P o i it A Jhobucbedia A bilindkin st
Y/“ﬁd b/ cells)
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Renal assessment

>  Measurement of GFR P ordinine Filtdin
» Clearance tests [hlet what  mberts s ont It bl el
> Plasma creatinine [ 7 fume oepine ¥ bed g 10t ”fw)fy»f;w
» Urea, uric acid and f2-microglobulin . , ..

»  Renal tubular function tests ('~ * ] et

. :‘:’ah k\foJox-"r
> Osmolality measurements .o/ ok (sade o)
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A Urinalysis _ ..y, e

» Appearance <. wrte

Specific gravity and osmolality

pH

Glucose
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Urinary sediments Ju/b
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Analytic procedures

»  To assess the various aspects of nephron function, including glomerular filtration
and proximal and distal tubular secretion and reabsorption, many tests are
performed

N{1, RISV ("'l_‘f ~55lo Gp 3 5aly ’Z,L,U’\(N;’|
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Clearance Measurements >0 ... T

»  All laboratory methods rely on the measurement of waste products in blood,

usually urea and creatinine. which accumulate when the kidneys begin to fail
(U Gps) Van o sl 5 o foasoy M33 C\S o B 7)) w5

>  Renal failure must be advanced, with only about|20-30%|of the nephrons still
functioning, before the concentration of either substance begins to increase in the
blood. The rate at which creatinine and urea are removed or cleared from the

blood into the urine is termed clearance ¢ 7' %= =& "<
O AN P Qrmbinie + w7

»  Clearance is defined as that volume of plasma from which a measured amount of
substance can be completely eliminated into the urine per unit of time expressed in
ml/minute

»  Measurement of clearance is used to estimate the rate of glomerular filtration




Creatinine s,
(J
>  Creatinine 1s a@ideal substance for the measurement of clearance
e, w2 s sl
> It 1s an endogenous metabolic product synthesized at a constant rate for a
given individual and cleared essentially only by glomerular filtration (it is
not reabsorbed and is only slightly secreted bgl the proximal tubule).¢’
@ T e )\ Bl
>  Analysis of creatinine 1s simple and inexpensive usingcolorimetrie

assays. @ G)
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> Calculatlon of creatininé clearance has become the standard laboratory method to
determine glomerular filtration Rate (GFR).

»  This value is derived by mathematically relating the creatinine
concentration to the @rinecreatinine concentration excreted during a period of
time, usually 24 hours

»  Specimen collection must include both a 24-hour urine specimen and a serum
creatinine value, ideally collected at theCmidpoint of the 24-hour urine collection.
W ~F undS ¢ 19h o wnke Sl f50 w lp oL <

»  The urine container (clean, dry and free of contaminants or preservatives) must be
kept refrigerated throughout the duration of both the collection procedure and the
subsequent storage period until laboratory analysis can be performed .5 e »'v 5., 4o

wp\WI g Hass e g WS -8 T 1y
>  The concentration of creatinine in both serum and urine is measured by the
applicable methods
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Creatinine Clearance and GFR

»  The total volume of urine is carefully measured, and the creatinine
clearance is calculated using the following formula (Cockeroft-Gault
formula)

Cc, (mL/minute) =

Uc (m'gfdi) X V, (mL/24 hours) » vwrm/‘f; J'«;/:/w )
hre. v = s
P, (mg/dL) X 1440 minutes/24 hours _—

bo rre fe sl £ QU U e BBy () TLLT L

where Cr, = creatinine clearance

U, = urine creatinine concentration

V¢, = urine volume excreted in 24 hours —
P, = serum creatinine concentration .~

» 1.73/A normalization factor for body surface area




Reference ranges for creatinine clearance

»  Male: 97- 137 mL/minute per 1.73 m? — R L) R 6
s>
>  Female: 88-128 mL/minute per 1.73 m?
Gl

»  Creatinine clearance normally decreases with age, with a decrease of

about 6.5 ml/minute per 1.73m? for each decade of life
s UE i L B L) O eyl gp ) G5 A A=
T 2L AT N AR ¥

-~

Q0. 5- 1305 ml /s make
T T w20 (o5 Sk 55 oyt > J >
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Estimated Glomerular Filtration Rate

PPN P Ve

»  The estimated GFR (eGFR) is calculated each time a serum creatinine is reported.

CER FY Q) -1l
> The equation 1s used to predict GFR and is based on serum creatinine, age, body
size, gender, and race, without the need of a urine creatinine v e >l v e=re

»  Because the calculation does not require a timed urine collection, it should be used
more often than the traditional creatinine clearance and result in earlier detection
of chronic kidney disease

- TSN —y
, (140 — Age) X Weight (kg) oy i
+= ) 4 0.85 -
GFR (mL/minute) =" S—Ct (me/dL) L 5y
(0.85 if female)* (Eq. 24-6)

»  If serum creatinine is measured in mg/dl, serum creatinine 1s multiplied by factor
72

»  If serum creatinine i1s measured in umol/L, the constant is 1.23 for men and 1.04

for women
(@ f
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»  Urea clearance was one of thedfirst clearance tests performed.

J:f,_,L.,vL:_.‘
»  Urea is freely filtered at the glomerulus and approximately 40% “;"’;ﬂ”&/’f, o
reabsorbed by the tubules: For this reason, it does not provide a full )
clearance assessment and is no longer widely used .- <

Secrshion &5 od;.Pl'ioh ~ f,'”r.‘}.'w Wf_\'f"" W'\.(:-r’}% L&*A:—T.wl

»  Older clearance tests used administration of inulin, sodium [!?°]]
iothalamate, or p-aminohippurate to assess glomerular filtration or tubular
secretion (V81> g, b Ume) Wodi itk 27 S O S b o admugtnd o AL S\, L oA

» These tests are time-consuming, expensive, and difficult to administer
and, for the most part, have been discontinued. ¢
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>  Owing to the efficiency of renal glomerular filtration and tubular
reabsorptlon normal urinary protein excretion is only about 50-150 mg/24

hours 2 7)-")"\0“"“J\).7J’U"‘_?s'/é3~.‘o 1Sy u/vlS))\—.\ < Uw)f/gy),\,\élfﬂluw‘_g\u(w)ﬁ\ug
wyllals 1 lamlfu.l% G‘ME__,@ /-//h/’-,rtforuh,rfl' \)_yr,ggf\«ul,wl,, e @ ) 3 W s 5lp Selp T &7 S FERERN|
\o-w»smzzooo)’ AR NPy rzmpé_.ﬂu\w;mé,wnurw(,f = @

\"J;/’i "E’ % Proteinuria may develop when there are defects inaenal reabsorption or
L glomerular capillary permeability or when there is a significant increase in
serum immunoglobulins (-« . )

"-JJJ“)J*P“'”"“ s S LS 27 Sl s
>  As aresult, urine electrophoresis is used primarily to distinguish between

acute glomerular nephropathy and tubular proteinuria -« *=» 2r 2o
N~ S e ‘.w\wmald\mlm PV S Jondar filbmbine— ) GepnS U] 2m TSy Ve mzm-w..j«é\ Ty PG pre 3 (”)\ Lw S

» Itis also used to screen for abnormal monoclonal or polyclonal globulins.

Fen (’-'r’"” u’"/li-o\b’f_:—'\_,us—- 78 Pl

»  Positive identification and subtyping of the urinary paraproteins can be
performed by immunofixation electrophoresis
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Urine Electrophoresis

»  Newer protein assays, such as urine microalbumin, serum (32-M, cystatin C,
and serum and urine myoglobin, can provide important prognostic
information useful for patient management.

» ' Microalbuminuria is useful for early detection of diabetic nephropathy

( é\:‘-w b5) U '/WJJE-?;; L,u
> P2-M 1suseful for early renal transplant rejection

SL°,E 0! oh S)ul/é‘\-p"' CqYJl'w WMV(JA

> Myoglobin clearance rates are helpful in predicting rhabdomyolysis

» Cystatin C 1s used in detecting early changes in kidney function



Microalbumin

»  Urine microalbumin measurement is important in the management of
patients with diabetes mellitus, who are at serious risk of developing
nephropathy over their lifetimes

» Type 1 has a 30-45% risk, and Type 2 has a 30% risk

FENERILT K2 ) oy
ol _In the early stages of! there 1s renal hypertrophy

- hyperfunction] and increased thickness of the glomerular and tubular
basement membranes ndd Fudn
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B2- Micro globulin

>

B2-Microglobulin (2-M) is a smalh, nonglycosylatedpeptide (MW, 11.8
KDa) found on the surface of most nucleated cells

mché/ﬂm
VA N\s-j) .,/Mmlé ke (ch,/[,,@»//
The plastha membrane sheds P2-M as a relatively intact molecule into the

surrounding extracellular fluid so stable levels in normal patients '~ o= </ /)
L L (b e G LSy oo e, e FCF Ao O LG BT TS

Its serum elevated levels indicate increased cellular turnover as seen in %

myeloproliferative and lymphoproliferative disorders, inflammaftion, and . -«
renal failure AN g~ & bl 5 By P2\ S a1, U ZEE o Ry
M/l - s wk

B2-M 1s easily filtered by the glomerulus. About 99.9% is then reabsorbed
by the proximal tubules and catabolized

Measurement of serum 2-M 1s used clinically to assess renal tubular
function in renal transplant patients (hiech when organ rejection)

B2-M is more effici
creatinine values (independent on lean muscle mass) 5, - L
%;g - b,}| i en o 2 v)@d;(gﬁwx-gv




Myoglobin - « «~
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>

Myoglobin is associated with acute skeletal and cardiac muscle injury

In rhabdomyolysis, myoglobin release from skeletal muscle 1s sufficient to overload
the proximal tubules and cause acute renal failure fru)d culd (¥ %\ p2)e =055 b
awte v/ bibre P2 ©

Recently, myoglobin clearance has been proposed

as an effective early indicator of myoglobin-induced acute renal failure. A high ’:«»2%99

clearance or a low clearance and low serum concentration indicates low risk and a3 4.

low clearance and high serum concentration indicates high risk. bhed ¢ % s e 3
Hidn vk &= (716 @173 WL o) ¢ lgEs 4 (1 Clewrne -V CEWIN rAlg ;_c‘._c_‘ r&.mw,;jul G

Serum and urine myoglobin can be measured easily and rapidly by immulﬁuf)é’g’;ays.

Urine myoglobin can also be measured by methods after removing ankie. wbissy
hemoglobin, but this method has a lack of sensitivity an ificity. Uckon
wvbo-& b ‘f]"_’-‘.ﬁ‘:—" o&igbako_,l V,\a,“ Le }u

Y"a’@ E‘S‘I\)’/\S" N3§" \N—U )l M—‘Lf" tha\l.)(% /‘_/)%1/_);/: O < Cow\fla( N_;.%“JW »V"”/‘,’Lé q","'éb"i] Yo 4 » 2
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Cystatin C

»  Cystatin C is a low-molecular-weight protein produced by nucleated cells.
It 1s freely filtered by the glomerulus and reabsorbed and catabolized by
the proximal tubule lo= pasl @ le S8 glesdulo vor)s G >0 0 pimaes o L7

Miww

» Produced at a constant rate, levels remain stable if kidney function is
normal

» Measurement of cystatin C to be at'least as useful as serum creatinine and
creatinine clearance in detecting early changes in kidney function.
Cystatin C can be measured by immunoassay methods

—_—— ——
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Urinalysis

Iaf oo’olf P

ths1ca1 Characteristics

>

Initiallmorning specimens are preferred, particularly for protein analyses,
because they are more concentrated from overnight retention in the bladder

The urine should be freshly collected into a clean, dry container with a tight-
fitting cover

It must be analyzed within 1 hour of collection if held at room temperature or
else refrigerated at 2°-8°C for not more than 8 hours before analysis

[, CS
Bacterial multiplication will cause false-positive nitrite tests, and urease- lo=-<

hinaoe

producing organisms will degrade urea to NH3 and alkalinize pH vy s,
L,“‘-u?j/‘/ < woy fm/.l Gt s & s~ PH vy € 0,},\“ J‘" ()Q{, Nefrate I/IA_Q\\// o=\

Loss of CO, by diffusion into the air adds to this pH elevation, which causes
cast degeneratlon and red-cell lysis Tt sl ma w2 ol (o, 2

RBG ! P e B s 5o > oms U ki el 622 22

The urine container must be sterile if the urine is to be cultured
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Urinalysis
Physical Characteristics

> Visual Appearance. Color intensity of urine correlates with
concentration: the darker the color, the more concentrated the specimen

> Yellow and amber are generally due to urochromes (derivatives of

urobilin), whereas ayellowish=brown to green color is a result of bile

igment oxidation. il TS T
enhbia s 5'52) \,g,v,...\\,,w Y il @

>  Redrandibrown after standing are due to porphyrms whereas reddish-

.. brownin fresh specimens comes from hem in or r lls@ ‘Wa"”:
Uo ;~

> (Brownish=black after standing is seen in alkaptonurla (a result of
Koy of" excreted_homogentisic acid) and in mahgnant melanoma (in which
v~ the precursor melanogen oxidizes in the air to melanin). Drugs and
some foods, such as beets, also may alter urine color.

j"*—"‘”

» Odor: The characteristic pungent odor of fresh urine 1s due to volatile
aromatic acids

»  Urinary tract infections impart a noxious, fecal smell to urine,

whereas the urine of diabetics often smells fruity as a result of
ketones.
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Urinalysis
Physical Characteristics

»  Turbidity The cloudiness of a urine specimen depends on pH and
dissolved solids composition.

» ... Thread-like cloudiness is observed when the specimen is full of
mucus. In alkaline urine, suspended precipitates of amorphous
wim TS0 phosphates and carbonates may be responsible for turbidity whereas
g f’ = jm acidic urine, amorphous @rate9may be the cause

> uric O.CJ = GCide = l’mf‘ai)

> Volume. The volume of urine excreted indicates the balance between |
fluid ingestion and water lost from the lungs. sweat, and intestingum i b

>  Polyuria 1s observed in diabetes mellitus and insipidus (in mnsipidus,
as a result of lack of ADH). as well as in chronic renal\disease.
acromegaly (overproduction of the growth hormone)




Renal diseases s 525 1 A
&/* Al ol < bleed croabin o BUY. Iy
» Common renal diseases include infectious and inflammatory processes to
the glomerulus, tubules, and urinary tract, obstructions of normal kidney
function, and ‘acute and chronic renal failure. ., . —>ocike  renel { ol

» rapid deterioration of renal function — accumulation in blood of
nitrogenous wastes that would normally be excreted in urine.

»  Patient presents with rapidly 1 blood urea nitrogen (BUN) & serum
creatinine (SrCr).

—
L -
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Etiology

odde Roned Fatiwn S
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Prerenal Causes '
»  Patients who are dependent on prostaglandin-mediated vasodilation to

kﬁ*@a’“* maintain renal perfusion can(develop RF simply from ingestion of | .\<¢,
(% ),d L,.v...c) SAIDS Fnl'erfu/b mechani sh; of I{, Jhﬁ L\a iherzase f,,./ l/fwgm,v\ ( 2
W ARE WO (&S‘\’W’)mﬁ’vﬁ)&?)jgm wnd ekokion S.L0p ke Ho0 o ¥ of “3*“1‘3 Ased .

) S5 31 PatlentsgmthienaLh;Lprerﬁmgn (e.g., from %ena].a%e;mslena'sm
congestive heart failure, or mita.tenal_sma]liessel_djseésoef ho are

dependent on angmiensmﬂ_medlaledlammsmmm_of_—&gal
arterioles to maintain renal perfusion pressure may develop ARF on -

ingesting ACE inhibitors. s Lt ég o

ACE oy e \5‘5"’ ! A1
U.‘fJ,j" _’)-’-'.(/4:.:;:—-«)‘)\}) ’/"\SJJU
b g v ACET, u\ >
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Etiology

sdev gusle,
) Intrarenal Causes o
> canbe divided 1nto ), clpt hephokexiaky g5 d) T 0 | e
»  specific mﬂammajmgidlseasgs (e.g., vasculitis, glomerulonephritis, drug- induced”
1nJurY)/r,..sj) TV, g RAR S 2 Yo R

> acute tubular necrosis resulting from many causes (includin 1schem1a) oisons, &
A gLl ohse &1 & Y g P
hemolysis)—> gl

APyE 1 S
> __Tubular damagg can commonly be due to aminoglycoside antibiotics

TN

G o (,u,&\rhabdomvolvsm in which myoglobin, released into bloodstream after

ph “GCI}ISh injury to muscle, precipitates in renal tubules.

> Seps1s 1s one of the most common causes of acute renal failure -

=) Postrenal Causes -« -~
> result in urinary tract obstruction, such as|renal stones,




Pathogenesis
ATV Vsl T protse ARF Ul osly Lo

>  All forms of ARF, 1f untreated, result in acute tubular necrosis (ATN),
with sloughing of cells that make up renal tubule.

> ARF may be reversible depending on timing of intervention between
onset of initial injury & eventual ATN
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Clinical Manifestations i e

> Initial symptoms: fatigue & malaise, probably early consequences of loss of
ability to excrete water, salt, & wastes via kidneys.

»  Later, more profound S&S of loss of renal water & salt excretory capacity:
dyspnea, orthopnea, rales, prominent S3, & peripheral edema.

»  Altered mental status reflects toxic effect of uremia on brain, with 1 blood
levels of nitrogenous wastes & fixed acids.

»  Clinical manifestations depend on cause & stage of disease at which patient
comes to medical attention. (VG s pelel o Wod 7wty G50) pRE T )

Patients with renal hypoperfusion first develop prerenal azotemia

(1BUN without tubular necrosis), a direct physiologic consequence of
| GFR.

Without treatment, prerenal azotemia may progress to ATN - often
requiring supportive dialysis before adequate renal function is
regained.




Clinical Manifestations ‘

prermed abominos ;e 15\ ol o ARF < Ly (0 o
PVZl’ZuJ ‘\}aQ\uoa-J\ @ Vé =y Ffam 2 RUy TS e SrCrd“ AL RUyT e .\ 237

420kemie

»  The earliest manifestation of prerenal azotemia 1s 1 ratio of BUN to SrCr.
Normally 10—15:1, this ratio may 1 to 20—-30:1 in prerenal a)zotemia, with
_ . e BOPY\10-15) JVe 3,0 ) B et
ARF «-,(,o_%a normal or near nOl‘mirl)!l’_Sde;\;}l‘IByCiejltlnlne. RV NV (2—30) Mo s U) v S prae US>
oS
o, e Urinalysis:
worwe e Urine is maximally coneentrated (up to 1500 mOsm/L) in prerenal

k))’ WJ/>U Ur’J’ LU \‘P/J - . Jb;f/?‘gl
(M)\WQ,\,«/' .=- azotemia. o S{‘—U’ p 7N

» However, with progression to acute tubular necrosis, the ability to
generate a concentrated urine is largely lost (< than 350 mOsm/L) 1" &

( SV CilL)
» granular casts, tubular epithelial cells, & epithelial cell@fs@ are found

in ATN.

wine 0 =5 (OLaA 1)\ ey $1 TLWJ/LWIWJ\_J

. .l:q—u

e erine > ES1 T)p0 0 21Uz Lo (- dSIs weske é’f-ﬂ(}é"’b’lv «—\.Q-'-‘\ wrihe  forpabion & ARE e S (L w1 ys
Cinme ) A gl gf2Y 2 \ensd T fo T o lote g 295 Sho ot dlp FU~os 8 ¢ ARF 681 &7
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Chronic Renal Failure (CRF) @

. " —_-- L
Oj\ S\‘y/kw\,( ﬁj'

Clinical Presentation

» 1n addition to those observed in ARF: " —
PR t trophy, 7 b ek e vt D bt it He pokived Vos CRE uen will

wfv\u’ﬁ?NeuroDathV achiondd T3y e abighr F 0 gl beres G e okhle Hod > T ool
- b

427 Bilateral small kidneys by abdominal x-ray film or ultrasonography,

Anemia o/ el B CRE g A S
g—u Brs poi ehin TS e
$eJd on

EthlOgy@g\ﬂ,\,o_\,,//,gujL bre s S5+ S e P35S Do \p 2 + S| lw\ﬁ‘-‘
»  The most common cause of CRF is dlabe(ges mellitus, followed closely
by hypertension & glomerulonephrltlij—:w
&

CRF +/4K}-_

EP‘ Polycystic kidney disease, obstructio infection are among the less

(857 common causes
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Pathogenesis

Development of Chronic Renal Failure

» Irreversible loss of nephrons = > functional burden is borne by fewer
nephrons = 1 glomerular filtration pressure & hyperfiltration
("hypertension" at level of nephron) — fibrosis & scarring (glomerular
sclerosis) = the rate of nephron destruction & loss T— uremia

» In CRF there is combination of toxic effects of: Db prditos <,

Y Chc

(1) retained products normally excreted by kidneys (e.g., nitrogen-
containing products of protein metabolism)same o5 4k¢ ﬂ
=X - r,e,e:-jc_é! o= (Cong

(2) normal products such as hormones now present in { amounts =" =%, usJ

L

Uiy, g 50 %

(3) loss of normal products of kidney (e.g., erythropoietin )i s o w ¢=ie

»  Excretory failure results also in fluid shifts, with 1 intracellular Na+ &
water & | intracellular K+.

>  Effects on metabolism:

(1) | in basal body temperature (perhaps because of | Na+-K+
ATPase activity) T e MR o Nl

(2) | lipoprotein lipase activity with accelerated atherosclerosis.




Clinical Manifestations

A~ N =, o e
12

Na+ Balance & Volume Status

O

Some degree of Na+ & water excess, reflecting loss of renal route of salt
& water excretion.

Continued excessive_Naiingﬂsﬁﬂnmnlﬂbnlesio_Cﬂ_HlN,mcﬁfs,
peripheral edema, & weight gain.

Excessive water ingestion contributes to hyponatremia.
SV o el ! <
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Clinical Manifestations

K+ Balance

O Hyperkalemia is a serious problem especially when GFR | below!(5
mL/min — aldosterone-mediated K+ transport in distal tubule 1 in

compensatory fashion. o Ol VN G S (s i sh iz 1o 0V
Treatment with Ktspaﬂng_dm]:eims,_AQE_mhlbﬁms,_or_ﬁ
blockers—drugs that may impair aldosterone-mediated K+

transport—can, therefore, precipitate dangerous hyperkalemia in a
patient with CRF.

O CREF patients are at > risk of hyperkalemia in the face of sudden loads of
K+ from either endogenous sources (e.g., hemolysis, infection, trauma) or
exogenous sources (e.g., stored blood, K+-rich foods, or K+-containing
medications).

Metabolic Acidosis

O | capacity to excrete acid & generate buffers

O  Canusually be corrected with 20-30 mmol (2-3 g) of sodium

bicarbonate by mouth dalg. asm g | i \pi] LS 5+ ) e i o




Clinical Manifestations
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Mineral & Bone V7V =& Usenloc adishdiuca e g D, Ov

O  Several disorders of phosphate, Ca2+, & bone metabolism

0 Key factors:

: R0 ik X e 2 TIPSIBIPR Y
(1) _ | absorption of Ca2+ from gut, Sl MLgdi‘uﬂ’ﬁ PTH
' va D @ bgy;g )/0) 6\/‘f oL
: @ Qj,%luo*b/e v ] - A
2) > overproduction of PTH,~ g g 1 g WU & CRF > st (‘,U:J)
- anchinded brm of Ul D <

3) disordered vitamin D metabolism, _
: : g Nt P o e bl e G l’u-ij
4y  chronic metabolic acidosis — enhanced bone resorption: ,
R Rep o 6 P siTes OF Whis Lo o l'6 omplex Y5 0 /] 5 ) CR 3*5"'"7"’:-‘/—‘“*-—45-"
O  Hyperphosphatemia contributes to development of hypocalcemia —

serves as additional trigger for secondary hyperparathyroidism —1 blood
PTHI: .1‘. =\ ’.;Cv)\\k():o":i“') -

O  —further depletion of bone Ca2+ — osteomalacia & osteoporosis of
CRF




—!

Clinical Manifestations

ri@ lar & Pulmonary Abnormaliti
0 CHF& ptﬁmonary edema are most commonly due to volume & salt
overload
“HTN is a common finding, usually on th 1s of flui " overl

j_;\_‘bo G,...]v)\w\}.,ldg*' oz P IpAE ¥ CRF &)
2~ .m OHyperreninemia (| renal perfusion triggers failing kidney to

e
'3{‘"”[ “T  overproduce renin —1 elevate systemic BP.

o 1 cardlovasculag risk remalns the leading cause of mortality in this ..., .
population (MI, troke & Dermheral vascular disease). &7l dEe b Tl =S

f-’\o;‘dé‘/' P T2 y,y\) Wl N ) My

O Cardiovascular risk factors: HTN, hyperlipidemia, glucose intolerance,
chronic 1 cardiac output, & valvular & myocardial calcification due to 1

Ca’" x PO,*]product

(‘,wrlt)( I sle J
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w@\%d AT s
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= &_‘)wfz Gl o (LS 152
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Clinical Manifestations

)6[&@ produce

[ ° ° " . Wi p\L oJWsa/ “”"
Hematologic Abnormalities Cr\wepikn who W oxpe of U b wd mb be phded o ~
% Sewtone Vs f(h‘\! (a\.{qu —> owumi

0O Normochromic, normocytic anemia, with hematocrits typically in the
range of 20-25%, 1s a consistent feature.

Lack of production of erythropoietin (mainly)

Bone marrow suppressive effects of uremic poisons

Bone marrow fibrosis due to 1 blood PTH

Abnormal hemostasis (1 bruising, 1 blood loss at surgery, 1 incidence of
spontaneous GI & cerebrovascular hemorrhage.

=
O

O 1 susceptibility to infections, due to leukocyte suppression by uremic
toxins.

O Acidosis, hyperglycemia, malnutrition, & hyperosmolality also contribute
to Immunosuppression.

O Invasiveness of dialysis & use of immunosuppressive drugs in renal
transplant patients also contribute.
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Clinical Manifestations

Endocrine and Metabolic Abnormahtles €S o 1o P S losal s o )

O Women have low estrogen levels 5 amgngrrhga & inability to carry
pregnancy to term.

O Low testosterone levels, impotence, oligospermia are common findings in
men

O 1 half-life of insulin — stabilizing effect on diabetic patients whose blood
Dermatologic Abnormalities

0O~ Pallor because of anemia,

O Hematomas as a result of clotting abnormalities;

O-<- Pruritus & excoriations as a result of Ca?" deposits from secondary
hyperparathyroidism.




Treatment of chronic renal failure

» In situations of chronic renal failure, aggressive therapeutic approaches
based on dialysis and transplantation have enabled prolonged survival of

what was once a terminal condition = = WL s O
sedl @ lalirtee\, Lo

»  Variations in dialysis techniques have made this process more available
and convenient and, with the implementation of powerful
oimmunosuppressive drugs, widespread renal transplantation is now
limited only by the availability of appropriate donor organs. e
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