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4- Campbell’s urology 8" edition , Patrick C Walsh volume 3.
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TABLE | : Renal Size in Children as Determined by Sonography

Age? Mean Renal Length, cm sD
0-1 week 4.48 0.31
1 week—4 months 5.28 0.66
4—8 months 6.13 0.67
8 months—1 year 6.23 0.63
1-2 6.65 0.54
2-3 7.36 0.54
3-4 7.36 0.64
4-5 7.87 0.50
5-6 8.09 0.54
6-=7 7.83 0.72
7-8 8.33 0.51
8-9 8.90 0.88
9-10 9.20 0.90
10-11 92.17 0.82
11—-12 2.60 0.64
12-13 10.42 0.87
13—-14 9.79 0.75
14-15 10.05 0.62
I15-16 10.93 0.76
16—-17 10.04 0.86
17—-18 10.53 0.29
18~19 10.81 1.13
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Nomogram for renal size in children determined by ultrasonography.
(From Han BK, Babcock DS: Sonographic measurements and appearance of the nor-
mal kidneys in children. AJR 145:611, 1985. ©® 1985 by American Roenigen Ray Soci-
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TABLE 2. Differential Diagnosis of Enlarged.
Small, and Nonvisualized Kidneys in Chiidren

Large Kidneys
Single large kidney
Tumor
Renal vein thrombuosis
Pyclonephritis
A bscess
Hematoma
Obsiruction
Two large kidneys
Polycystic disease
Hydronephrosis duec 1o necurogenic bladder.
posterior urethral valves, or other obstruction
Glycogen storage discase
Amvyloid
Bilateral Wilms tumor
Acute gplomerulonephritis
Small kidnevys
Single small kidney
Chronic renal discasce
Congenital hypoplastic kidney (renal artery stenosis)
Reflux
Twao small Kidneys
Chronic renal insufficiency
Reflux
Nonvisualized kidney
Congenital absence of the kidney
Surgically removed kidney
Ectopic kidney
Renal artery thrombosis
Renal vein thrombosis
Tumaor

Scowurce: Haller JO, Slovis TL, Reed JO: Irttrodiection to
Radiology irnt Clinical Pediatrics. Chicago, Year Book Medi-
cal Publishers, 1984, p 122. Reproduced by permission.
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TABLE 4. Daily Urine Creatinine
Excretion in Children

Urine Creatinine,

Age Group mg/kg/24 h
MNeonates 8-12
1 month to 1 year 12—-14
3-4.9 years Boys 20.9 * 5.7
Girls 18.9 £ 4.4
5—6.9 years Boys 23.3 = 73
Girls 21.9 £ 4.3
7—8.9 years Boys 23.3 + 7.9
Girls 24.4 £ 5.7
9-10.9 years Boys 239 =+ 5.1
Girls 25.5 = 7.1
11-12.9 years Boys 23.4 + 45
Girls 24.2 * 5.6
13—14.9 years Boys 25.6 + 5.2
Girls 23.6 £ 3.7
15 years and up Boys 27.0 * 3.4
Girls 21.9 £ 4.2
¥=¥ Jg
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TABLE .5 NNormal Serum
Creatinine Concentration (mg_di)
in Children of Different Ages

Age.
Years Girls BDyS
1 0.35 = 0.05 0.41 = 0.10
2 0.4a5 = 0.07 0.4a3 + 0.12
3 0.a4az2 *= 0.08 0.4a6 + 0.11
4 0.4a7 X+ 0.12 0.45 = O0.11
s 0.46 = 0.11 0.50 = 0.11
6 0.48 + 0.11 0.52 + 0.12
7 0.53 = 0.12 0.54 + 0O.14a
8 0.53 *+ 0.11 0.57 * 0.16
o 0o.55 *+ 0.11 0.59 + 0.16
10 0.55 = 0.13 0.61 = 0.22
11 0.60 = 0.13 0.62 + O.14
12 0.59 = 0.13 0.65 * O.16
13 0.62 *+ O.14a 0.68 + 0.21
14 0.65 = 0.13 0.72 + 0.24
15 0.67 = 0.22 0.76 + 0.22
16 0.65 = 0.15 0. 74 *+ 0.23
17 0.70 = 0.20 0.80 + 0.18
18—-20 0.72 + 0.19 0.21 = 0.17

Sowurce: From Schwartz GJ, Havcock G B,
Spitzer A: Plasma creatinine and urea
concentration in children: Normal values
for age and sex. J Pediatr 88:828, 1976.
Reproduced by permission.
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I TADIE 24 2 Vo P WU ©°3 SO l
| TADLL £4-Z - COMPOSITION OF BODY VWATER COMPARTMENTS |
Plasma Water Interstitial Fluid Intracellular Water
Plasma (mmol/L) (mmol/L) (mmol/L H,0) (mmol/L H,0)
Cations 153 164.6 153 195
Na* 142 152.7 145 10
K* 4 43 4 156
Ca*™ 5 54 (2t03) 32
Mg+t 2 22 (1t02) 26
Anions 153 164.6 153 195
Ci- 103 110.8 ii6 2
HCO;3 28 30.1 31 8
Protein 17 18.3 — 55
Others 5 54 6) 130
Osmolarity (mOsm/L) 296 294.6 294.6
Theoretical osmotic pressure (mm Hg) 5712.8 5685.8 5685.8
0¥ Jgs>

lalo b gl cglis aSlo 5 s dgssd s H15 0l &8 0 o Sl Jsbes 0 arlos Lowodly (slazdg iUl claley g5 duglin
K Ik I3 clabe ys ol S s C1NA" (s 2,5 Slale slizds S o yioge w3l oo 55 s NolS” ol J515
LJUlS 555 5l 5b 45 sLzs (Selective Permeability) bl syl ds85 iz T closlindy b oyistigy Mg™'
o Lial ) (sl osces (i85 Jobo s 0900 (o655 SlR9lE Ciyd W3l o o o Cile (gt g S ciliee (sl ey
) Jos s &y o & Ll a0 blos ey Jsho 2ty J315 3 KT g Na' (slag iols clale M1 ¢ Jlio (gl ulos
ol eli2ly 0,15 252 ledglo el st )5 oyl ilose (Bl )80 (lizmed (6501 CBrog s oy SIS L a5 S5 oo
Slice J 3 gy SO Sygan 48 Col dul gl Vo edgis j Siite Bgp o JLad sjn 00l ed Slolis
sl ¢ Jud s Jobo J3I cuond 13 85l 01d )5 p 3ol Joho clie )3 5590655 G ol yen & (Transmembrane)
Lyl 3959 (342 ¥ oluws &) K" slog 4 Jlasl salls o)1 cwnd 3 g ATP 5 (3ae ¥ sluw &) Na® sy 4 Jlasl
Jslws s ool sladeg @B 4 e sldge e JsSle (SLad IS5 puaiiy ATPase Syl slasnl 1 (S (05 4l jnd
o (£lasy e Cglis amy b Aol b syled w1y oy ol pbsl el p3Y (ol Wlozy Jshoo aSialslo 155,8 o Jitio
9 A o) amale gl a8 ol 2591 4 onjlSo b o H (slegsn e salgs (3 158 0 0ol (slalad )3 sl
Logas) sals lge Vg AV 51 USiite smpabs (slowsdly 4S5 Jla5 gy s o> PH w2l ailo b 63,5 oo Jiie
(Actual _sdly o apsbre (gl ol p3¥ 130 31 005 o Laasdly (Sl Ceand 5 5 iy 4Si] & dngi s g sl (lg)sSho oSl
Lig Lo (oo el jo 53 Din Salgily Ly )3 (dbgrye 3 p3d (i92) 2905 mems +/AY 08 &1, Lewdly ke sl Value)
(cs 358 P (B9 y) (Slowsdy slaidg Sl (565 03151 5l ol sy gl ey (oo (2RI Lawsdly Ol o )3 Cas & (L0 oo
Oiel381 (e 85 k3 y0bg dslono )bl 0ad )5S 6] el b gty baulyd ) 5o a3l Ll (g laie syge Wl o
(Ion Selective Electrode ISE) i, a0 Logdg iUl (653 o5ln] asslis canl ;S5 @ p3Y 905 pladl b (g by aied

Lo 0445 )5 lolidl &y (g5l Wil 48,3 plox]



“iRefB3rm

S31391 (5 )kro g AMS OlSwd (ow gud 3priy Juaid

NOMOGRAM FOR THE DETERMINATION OF BODY SURFACE AREA OF CHILDREN AND ADULTS*
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*From Boothby, W.M., Sandiford, R.B.: Nomographic charts for the calculation of the metabolic rate by the gasometer method. Boston Med. Surg. J., /85:337, 1921.
+According to the SI system, mass is the preferred term; the term weight is more commonly used in the United States.
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Equilibrium
Initial Condition A Condition
T T
3 Na* : 5Na* 4 Na* : 4 Na*
3CI I 5CI" 4 CI 1I 4 CI
Sum and product of diffusible
ions equal on both sides of
membrane
B
5Na* | 10Na* 9Na* | 6Na*
5P | 10 CI” 4crm |
1| 6 CI”
5pPr |
1
Product of diffusible ions
equal on both sides of membrane
Sum of diffusible ions greater on
side with nondiffusible protein
anion
o-\Y S
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Buffering of hydrogen ion secretion by ammonia (NH.) in the collect-
ing tubules. Ammonia diffuses into the wbular lumen, where it reacts
with secreted hydrogen ions to form NH,*. which is then excreted.
For each NH,* excreted, a new HCO, is formed in the whular cells
and returned to the blood.
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Approximate [Filtrate]/[Plasma] Ratios for Selected Substances

Molecular Effective
Weight, Radius,? [Filtrate]/
Substance daltons A [Plasma]
Water 18 1.0 1.0
Urea 60 1.6 1.0
Glucose 180 3.6 1.0
Inulin 5000 14.8 0.98
Myoglobin 17,000 19.5 0.75
Egg albumin 43,500 28.5 0.22
Hemoglobin 68,000 32.b 0.03
Serum albumin 69,000 35.5 0.01

Adapted from Pitts, 1974. *Estimated from diffusion coefficient.
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[Filtrate]/[plasma] ratios for uncharged dextran, anionic
dextran, and cationic dextran as a function of effective radius. The
[filtrate]/[plasma] ratios for hemoglobin (Hb) and serum albumin (SA)
also are identified. (Reproduced from The Journal of Clinical Investi-
gation, 1978, vol. 61, pp. 72-78, by copyright permission of the Amer-
ican Society for Clinical Investigation.)
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Summary of forces causing filtration by the glomerular capillaries.
Ihe values shown are estimates for healthy humans.
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Effect of mean arterial pressure on glomerular filtration
rate (GFR) and renal plasma flow (RPF) in an anesthetized dog, illus-
trating the phenomenon of autoregulation.
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Hydrostatic pressure profile of the renal circulation. A,
“wormal profile. B, Following afferent arteriolar constriction and conse-
Juent decrease in glomerular capillary hydrostatic pressure (Pg). C, Fol-
owing efferent arteriolar constriction and consequent increase in glo-
merular capillary hydrostatic pressure. AP represents the normal
cerfusion pressure of the renal circulation.
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Autoregulation of renal blood flow and glomerular filtration rate but
lack of autoregulation of urine flow during changes in renal arterial
pressure.
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Hormone or Autacoid Effect on GFR
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Effect of increasing sodium intake 10-fold (from 30 to 300 mEq/day)
on urinary sodium excretion and extracellular fluid volume. The
shaded areas represent the net sodium retention or the net sodium
loss, determined from the difference between sodium intake and so-
dium excretion.
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Filtration, Reabsorption, and Excretion Rates of Different Substances by the Kidneys

Amount Amount Amount % of Filtered

Filtered Absorbed Excreted Load Reabsorbed
Glucose (g/day) 180 180 0 100
Bicarbonate (mEg/day) 4.320 4318 2 >99.9
Sodium (mEg/day) 25.560 25410 150 99.4
Chloride (mEq/day) 19,440 19,260 180 99.1
Potassium (mEqg/day) 756 664 92 87.8
Urea (g/day) 46.8 234 234 50
Creatinine (g/day) 1.8 0 18 0
waler (&,‘y; 180 /785 /1.5 >997%
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Mechanisms of potassivm secretion and sodium reabsorption by the
cipal cells of the late distal and collecting ‘tabules
principal cells of the late distal and collecting ‘tubul
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Mechanisms of secondary active transport. The upper cell shows the
co-transport of glucose and amino acids along with sodium ions
through the apical side of the tubular epithelial cells, followed by
facilitated diffusion through the basolateral membranes. The lower cell
shows the counter-transport of hydrogen ions from the interior of the
cell across the apical membrane and into the tubular lumen; move-
ment of sodium ions into the cell, down an electrochemical gradient
established by the sodium-potassium pump on the basolateral mem-
brane, provides the energy for transport of the hydrogen ions from
inside the cell into the tubular lumen,
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— Mechanical model of a reabsorptive
mechanism which exhibits limitation of transport
capacity.
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couse ol sploy iy the glucose fitration cure

L Jlisl 55T ol (s)lne (585 )8 & g 3)l3 S99 395 O b @ byse (sla ) glidl e @ oS 3gi0ns
&yo plo Canl ot Canl S5 Gl b ey S 23,8 o (Timax) b (T, ), transport maximum
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Substance Transport Maximum
Glucose 320 mg/min
Phosphate 0.10 mM/min
Sulfate 0.06 mM/min
Amino acids 1.5 mM/min
Urate 15 mg/min e
Lactate 75 mg/min
Plasma protein 30 mg/min
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AMINONITROGEN (mM /min.)

0 — %2
AMINONITROGEN FILTERED (mM /min.)

— Reabsorption and excretion of amino-
nitrogen as functions of filtered load in experiments
in which glycine was infused to increase plasma
aminonitrogen concentration. (Adapted from Pitts,
R. F.: Am. J. Physiol. 140:156, 1943.)

5 S

P3lge (A oda b Gl il -
-Active Reabsorption

o Transport maximum (Tm):
Glucose — Phosphate - Sulfate - Organic Anions ( Citrate — Malate -
Acetoacetate - « -Ketoglutarate - £ -Hydroxybutyrate) - Vitamin C -

Uric Acid - Protein
o Gradient time limitation of transport capacity:
Na® - CI'- HCO3 - Na'- H"exchange

-Passive Reabsorption
Urea, H,O - CI'Na’, H,0

1wl o dw Yl Jols Hlade cpl Sl Coli W8 &8 ailiw] Hludo U

GFR -

Toe -

ssssplay e -

o A8 285 bl Wil o To dn n (uSe 4930, o oS 4B 185 sl 340y GFR 4 ja coul gon
ol yioS @8> diliaol D9 Byoin azxie jieS clalé ()b 4yt SPlAY 4> a0 3 YL g 39 e a3l

s Cal b 18 &8> il 3,05 (6,505 JSitie jei by 3l 1 4 a5 ol Sl e S

(young diabetic patient):

12.:9.:3 dlye b oolw 3)lge 4
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renal threshold  splay T, filtration rate
N N N N
(elderly diabetic patient): l

T N
e 4SSl 3l i 398 (o0 g & ol a8 (YL clale e o Las Glucosuria « s Sl ylew
A0y YU oDl 48 clale oSl b sl 42l [l 55 uiB cusl (Seoe cpae hlow Jg 33,5 jild w8 Glajb Wil
ol filtering surface s o5 ;1 56 cyoml il i o5 13
3 9395 oien L 2B pled sl (Sen ol o8 0ad ik mle g e b dehydrationuly . o) Koo cle

G 1yl 0 a2 s e 4 Kb slag] (300,55 jalls ol
LS (o0 285 SIS oS Sl ylow )3 359I il S

C CIN'PG TmG
G
PG
T
Cg =Cp ——2C
G IN PG
TmG

Comd 1 Gl 43 Slowdy clalé ax o

G

P2V JS3) My o 2ol ol glge 5 295 (oo S35 gl el S

140,
Rate of Glomerular Filtration (125 ml /min.)

—

100

8

8

Co- Ry GFR—Tmg
R

8

CLEARANCE OF GLUCOSE (ml /min.)
n
o

CO

300 800 200 1600
PLASMA GLUCOSE (mq %)

— Clearance of glucose as a function of
plasma concentration of glucose.
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Jlas! e as L a8 a8 o Sl PRIONIZIN 1) 03,00l dlge plos s b aly ol s canla )8 S5

2l oo by )5 51 T s s 5 aaal g b 0258 oo L (StADIE)  (oSoxe
2 e Hlde aSOI L Caol oad 00l lis (F-VY) U 50 ¢ JlawnS gy gl Job 53 calisis dlge clale clynss awyy
23 2t sl JUisl sy L g S i e otz o CBlE (g 055 o o5 (R BB pliee 4 09580 3] Ceand

ol b o 93 3] 4ty Y sans] ¢ Jlog g1 45}

5.0
Creatinine

2.0 -
o Urea
a
= 1.0 =
= ~ i
S ) Na+ Osmolality
o 0.5
=
8 HCO,~
= o2 2
=
=
= 0.1
=
a
<~
= Glucose
< 0.05

Amino acids
0.01 T T T T 1

o] 20 40 60 80 100
% Total proximal tubule length

Changes in concentrations of different substances in tubular fluid
along the proximal convoluted tubule relative to the concentrations of
these substances in the glomerular filtrate. A value of 1.0 indicates
that the concentration of the substance in the tubular fluid is the same
as the concentration in the glomerular filtrate. Values below 1.0 indi-
cate that the substance is recabsorbed more avidly than water. whercas
values above 1.0 indicate that the substance is reabsorbed to a lesser
extent than water
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a1 bogsyo 5 yeiio 4Ty g Cdlo 15531 415l Pl (611 + S s 1 (T-FY) S5 (6l _siomho S _sum =
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23,5 35 yodo
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fanal Tubular
interstitial Tubular i
({;Iui%) cells (+ 8 mV)
m

Paracellular ————/ Na* K*

diffusion "~ Mg, Ca*

Na+ Nat

K+ @ H+

Mechanisms of sodium, chloride, and potassium transport in the thick
ascending loop of Henle. The sodium-potassium ATPase pump in the
basolateral cell membrane maintains a low intracellular sodium con-
centration and a negative electrical potential in the cell. The I-sodium,
2-chloride, 1-potassium co-transporter in the luminal membrane trans-
ports these three ions from the tubular lumen into the cells, using the
potential energy released by diffusion of sodium down an electro-
chemical gradient into the cells. Sodium is also transported into the
tubular cell by sodium-hydrogen counter-transport. The positive charge
(+8 mV) of the tbular lumen relative to the interstitial fluid forces
cations such as Mg™* and Ca** to diffuse from the lumen to the
interstitial fluid via the paracellular pathway.

FYY IS5

8L JLos a1y oymd 313 3939 madS g i slo 00 (fractional excretion) sés s o o8 bls, -
20,5 o Jobs b Sliass sla 4l ;0 Ygeme a5 SLiS 0 S 1550 1y ey 90 s &S (6,500 pansilSs
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29 e odlazwl Nypercalcemia 4 Mo ollow cloys y3 4l oyl 5l
Sy o gio dlin dy) s cond Jl CI7 NAT la gy il & aas o olis lOOP diUretics Gy -
254 lpme B )3 slie cute Jrusly (2L L) maels @85 ialjl aSl &S 00 0bj 1) e 285 LS & e
P9 (o crge manlS ol jl @i e
e (g @0 ol > oS cosl thiazide dIUretics G plSin ;5 it b pundS Sinlon 285 b3l ;> bl ls
aS el Shlon gley o La SCiyed ol il edlaisl el Sl oyl 03,5 o ol pod muandS 280 EalS b g 0 ol
1 S g9l (50alST slb S
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: Gradient-time Transport -
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: Passive Reabsorption

: OSMOSIS aluwgs o s 3L -

g g3l 3 e ol lale g o 3y (8L o o 090 % B b 5 gl JUb il eunslSs b Jgboes Slgo (5
g2 3988 Jlow O & JloruS g0 Ay (ogase gl g (glo Jsko sLie il o Gl (Bl o le o g 4l JialS
03,5 <8 »tight JUNCLIONS I oguasy i clale (cow 4 Of slis Byl o5 43 clale BB o 5Sa6Sh o ol
oS uaaolty LIS (ot Jio 56 b e (B 4 Aol ] Cand pl slis ST e olkie Byl g 3 1y (g 5eml HLiS 4
sl iy 3985 s MG

i jl case ADH json 1 casl o8 )l ADH jpin pie )3 Ol 4y 048 o g Sl (sl dg) 355 L

YA



“MRefdrm

S31391 (5 )bre g A5 olSiwd (5399 99 38ty Juid

: a5 s -
Camols i czrgo U sl JUisl o] L olion 55,08 clo (52 29 (0 ol ol Ay slo Jsbos Sl ai il -
i 1 K55 L) 5 a5 e GOS1 i Ko sl o 5 A e 9,5 L ey 55

ol o3

Al oo Jlpeg) sLid ) e o L L cae w2 gl b pudle a5 QL S0 o -

Pl Ay oda b el -
2503 Qb S oo Pl Jloel (rdge j5kar g Canl (Sg09m —(cas SIS ot JgpeglS (pgmel il & pslailen
33,5 )5 Sl 09 o ol 3l el g il aol i B03,5 (oo S8 JlaguS g o9

551 05, Le o g s 5L b AS J S Jalge

: Tubular Load -

395 o 3b; GFR &8 lalpis 53 a5 canl ol o] Bas 9 365 . glomerulo tubular balance ylas o) 4
3 tubulo glomerular feedback jkojen jsha 5 oauis 3bj Jbusd dlg) 4 oo )b b 33,5 sbj agowr sl
A8 el o 50 1) Slaule poe 5 e jhuwgen ma b gd a B a8 o 605 i GFR ol s )

Sl g U I3 1
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Hormones That Regulate Tubular Reabsorption

Hormone Site of Action Effects T
.-\qu.-;ﬂ‘rnr_lc Collecting tubule 1 NaCl, H.O reabsorption, 1 K* secretion
Angiotensin 11 Proximal tbule, thick ascending loop of Henle/distal mbule 1 NaCl, H,0 reabsorption, | H* secretion
Antidiuretic hormone Distal tubule/collecting tubule and duct ]‘ H,0 n:uf-lsnrptinn

Adtrial n:llriurelic peptide Distal bulefcollecting wbule and duct ! NaCl reabsoption

Parathyroid hormone Proximal tubule, thick ascending loop of Henle/distal tubule | PO, reabsorption, T Ca** reabsorption

F=F Jgi>

AAAS



“MRefdrm

S31391 (5 )bre g A5 olSiwd (5399 99 38ty Juid

Sl s K225 1 3 o i Sl e 55 -
298 (o 05 GFR (2l 5 (508 sla Jga i) (Ll b Ol g s @83 =
.J.Da.)‘_fouﬁil}é‘dk.moﬁﬁ) YLWMgJW9): 4]9] 9 I) PR u..\> )Lv—

25 o ol g5 Sl g mates ol 5k Gl s )3 o 1 il 3l LSt g o) o S13T Gl cgo -

:Tubular Secretion gl d¢) iy - &

L iy glen g lyome S5 4 e 9 ECF gl ay (sl g SLLT sl S g0 ) )le 05 51 9l5e 3909
&3> 4 4 S eXCretion auls' b wls el oyl .ol cilisxa g (cly Jalite slo wadlSe (glyls 45" ol SECTELION
a8 ol el @128 il ol 5l (oS g b yild oS (gl oole Jlte oo 4y g oliil Wigd o )5 0l b &S (3lge
Al o5 (SECTELR ) iy 4SSl (yol 3945 0 EXCIELE L

P3l90 (A g5 L panilSo
- Active Secretion:

- Transport maximum (Tm)
PAH , Penicillin , Chlorothiazide , Glucuronides , Creatinin
- Gradient- time Transport

H +
- Passive Secretion:
Weak acids and bases, K*

: Active Secretion Jled puwiSe b el 5 -9
45 (Tm) transport  Maximum s,ls sezg gud i 3> o 5L ¢ JGsl g5 ol > : Tm-limited Secretion -

RHPXW ob)ji (;' —V) J9A> » ..\J9.u: «° ("_v_.m).: W“SA L)”‘ LJ aS st‘?o Cawl CA:.)BJ.?LA u&y

Substance Transport Maximum
Creatinine 16 mg/min
Para-aminohippuric acid 80 mg/min

PV g
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: Time-limited Transport guww!\Se -

: Na’ -H" exchange b j1 o540 og gy -

4S8 ine oyl 4 ol it o (COUNEEr tranSPOrt) cilbis cas b o os Sbuls S Jolds muanilso o]
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(a) CO, +H,0 < H,CO, < H* + HCO;
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D9 oo sl o) BlLbI by S g0 0,5V g g Glybl mlo 3,y g 03,5 lay ,Lizsl Dasolateral slis ;I Jolo oy,
sbe o5 28 @b (Nam —HTANLPOrt e g1 il a8 cliie Seo il 51 H T g2 (8 4] s
il oYLy g adg) Bl bl plean I g NAT (sla g (2905 8Ll cadg) 93 )yl 51,08 5 o
4 aS ccwlNa" — HTANLIPOrt s ,b jl JlownS gy dly) 13 autw @dajb 1 70+ 3905 23,5 o Na"-CI~
(5-VEJS3) 245 0 pbil 35 CIT formate antiport,f «ljlse

Na*
Na* Na* N3+ ) HBDS‘—
a o REABSORPTION
HCO,- H* H*
3 ¥ H EU" 3JHCO.~ HCO. -
H.CO HOyxt s ¢ '
e | EUTEA
CA. 2
H, 04 G0, - Na* B M -
) N ANTIPORT
Na+ ": A
HCOOH : = " HCOOH Na* - CI
¥~ HCOOo HCOO"™ < & werasoue REABSORPTION
CI' CI- REACTIONS
cIr
SYE S

4S iy ol aned e owels Na" /KT ATPase jl cais » Na™ —H Antiport l, 55 55
Sl Sloudg SIS sbom) (gl 395 g 4 a5 335 o JolNa™ —H " Antiport ;ICl™ clale sl
<l Na*TKTATPASe siojls auiuw (2
e 55k 4 (g ol 45T S0y 2 S @ Ol (oo M Con e 0 L L) 3 & (9lge b5 4 295 L
D) (eSS 29 (o0 il

Na'-solute Ssymport c s 4 71+
HCO 3 Lol,es Na™ —H " Antiport o, jl 7v- -va
CI-driven Na* transport w.ise b ,IS ;e cdls ol 5 /Y- <Y+
Cl™ Lo,e» Na*™ —H ™ Antiport o, ;7§ -o-
odd yhd mlo (IS L aS amd o lis Canl 0ud (655 03lul Wl ylusl 0 &S (F-A) Jgdo )3 onds &)l pl8 )] &y angy
25 o ol ol pow 3 5 dile o (BL Al 51 5 00 yild O pgus S b JloguSs Ay ]

Approximate Concentrations of Substances Entering and Leaving the
Proximal Tubule in Normal Humans

Entering the Leaving the
Proximal Tubule  Proximal Tubule
(via Glomerular (to the Loop of

Filtration) Henle)

[Na™], mmol/liter 140 140 =N Jol>
[C17], mmol/liter 110 132
[HCO3 ], mmol/liter 24 8
|Urea], mmol/liter 6 20
[Glucose, amino acids, other

solutes], mmol/liter 20 =()
Osmolality, mosmol/kg HO 300 300
TFn/Pm 1 3
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primary activeH" pump 5, L 1S’ gez 5 2l Jlws a9 JUb gl slo Jsho Jlog) Lt 51 05500 02
a3 oo Sz |y HY gy e 5 70 5 canl gl Na* -H' 8XCANGE uaslSio b cany (] Sliastio 395 oo 5
el hydrogen-transporting ATPase  Lwg ;50 oo ged i 45 ol oad o3l o)lis (F-Y0) JS5 5o
Jslas U3l 4y COp il l51eS weailSie ol T cslys 355 oo cywol ATP (05 aaSids j1 o (5,31 45 55 oo
A el ol olren (sla JSl LIS G0 g5 g SS9 el el ()

Xlgs o &S Na’ -H" exchange b awlis )5 ol H+@:&)3 S e Qe bl aenl 39581 €438 ) ey Cpl Coonl
Sl slea U aw b 1) () i

Renal Tubular Tubular
interstitial cells luman
fluid L
Clremen-n. f---b— (o EEEE] EEEEE » CI”
e ====  HCO; +H* —— Y+ Y0 JS
} Gm
H,CO4
Carbonic
H.O anhydrase
2
...... g +
s P co,

— 2y

Primary active secretion of hydrogen ions through' the luminal mem-
brane of the epithelial cells of the distal and collecting tbules. Note
that one bicarbonate ion is absorbed for each hydrogen ion secreted,
and a chloride ion is passively secreted along with the hvdrogen ion.
This pattern of hydrogen ion secretion occurs in the intercalated cells
of the late distal and collecting tubules.

Idgu o0 ol g Jgb 43 &5 Passive Tubular SecretionJies wé sl dg) geadyi -

Il o il b KT g i g o )] a8 clale (8 4y 0l 4559 5 ciunad (gLl 9 3L o 5

P9 (o plos
Pdpnd sl by -

@ 4 (AMMONIA) Ligel Jro i slajly (i @8> Cuo poo 218k 00d (ghousd LIS posigel 29285 Aoy 1,01 51
e oo 0Bl 005 (JUB AoV il 52925 b g e Sl o (INFUSION) 525081 & 51 51 eSle 42l o 1331
P9d (o S hnd slajl @b

s cowln o dis Mo BB Cdal oaimd L 4 o8 e 11 dlge ol Gl sl Koe & 4 A 1ol PH @l i
W) yusd Cunl (ol Ay o iy adls A ol LS ke

D o sl S —
) > O Il il IS 059 (oo b Sl i g0 4 Sl Hbgid g Silmdlospw] wams sul 93 Jlio jobo 4

R L 0258 433)5 (SU ol (B9 canl sl () Gl saimd LS cpl g WL (oo gl Gl ) pieS” gl
el Gl 5l oMl Ll Js < hyperventilation b L 5 acetazolamide weYg;liol b g paw olo)S o
ol Sl e 3 odimd Hlis &S 09 oo yidiy
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: Bidirectional Transport 43 ,b g5 JWSI L dlge —

¢l pS 3oy (gl JU] 93 cpl Al 0 kg Wgd oo g o g il o e Sl ey Do WsS|

H(KT) paliy 052 -
D Y logas 395 (oo b3 o 5 il w0 9y 53 45 Cenl @3ls0 3 ot 31 S0 osliy O3
oy ol Mo il pols Loyl yd dgag il (3U Canl 3Son L] o0 D939 4 NET SECTELION o )3 &S Loyl 34
el (390 el nlie o o8 3Ly KT L glis
il Jbsd g clonl b osd il puliy 74+ a8 Canl 03l o)L o plssl MICrOpUNCLUTe L a8 3bs (ow)p
Dol 5 o olewM clale (GFR I Jituws b ¢ Jlisd 5 JlasaS sy sl dlg) )3 st ol i il o ol 0935
sy Oly s aals ¢l (collecting tubules) suis ges sls g )3 KT il joee 3 sl o clale
B Ly (gm0 sl o & KT 3959 (89 o 0l axils (€t reabsorption) sl auly wlg (oo o 5 039
@ o9 opl dbj 3959 e 4 48 345 013 (NEL SECTELION) iy diulys o 5 3905 oo Sl sl oy y3 VIeuST o
2l e ol o
A3l o Jlb et JlonnS g Alg) 3 Jy ol Jbb 90 0 0158 2o sla Ay 3 KT Jlas]
sl 5 5956 93 @b KT s e

b o ol 3 KT s 008 5b5 wle ol 51008 go Ay o lo plyr oy )

O pideis g Jliag) slie Bl 93 53 multy (90 (o lionidy U OV Y

1S9l el -
ol T oyzals LNt reabsorption wives o Jsl auly 5 cool 735 03l ol (gmol il )l jse

10,9l -

S il 5l o e (T 9,5 o ol Sl Al sl 1 b f g0 4 sl (1859 pdsilio 4 oS o)
clale 00,5 o ol b dsd e dbul mde s b dluogy 45 (jewl Hlid e 4y Ay S Ol By sl oSl
oS ol Glab sy b dlio Oi Cpw Candld Bb (Jg 09 (0 09l il 5L el 095 g dBl iul38l o) 40 04l
D)5 oo ,lyal oyl (K> hiai g 39 o ol Lot il oS gl 0l Clual 1A g 029y 4

3l (g b amls con o Cal Fge o )3l Lalis )3 0] Wl (sl o K9y b o el IS )0 09l e
b net reabsorption 4l sl

Jbb@um uigw.ﬁ.\m u..\> )L’ )Iuw‘) 0)3‘ u..\> )L(;—Y;)J&w).b

Na* reabsorption

1

H,0 reabsorption

b

-y s
Lume;_n Luminal CI- Luminal
negatve r concentration urea ;
potential concentration
\i l 1
: Passi
Passive Cl- ;':lsswe
reabsorption Eegﬁsorption

Mechanisms by which water, chloride. and urea reabsorption are cou-
pled with sodium reabsorption.
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3,00 43w ©lyS o Jsuid g HCO 3 wdajb -
Iy liyS o sl sl caebo VE 0 i il olo)S o Jge e ¥+ don Loy Olo 4 3B b b cla alS
L odd oS 5 i 9 Jode CO, IS 40 Y il o ygo w0 AV (955 ;0 CO, Jos ool 4 063
.cwl carbaminohemoglobin sb a4 -yusSsen
o 9 s il g 50 by 4 e oS cwlNAT - H " exchange « bgye baes HCO s i 3l
H* Syl aslong s ads UL ol ol S5 b 50 Leas liyS (o slie a8 cudly dn gy Lb (Jg 205 o 0o S
504308 bag H209 COzrx_;oJ.\:; LSy S )S ol 4SS ot bl o 55 0 ilid liyST o b odd e
b b Ll Gl Jsko ol 5l s ] 208 o JU ol Jgbos 2l 2Lt 2 3 88 > ol 5l 2], 4 €O,
ang Jobo 1 CO, o 4.35,5 g5 i3 ol jl b 4y bawgs ey 4 398 o sl dg) BLLI sla S p50 35 5 03,8
(F=YY)asl ausls

Renal Tubular Tubular
interstitial cells lumen

fluid L

-

Na* + HCO3~
Na* Na*
ATP
K* H*
ee bk Lttt L HCO; + H* \ k
H,CO;
H,CO4
Carbonic
h
----- - H,0 anhydrase
CO, + : Y
DI -
L L 0 T T CO, + H,0

Cellular mechanisms for (1) active secretion of hydrogen ions into the
renal tubule: (2) tubular reabsorption of bicarbonate ions by combina-
tion with hydrogen ions to form carbonic acid, which dissociates to
form carbon dioxide and water: and (3) sodium ion reabsorption n
exchange for hydrogen ions secreted. This pattern of hyvdrogen ion
secretion occurs in the proximal tubule. the thick ascending segment
of the loop of Henle. and the early distal wbule.
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Lo sl aS sy o gl |y, HCO, ™ iy jollST Lyl 3 o H ¥ s 5 590l Wil 4> intercalated
(F-YA) 85,5055 4ol ) pguas

- L]

= H

SV S5
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Distal
Convoluted CI
Tubule Cell

Salt transporters contributing
to the separation of NaCl from water in

the loop of Henle (TAL) and the distal (2:,-\ - ¥ - -®
convoluted tubule (DCT).  cell models 5
of ion transport in the DCT and the Na'
TAL of Henle. The Na-K-2C! cotrans % )
porter (BSCI1; gene Slc/2al; chromo 2Cr e
some 16) and the apical K* recycling
channel (ROMK; KCNJI; chromosome Thick P

L}

11} in the TAL and the Na-Cl cotrans- i A
porter {TSC1; Sie/2a3; chromosome ASCEHgII‘ﬁ] Limb 2
16g13) in the DCT have been cloned. €|
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NaCl H,0 Urea H,0 NaCl
4 7300

Cort

Formation of a concentrated urine when antidiuretic hormone
(ADH) levels are high. Note that the fluid leaving the loop of
Henle is dilute but becomes concentrated as water is absorbed
from the distal wbules and collecting whbules. With high ADH
levels, the osmolarity of the urine is about the same a5 the osmo
larity of the renal medullary interstitial fluid in the papilla, which
:\ about 1200 mOsmiL. (Numerical values are in milliosmoles per
Ier.)

Medulla
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by gl sLid 15 ceand ol 3l 53 sl cldale al8l cde a5l (g gmml HLid 58, YU — o
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The principle of countercureent ex-
-hange. A and B, thermal models. C, operation of
-ountercurrent exchange across the vasa recta to re-
suce the rate of dissipation of the osmolar gradient
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PH and H* Concentration of Body Fluids

H* Concentration mEq/L pH

Extracellular fluid

Arterial blood 4.0 x 1073 7.40

Venous blood 45 %X 10°° T35

Interstitial fluid 45 X 103 7.35
Intracellular fluid 1 X 10 Yto 4 x 103 6.0 1074
Urine 3 X 102t01 X 10-3 4510 8.0
Gastric HCI 160 0.8
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5.8

Variation in pH of the tubular fluid along the

nephron
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on. Numbers {6 ) refer 1o percentage of delivery to each

pted from Hamm LL. Alpern RJ: Cellular mechanisms of
penal wbular acidification. in Seldin DW, Giebisch G [eds]:
N R SRR S
The Kidney: Physiology @nd Patipnysio: gy. Philadelphia.
Lippincott Williams & Wilkins, 2000.)

Y olpe 4 1y PH Wlg o e “tight* tight junctions (lyls 5 Jluws lo g Jg 008 o5 wilys o |, pH
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295 93 23l gl & slz 9 935 s ol ol o (Blol HT gy 05 Jgo (o 00V 00 ST g sl 52 3 Jge
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aS 395 s 4ty 9y 10,5 (nonbicarbonate buffers) (¢, sla 5l lawgs LL sl blsl sla 59,00
w2y oo S b punsilSe g 4 48 Wi (PhOSphate) wlaws o (@Mmonia) Slsgel s o o 5 wre

: (Ammonia) Sligel -

oacd iy JL ) o Jobo 55 35Ty IS« elislS ol (sl duusl puiplio a5 S NH
cbale GMs] 1y e o cge 33,5 a5l basolateral clic 5l on 5 oas iy Jliseg) slie 5| pa Ky o ol
3 + s e 1 . . - S e & - . -
Mos NH - Jsis g T L NH 0L (oS5 Jee g )50 )3 00 3 059yt s 9529 e 08 (oo (e
s dacly ol gy an NH, sei 5 cplplo g saled w5 o 0 NH S JEs! g odg o5 100 o NH 5 cbale
Pl gl 53 A )3 398 (oo o5 IS 13 g b ol Laalyd > b5 (ol ke o5 canl HY 90 s
{5V USS) sl ol

PDG 1™\
GLN— - =HCO;

H‘..._.I,JNH! Na*

Increasing
Interstitial
Ammonia

Overall scheme of ammonia transport along the

i =¢ 1o final . (Data from references 2. 158, 684.

pompared 10 nnal urine. (D : . .I
% 696P 697 - “umbers are shown 1o illustrate the large addi- IMeaullar}I
m.cr\m, i 1he proximal tubule. the high concentrations in »\ \accumulation
ghe loop of Henle. and the loss of NH. before the distal tubule. NH; R e
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Renal Tubular Tubular
interstitial cells lumen
fluid [
Na* + NaHPO,
Na* Na* Na*
ATP
K* _ H* + NaHPO,
oo L R HCO; +H* 1
HCO3 NaH,PO,
Carbonic
------ Hp0 &MYdrase l
002 N S +
\ Cco,

Mo

Buffering of secreted hydrogen ions by filtered phosphate (NaHPO, ).
Note that a new bicarbonate ion is returned to the blood for each
NaHPO, " that reacts with a secreted hvdrogen ion.

51D S
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33,5 o o] Loss y5b & Loy (il il 3 98 e o5 H2COg derived H™ secretion sl

: (functioning renal tissue) wwil o 415 plodl & 38 a5 Cowl alS’ 51 8L ¢ g Lo byl i 43 ;505 Jole —
S HY misycod b ) cul bl jotmwl Byl 4y Ul g5 PH 20y (654l8 aid ping M3 487 Sl lows 5o
Gl a8 ials Olﬂ

5 S ool HT w3 s olais < Acetazolamide Jzo w8 o gin 1y Siin)S 5l mal 48 Slag s
P9 jpdeel Byl & Cunl (o lows

P losnSgp Ayl 2 g0 pilSe
sl ay adg e 3l Na© s 8> L olyen HoCOg derived HY secretion « .S, 4y 5 aslol
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tJlud ) 51 Jigo puilie - &
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TRANSEPITHELIAL P.D.= -5 TO -70 mV
{lumen negative)

= I | PERITUBULAR SPACE
VBULAR LUMEN | 1 s 50 BASOLATERAL PO,
= _g5 10 -20 m¥ = -0 m¥
fcelf negative) feedl negative]

Mechanism for K secretion in the
distal nephron. K* secretion is a two-step pro-
cess, involving (1) active uptake of K* by the Na™* /
K'-ATPase; and (2) passive diffusion of K* across

= ACTIVE TRANSPORT  the luminal surface into the tubular fluid (some K*

e — = PASSIVE DIFFUSION 850 may be actively transported across the lumi-
nal surface). Note that K* reabsorption in the dis-
tal nephron is not illustrated here.
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ol i adsles 1 Lo s any Gl (Slp slasigy (adeits (S b yiall byl ) LS cunl (o
L blood buffering line ;s (5L s Jio (350 (Jg dmsse Ju5is |y ) Loll dlslae oyl g 595 o odlizl
L gl e 3 1y 1o o ol e 5 5L 5 el VM ilisen Lyl 5 000,5 a8lsl o & 0 plosl sla talo]]
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pH= v/¥ HCO; "= vamEqg/L PPco2 = ¥~ mmHg

pH=v/ixa-vita HCOs; =vv/a - yAamEQ/L PPco2 = Yo - Yo MMHY b 03900 (y9

Oler L g oa gl 095 58,5 oo b 428l b g sl JMES1 5 M 51 5 395 od o3 gl 5 I3 1
Lol 030,85

[H*]- NANOMOLS / LITER
100 80 60 50 40 30 25 20

i o
[ o

r
m

[HCOz], - MILLIMOLS / LITER
r
Y

Normal acid-base range in humans
living at sea level. Any point within the hexagon is
within the range of variation of values measured in
healthy, normal people. People living at higher
altitudes have significantly different values. (After
Davenport, The ABC of acid-base chemistry. Chicago,
University of Chicago Press, 1958.)
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: Buffering Capacity of Blood g8 (5,80 cud b -

b Hlie (gols a8 o s 3 cal oad Al 95 (68L cud b asls Blood-buffer line ;e (o3l ls
Y 093 PH a8 Ly Gy 8l oges o o Ar &Y+ 5l CO, pagew 5Lis By (00 01/ dl) coul pglSgan
icd s Ll o > 001/ dl) clile Jlae & glSgen alS e 4 X (PHEVIY) wh (oo 2 a0y
oy Lm0 Eod s @y (e 37 LS YPHEVNG) 395 o o i3 /70 03PH (CO, o
(5YA JS3) ool 5500 8l sl gan st ale b iy X Ll 03 (o s sl gen

ar Fo,
i L 80mm 20mm

X
30"]!

252

20p

[H{lﬂg]p {mmol/L)

15

T ——
T re—

10 L 1 L L i A

11 72 13 74 15 16 1.7
pH

Blood-buffer lines as an index of the buffering capacity
of blood. In blood with a normal hemoglobin concentration of 15 g/dl
(X). the pH falls about 0.2 units (to 7.2) when Pcg, increases from 40
to 80 mm Hg. In contrast, blood with a hemoglobin concentration of 5
afdl (Y) exhibits a 0.25-unit decrease in pH (to 7.15) when Pco,
increases from 40 to 80 mm Hg. The buffer line of plasma also is shown
(£). (Adapted from Davenport: The ABC of Acid-Base Chemistry, 6 ed.
Chicago: University of Chicago Press, 1974. © 1947, 1949, 1950,
1958, 1969, 1974 by the University of Chicago.)
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Hlas)le s aw opl 00d o pends dalaie i 4 LS dw Ja.\»?s'[HCOS_]p -pH #l,3L>

o pio o ¥ Jbgil = CO, o it~
(5-YAUS) conl VY SIYKES o b s o ECF titration curve -

true plasma 31l
whole blood 26 sl
ECF 11l
Hb 22.7

[H*]- NANOMOLS / LITER

100 80 60 50 40 30 25 20

T T L R R | T LB B T
44f pCOg = 100 80 60 40 4
a0t / -

3T Tgdome 30]
Whle Biood (26 1

32F HES / -

(227) 4
281 -
Sej sma (39)
24

20F 4
I 151

16

12 1

Bl s o .|/
7071 T2 73 T4 75 76

pH

CO, titration curves of a sample of
blood in vitro and its components. Acid is added o=
removed by increasing or decreasing Pac, The
amount of acid added is equal to the increase is
[HCO;] because for every H* formed by the dis-
sociation of H,CO; a HCO; also appears and nearls
all the H* ions appearing combine with buffers. The
negative of the slope of the titration curve, the buffer
value (in sl) is shown in parentheses. True plasma
buffer value (31 sl) is higher than that of whole blood
because of the Donnan equilibrium which forces
much of the HCOj; formed in the cell into the plasma
True plasma is plasma equilibrated with red cells and
then separated for analysis.
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pH

CO, titration curves of the whole
body, plotted on the [HCO; ]-pH diagram, at various
times after a sudden increase in Pagg, (initial [HCO;]
and pH adjusted so lines go through point 0). True
plasma (TP, W) and extracellular fluid (ECF) titration
curves are shown for reference. Measurements were
made on true arterial plasma. At 2 to 4 min after Pac,,
change, buffer value had fallen from 31 to 27 sl (X);
at 10 to 60 min to 11.6 sl (0), the buffer value of extra-
cellular fluid. Thereafter buffer value increases again
due to transmembrane H* transfer, carbonate release
from bone and renal compensation. In dogs, buffer
value is 18.6 sl after 0.5 to 2.0 hours (®), and approxi-
mately 48 after 24 hours (+). Reasons for early changes
are illustrated in Figure 27-8, (2 to 4 min curve after
Davenport, The ABC of acid-base chemistry, Chicago,
University of Chicago Press, 1958; true plasma and
10 to 60 min curves after Brackett et al., New Engl. ].
Med., 1965, 272, 6-12; 0.5 to 2 hour curve after Cohen
etal., ]. elin. Invest., 1964, 43, T77-786; 24 hour points
after Polak et al., J. clin. Invest., 1961,40, 1223-1237.)
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Il s ad o8 o ool ede g el by CO, agun)ltid (alidl ¢ g joanl y> 4yl !
.cw! (hypoventilation)

Obgedsly

§ ol o hypoventilation 4 S pmwlSKe s wiS' oo ;X8 -
tlief  omdlid (6 )lmo ¢ onndliT 35 0 3l oy e Wiy o0 LT . 591 Jblsw 1, @lveolar ventilation egebe -
T bl S S 5 s b il 5 it
Fe) o e Pl sl
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pH
Chargas in artaral pH, Pa.. ang [HCO: | in the Tour
primary acki-bage daiuhances and n the compensaion: rasponses (o
thesa delrbances, 4, kormal arteral pont. G Acube respiratony ack
desdn. O, Chronic respiratory ackoosis, 2 Acube respirabary elkaksis.
E, Chranic resprziory alkakess, F, Hypothetzal pouta metazalo ack-
doss, 3, Cnromic matabolic acicasis. M, Hypothetical acube matabolo
ghalogs. { Chronic meisboic alkakosis. Snce iba matabolic disbar-
hanees sedor develop acutaly, the states of chronic metabalo ac
dosks and chronic medabolic alkamsis Shodn Par are moat [kely 1o
dereslog along e cishess e cornecting A o Gand A 1o i, Taspec-
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T T T T T
aal Ry, = 200 801 60mmHy 40 30_1I
Regionof | 7 | Region of |
steady shate | 7 steady state
40|~ Renol comp. . Res _J
' /]
b
i | i 1
. Six diagnostic regions of the 32 ~‘
[HCO;],-pH diagram. The pH = 7.40 vertical line, % _ 20 |
Pag, = 40 mm Hg isobar and the ECF titration curve E‘ o8 | ELF ?:"c':"fdn:f'm / i
divides the [HCO;j],-pH, plane into six regions, ~ o |
denoted by curved arrows. The primary cause and “ [ r range, \ i
compensatory response, if any, are shown for each % 24| t b ! t 5
region. Abbreviations: ExXNCA = excess of noncarbonic 5 L /Combined (-

acid (metabolic acidosis). ExCA = excess of carbonic § 50l ExCA+ EXNCA N
acid (hypercapnia, respiratory acidosis). DefNCA = ; l o |
deficit of noncarbonie acid (metabolic alkalosis). ","5:‘ +Comp. ExNCA .

DefCA = deficit of carbonic acid (hypocapnia, res- 2 161~ Z~ 4
piratory alkalosis). Comp = compensatory or compen- X, z 1
sation, Prime = primary cause or pathology. 12+ —/ =1

4 7
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9358 oo i OlinyS o by o 090w o cwl laCtate e sl 55 lawdl dactic acid acidosis
b o Gl AG 5wl (ials gl 9o 50 LU 0SS Jol By pan 35,05 g

Na*-(HCO, J+CI~{)>a +ymEq/L

@ ol o og e 11 g asl el LIS e clale Sgplie jodel g9 oyl 45 (Hyperchloremic Acidosis
J93 42 09,5 cul 5 calplis 293 o Sop ISl HT (3908 58 GBgpme S8 015 2k (o0 il (3o oo
ol 03,55 (6 pe5 ANTON GaAP 59

Na*-(HCO,” {+ClI- T) =2 £vmEq/L
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2,5 1w )l 413 o 5 Jlew oS
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Ketoacidosis
L-lactic acid

A
¥
NH 4+ 2o phals Y

Proximal renal tubular acidosis (RTA) Type Il ¥

293 o KT s zals ety (Classic) Distal renal tubular acidosis Type |
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Acetazolamide
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Od Slale dy S5y ISl (b Blsl Y
4 asg b .cwl Hyperventilation aewg CO, L ogu jLid jzalS s CA LialS b Sgbio 5ol lps —
aPH s 5 S5 g 5 oml @l (2 CO, 1S pagew jUi3 b 4y e PH = HCO; 41505
PH ponoy 3 s 295 (0 S35 (o PH & 0liS 9 CO, i (1218 3929 b (30 48 sl (aanbs 3e
> o 4ol oy & b Sl b CO, pages jltd g SluS o (ornb o 41 08 5 S35 4 (s o

F Sgalio 59

Gl gy ol PACOS  Lisl38l L ol o a8 assly Liylssl NCA Ll 51 s Sl ys s PH 3! ol 5o
, Thiazides ;o olo Sysd Gpas — Elyital 13 Jlio yob a caw¥l Ly opl )3 50 0luyS o g clals
SoadS by Sl — alis oxigy YU dlg) qusis ceondy s N@T- K" =2C17 Lisjb ,» ! - Furosemide
By oo i Sdplio I 4 KT 2als

CO, Logulicd Liul5dl 1 oy e b oyl > ool Hypoventilation s CA il 3L W] cpl e
£33 5 gty b o 2old] b PH & 008 5 S35 g SlinsS (0 085 5 o5 L olyon & canl gl by 098
i > 48 wmd o i g5 5l g b Ul Ll ol o b 4l 8 canl (65505 S el Sl S 0
Gl 0033,8 S5 ol S o Jls!

Obgmaihd

WS oy p0d(V-£Y) USG5 45 pH-bicarbonate a1 saliw! U1, (1-1Y)Jgun 5 00w 03,91 (b JUie -
gt PSS 52 e )3 1) 395 (gl pasudd

EXCESS (+) OR
DEFICIT (=) OF

Paco, [HCO; ]1p ToraL CO, NONCARBONIC ACID
rH (MM HG) (MMOL/L) (MMOL/L) (MMoOL/L)
A 745 20 13.5 - 14.1 10
B. 7.34 60 32 33.8 —7
C. 721 67 26 28 0
D. 7.28 40 18.5 19.7 7
E. 743 50 31.5 33 —6.5
F. 7.33 32 16 17 9
G. 7.60 25 24 25 —2.5

Note: Italicized numbers were given in the original problem.
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Cd L1y Comme ol daw g G yd Dlga d ! dinnilgd )51 .ol B0 8313 3190 yaudenld (=€) Jgus y5 -

EXCESss (+) OR
DEFICIT (=) OF

S addllae (6 b

Paco, [HCO; ]p ToraL CO, NONCARBONIC ACID
PH (MM He) (MMOL/L) {(MMoL/L) (MMoL/L) “DiaGNos1s”
A. 745 20 13.5 14.1 10 Partially comp. hypocap., renal
transient
B. 7.34 60 32 33.8 -7 Partially comp. hypercap., nearly
steady-state
C. 7.21 67 26 28 0 Hypercap., no comp., transient,
(see point E', Fig. 27-16)
D. 7.28 40 18.5 19.7 i Excess NCA, no comp., transient
(see point E, Fig. 27-16)
7.43 50 31.5 33 —6.5 Deficit of NCA; resp. comp.,
steady-state
F. 7.33 32 16 17 9 Excess NCA with partial resp.
comp., steady-state
G. 7.60 25 24 25 2.5 Combined hypocap. and deficit of

NCA, transient

Note: Italicized numbers were given in the original problem.

=Y J5J?w

Iaaseo (V€Y JS—i) Acid — base nomogram ;1 oaliiaw! Ls 1, 3,l9— sansuis g B g8 05100 gl

3,5 auplgd o3kl o 51 amy gl JUo 43 Ygoro a5 ol (o] aids ylod JS5 3] oS o2 505

Arterial blood [H*] (nmol/L)
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4 R
0
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Arterial blood pH
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U955 503,8 dulne dbgyye (o Jgeyd i o INVILIO & jg0 4y |y Base EXCESS L g wls,S o, clale Jio 1)y 4y
...\.usuﬁ
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Dorsal root
ganglion

Inferior
mesenteric
ganglion

‘-—_!_________—- Hypogastric nerve
/ (sympathetic)

S Dorsal root
] S,—S4 ganglion
Pelvic nerve
(parasympathetic)

0
]

]

]

Pudendal Pelvic ganglion
nerve -~ Urinary bladder
(somatic)

= ~—_ Bladder neck & internal sphincter
Afferent ‘WOoth muscle)
External urethral sphincter

————————— Efferent :
(striated muscle)

Sympathetic, parasympathetic, and somatic innervation of
the lower urinary tract. Sympathetic preganglionic pathways
emerge from the thoracolumbar cord (Th,-~L;) and pass to
the inferior mesenteric ganglia. Preganglionic and
postganglionic sympatheti: axons then travel in the
hypogastric nerve to the pelvic ganglia and lower urinary
tract. Parasympathetic preganglionic axons which originate
in the sacral cord (5,—S,) pass in the pelvic nerve to ganglion
cells in the pelvic ganglia and postganglionic axons innervate
the bladder and urethral smooth muscle. Sacral somatic
pathways are contained in the pudendal nerve, which
provides an innervation to the external urethral sphincter
striated muscles. Afferent axons from the lower urinary tract
are carried in these three nerves. (Reproduced from
Yoshimura and de Groat with permission.)”
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(A) Storage reflexes (B} Voiding reflexes

Neural circuits controlling continence
and micturition. (A) Storage reflexes.
During urine storage, bladder

Pontine Pontine distention produces low-level firing in
storage micturition bladder afferent pathways, which in
center center R

turn stimulates (1) the sympathetic
outflow to the bladder outlet (bladder
base and urethra) and (2) pudendal
outflow to the external sphincter
muscle. These responses are elicited by
spinal reflex pathways. Sympathetic
firing also inhibits detrusor muscle and
transmission in bladder ganglia. A
region in the rostral pons (the pontine
storage center) increases external
urethral sphincter activity. (B) Voiding
reflexes. During elimination of urine,

\

o
Y AY

Hypogastric nerve Hypogastric nerve

Contracts - e
i bladder oulet Q Q intense bladder afferent firing
~ Inhibits activates spinobulbospinal reflex

detrusor

pathways passing through the pontine

Urinary
bladder

Urinary
bladder

+ Contracts detrusor

micturition center, which stimulate the
parasympathetic outflow to the
bladder and internal sphincter smooth
muscle and inhibit the sympathetic

Pucance iyt i and pudendal outflow to the bladder

fa P it outlet. Ascending afferent input from
External External Pudendal nerve the spinal cord may pass through relay
sphincter sphincter neurons in the periaqueductal gray

(PAG) before reaching the pontine
micturition center. (Reproduced from
Yoshimura and de Groat with
permission.)
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Afferent pathways Efferent pathways Central pathways
Urine storage 1. External sphincter contraction (somatic nerves) Spinal reflexes
Low-level vesical afferent 2. Internal sphincter contraction (sympathetic nerves)
activity (pelvic nerve) 3. Detrusor inhibition (sympathetic nerves)
4. Ganglionic inhibition (sympathetic nerves)
5. Sacral parasympathetic outflow inactive
/
Micturition 1. Inhibition of external sphincter activity Spinobulbospinal
High-level vesical afferent 2. Inhibition of sympathetic outflow reflexes
activity (pelvic nerve) 3. Activation of parasympathetic outflow
to the bladder
4. Activation of parasympathetic outflow Spinal reflex
to the urethra
PN oo

Voiding - Post voiding
1-External sphincter relaxation 1-Detrusor relaxation
2-Trigon contraction 2-Trigon relaxation
3-Detrusor contraction 3-External sphincter contraction
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GEREBRUM
S e i i i T i TRANSHYPOTHALAMI G

POSTERIOR
HYPOTHALAMUS

DEGEREBRATION

SUPRAGOLLIGULAR
DECEREBRATION

INTERGOLLIGULAR
DECEREBRATION

SUBGOLLICULAR
DECEREBRATION
OR SPINAL
[SAGRAL MIGTURITION REFLEX] TRANSEGTION

A summarizing diagram indicating
the net facilitatory or inhibitory action of various levels
of the nervous system deduced from surgical pro-
cedures shown at the right. For simplicity, the diagram
does not take into account the possibility that the
descending pathways from the higher structures termi-
nate on lower ones, including the bulbar reticular
inhibitory and facilitatory areas of Kuru*® and co-
workers. (From Tang, J. Neurophysiol., 1955, 18§,

583-595.)
=¥y S
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& 3of : 3o}
@
(7]
z
o 20F 201
-
=
=
& iof 10f
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=
=z 1 i 1 n I i o
10 20 30 10 20 30 40

INTRAVESICAL VOLUME IN CC

Cystometrograms after transections
of the brain stem establishing a posterior hypothalamic
(right) and a midbrain (left) brain stem micturition
center, For planes of transection and abbreviations see
Figure 28-15, and for explanation see text. (From Tang
and Ruch, Amer. J. Physiol., 1955, 181, 249-257.)
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) EFFECT OF TINCT
B CAPSICI (1/1)
ON REFLEX MICTURITION
: 80
Effect of muco- 2 |
sal irritant on reflex micturition. v gof
D, normal control. Dc, after in- =] D
fusion of bladder with tincture = 40 aple T
of capsicum. (From Sabetian, © b ;
Brit. ]. Urol., 1965, 37, 417-423.) o aof
b ey .
P am
o 40 80 120 160 200 240 280

1
‘Eglgu;nlel t-Ml:)Kg D=Normal Control
Cystometrogram
Dc=Using capsicum
solution.

(Male with Perineal urethrostomy)
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Facial appearance in acute glomerulonephritis
showing characteristic periorbital cedema.
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Smooth linear deposits of IgG (arrows) repre-
senting anti-GBM antibodies are seen outlining the GBM of
three glomeruli from a young man with Goodpasture’s syn-
drome. The antibody also had reactivity with Bowman’s cap-
sule (opposed hatched arrows). (Original magnification x160.)
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Granular deposits of IgG are seen in the glomeruli of patients with immune complex-induced glomeru-
lonephritis. A: Heavy diffuse deposits (arrow) are present in a patient with membranous glomerulonephritis and nephrotic syn-
drome. B: Focal granular deposits (arrows), largely confined to the mesangium, are present in a patient with focal prolifera-
tive glomerulonephritis and mild proteinuria. (Original magnification x250.)
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Table 38—3. Antigen—antibody systems known to cause or

strongly suspected of causing immune-complex
glomerulonephritis in humans.

Antigens

Clinical Condition

Exogenous or foreign antigens
latrogenic agents

Drugs, toxoids, foreign serum

Serum sickness, heroin
nephropathy (?), goid
nephropathy (?), etc.

Infectious agents

Bacterial: Nephritogenic
streptococci, Staphylococcus
albus and S aureus, Coryne-
bacterium bovis, enterococci,
Streptococcus pneumoniae,
Propionibacterium acnes,
Klebsiella pneumoniae,
Yersinia enterocolitica, Trepo-
nema pallidum, Salmonella
typhi. Mycoplasma pneu-
moniae.

Poststreptococcal
glomerulonephritis,
infected ventriculo-
atrial shunts, endo-
carditis, pneumonia,
yersiniasis, syphilis,
typhoid fever, pneu-
monia.

Parasitic: Plasmodium
malariae. P falciparum,
Schistosoma mansoni,
Echinococcus granulosus,
Toxoplasma gondii.

Malaria, schistoscmia-
sis, toxoplasmosis,
hydatid disease.

Viral: Hepatitis virus,
retrovirus-related antigen,
measles virus, Epstein-Barr
virus, cytomegalovirus.

Hepatitis, leukemia,
subacute scierosing
panencephalitis,
Burkitt’'s lymphoma,
cytomegalovirus in-
fection.

Fungal: Candida albicans.

Candidiasis.

Perhaps others as yet unde-
termined.

Endocarditis, leprosy,
kala-azar, dengue,
mumps. varicella, in-
fectious mononucleo-
sis, Guillain-Barré
syndrome, AIDS (?)

Endogenous or self antigens

Nuctlear antigens

SLE.

Immunogiocbulin

Cryoglobulinemia.

Tumor antigens

Neoplasms.

Thyroglobulin

Thyroiditis.

V-9 Jgaa

Abbreviations: AIDS = acquired immunodeficiency syndrome;
SLE = systemic lupus erythematosus.
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A: Linear deposits of IgG (arrow) are present along the TBM of focal renal tubules in the renal biopsy of a pa-
tient with anti-GBM glomerulonephritis. B: Diffuse granular deposits of IgG (arrows) are seen along the TBM of most renal
tubules in the renal biopsy of a patient with SLE and immune-complex glomerulonephritis. (Original magnification x250.)
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