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Back%to basics:%de%nier

Prof.+Dr.+Apr.+Guido+R.Y.+De+Meyer
Fysiofarmacologie

1 Vander’s Renal Physiology

The%urinary system

Coronal section through a%unipapillary kidney

3

Comprehensive+Clinical Nephrology,+Fifth Edition

Anatomy of%the nephron
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Renal Pathophysiology:0The0Essentials,+
Rennke and Denker

Microvasculature of%the kidney
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Approximate relationships of%body%water%
compartments to total body%weight
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The%3%basic%renal processes

8

Reabsorption and secretion by major%tubular
segments
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Reabsorption

Secretion

The%renal concentrating mechanism
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Glomerulus and juxtaglomerular apparatus

11

Peripheral portion of%a%glomerular lobule
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Glomerular filtration barrier
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Podocyte

Glomerular
Basement
Membrane

Endothelium

Net%filtration pressure in%the glomerulus
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Relationship between glomerular arteriolar resistance,%
glomerular filtration rate (GFR),%and renal plasma%flow%(RPF)%

15

Glomerular hemodynamics

16

Intrarenal mechanisms for autoregulation of%the GFR%under
decreased perfusion pressure and reduction of%the GFR%by drugs

17

reduced perfusion
pressure within the
autoregulatory range+

Renal autoregulation of%renal blood flow%and
glomerular filtration rate
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Effect%of%reducing renal artery pressure on%
glomerular filtration rate (GFR)%
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Tc#99m+DTPA+
(diethylene#triamine#
pentaacetate)

The%clearance%of%inulin is%equal to the
glomerular filtration rate

21

Clinical Estimation of%Glomerular Filtration Rate

Inulin (or+a+radioisotope such as+iothalamate)+
1. Able to achieve a+stable plasma+concentration
2. Freely filtered at+the glomerulus
3. Not reabsorbed,+secreted,+synthesized,+or+metabolized by

the kidney

Filtered inulin =+excreted inulin
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Normal plasma%creatinine%concentration
(adults)
Creatinine+is+a+breakdown+product+of+creatine phosphate+in+
muscle

• 0.8%to 1.3%mg/dL in+men
• 0.6%to 1.0%mg/dL in+women

(smaller+muscle mass and therefore a+lower rate of+
creatinine+production)+
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https://www.kidney.org/professionals/KDOQI/gfr_calculator

Relationship between true GFR%and plasma%creatinine%
concentration in%patients with glomerular disease
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upper limit+of+“normal”+
1.4+mg/dL
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General%scheme for epithelial transport
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Transporting solute and water%from the tubular
lumen%to the peritubular capillary
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Major%transport%mechanisms along the
nephron
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Renal water%handling%in%maximum%antidiuresis
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Renal water%handling%in%maximum%diuresis
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Osmolarity of%the tubular fluid and the percentage%of%filtered
water%remaining at%different%sites%along the tubule
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Transtubular sodium reabsorption and ion%transport%in%
the proximal tubule

34

Some organic anions actively secreted by the
proximal tubule
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Some organic cations actively secreted by the
proximal tubule
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Countercurrent multiplication by loop%of%Henle
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180+l/day

Ion%transport%in%the thick ascending limb of%the
loop%of%Henle

38

Major%transport%pathways for sodium and chloride%in%
thick ascending limb cells within the loop%of%Henle
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Transport%mechanisms involved in%sodium chloride%
and calcium%reabsorption in%the distal tubule
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Transport%pathways and hormonal factors—aldosterone,%ANP,%
ADH—involved in%sodium,%potassium,%and water%handling%in%
the collecting ducts
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Principal cell

Major%Sensors%and Effectors of%the Osmoregulatory
and Volume%Regulatory Pathways
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Hypothalamus%and pituitary gland showing pathways
for the secretion of%ADH
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CSF

Mechanism of%action%of%vasopressin (ADH)%on%
the collecting duct
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Approach%to the patient with polyuria
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Predominant+collecting tubulemechanisms in+Type%A
intercalated cells for the secretion of+hydrogen ions
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Acid

Type%B intercalated cells
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bicarbonate

Major%Sensors%and Effectors of%the Osmoregulatory
and Volume%Regulatory Pathways
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Juxtaglomerular apparatus and macula%densa in%
tubuloglomerular feedback
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Control%of%renin secretion

50

Peti-Peterdi J et al, Am J Physiol Renal Physiol. 2002;283;F197 

Tubular NaCl concentration
Macula+densa cells swell
Renin release

Pathway of%angiotensin production
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Predominant%sites%and mechanisms of%action%of%
clinically important%diuretic drugs
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Carbo`anhydrase inhibitors

Thiazides

Loop%diuretics

K`sparing%diuretics

Classes+of+diurectics
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Characteristics of%Major%Classes%of%Diuretics
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Normal contributions of+tubular segments to
renal hydrogen ion%balance
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Processes that acidify or+alkalinize the blood
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Acid`base%nomogram%
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Metabolic acidosis

Results from net%H+ accumulation
Causes:
• loss of%bicarbonate through gastrointestinal or%renal
losses (diarrhea and proximal (type%2)%RTA)%that results in%
hyperchloremic metabolic acidosis

• acid%generation associated with an unmeasured anion%
(ketoacids,%lactic acids,%and ingestions)%that results in%
increased anion%gap%acidosis

• decreased renal H+%excretion (distal (type%1)%RTA%and
renal failure)
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Maintenance%of%acid`base%homeostasis
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Origin of%metabolic acidosis

61

Type+2+RTA Type+1+RTA
Type+4+RTA

Major%Causes of%Metabolic Acidosis%

62

The%ionic anatomy of%plasma

63

Normal anion%gap%(AG),%AG%acidosis,%and
hyperchloremic acidosis

64

GOLD+MARK

Normal AG AG+acidosis Hyperchloremic

Add H+A#,+Lose HCO3
# Add HCl,+Lose HCO3

#

Metabolic Acidosis
Normal Anion%Gap%or%Hyperchloremic

65

Metabolic Acidosis
Increased Anion%Gap

66
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Renal Tubular Acidosis%

68

Increased H+ production
Renal bicarbonate loss

Decreased renal
H++excretion
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Distal

70

Type%2

71 72
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Major%Causes of%Metabolic Alkalosis

73 74

Pathway by which overuse of%diuretics leads%to
a%metabolic alkalosis

75

Treatment%of%metabolic alkalosis
In+most+cases,+metabolic alkalosis can be corrected by administration of+:
• NaCl
• KCl (if the patient is+hypokalemic)
• HCl (used only in+patients with renal or+cardiac failure)
The+administration of+sodium,+potassium,+or+hydrogen must+be given with
chloride,+the only reabsorbable anion.0
HCl+NaHCO3 →NaCl+H2CO3 →CO2 +H2O3

Therapy should also be directed against the underlying disease to diminish
further hydrogen loss.+As+an example,+the administration of+an H2`blocker to
reduce the rate of+gastric acid+secretion may be beneficial in%a%patient with
continued vomiting or%nasogastric suction.+
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Renal sodium handling%along the nephron
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Sites%and Mechanisms of%Renal Sodium
Reabsorption
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Major%Causes of%Hyponatremia and
Hypoosmolality

79 80

Treatment%of%patients with chronic
“asymptomatic”%hyponatremia
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Major%Causes of%Hypernatremia
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83

Algorithm for management%of%the patient with
hypernatremia
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Renal potassium handling%along the nephron

86

Factors%that increase the secretion of%K+ by
principal cells

87

Regulation of%extracellular/intracellular
potassium shifts

88

Major%Causes of%Hyperkalemia

89 90
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91 92

Treatment%of%Hyperkalemia

93

Major%Causes of%Hypokalemia

94

Calcium%distribution in%extracellular and
intracellular spaces

95

Regulation of%systemic calcium%homeostasis

96

slow

rapid

rapid:+bone membrane release+
slow:+osteoclastic bone resorption
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Sites%of%calcium%reabsorption

97

Mechanism of%calcium%reabsorption

98

distal convoluted tubule

Causes of%hypercalcemia
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estrogens,+antiestrogens
androgens
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Causes of%hypocalcemia

101

Phosphate distribution in%extracellular and
intracellular spaces
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Causes of%hyperphosphatemia
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Phosphate binding%drugs

! bind+phosphate+in+the+diet+to+lower+blood+phosphate+levels
Calcium+acetate+(Phoslo®,+in+Renepho®)
• a+more+efficient+phosphate+binder+than+calcium+carbonate
• dissolves better in+a+non#acidic environment
• Intake:+just before or+with phosphate containing meals (chew)

Lanthane carbonate+(Fosrenol®)
Sevelamer (Renagel®,+Renvela®)
• Polyallylamine that+is+crosslinked with+epichlorohydrin
• Amine+groups+become+partially+protonated+in+the+intestine
interact+with+phosphate+ions+through+ionic+and+hydrogen+bonding

Sucroferric#oxyhydroxide (Velphoro®)
• The+carbohydrate+shell+stabilises the+iron(III)#oxyhydroxide core
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Main categories of%acute%renal failure
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ATN:+acute+
tubular necrosis

Classification of%the major%causes of%acute%
kidney injury

107

Anatomic sites%and causes of%obstruction
leading to postrenal acute%kidney injury
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Drug`Induced Clinical Renal Syndromes

109 110

NSAID%Clinical Renal Syndromes

Clinical presentation of%various glomerular
diseases

111 112

Nephrotic syndrome

113

Xanthelasmas

Muehrcke lines (bands)%

Nephrotic Syndrome

Increased glomerular permeability to macromolecules
• Heavy+proteinuria (protein excretion generally above 3.5+

g/day vs.+a+normal level+of+<150+mg)
• Hypoalbuminemia
• Edema

Mechanism of+edema formation in+this setting:
• different+from that in+other renal diseases
• due to hypoalbuminemia#induced underfilling of+the

vascular space (rather than overfilling from primary
renal sodium retention)+
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Glomerular capillary wall under normal conditions with preserved
epithelium%and in%proteinuric states due to epithelial cell injury
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Management%of%edema in%the patient with
nephrotic syndrome
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Conceptual model%for chronic kidney disease

117 118

Progression of%chronic renal injury
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Harrison’s Nephrology and acid#base+disorders+– Jameson and Loscalzo
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CARDIAC%FUNCTION%AND%CARDIOVASCULAR%DISEASE%IN%CKD
Hazard%ratios for cardiovascular events%according to the baseline%eGFR
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Key recommendations

127


