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HOUSE KEEPING NOTES 
Office hours daily between 14th Feb and 2nd March (except Ash Wednesday):  
ZOOM Office hours 4-5.30pm; EVERY Mon, Wed & Fri 4-5.30pm  
Zoom link: https://luc.zoom.us/j/4722150747 
IN PERSON OFFICE HOURS, ROOM 518, CTRE: 4-5.30pm EVERY Tuesday and 
Thursday.  
 
The notes are designed to expand your learning and supplement the materials in 
the lectures. All exam questions will be drawn from course objectives. One or 
more objectives may be tested in an exam question.  
 
Example questions drawn from lectures and from Vanders are included in SAKAI 
file: FHB 2023 Resources/Renal Block and in extra materials for Lectures 3, 6, 9 
and acid base 3. 
2022 LECTURES LINK 
 

Lecture 34: Renal 3 

RENAL FILTRATION AND BLOOD FLOW 

 
Reading: Berne & Levy Physiology, Koeppen & Stanton, © 2018 Elsevier, pp. 594-601 
 
CONCEPTS  
• The Kidneys constitute less than 1% of body mass but receive 20% of COP.  
• Glomerular filtration proceeds through a 3-layered barrier that restricts filtration of 
large molecules such as albumin.  
• Glomerular capillary pressure is determined by the relative resistances of afferent 
arterioles and efferent arterioles.  
• Control of the resistances of afferent and efferent arterioles permits the independent 
control pf GFR and RBF.  
• Autoregulation of vascular resistances keeps GFR within the limits in face of large 
variations in arterial pressure.  
 
LEARNING OBJECTIVES  

1. Describe the glomerular filtration barrier. 
2. Illustrate the factors affecting the glomerular filterability of plasma solutes. 
3. Discuss the Starling forces affecting the glomerular filtration. 
4. Describe how changes in afferent and efferent arteriolar resistances affect RBF.  
5. Define Autoregulation of RBF & GFR.  

 

https://luc.zoom.us/j/4722150747
https://stritch.luc.edu/lumen/session_detail.cfm?cy=A0DE58D53D8FA2711D45B14A61A6C8B4-NVENC1&course=103&academic_level=1&checkref=C4CA4238A0B923820DCC509A6F75849B&requesttimeout=60000
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OBJECTIVE 1. Characteristics of the Glomerular Filtration Barrier  

• Glomerular capillaries are designed to 
filter large quantities of plasma (mL/min), 
excluding large substances in the blood 
(RBCs, WBCs, circulating proteins, etc.) and 
permitting small dissolved particles and 
ions to pass (Na+, K+, Cl–, Ca2+, etc.).    

• The glomerular filtrate is then described 
as an ultrafiltrate of plasma. That it, the 
filtrate contains everything found in 
plasma, save the large substances and cells. 
   

• The glomerular filtration barrier is a perm-selective filter that sort according to 
molecular size, shape, and charge (negative basement membrane repels the larger, 
negatively charged species). A specialized histology gives functionality to the 
glomerular filter.    

• Glomerular filtration barrier 
is composed of:    

. 1-  Fenestrated 
capillaryendothelium.    

. 2-  Fused basement membrane 
with negative charge 
barrier.    

. 3- Podocytes foot processes.    

OBJECTIVE 2: Factors affecting the 

selectivity of the glomerular 

barrier:  

 

a. Molecular size of the molecules:  

For molecules with a molecular 
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weight from 7000 to 70,000Da, the amount filtered becomes progressively smaller 
as the molecule becomes larger.  

b. Electrical charge of the 
molecules  

It is the second variable determining 
the filterability of macromolecules. 
For any given size, negatively 
charged macromolecules are filtered 
to a lesser extent, and positively 
charged macromolecules to a 
greater extent, than neutral 
molecules.  

 

 

OBECTIVE 3: Starling forces affecting glomerular filtration 

Remember from the microcirculation lectures-Review Circulation Lecture 4!! 

Flow of fluids across capillary walls depends on the balance between the force of 
blood pressure on the walls (hydrostatic force) which tends to force fluids out and 
the osmotic force across the walls which tends to force them in due to the greater 
concentration of dissolved substances in the blood. 

The declining gradient in blood pressure from the arterial to the venous end of the 
capillary results in an outflow of fluids at its arterial end with an increasing inflow 
toward its venous end. 

Direct determinants of Glomerular Filtration Rate (GFR)  

The rate of filtration in any capillary bed, including the glomeruli, is determined by 
the hydraulic permeability of the capillaries, their surface area, and the net filtration 
pressure (NFP) acting across them.    

Rate of filtration = hydraulic permeability × surface area × NFP    
• Because it is difficult to estimate the area of a capillary bed, a parameter called the 

filtration coefficient (Kf) is used to denote the product of the hydraulic 
permeability and the area. The glomerular capillary bed has a large filtration 
coefficient & low resistance.    

Kf = PermeabilityGC x AreaGC  
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• The Net Filtration Pressure (NFP) is the algebraic sum of the Staling forces that 
favoring and impending the glomerular filtration.    

• Starling Forces across Glomerular Capillaries    

• The filtration of the plasma across the glomerular capillary walls into Bowmen’s 
space is dependent upon push and pull forces on the blood side (glomerular 
capillaries, GC) versus the urine side (Bowman’s space, BS).    

• GFR (mL/min) = (1/Rfiltration) (mL/min • mm Hg) • ∆P (mm Hg)  

• GFR=Kf •(PGC –PBS -ΒGC +ΒBS)    

      
Here, Kf is a hydraulic 
conductance (reciprocal 
resistance), P values are 
hydrostatic pressures, and pi 
values are oncotic pressures 
due to proteins pulling ions 
and water.    
• The four pressures interact 
together to produce a 
combined net pressure which, 
when exceeding 0 mm Hg, will 
produce an ultrafiltrate flow 
(GFR).    

1.  PGC Hydrostatic pressure in the glomerular capillary = push filtrate out of 
blood into Bowman’s 
space 

2. PBS Hydrostatic pressure 
in space = push filtrate 
out of space back into 
blood.    

3. ΒGC oncotic pressure in 
the capillary= pull filtrate 
out of Bowman’s space 
back into blood.    

4. ΒBS oncotic pressure in 
the Bowman’s space = 
pull filtrate out of blood 
into Bowman’s space 
which equals zero.  

• Thus, PGC and ΒBS favor filtrate 
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flow whereas PBS and ΒGC impede filtrate flow.    

• As arterial blood flows through glomerular capillaries, afferent side to efferent 
side, the PGC falls only slightly (from 60 to 58 mm Hg), the ΒGC increase greatly 
(from 28 to 35 mm Hg) due to the concentration of proteins which cannot filter, ΒBS 
remains at or near 0 mm Hg because so few proteins filter (those that do filter are 
reabsorbed by pinocytosis), and PBS remains around 15 mm Hg (the pressure head 
that drives   urine through the entire kidney all the way to the bladder.    

• Note that the pressure work to move urine is derived from cardiac 
contractions that maintain hydrostatic pressure in the glomerular capillaries. If the 
heart fails, urine formation will end abruptly.    

Direct determinants of 
GFR: 

GFR = Kf (PGC-PBC-πGC) 

Major factors that tend to increase the magnitude of the 
direct determinant 

Kf  glomerular surface area (due to relaxation of 
glomerular mesangial cells) 
RESULT: GFR 

PGC renal arterial pressure 

  afferent arteriolar resistance (ie: afferent dilation) 

 efferent arteriolar resistance (ie: efferent constriction) 
RESULT:  GFR 

PBC intratubular pressure because of obstruction of tubule 
or extrarenal urinary system 
RESULT:  GFR 

πGC systemic plasma oncotic pressure (sets πGC at the 
beginning of the glomerular capillaries) 

 renal plasma flow (causes an increased rise of πGC along 
glomerular capillaries) 
RESULT: GFR 
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Renal DISEASES can affect the GFR: 

-Prerenal: eg: heart failure; renal 
artery stenosis (decreased effective 
circulating volumes) decreased GFR 

Intrarenal: glomerulonephritis 
(immune complex deposition in 
glomerulus) streptococcal-induced 
circulating immune complex that attacks 
glomerular membrane  decreaed GFR 

Leaky glomerular capillaries: leads to 
an INCREASE in GFR due to an increase 
in Kf (will see proteinuria) 

Kidney stones (increased PBS); causes 
hydronephresis and decreased GFR 

Glomerulonephritis: 

Often due to an infection, eg: strep throat. Immune complex interacts with basement 
membrane; causes scarring of capillaries and loss of basement integrity.  

Diagnostic symptoms: red foamy urine: due to proteinuria, presence of RBCs (as 
well as RBC casts). Decreased GFR means decreased urine flow; thus there can be 
the presence of urinary casts- protein/cell aggregates formed by the tubules under 
low urine flow/acidic conditions that are then dislodged and appear in the urine. 
Urinary casts are usually cylindrical in shape; common ones that appear in disease 
are hyaline and granular casts.  

OBJECTIVE 4: Describe how changes in afferent and efferent arteriolar resistances 
affect RBF.  

• The two major sites of vascular resistance in the kidney are the afferent and 
efferent arterioles which are arranged in series (though they have the 
glomerular capillaries between them in parallel).    

• Sympathetic discharge to the kidney results in constriction at both resistance 
sites, but the afferent arterioles are 10 times more sensitive than the efferent 
arterioles to sympathetic inputs.    

• Constriction of the afferent arterioles and/or the efferent arterioles increases the 
total vascular resistance across the entire kidney thereby decreasing RBF. 
According to  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Equation  

(Q = ΔP/R)  

• An increase in resistance (R) decreases flow (Q) (i.e., RBF). Conversely, dilation of 
either afferent or efferent arterioles increases the RBF.    

• GFR responds differently to constriction and dilation of the renal resistance sites. 
Actually, GFR depends on the pressure gradient from the glomerular 
capillaries to Bowmen’s space. The higher the glomerular hydrostatic 
pressure, the higher the GFR. The lower the glomerular hydrostatic pressure, 
the lower the GFR.    

• Constriction of the afferent arterioles decreases the glomerular pressure causing 
GFR to fall (so does RPF). Dilation of the afferent arterioles increases the 
glomerular pressure causing GFR to rise (so does RPF).    

• However, constriction of the efferent arterioles increases the glomerular pressure 
causing GFR to increase (while RPF decreases). And dilation of the efferent 
arterioles decreases the glomerular pressure causing GFR to decrease (while 
RPF increases).    

• The figure shows the Relationship between selective changes in the 
resistance of either the afferent arteriole or the efferent arteriole on RBF and 
GFR.  

. A-  Constriction of the afferent arteriole, decreases PGC because less of the arterial 
pressure is transmitted to the glomerulus, thereby reducing GFR.    

. B-  In contrast, constriction of the efferent arteriole elevates PGC and thus 
increases GFR.    

. C-  Dilation of the efferent arteriole, decreases PGC and thus decreases GFR.    

. D-  Dilation of the afferent arteriole, increases PGC because more of the arterial 
pressure is transmitted to the glomerulus, thereby increasing GFR.    

RENAL BLOOD FLOW  

Regulation of RBF  
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 Modified from Rose BD, Rennke KG: 
Renal Pathophysiology: The Essentials. Baltimore,Williams & Wilkins, 1994.)  

 
The vascular perfusion or blood flow to the kidney (mL/min) depends upon the 
renal artery to renal vein pressure gradient (mm Hg) and the renal vascular 
resistance to flow (mm Hg / (mL / min).   Q (mL/min) = ∆P (mm Hg) / R (mm Hg / 
(mL / min))    
• Renal perfusion is largely regulated by changes in afferent and efferent arteriolar 

resistances. Vasoconstrictors that increase vascular resistance include 
sympathetic nervous system, circulating catecholamines, angiotensin II and 
endothelin. Vasodilators that decrease vascular resistance include 
prostaglandins, nitric oxide (NO), bradykinin and dopamine. Note that there 
are differential effects of these substances on the afferent versus efferent 
arteriolar smooth muscles.  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OBJECTIVE 5: Autoregulation of RBF  

• Renal blood flow and glomerular filtration rate are both autoregulated. That is, in 
the face of changing arterial perfusion pressures (range from 100 to 180 mm 
Hg) RBF (RPF) and GFR are maintained constant. RBF > RPF > GFR.    

• The figure shows the relationship between arterial blood pressure and RBF and 
between arterial blood pressure and GFR. Autoregulation maintains GFR and 
RBF relatively constant as blood pressure changes.    

  
• Autoregulatory range spans arterial 
pressures from 100 to 180 mm Hg    

• GFR and RBF increase at arterial pressures 
> 180 mm Hg    

• GFR and RBF decrease at arterial 
pressures < 100 mm Hg    

• Renal shutdown occurs when arterial 
pressure falls below 70 mm Hg  the GFR = 0 
  mL/min (no urine is formed, but kidney 
still perfused by blood).    

• Renal death occurs when arterial pressure falls to 0 mm Hg  RBF = 0 mL/min 
  (kidney no longer perfused by blood).    

• B. Tubuloglomerular feedback  

• Autoregulation is achieved by differentially adjusting afferent and efferent 
arteriolar resistances. If the perfusion pressure is too high, constriction of the 
afferent and efferent arterioles will not allow RBF (RPF) or GFR to increase.  

• This is accomplished via stretch-activated calcium channels (myogenic 
hypothesis) and tubuloglomerular feedback operating at the level of the macula 
densa and juxtaglomerular apparatus. In this latter case, increased tubular flow is 
sensed by the macula densa of the distal convoluted tubule. A signal is sent to the JG 
apparatus to release substances (not renin…why not? Because renin Ang II) that 
constrict the afferent arteriole, decreasing the perfusion of the tubules as well as the 
entire kidney.    

• Autoregulation is on two levels:  
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a-  Local autoregulation means that kidney maintains RPF and GRF at certain levels. 
  **see later lectures for a fuller description of the tubuloglomerular feedback  

 

b-  Global autoregulation means that the sympathetic nervous system can 
“command” the kidney to autoregulate RPF and GFR at values different from normal 
as is necessary in states of hemorrhage or congestive heart failure, for example.   
  Physiology Fifth Edition. Costanzo, © 2014, Elsevier.    

 
 


