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	Learning objective: Understand how the pharmacokinetic/dynamic aspects of aminoglycosides relate to dosing
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	Summary: 

	Presentation:
The aminoglycosides are a group of bacteriacidal antibiotics commonly used for treating Gram negative infections including Pseudomonas aeruginosa. They act by irreversibly binding to the 30S sub-unit of the ribosome to prevent protein translation from mRNA. 
Evidence from animal models and human volunteers has shown a faster rate of bacterial killing with increasing aminoglycoside concentration possibly due to more molecules penetrating into the cell. This rate increases up to 10-12 times the bacterial MIC.   Aminoglycosides also demonstrate a post-antibiotic effect, where bacterial growth continues to be inhibited even after antibiotic levels fall below the MIC.
Within the human body, their low serum protein binding and high water solubility mean they distribute widely through intra and extravascular fluid with an apparent volume of distribution in most patients of 0.25L/kg…….

Their low lipid solubility, however, mean they distribute poorly into most human cells and adipose tissues. Clinically obese patients should be dosed according to an adjusted rather than actual body weight to prevent overdosing. They also penetrate poorly into enclosed areas such as the vitreous and aqueous humors of the eye and the central nervous system. If aminoglycosides are required for infections in these areas they must be given by local injection.   Only within specialised cells, that contain active transport mechanisms, such as the tubular cells of the renal cortex and the hair cells of the ears, do higher concentrations exist. 
This active transport mechanism is saturable. Therefore, higher extracellular aminoglycoside concentrations do not necessarily correspond to greater concentrations within the specialised cells. It is important that the serum aminoglycoside levels are allowed to fall so the aminoglycosides can redistribute out of the cell. If serum levels are not allowed to fall and high intracellular concentrations persist for long periods, toxicity, leading to cell death, ototoxicity and nephrotoxicity occurs.
Traditionally, aminoglycosides have been given as a multiple daily dosage regimen. This required the measuring of sufficient peak levels (to ensure efficacy) and low trough levels (to prevent toxicity). The factors influencing efficacy and nephrotoxicity have led to a move towards administering the total daily dose in one infusion (for example 5mg/kg), maximising the therapeutic peak whilst allowing an extended period with low aminoglycoside levels.   
As administering the whole dose once a day will produce a huge peak drug monitoring is simplified to just measuring trough levels. Aminoglycosides are renally excreted and in patients with known or likely renal impairment, for example those over 65, a low trough result should be confirmed before dosing is continued. 
Studies have shown a reduction in nephrotoxicity, similar ototoxicity and a trend towards improved efficacy and mortality with once daily administration. Evidence of safety is lacking in certain patient groups; when treating endocarditis, in pregnancy or those with an abnormal volume of distribution (i.e. ascites or burns). In these groups multiple daily dosing regimens are still used. 


	Images etc:

Picture of structures of gentamicin, tobramicin, amikacin, merges into an arrow that moves towards a bacterial cell, through the cell wall and into the ribosome. 
Longitudinal slice of the human body showing the internal organs  and a syringe directed etc. into the patients arm. Syringe discharges and an opaque fill of green spreads throughout the whole body with the exception of the CNS and eyes.

Highlight eyes then CNS in red then renal cortex and ears in a stronger green colour in turn with the dialogue.

*
Zoom into renal cortex cell, containing a graph with rate of aminoglycoside absorption verses extracellular concentration and active transport diagram. 
Graph showing serum levels of aminoglycoside vs time, line for both MDD and ODA serum levels, pupil undertakes activity  segment when levels are taken.
Axis containing a graph showing a multiple daily dosing concentration /time curve as before. 
(pop up comments relevant to where the student clicks) 
Axis containing a graph showing a multiple daily dosing concentration /time curve as before.

	This shows the gentamicin serum concentration graph for a multiple daily dosing regimen. Trough levels should be taken to avoid toxicity. Click on the graph when the first trough level should be taken. Hint- look for when the regimen becomes “steady-state”. (??button for “show me”?)
· Pop-up comment if chooses any peak: this is a peak level, click on the point of the graph when the first trough level should be taken.
· Pop- up comment if chooses a trough too early: this is a trough level but the regimen is not at steady-state yet so the result would be misleading.

· Pop- up comment if chooses a trough too late: This is a steady-state trough level and will be a useful measure but steady state is reached before this point.

· Pop- up comment if chooses the correct trough: Correct! this measurement is the first steady state trough level, just prior to the 3rd dose, (plus draw ellipse around the troughs to highlight it). 

If a student clicks incorrectly five times on the graph pause half a second then draw the ellipses around the correct points and bring up the text
“This is the first steady state trough level, just prior to the 3rd dose”
(move on) 

To ensure efficacy indicate where the first peak level should be taken. 
· Pop-up comment if chooses any trough: this is a trough level, click on the point of the graph when the first peak level should be taken.

· Pop- up comment if chooses a peak too early: this is a peak level but the regimen is not at steady-state yet, so the result would be misleading.

· Pop- up comment if chooses a peak too late: This is a steady-state peak level and will be a useful measure but steady state is reached before this point.

· Pop- up comment if chooses the correct peak: Correct! this measurement is the first steady state peak, about one-hour after the 3rd dose, (plus draw ellipse around the troughs to highlight it).
If a student clicks incorrectly five times on the graph pause half a second then draw the ellipses around the correct points and bring up the text

“This is the first steady state peak level, about one hour after the 3rd dose”

Once both correct display the following text:

For multiple daily dosing gentamicin regimens many hospitals advise taking levels pre-and one-hour post the 3rd or 4th dose.
Graph 2
This shows the gentamicin serum concentration graph for a once daily dosing regimen. Trough levels should be taken to avoid toxicity. Indicate on the graph when the first trough level should be taken.

(move on) 



	

	· Pop-up comment if chooses any peak: peak levels are not required for once daily dosing of gentamicin click on the point of the graph when the first trough level should be taken.
· (N1) Pop-up comment if chooses the area 6-14 hours after the first dose: “Correct, some hospitals advise taking levels 6-14 hours after the beginning of the first gentamicin infusion and use the “Hartford Nomogram” to guide dosing and predict that low trough levels are achieved. If this is the case it is vitally important to note the time the level was actually taken”
· (N2) Pop-up comment if chooses the area 6-14 hours for subsequent doses: “Some hospitals advise taking levels 6-14 hours after the beginning of the gentamicin infusion and use the “Hartford Nomogram” to guide dosing and predict that low trough levels are achieved. However it is recommend to take this level following the first dose given”
· Pop- up comment if chooses a trough/area too early: gentamicin hasn’t been administered yet!!
· Pop- up comment if chooses a trough too late: This is a steady-state trough level and will be a useful measure but steady state is reached before this point.

· (Ta) Pop- up comment if chooses the correct trough: Correct! As steady state is reached immediately, this measurement will provide the first meaningful trough level, just prior to the second dose,(plus draw some ellipse around part of graph??).
Once both correct display the following summary text:

(S) For once daily dosing gentamicin regimens many hospitals advise taking levels 18-24 hours post the first dose (a trough). If the result is not available a second dose may only be given if the patient is likely to have good renal clearance.
Some hospitals alternatively use the Hartford Nomogram for dosing. In these method a level is taken 6-14 hours after the dose has been given and is used to predict if low trough levels will be achieved.
Assessment:
MCQ
For which of these infections would aminoglycosides penetrate poorly requiring local injections? 

· Meningitis (CNS)  (correct- aminoglycosides do not readily pass through the blood brain barrier)
· UTI (incorrect- aminoglycosides are excreted into the urine and trials has shown their efficacy for treating urinary tract infections)    
· Endocarditis (infection of heart valves) (incorrect- aminoglycosides distribute widely through body water and therefore the vascular system)
A patient has an infection caused by Pseudomonas aeruginosa with an MIC of 2mg/L, for optimal bactericidal effect what blood level should be aimed for?
· 2-6mg/L (incorrect – for optimal bactericidal effect 10-12 times the MIC would be the target concentration)
· 20-24mg/L (correct - for optimal bactericidal effect 10-12 times the MIC would be the target concentration)
· 40-60mg/L (incorrect - for optimal bactericidal effect 10-12 times the MIC would be the target concentration)
In which of these patient populations are once daily administrations of aminoglycosides not recommended?
· Diabetics (incorrect – diabetic patients are suitable for once daily administer aminoglycosides)

· Burns (correct- due to expected differences in the aminoglycoside volume of distribution and lack of clinical experience, burns patients should be treated with a multiple daily dosing regimen)
· Neonates (incorrect – there is clinical trial experience of once daily administer aminoglycosides in neonates to show suitability) 
Which of these is not a benefit of once daily gentamicin administration compared with traditional divided dose administration?

· Increased bacterial killing rate (incorrect – killing rate is increased with higher peak concentrations)
· Reduced nephrotoxicity (incorrect – saturable renal cortex uptake along with a lower and more prolonged trough concentration allows for lower aminoglycoside levels in the renal cortex and less nephrotoxicity) 
· Reduced ototoxicity (correct – ototoxicity is similar for both once-daily, and multiple-daily dosing regimens)
Calculate a gentamicin dose for an example patient (need to fire up a javascript calculator or similar)

	

	Links (1): 
Guidelines registered with the Queen’s Medical Centre, Nottingham University Hospitals NHS Trust (including information on antibiotic therapeutic drug monitoring), which represent local sensitivities and infection control issues http://www.nuh.nhs.uk/qmc/antibiotics 
BNF Section 5.1.4 provides information on the clinical use of aminoglycosides (may require registration)
http://bnf.org/bnf/bnf/current/3831.htm 

	Links (2):
Further explanations of basic pharmacokinetic concepts (e.g. volume of distribution, steady state)
http://www.pjonline.com/pdf/cpd/pj_20040619_pharmacokinetics01.pdf 
Hartford Nomogram: Original article by DP Nicolau et al validating the Hartford Nomogram 
http://aac.asm.org/cgi/reprint/39/3/650.pdf 


	Glossary: 
Adjusted body weight: This equation accounts for the water content in adipose tissue to allow more accurate gentamicin dosing in obese patients (those who are >20% above ideal body weight):

Adjusted body weight = ideal body weight+(0.4*(actual body weight-ideal body weight)
Reference: Winter, M.E.(2004), Basic Pharmacokinetics, Lippincott Williams and Williams, London.
Gram negative: A group of bacteria with a similar cell wall structure that prevents the uptake of a Gram stain. 
MIC – Minimum inhibitory concentration: the minimum concentration of antimicrobial required to inhibit the growth of a bacterium.

Protein translation: The mechanism by which proteins are produced from amino acids by ribosomes using mRNA as the code.
mRNA - messenger RNA: a section of genetic code containing information to produce a protein .

Post-antibiotic effect: Some antibiotics continue to inhibit bacterial growth even after their concentration has falling below the MIC, this is called a post-antibiotic effect.
Apparent volume of distribution: Is the volume of plasma necessary to account for the total amount of drug in the body, if it were present throughout the body at the same concentration found in the plasma. For more information see the learning object (direct link).
Steady state - The steady-state is reached when the amount of drug entering the body over a period equals the amount eliminated. In the case of aminoglycosides once steady-state is reached the patient's trough and peak levels will remain consistent.
Hartford Nomogram Dosing: This is a gentamicin dosing system used in some hospitals where serum gentamicin level results are plotted on a graph against the time taken, post-dose. The result of the plot is used to determine the frequency of dosing. See:
DP Nicolau et al Experience with a Once-Daily Aminoglycoside Program Administered to 2,184 Adult Patients Antimicrobial Agents and Chemotherapy 1995 39 (3) 650–655 (web link above)


	Related concepts:

	Author’s notes:
	Dev’s notes:

	Time: +?
	3
	3
	2
	3
	Total:
	
	
	
	
	
	
	
	
	
	Total:
	


Last update: 18/09/2006
Page 5 of 5

