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GENTAMICIN (Commentary)

Aminoglycoside prescribing regimens

Many policy options exist - one recent study reviewed 22 (Lannigan and Thomson, 2001). One reason
for confusion is that, although it is widely accepted that the manufacturer's advice on treatment in the
neonatal period is completely out of date, and in urgent need of revision, the regulatory authorities have
made no move to get a revision undertaken. Nor has the profession applied pressure either. However,
an appropriate policy should not, in theory, be difficult to construct because the apparent volume of
distribution (Vp) is known to be only a little greater than that of the extracellular space. It decreases in
the first three months of life in much the same way as this space does, and then remains relatively
stable throughout childhood, only reaching adult levels in adolescence. (Vp 0-5 — 0-8 I/kg at birth, 0-3 —
0-4 I/kg during childhood, and 0-2 — 0-25 I/kg in adult life).

Similarly, because aminoglycosides are not metabolised by the body, and are excreted almost
exclusively by glomerular filtration, it is easy to predict drug clearance from the body, because we have
long known how this rate (GFR) varies during childhood. While the mean half life varies from 12 hours
in the first 2—3 days of life in babies of 24 weeks gestation to 8 hours in babies born at term, this
difference is much smaller than the fall that occurs in all babies during the first 2 weeks of life (see fig).
Because renal function varies from baby to baby much more than it varies with gestation in babies
more than one week old, policies based on a knowledge of postmenstrual age are invoking a false and
unattainable precision. Adjusting for the presence of a duct, or its treatment, is also unnecessary for
similar reasons. While clearance is low in the first day or two of life when related to body weight, it
stabilises within one, or at most two, weeks of birth (see fig) before increasing by six months to a value
from which it then halves progressively over the next ten years. It is during this latter period that the
relationship to surface area remains more constant than the relationship to body weight — and why, in
turn, many measures of renal function are traditionally related to body surface area.
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Serial measurements of the half life of gentamicin in 25 babies of 25 to 40 weeks gestation.
Dotted lines link measurements undertaken in babies born more than eight weeks early. The
half life falls rapidly in the first week of life. By two weeks it is much the same as it is at three
months.

For eight years now this Formulary has recommended once daily dosing on the basis that it is just as
effective, less time consuming and reduces the number of intramuscular injections that older children
sometimes face. It is, of course, true that most of the evidence of efficacy for once-a-day treatment
initially still comes from trials in adults. However, Andrews et al. reviewed eleven studies of once-a-
day treatment in neonates in 2000, and there have now been 16 controlled trials of once-a-day
aminoglycoside prescribing in neonates (Nestaas et al, 2005) as well as 18 trials in older children
(Contopoulos-laonnidis et al, 2004). This text continues to recommend a single daily dose when
initiating aminoglycoside treatment in early infancy, accepting that this will sometimes cause a transient
raised trough level when treatment is started within hours of birth, because clearance is slower in the
first day or two of life. High trough levels (> 2 mg/l) are never seen with such a policy in babies more
than 10 days old unless there is a renal problem. Monitoring the trough level after the third or fourth
dose can, therefore, serve a useful purpose in identifying early renal failure (see below) well before this
causes a recognisable rise in plasma creatinine. However, trough levels marginally
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above 2 mg/lin the first week of life seldom call for action because they usually come to light just as
renal clearance is improving anyway. There is, in any case, very little evidence that high trough levels
ever cause cochlear or vestibular damage unless high dose treatment is sustained for over a week.

What is much more serious, and widely under-recognised, is the potential harm done by low peak
levels. In this connection the manufacturer’s statement (as approved by the UK licensing authority) that
a peak level of 4 mg/l is acceptable flies in the face of much evidence suggesting that the level should
be twice as high as this. It was also shown almost twenty years ago (Gal et al., 1990) that, unless a
loading dose is given, a therapeutic peak blood level is not achieved for 24 hours in infancy if doses are
given every 8 — 12 hours (because of the high Vp). In the presence of overt sepsis this could be
disastrous. It is only because, in the vast majority of babies treated at birth, there never was any
evidence of infection anyway, or the inadequacy of aminoglycoside treatment was masked by the
simultaneous use of a second antibiotic, that the unsatisfactory nature of such a policy was not
recognised years ago. Very infrequent dosing could also be hazardous. Several text books currently
recommend treatment once every 48 hours in the very preterm baby. While this may give the
“optimum” peak and trough levels that people are seeking, such dosing might well be too infrequent to
control bacterial replication.

Based on what is known about clearance and the volume of distribution it would seem that a daily dose
of 5 mg/kg is appropriate in the first 6 months of life, and a dose of 7-5 mg/kg in babies 6 months to five
years old. A dose of 6 mg/kg seems right for children 5-10 years old, and 4-5 mg/kg for children those
older than this. The latter is also the dose used in most trials of ‘once a day’ dosing in adults.
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Monitoring blood levels
Five reasons can be given for suggesting that, unless renal function is poor, aminoglycoside levels only
need to be measured after the third dose has been given. First, it takes three half-lives for plasma
levels to stabilise after treatment is started. Second, renal clearance, like GFR, often increases rapidly
during the first week of life. Third, renal toxicity is uncommon (and reversible), while ototoxicity is only a
problem if trough blood levels remain high for a week or more. There are almost no well documented
accounts of neonatal use causing ear damage. Fourth, ‘precautionary’ treatment is frequently stopped
after 2-3 days just as soon it becomes clear that there is no convincing evidence of sepsis. Delaying
the collection of an antibiotic trough level until after the third dose has been given often makes it
possible to dispense with monitoring altogether when treatment is only being given once a day. Fifthly
unnecessary blood sampling is not merely pointless — it contributes to iatrogenic anaemia, increasing
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the chance that the baby will require an otherwise unnecessary (potentially hazardous) blood
transfusion.

Even when monitoring is undertaken, peak levels do not need to be measured as long as an initial
loading dose has been given, because there should be no risk of the dose being inadequate. However,
trough levels should be used to ‘fine tune’ treatment in babies in whom renal function is uncertain. Itis
normally said that trough levels should not exceed 2 mg/l when treatment is given every 8 hours.
Certainly there have been very few reports of ototoxicity in children when trough levels are kept as low
as this. With once-a-day treatment in adults it is generally recommended that the trough level should
ideally not exceed 1 mg/l, because low levels are thought to enhance the drug’s potency by allowing
‘adaptive resistance’ to resolve. However it is only possible to achieve trough levels as low as this in
babies if treatment is only given once every 2-3 days. While the effect of giving treatment as
infrequently as this is unknown there must be a real, if ill-defined, risk that bacteria will start multiplying
again if levels are as low as this for more than a few hours.
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of administration

All aminoglycoside products marketed in north America come with guidance about the need to give any
IV dose slowly over 30 minutes (or even longer), but no such advice is issued with any of the products
on sale in Europe. Indeed the most commonly used product comes with the advice “Give as a bolus ...
over 2—3 minutes. [It] should not be given as a slow infusion”. Rapid administration over 2—3 minutes is
certainly cheaper, in part because it reduces the work load falling on nursing staff (Robinson and
Nahata, 2001). The advice in BNF for Children is ambiguous. It says that neonatal doses should be
given by “slow intravenous injection or intravenous infusion”. What is meant by a “slow injection” is not
clear, but it says that any “intravenous infusion“ should be given “over 30 minutes”. No evidence to
support this advice can be found, and the text now accepts “intravenous injection over at least 3
minutes” in children over a month old. While abrupt neuromuscular blockade could, theoretically, occur
after abrupt bolus administration, this has never been reported. All the experimental evidence is that
damage to vestibular secretory cells and to cochlear hair cells only occurs after exposure lasting
several days. Clinical experience also suggests that ototoxicity only occurs after sustained high dose
exposure. The damage caused by furosemide is, in contrast, almost immediate.
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Prescribing in a setting where it is not possible to monitor levels

For babies less than a month old an alternative dosing strategy is the one recommended by English et al.,
2004. Any baby with genuine septicaemia is never going to survive unless a bactericidal blood level is
achieved with the minimum of delay. However, in many developing countries it is impossible to get blood
antibiotic levels measured, and unrealistic to expect staff to cope with a dosage schedule that requires
gentamicin to be given every 18, or every 36, hours. English et al. suggested that the best strategy is
probably to give a first 8 mg/kg loading dose and then a maintenance dose of either 2, 4 or 6 mg/kg once
every 24 hours. Peak and trough levels will, however, become subtherapeutic in babies weighing less
than 2 kg after 3—4 days if these babies are only given a 2 mg/kg maintenance dose. Modelling suggests
that the following minor modification of their scheme abolishes this risk, and also further reduces the risk
of high trough developing in heavier babies in the second week of life -

Give an 8 mg/kg loading dose and then a daily dose of

Age Birth weight*

(days) <2.0kg >2.0kg
<14 days 3 mg/kg 4 mg/kg
> 14 days 4 mg/kg 6 mg/kg

* Use above or below 32 weeks instead if gestation is known.
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Such a scheme achieves a high early peak bactericidal blood level, but seldom generates a sustained,
potentially toxic, trough antibiotic level. Such a regimen deserves to be tested more widely in those
neonatal units where it is not realistic to ask for medication to only be given once every 36 hours. The
recent WHO recommendation that all babies more than 7 days old should be given 7-5 mg/kg IV or IM
once every 24 hours is clearly excessive can could well be toxic if sustained for more than a few days.

Attempts have been made to devise an even simpler dosing system using a pre-filled single-use injection
devise (the Uniject®) that gives all babies the same fixed 10 mg or 13-5 mg dose either once a day or once
every other day. The results published to date show that the blood levels are not normally toxic
(Darmstadt et al., 2007) but it still remains to be shown that treatment given just once every 48 hours is
enough to contain serious Gram-negative neonatal sepsis.
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Monitoring renal function

Many texts say that plasma creatinine levels should be monitored if gentamicin, or any other
aminoglycoside, is to be prescribed in early infancy. Indeed, because gentamicin goes unmetabolised in
the body and is only excreted through the renal glomerulus, gentamicin clearance provides a very precise
index of the rate of glomerular filtration (GFR). Indeed it is probably almost as reliable as inulin as the
perfect inert “marker” for GFR. Creatinine is, in contrast, a flawed marker (Couthard et al, 1985) partly
because chromogens interfere with many of the normal laboratory tests used for its measurement, and
also because the plasma level seems far from stable in the first few days of life. Indeed plasma creatinine
levels rise significantly in the preterm baby in the first two days of life as a time when renal function is
known to be increasing (Maill et al., 2004). In fact, creatinine can only be used to obtain a valid measure
of GFR when production and plasma levels are reasonably stable, and that is not the situation in the first
few days of life. Here it is better to use the half life of some other inert molecule and, as Koren et al. were
the first to argue in 1985, a bolus dose of gentamicin is a near-ideal marker of GFR. Clinicians would do
well, therefore, to stop using plasma creatinine to influence their prescribing of gentamicin, and start using
gentamicin levels to monitor what is really happening to the renal clearance of creatinine in the period
immediately after birth.
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Possible ototoxicity

Anyone can become deaf if exposed to high aminoglycoside blood levels for long enough (although most
reports have been associated with the use of an unmodified dose for more than a week in a patient in
whom kidney failure was blocking renal elimination). There is actually very little objective evidence that
aminoglycoside usage in the neonate ever causes deafness unless it is given with a second potentially
orototoxic drug such as furosemide, but there is now increasing evidence that one small subpopulation of
patients may be at much greater risk than most. These are babies born to mothers carrying a relatively
rare mutation (m.1555A>G) of a gene carried on mitochondria and, because of this, there has now been a
call for all babies to be screened for this gene before being given an aminoglycoside in early infancy
(Bitner-Glindzicz and Rahman 2007). Whether there really is a case for this depends on how often the
sort of high-dose but short-course treatment usually given to babies actually does cause deafness in such
individuals — a question it will not be easy to answer because some people carrying this gene become
deaf even though they have never been given an aminoglycoside, and it is not yet clear how soon it is
possible to elicit clear signs of deafness after exposure if exposure is going to cause damage. A more
effective way of addressing some of the current uncertainty would probably be to start by screening all
children already receiving care for cystic fibrosis (see below) because vestibular function is even more
easily damaged by aminoglycoside treatment than cochlear function and this usually presents with
dizziness and vertigo, which later evolves into oscillopsia on head movement and a disabling gait (a
problem easily diagnosed in children more than a few years old with the head impulse tests and caloric
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testing). In the interim the one thing that clinicians can do is to find out whether the mother or any of her
female relatives is deaf and then get the mother tested for this gene if this is the case before the child is
even born.
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Evidence of renal toxicity
Nephrotoxicity is routinely listed as a further problem associated with aminoglycoside treatment but there
is hardly any published evidence to suggest that this really is a problem. What is clear is that treatment
does cause some transient disturbance to tubular function and increases the amount of sodium and
calcium lost in the urine. Such affects are, however, transient and resolve quite quickly once treatment is
stopped. Nobody has yet published evidence to suggest that the effects are serious enough to be
clinically important.
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Repeated use in babies with cystic fibrosis

While reports of ototoxicity are rare even in children with cystic fibrosis who often get frequent treatment
with an IV or inhaled aminglycoside, there is some evidence that while tubular damage is usually transient a
very small number of children with CF suddenly develop serious renal failure when treated with an
aminglycoside, especially if they have already had repeated courses of treatment, are on diuretics, have
become dehydrated and/or are being offered an NSAID such as ibuprofen (g.v.), especially if they already
have reduced renal function,. The CF Trust in the UK now recommends that patients with CF should
always have their plasma creatinine level assessed at the start of each and every course of aminoglycoside
treatment in order to document GFR (glomerular filtration).
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