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ABSTRACT

Background: Aminoglycosides and mainly gentamicin are the most important antimicrobial
agents. Two different methods of administration exist: Single and multiple doses. There has
always been a controversy about the less harmful administration method, to minimize adverse
effects of gentamicin - deafness and renal insufficiency. In this study, it was aimed to compare
two different methods of administration to figure out the least harmful treatment method.
Materials and Methods: In a clinical study, eighty patients aged 12-55 years who were admitted
with sepsis syndrome were included in the study; they were divided into two groups: The first
group received single-dose treatment (5 mg/kg) whereas the second group was treated with
multiple doses (1.7 mg/kg three times a day) of gentamicin. Results: The results show that
blood urea nitrogen (BUN) and creatinine (CR) levels were decreased in the first group. Both
blood urea nitrogen and creatinine and also mean glomerular filtration rate was increased in the
same group. In the second group, mean BUN and CR levels were increased while the GFR was
decreased in the same group. There was alsoa gradual increase in GFR in the first group. GFR <80
was decreased from 20% to 5.1% in the first group while increased from 5% to 27.5% in the second
group. Results of audiometric studies show 6.1% hearing problem in the first group and 12.8%
in the second one. Conclusions: Results of the present study showed that nephrotoxicity and
ototoxicity are minimized in single-dose administration compared to multiples doses.
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INTRODUCTION (MIC) forarequired time (time dependent), butaminoglycoside
performance in body is dependent to the concentration. This
concentration dependency means that with increase in

transient serum concentration of drug in serum, bacteria

The aminoglycoside class of antibiotics consists of different
agents. Gentamicin, tobramycin, amikacin, streptomycin,

neomycin, and paromomycin were approved by the United
States’ Food and Drug Administration and are available for
clinical use in the United States. Among these, gentamicin,
tobramycin, and amikacin are the most frequently
prescribed.!

To overcome microbial infections, some antimicrobial
approaches with various daily doses have been considered
which are divided doses to retain antibiotic serum
concentration above the minimum inhibitor concentration
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removal rate also increases and aminoglycosides are also able
to create postantibiotic effect (PAE).>*

Gentamicin is an aminoglycoside antibiotic composed of a
mixture of related gentamicin components and fractions
and is used for many types of bacterial infections treatment,
particularly those caused by Gram-negative organisms.®
As similar to all aminoglycosides, when gentamicin is
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given orally, it is not systemically active. This is because it
is not absorbed to any appreciable extent from the small
intestine. It is administered intravenously, intramuscularly,
or topically to treat infections. It appears to be completely
eliminated, unchanged in the urine. Urine must be collected
for many days to recover all of a given dose because the
drug binds avidly to certain tissues.®

Neurotoxicity, manifested as both bilateral auditory and
vestibular ototoxicity, can occur in patients with preexisting
renal damage and in patients with normal renal function
treated at higher doses and/or for periods longer than
those recommended. High-frequency deafness usually
occurs first and can be detected only by audiometric
testing.”

Aminoglycosides are potentially nephrotoxic, so risk is
greater in patients with impaired renal function and in
those who receive high doses or prolonged therapy. Rarely,
nephrotoxicity might notbe detected after the first few days
of therapy cessation.®1°

Neuromuscular blockade and respiratory paralysis
have been reported following parenteral injection,
topical instillation (as in orthopedic and abdominal
irrigation or local treatment of empyema), and oral use
of aminoglycosides, especially when given soon after
anesthesia or muscle relaxants. If blockage occurs, calcium
salts may reverse these phenomena, but mechanical
respiratory assistance may be necessary.!*2

In single dose of aminoglycosides, half-life and peak
concentration of serum concentration and volume of
distribution (VD) are higher and drug clearance is lesser
which proves higher efficiency of aminoglycosides.
Furthermore, in single dose blood creatinine (CR) increase
is less, and since aminoglycosides have almost complete
renal execration, less increase of CR in single dose shows
less renal damage and consequently lower nephrotoxicity
and increase in application safety of drug.!*18

In patients’ auditory serial evaluation, there was no
difference in terms of ototoxicity between two conditions
of once a day and divided. In single dose, ototoxicity was
lower and application of single dose has been affordable
and time effective.!319-2?

In a study by Rao et al. which compares the efficacy and
safety of one dose per day compared to multiple doses per
day of gentamicin in suspected or proven sepsis in neonates,
itwas concluded that pharmacokinetic properties of “once
aday” gentamicin regimen are superior to “multiple doses
a day” regimen in that it achieves higher peak levels while
avoiding toxic trough levels and there was no change in
nephrotoxicity or auditory toxicity.?®

According to information provided above and considering
gentamicin as an important part of armamentarium of

antibiotic therapy, it would be so great to have a schedule
for antibiotic therapy in which toxicity is minimized and
efficacy is maximized. Hence, in this study, it was tried to
compare two different methods of administration to figure
out the least harmful treatment method to reach a higher
efficiency and increasing application safety of gentamicin
which is about its side effects and selecting an approach
in which ototoxicity and nephrotoxicity are lower at the
same time.

MATERIALS AND METHODS

This single-blinded clinical trial (IRCT201104125584N,)
was conducted in Medical-Educational Centers of Tabriz
University of Medical Sciences (Tabriz, Iran) from August
2011 to October 2013. Patients with age 12-55 years and
normal renal function with diagnosis of sepsis syndrome
including respiratory infection, skin infection or soft
tissue, urosepsis and pyelonephritis, and patients in need
of therapy with gentamicin were included in the study. In
this study, dropping glomerular filtration rate (GFR) under
80 ml/min was considered as nephrotoxicity. Decrease in
GFRleads to retention of Nitrogenous waste products such
as blood urea nitrogen (BUN) and CR.

Patients with diabetes mellitus, intravascular volume
deficit (hypovolemia), hyponatremia, hypokalemia, and
drug history of using other nephrotoxic or ototoxic were
excluded from the study. Of all the patients, eighty patients
were included in the study after filing a written consent.

In these patients, depending on diagnosis, other antibiotics
by condition of nonnephrotoxicity were used for the
treatment alongside with gentamicin as supplemental drug.
During sampling period, selected patients were divided into
two forty-people groups randomly using Randlist software
(version 1.2, DatInf GmbH, Tubingen, Germany). Group one
was daily single-dose group and group two was divided as
dose group. In the first group, gentamicin was prescribed
with dose of 5 mg/kg as once a day, and in the second group,
the same dose was prescribed but in divided form of three
times a day, dose of 1.7 mg/kg.

Using BUN serial evaluation and CR and calculating
GFR in times of one: before starting therapy, two: after
the first dose, three: after 3 days, four: after finishing
therapy, and five: 1 week after cutting therapy, we
considered renal condition of patients. To evaluate
patients’ aural status, audiometry was conducted in
times one and two, that is, before and after therapy and
patients’ days of hospitalization, age, sex, and weight
were also registered in both groups. In cases when
patients had any complication in terms of resistance
against gentamicin (or increase in CR >2.4 mg/dl) or
any other complication other than those of under study
such as weight loss (weight loss causes CR increase to
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be hidden) during positive culture treatment, they were
excluded from the study.

All stages of this study were approved by the Ethics
Committee of Tabriz University of Medical Sciences (ethic
committee code 4895) which is in accordance with
Declaration of Helsinki. Data collection and statistical
analysis were done using SPSS™ Version 16 (SPSS ltd,
Chicago, IL, USA). Quantitative variables were expressed as
mean * standard deviation and compared with Student’s
t-test between groups. Qualitative variables were expressed
as frequency and difference between groups was analyzed
by Chi-square test. Significant difference defined as P < 0.05
was shown as mean * standard deviation.

This study was approved by the Research Deputy of Medical
Faculty after verification in Committee of Ethics with
no.5/4/4895 and registration in clinical trial site with code
IRCT201104125584N, under serial 88/1-4/5.

RESULTS

All eighty patients were studied in two similar groups
of single dose and divided dose. Some demographic
information of patients are shown in Table 1; the difference
between two groups was not statistically significant.

BUN, CR, and GFR were measured in five stages [Table2].
For this comparison, variance analysis with repeated
measures and Wilks’ lambda approach were used. The null
hypothesis in this test is equality of mean of BUN, CR, and
GFR in five stages. Mean of BUN, CR, and GFR in five stages
in two single and divided groups was compared where mean
of BUN and CR in single-dose group gradually decreased
and those of divided dose group gradually increased and
GFR of five stages increased gradually in single-dose group
but decreased gradually in divided group. In calculating

Table 1: Some of patients’ demographic information

Single dose Multiple dose = P
Gender
Male (%) 22 (55) 18 (45) 1
Female (%) 22 (55) 18 (45)
Mean age (years)* 40.98+2.379  36.65t9.352  0.08
Hospitalization duration (days)* 8.98+2.626 9.05+2.611 0.89

*Data were shown as meanzSD. SD — Standard deviation

GFR percentage in five stages of two groups, during five
stages, gradually, percentage of single-dose group increases
in GFR increase and percentage of divided dose group
decreases in GFR increase. Relationship between hearing
level at the start of treatment and hearing level at the end of
treatment in single dose and divided dose groups is shown in
Tables 3 and 4. Evaluating hearing level in two groups showed
that ototoxicity in divided dose group is higher than that of
the single-dose group.

DISCUSSION

In comparing age, sex, and number of hospitalization days,
there was no difference between two groups and these
three variables had not been mentioned in literature. Our
objective of investigating these three variables was to reach
a high efficiency in a specific group and sex using single
dose of gentamicin and if the number of hospitalization
days had increased by this method, efficiency of this
method would have been proven; however, according to
the obtained results, there were no differences between
two groups in these three variables.

Increase in BUN and CR is one of the important symptoms
of renal damage and if continues, it will lead body
toward azotemia and kidney failure. To determine GFR
for adjusting dose of drugs with renal excretion such as
gentamicin, serum CR estimation is used. Serum CR is
the most usual index for GFR determination; GFR has
direct relationship with urinal CR concentration and
reverse relationship with serum CR. Cockcroft-Gault
Equation is widely used to estimate GFR and we too used
this equation to calculate GFR in eighty patients.?* GFR
is a trustable biomarker in investigating renal status
resulted from toxicity of drugs.?® According to this point,
increase in mean of BUN and CR during five evaluation
stages in divided group and equivalent loss of mean and
percentage of GFR in this group show that nephrotoxicity
in divided group is more than that of the single-dose group.
Furthermore, ototoxicity in divided group is more than
that of the single-dose group.

Hence, complication of using gentamicin (nephrotoxicity
and ototoxicity) in divided group is more than those of
single-dose group, and due to decrease in complications,
application safety of drug in single dose is higher.

Table 2: Blood urea nitrogen, creatinine, and glomerular filtration rate in different stages of study

GFR (ml/min) BUN (mg/dl) CR (mg/dl)
Single dose* Divided dose* P  Single dose* Divided dose* P Single dose* Divided dose* P
Before treatment 110.54#35.21 130.12+45.86 0.036 28.51+8.97 23.150%5.41 0.002  0.83%0.19 0.72%0.14 0.003
After first dose 112.16+30.87 117.17#42.91 0.551  27.13*7.76 25.85+5.22  0.389 0.82+0.18 0.77+0.14 0.186
After 3 days 118.18+29.55 111.90+26.53 0.321 28.65+6.92 29.12+4.71  0.721  0.76+0.13 0.84+0.12  0.012
After treatment completion 119.02+30.52 106.53+29.02 0.064 26.75+4.83 30.50+5.37 0.002  0.76+0.13 0.88+0.19  0.001
One week after treatment completion '121.08+32.23 98.87+29.78 0.002 26.27+6.37 32.42%7.24 ¢} 0.75+0.13 0.99+0.28 o

*Data were shown as mean+SD. GFR — Glomerular filtration rate; CR — Creatinine; BUN — Blood urea nitrogen; SD — Standard deviation
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Table 3: Patients’ auditory status in different stages
of study (single dose)

Hearing level at the end of Total*
treatment*
Normal Start Damage
Hearing level at the
start of treatment
Normal 27 (81.8) 4 (12.1) 2(6.1) 33 (100.0)
Damage o (0) o (0) 7 (100.0) 7 (100.0)
Total 27(67.5) 4 (20.0) 9(22.5) 40 (100.0)

*Data were shown as n (%)

Table 4: Patients’ auditory status in different stages
of study (multiple dose)

Hearing level at the end of Total
treatment

Normal Start Damage
Hearing level at the start of
treatment
Normal* 31(79.5) 3(77)7 5(12.8) 39(100.0)
Damage* o (o) o (o) 1(100.0) 1(100.0)
Total* 31(77:5) 3(7:5)  6(15.0) 40 (100.0)

*Data were shown as n (%)

In investigated studies on aminoglycosides and gentamicin
dosage, 4 factors, high efficacy, high application safety,
decrease in toxicity, and time and cost save were compared
in two treatment regimens. In the study of Krivoy et al. on
pharmacokinetic analysis of amikacin in two regimens of
single dose and twice-a-day dose, applying single dose a
day has had higher efficacy and lower toxicity and this study
has suggested application of single dose. Patients were
children with immune system weakness suffering fever and
neutropenia. They had measured efficacy using laboratory
measuring of half-life, the highest serum concentration, and
distribution and clearance volume of aminoglycoside. In
addition, applying this dose has been time and cost effective.?

The study of Winsent et al. conducted in 2000 is on single
daily use of aminoglycosides in endocarditis therapy
according which single daily treatment is more efficient
and safer. Efficacy is obtained with pharmacokinetic studies
and safety is about decrease in nephrotoxicity.?’

In the study of Ward et al., in 2009, on applying single daily
gentamicin in gynecologic-related infections, results were
in a way that in applying single daily gentamicin efficacy
and application safety was higher due to decrease in toxicity
and is affordable. Proving efficacy in this study was through
pharmacokinetic studies, and measuring concentration,
half-life, and the highest serum concentration.?®

In the study of Turnidgo et al. on pharmacokinetic
characteristics and aminoglycosides’ dosage, it has been
concluded that in the application of gentamicin, efficacy
is higher (via pharmacokinetic studies and measuring

concentration, half-life, and VD) and nephrotoxicity is
lower.?

The abundance of the highest serum concentration, and
high half-life and distribution volume and decrease in drug
clearance in single dose group causes drug retention in
serum and considering concentration dependency nature
of drug, cytotoxic effect grows; so with lower clearance
and serum PAE of drug, this process becomes useful and
increases drug effect and in this way it has been proved
that in single dose group efficiency is higher than that of
divided group.

However, since we did not have access to laboratory tools
of such measurements, we do not have an exact explanation
about this efficacy increase but we can explain about
increase in gentamicin efficacy in single dose method
considering findings of our study and increasing resistance
to these drugs, in spite of their rule in therapy of most of
infections, limitations of this drug is a consequence of fear
from their aural and renal complications. On the other
hand, using high dose in this drug will have a more effect
on Gram-negative pathogens.?

Other comparative factors were application safety and
toxicity reduction in two therapy regimens.

In mentioned studies, application of safety was considered
as decrease in drug toxicity, where CR increase and GFR
decrease alongside with it, was defined as nephrotoxicity,
and justlike present study nephrotoxicity decreased in single
dose method. In single dose, damage was lower or at least
single dose was not more ototoxic. It should be mentioned
that about ototoxicity, there were not many studies available.
Furthermore, in studies above, it had been mentioned to
affordability and decrease of working load of health staff
and increase in time of caring patients (time effectiveness)
in single-dose group, which was due to decrease in using
line intravenous (IV), syringe, and injection courses. Also
by emphasizing on this point, since a single injection takes
place in single dose, and line IV and syringe are needed for
injection, so adminesteration costs would be less and since
nurses perform one injection instead of series of injections,
they would have more time to pay attention to patients and
by this way it can be concluded that single gentamicin dose
injection would be cost and time efficient. Of course, due to
the shift changes of nurses, it was not possible to record
data in this field.

Efficacy was evaluated using pharmacokinetic studies,
measuring concentration and VD and ototoxicity was
evaluated using audiometry. Renal status was evaluated
using CR and other proteins increase in urine such as
proximals and renal tubular epithelial protein and so on
and also GFR comparison.*
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In these studies, to evaluate renal damage, they considered
increase in some urinal proteins such as phospholipids,
Clara cell, and beta-2 microglobulin as renal damage as
well as measuring CR, BUN, and GFR. We were not able
to measure urinal proteins resulted from renal damage in
urine, so according to initially mentioned points, we used
measuring serial of CR, BUN, and GFR for this reason where
results were in favor of using single dose due to its lower
nephrotoxicity. Ronald et al. conducted a study on applying
single aminoglycosides dose in therapy of peritonitis in end
stage renal diseases patients. The result was that applying
single daily dose leads to increase in nephrotoxicity and
is affordable and causes reduction in working load of
nurses (time effective). In this study, single daily method
is suggested for treatment of peritonitis.*!

The difference in results of different studies could
have various reasons. Probably, difference in lower
nephrotoxicity of single dose and equivalent nephrotoxicity
in two groups is due to existence of different references for
determining CR and GFR thresholds for being nephrotoxic
and also different laboratory tools and maybe difference
in ototoxicity amount and could be related to audiometry
devices and different numbers for determining ototoxicity
threshold.

Furthermore, perhaps the existence of different statistical
tests to analyze, various conditions of patients, different
diseases, and pathogens could be effective in these
differences. The existence of these differences calls for
further studies in this field.

CONCLUSION

According to the findings of our study, in using single
dose of gentamicin in patients with sepsis syndrome,
nephrotoxicity and ototoxicity amount is less than those
of using divided dose. There was no statistical difference
between two groups in terms of age, sex, and number of
hospitalization days.
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