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gentamicin (GM) in patients with normal baseline renal function. This study was a
1-year, non-interventional prospective study of patients administered either GM or
AK. The study was carried out at the internal medicine department of Al-Watani
governmental study. Nephrotoxicity was defined as a serum creatinine (SCr) increase
of 20.5 mg/dL from the basal (normal) SCr level. The two groups (GM, n = 45 and
AK, n = 49) were similar in population composition, and underlying pathological
and infectious processes requiring antimicrobials. No significant difference in age was
found between patients in the GM and AK groups, P = 0.83. Patients in the GM
group received comparatively lower doses than those in the AK group
(mean = 2.5 mg/kg/day and 14.4 mg/kg/day, respectively) but the duration of
treatment was similar. Sixteen of 45 patients receiving GM (35.6%) and eight of 49
patients receiving AK (16.3%) developed nephrotoxicity, P = 0.033. Single daily
dosing with GM, regardless of the total daily dose, produced less nephrotoxicity than
multiple dosing. In contrast, AK given at a total dose of 1 g daily, showed no benefit
of single dosing compared with multiple dosing. In patients with initial normal renal
function, GM was significantly more nephrotoxic than AK. Multiple dosing of GM was
more nephrotoxic than single dosing. AK-induced nephrotoxicity was not signifi-
cantly dependent on dosing frequency.

INTRODUCTION

example, a study comparing AK and GM nephrotoxicity
found that there were no significant differences between

Aminoglycosides are commonly used in everyday clinical
practice for the treatment of gram-negative infections
[1]. However, aminoglycosides are known to have
nephrotoxic activity characterized by tubular necrosis
without gross morphological changes in glomerular
structures [2]. The most frequently used drugs of the
aminoglycoside group include gentamicin (GM) and
amikacin (AK). Animal studies suggest that AK induces
signs of nephrotoxicity less frequently than GM [3-5].
However, the comparative nephrotoxicity of GM and AK
in treated human patients is not fully unequivocal. For

AK and GM nephrotoxic potential in matched critically
ill patients [6]. A controlled comparison study between
GM and AK indicated that AK is effective against severe
gram-negative infections and is not more or less nephro-
toxic than GM [7]. A comparative study of nephro-
toxicity in patients randomly assigned to treatment with
AK or GM indicated that AK may be less nephrotoxic
than GM in humans [8]. A 4-day study of the effects of
GM, tobramycin, and AK on the human kidney revealed
that AK induces significantly lower lysosomal overload-
ing and no loss of phospholipase Al activity compared
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with GM [9]. The conclusions of published comparative
nephrotoxic studies in hospitalized patients are also
complicated by the status of the renal function at the
initiation of therapy. Therefore, the following study was
carried out to compare the nephrotoxic potential of AK
and GM in patients with normal baseline renal function.

PATIENTS AND METHODS

The study was conducted at Al-Watani hospital, a 100-
bed facility located in Nablus city, north Palestine. The
hospital is a governmental referral hospital that serves
the general population in northern Palestine. The
hospital contains all major medical services. There is
no specific infectious unit in the hospital and patients
with suspected infections are treated in the internal
medicine department unit. Aminoglycosides are com-
monly used in the hospital as empiric therapy and
in infections caused by gram-negative bacilli, e.g
intra-abdominal, urinary tract and most nosocomial
infections.

In this non-interventional prospective study we
screened all in-patients receiving aminoglycoside treat-
ment, GM or AK, in the ward of internal medicine during
a 12-month period. The patients were hospitalized
because of infections — mainly infections of the respira-
tory tract, abdomen and urinary tract — who had to be
administered antibiotics of the aminoglycoside group,
GM or AK, by the intravascular route. Inclusion criteria
for this study were: patients with initial serum creatinine
(SCr) level <1.2 mg/dL, administration of either GM or
AK for not less than 5 days, availability of SCr levels
obtained before initiation of the treatment and during
therapy up until the sixth day of the study and finally, no
GM or AK in the previous month. SCr levels were
measured daily by laboratory medical technologists by
the following method: a sample of 2 mL of venous blood
is drawn in a plain test tube and spun for 5 min. Then,
5 uL of serum was taken from the supernatant and
treated with picric acid according to the Jaffe method
[10]. The intensity of the color was measured at 510 nm
which is directly proportional to the SCr concentration.
Demographic, clinical and laboratory data and those on
medications administered were obtained from the
patients’ medical charts. Information obtained included
age, gender, previous hospitalization or aminoglycoside
use, presence of other factors predisposing to renal
disease (such as diabetes mellitus, hypertension, periph-
eral vascular disease, and congestive heart failure). SCr
was measured at the commencement of the aminogly-
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coside course in all patients. The outcome of interest was
aminoglycoside-induced nephrotoxicity. In this study,
nephrotoxicity was defined as an increase in SCr of
>0.5 mg/dL from the baseline value. Dose and frequency
of aminoglycoside administration were obtained from
each patient’s medical chart. Administration of amino-
glycosides every 24 h was considered as single daily
dosing while administration every 8—12 h was consid-
ered as multiple daily dosing. Use of potentially nephro-
toxic drugs that were given to >10% of the study
patients was included in the analysis.

Statistical analysis

Continuous variables were described using mean * stan-
dard deviation (SD). The proportion of patients develop-
ing nephrotoxicity in the study population was expressed
as frequency and percentage. The association between
nephrotoxicity and the variables of interest was evalu-
ated using the Pearson chi-square or Fishers’ exact test
for categorical variables and the independent Student’s
t-test for continuous variables. Differences in SCr level
between consecutive days were tested using paired-
sample t-test. Data analysis and graphics were carried
out using SPSS 16 (SPSS Inc., Chicago, IL, USA).

RESULTS

During the 12-month study period, 94 patients met the
inclusion criteria. In the study group, 52 (55.3%) were
male and 42 (44.7%) were female. Mean (£SD) age was
63.84 £ 14.59 (range 17-100); 46 patients (48.93%)
were =65 years old. Forty-five patients (47.9%) received
GM, 49 AK (52.1%). Baseline demographic, clinical and
laboratory data of the patients are presented in Table I.
Nephrotoxicity, defined as an increase of >0.5 mg/dL in
SCr from the baseline value was detected in 24 of the 94
patients (25.5%). Univariate analysis of clinical and
laboratory risk factors for nephrotoxicity showed that
the type of aminoglycoside (P = 0.033), frequency of
dosing (P = 0.021), and concomitant diuretic adminis-
tration (P = 0.004) were statistically linked to nephro-
toxicity.

Patients on GM and AK were compared. Patients in
both groups had comparable characteristics. No signif-
icant differences in gender (P = 0.23), age (P = 0.06),
initial SCr (P = 0.97), number of co-existing chronic
diseases (P = 0.81), and concomitant furosemide admin-
istration (P = 0.26) were found between the two groups.
The GM group received an average of 2.5 + 0.94 mg/
kg/day while the AK group received an average of
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Table I Baseline demographic, clinical and laboratory data of 94
patients receiving aminoglycosides.

Variable Statistics*
Gender (male) 52 (55.3)
CHF 6 (6.4)
HTN 33 (35.1)
DM 42 (44.7)
Concomitant furosemide 39 (41.5)
Gentamicin 45 (47.9)
Amikacin 49 (52.1)
Gentamicin (total dose)
160 mg/daily 22 (48.9)
240 mg/daily 23 (51.1
Amikacin (total dose)
500 mg/daily 12 (24.5)
1000 mg/daily 27 (55.1)
1500 mg/daily 10 (20.4)
Frequency of dosing
Single (once daily) 32 (34%)
Divided multiple dosing 62 (66%)
Age 63.84 + 14.59
SCr level before treatment 0.96 + 0.23
Duration of hospitalization 8.52 +1.52
Nephrotoxicity 24 (25.5)

CHF, congestive heart failure; DM, diabetes mellitus; HTN, hypertension.
*Statistics are expressed as mean + SD for continuous variables, and as
frequency for categorical variables.

14.40 £ 6.0 mg/kg/day. The difference in dosage was
significant (P = 0.001), but the duration of treatment
was similar. Sixteen patients of the GM group (35.6%)
and eight patients (16.3%) of the AK group experienced
nephrotoxicity; the difference was significant (P =
0.033). Table II shows the baseline clinical and demo-
graphic characteristics of the GM and AK groups.
Gentamicin- and amikacin-induced nephrotoxicity
was compared based on SCr levels (Figures 1 and 2).

Table II Baseline demographic, clinical and laboratory data of
patients receiving either gentamicin or amikacin.

Variable GM group AK group P-value
Age 66.53 + 1256 61.37 + 15.97 0.083
Dose (per kg/day) 2.5+0.94 1439 £ 6.0 <0.0001
Initial SCr 0.95 + 0.22 0.96 + 0.23 0.97
SCr at day 6 1.33+0.2 1.15+0.34 0.002
Number of chronic diseases 22+12 176 £ 1.4 0.081
Gender (male) 22 (48.9%) 30 (61.2%) 0.23
Concomitant furosemide 16 (35.6%) 23 (46.9%) 0.26
Single dosing (once daily) 14 (31.1%) 18 (36.7%) 0.57
Nephrotoxicity 16 (35.6%) 8 (16.3%) 0.033

Bold values are significant at P < 0.05.
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The comparison included both the total dose given,
frequency, and single vs. multiple dosing. Figure 1 shows
that administration of 0.5 or 1.0 g AK once daily or
1.0 g AK in divided multiple dosing did not significantly
increase the SCr level for a period of six consecutive days.
However, administration of 1.5 g of AK in divided
multiple daily dosing significantly induced an increase
in SCr level (P = 0.0001) at the sixth day of monitoring
compared with the baseline SCr level. In the case of GM,
single daily dosing with 180 mg/day did not significantly
induce a rise in SCr during the 6-day study period.
However, single dosing with 240 mg/day induced a
significant rise in SCr level at the sixth day compared
with the baseline SCr level. Similar effects were obtained
with multiple dosing of GM with 160 mg/kg/day. At a
dose of 240 mg/day GM in divided multiple dosing, a
significant rise in SCr started to appear at the fifth and
sixth days. In general, there was a positive correlation
between SCr change and dose/kg/day of AK with
r=0.32, P =0.021. Stronger correlation was found
between dose/kg/day of GM and change in serum
creatinine with r = 0.36, P = 0.017.

Finally, within the GM group, there was no significant
difference (P = 0.99) in nephrotoxicity between dosing
with 160 and 240 mg/day when administered once
daily. However, 240 mg/day GM administered in divided
multiple dosing produced significantly (P = 0.001) more
nephrotoxicity than 160 mg/day administered in divided
multiple dosing. Within the AK group, no significant
differences in nephrotoxicity were observed between
0.5 gr/day and 1.0 g/day AK regardless of the dosing
frequency.

DISCUSSION

In this study, GM was significantly more nephrotoxic
than AK in hospitalized patients with normal baseline
renal function despite the fact that AK patients received
significantly higher dose per kilogram body weight than
those in GM group. This finding cannot be attributed to
demographic or baseline clinical characteristics as they
were comparable in both groups. Furthermore, the study
showed that signs of GM-induced nephrotoxicity became
apparent earlier than that of AK-induced nephrotoxicity.
Our findings regarding GM- and AK-induced nephrotox-
icity are similar to those found by a Spanish study
carried out on 65 patients with initial normal renal
function. The authors of the Spanish study concluded
that in patients with normal renal function, GM was
significantly more nephrotoxic than AK [11]. However,
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Figure 1 Changes in serum creatinine
level during the 6 days of treatment with
gentamicin given in 160 or 240 mg/day
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level during the 6 days of treatment with
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in a study carried out to compare nephrotoxicity and
ototoxicity between GM and AK among 106 hospitalized
patients, the authors used different definitions of nephro-
toxicity and found no significant differences in the
incidence of nephrotoxicity between the GM and AK
treatment arms [8]. The authors also concluded that
nephrotoxicity in general is associated with impaired

Tt T T T 1
crl cr2 cr3 cr4 crS cré

as single or in divided multiple dosing.

baseline renal function and presence of bacteremia. In a
human study comparing lysosomal morphology and
function in proximal tubule cells 4 days after AK, GM,
and tobramicin administration, GM and tobramicin were
found to be significantly more nephrotoxic than AK and
netilmicin, and that the nephrotoxicity of AK and
netilmicin was comparable [9]. The differences in our
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results with those obtained by others could be attrib-
uted to the differences in the baseline clinical character-
istics between the groups, or to differences in the
methodology applied, particularly, the definition of
nephrotoxicity.

Aminoglycosides are often administered twice or
thrice daily. Recently, increasing numbers of experimen-
tal and clinical studies have demonstrated that a once-
daily dosing regimen may be at least as effective as, and
possibly less toxic than, multiple dosing [12-20]. In the
meta-analyses published by Blaser and Konig [12], a
total of 24 randomized prospective clinical trials com-
paring multiple and single daily dosing of AK, GM,
netilmicin, or tobramycin were pooled. In most trials, no
significant difference between the regimens was detected.
The overall analysis of the 3181 patients enrolled in this
meta-analysis revealed no significant difference between
single and multiple daily dosing. However, there was a
trend towards less nephrotoxicity in the once-daily
treatment groups. Overall, the Blaser and Konig meta-
analysis study indicated that: (i) GM delivered in multiple
daily doses was significantly more nephrotoxic than AK;
(ii) AK did not show a significant benefit of single daily
dosing regarding renal toxicity; and finally (iii) only GM
exhibits a benefit from being used once daily. In the
experience of the Hartford Hospital, the incidence of
nephrotoxicity was reduced from about 4% with con-
ventional dosing to 1.2% with once-daily aminoglyco-
side regimens [21]. In a study investigating the costs
associated with aminoglycoside administration, the
authors concluded that once-daily dosing of aminogly-
cosides saved approximately $40 000 in drugs, supplies
and labor for 2200 patients enrolled in the study
compared with conventional dosing [22]. The authors
further concluded that once-daily dosing with amino-
glycosides is cost-effective leading to a reduction of
>$10 000 in therapeutic drug-monitoring requests per
month for GM [22]. The results of this study indicate that
multiple dosing of GM produced more nephrotoxicity
than single daily dosing. In case of AK, no differences
were observed between single and multiple dosing. These
results are in agreement with the overall conclusion of
the meta-analysis study mentioned earlier.

REFERENCES

1 Drusano G.L., Ambrose P.G., Bhavnani S.M., Bertino J.S.,
Nafziger A.N., Louie A. Back to the future: using aminoglyco-
sides again and how to dose them optimally. Clin. Infect. Dis.
(2007) 45 753-760. Review.

10

11

12

13

14

15

16

17

519

Martinez-Salgado C., Lopez-Hernandez F.]., Lopez-Novoa J.M.
Glomerular nephrotoxicity of aminoglycosides. Toxicol. Appl.
Pharmacol. (2007) 223 86-98. Review.

Bonadio M., Maccanti O., Giovannini L. et al. Comparative
nephrotoxicity and tissue accumulation of dactimicin, amikacin
and gentamicin. Drugs Exp. Clin. Res. (1987) 13 747-750.
Sairio E., Kasanen A., Kangas L., Nieminen A.L., Nieminen L.
The nephrotoxicity and renal accumulation of amikacin,
tobramycin and gentamycin in rats, rabbits and guinea pigs.
Exp. Pathol. (Jena) (1978) 15 370-375.

Provoost A.P., Adejuyigbe O., Wolff E.D. Nephrotoxicity of
aminoglycosides in young and adult rats. Pediatr. Res. (1985)
19 1191-1196.

French M.A., Cerra F.B., Plaut M.E., Schentag J.J. Amikacin and
gentamicin accumulation pharmacokinetics and nephrotoxicity
in critically ill patients. Antimicrob. Agents Chemother. (1981)
19 147-152.

Smith C.R., Baughman K.L., Edwards C.Q., Rogers J.F.,
Lietman P.S. Controlled comparison of amikacin and
gentamicin. N. Engl. J. Med. (1977) 296 349-353.

Lerner S.A., Schmitt B.A., Seligsohn R., Matz G.]. Comparative
study of ototoxicity and nephrotoxicity in patients randomly
assigned to treatment with amikacin or gentamicin. Am. J. Med.
(1986) 80 98-104.

De Broe M.E., Paulus G.]J., Verpooten G.A. et al. Early effects
of gentamicin, tobramycin, and amikacin on the human
kidney. Kidney Int. (1984) 25 643-652.

Chromy V., Rozkosna K., Sedlak P. Determination of serum
creatinine by Jaffe method and how to calibrate to eliminate
matrix interference problems. Clin. Chem. Lab. Med. (2008) 46
1127-1133.

Ballesteros J., Northland R., Wolff M. Gentamicin and amikacin
nephrotoxicity: comparative study in patients with initially
normal renal function. Rev. Med. Chil. (1989) 117 10-17.
Blaser J., Konig C. Once daily dosing of aminoglycosides. Eur. J.
Clin. Microbiol. Infect. Dis. (1995) 14 1029-1038.

Galloe A.M., Graudal N., Christensen H.R., Kampmann J.P.
Aminoglycosides: single or multiple daily dosing? A meta-
analysis on efficacy and safety. Eur. J. Clin. Pharmacol. (1995)
48 39-43.

Barza M., Toannidis J.P.A., Cappelleri ].C., Lau J. Single or
multiple daily doses of aminoglycosides: a meta-analysis. Br.
Med. J. (1996) 312 338-345.

Ferriols-Lisart R., Alos-Alminana M. Effectiveness and safety
of once-daily aminoglycosides: a meta-analysis. Am. J. Health
Syst. Pharmacol. (1996) 53 1141-1150.

Hatala R., Dinh T., Cook D.]. Once-daily aminoglycoside dosing
in immunocompetent adults: a meta-analysis. Ann. Intern.
Med. (1996) 124 7.

Munckhof W.J., Grayson M.L., Tumidge J.D. A meta-analysis
of studies on the safety and efficacy of aminoglycosides given
either once daily or as divided doses. J. Antimicrob. Chemother.
(1996) 37 645-663.

Ali M.Z., Goetz M.B. A meta-analysis of the relative efficacy and
toxicity of single daily dosing versus multiple daily dosing of
aminoglycosides. Clin. Infect. Dis. (1997) 24 796-809.

© 2009 The Author Journal compilation © 2009 Société Francaise de Pharmacologie et de Thérapeutique

Fundamental & Clinical Pharmacology 23 (2009) 515-520



520

19

20

Bailey T.C., Little J.R., Littenberg B., Reichley R.M., Dunagan
W.C. A meta-analysis of extended-interval dosing versus
multiple daily dosing of aminoglycosides. Clin. Infect. Dis.
(1997) 24 786-795.

Hatala R., Dinh T.T., Cook D.]. Single daily dosing of amino-
glycosides in immunocompromised adults: a systematic review.
Clin. Infect. Dis. (1997) 24 810-815.

21

22

W.M. Sweileh

NicolauD.P., Freeman C.D., Belliveau P.P. et al. Experience with a
once-daily aminoglycoside program administered to 2,184 adult
patients. Antimicrob. Agents Chemother. (1995) 39 650-655.
Nicolau D.P., Wu A.H., Finocchiaro S. et al. Once-daily
aminoglycoside dosing: impact on requests and costs for
therapeutic drug monitoring. Ther. Drug Monit. (1996) 18
263-266.

© 2009 The Author Journal compilation © 2009 Société Francaise de Pharmacologie et de Thérapeutique

Fundamental & Clinical Pharmacology 23 (2009) 515-520



