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ABSTRACT

Background: Resistance to antibiotics, including aminoglycosides (AMG) is one of
the problems associated with inappropriate administration of broad-spectrum antibiotics.
Objectives: This study aimed to assess the clinical features of aminoglycosides consumption
based on the Defined Daily Dose (DDD) index in open heart surgery.

Methods: This study was done on 268 patients who underwent heart surgery during 2015
and 2016. Clinical and demographic characteristics, laboratory data, and aminoglycoside-
related data such as dose and the total duration of administration were collected through a
questionnaire designed by the authors. The patients’ DDD/100 bed-days were calculated, too.

Results: Out of 268 patients, 170 patients (63.4%) were male. The Mean+SD age of the
patients was 60.65+10.71 years and the Mean+SD duration of hospitalization was 12.19+7.02
days. Ischemic heart disease was the most prevalent cause of hospitalization. The Mean
duration of receiving aminoglycosides was 3.61 days. In 134 patients (50%), creatinine
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clearance was less than 60 mL/min during aminoglycosides administration. In 25 patients
(9.32%), a 50% increase in serum creatinine during receiving aminoglycosides was observed.
Creatinine clearance had not been calculated for any patient.

Conclusion: In this study, monitoring the side effects of aminoglycosides and the serum
concentration was not routinely performed. Dose adjustment of aminoglycosides based on
renal function test was not considered in a large number of patients and as a result, the dose
was inappropriate in many patients. Therefore, it is recommended that the guidelines of drug
usage were followed and the patients were monitored more closely for side effects.
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Introduction

Ithough prescription of antibiotics is essen-

tial in infectious diseases and unwise use of

them might threaten life, most studies have

indicated that 30% to 60% of prescriptions

are improper [1]. Irrational consumption of
antibiotics can cause various problems, including increased
microbial resistance, more side effects, and increased
healthcare costs for both the patient and healthcare centers.
Since antibiotics are among the major drugs prescribed for
hospitalized patients, performing studies for rational use of
these drugs can be very valuable [2].

Drug Use Evaluation (DUE) is defined as a progressive
and suitable program dealing with collecting information
across all steps of prescription, delivery, and consumption
in a healthcare center and comparing the extent of their cor-
respondence with the standards. Successful implementa-
tion of these studies contribute to gaining confidence about
proper, safe, and effective consumption of drugs [2, 3].
Thus DUE main purpose is to facilitate the rational use of
the drug, which means administering the drug at the correct
dose and for its right indication [4].

In this regard, a valid index called the anatomical thera-
peutic chemical classification system with Defined Daily
Dose (DDD) was defined by the World Health Organiza-
tion (WHO) to study drugs statistically [5]. According to
WHO'’s definition, DDD refers to the average daily dose of
a drug in an adult person used for its main indication [6].

Aminoglycosides are potent, broad-spectrum antibiotics
that play a significant role in treating life-threatening in-
fections and have desirable characteristics for this purpose
[7]. The bactericidal effect of this group of drugs is dose-
dependent, and as the concentration of drug rises, the rate
of bacterial death increases. The post-antibiotic effect is
another characteristic of aminoglycosides, where the dura-
tion of this effect depends also on their serum concentration
[8]. Prescription of their single daily dose results in optimal
activity and prevention of drug resistance [9]. The most im-
portant side effects of this group of drugs are nephrotoxici-
ty, ototoxicity, and rarely neuromuscular blockade [10, 11].

One of the important side effects of cardiovascular sur-
gery is the surgical site infection, which is seen in 2%-20%
of patients following the surgery [12]. Among different
methods in preventing these infections, antibiotic prophy-
laxis is of great importance [13]. Irrational use of prophy-
lactic antibiotics increases the side effects caused by drug
consumption, imposes inessential costs to both the patient
and healthcare system, and finally increases microbial resis-
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tance species and diminished efficacy of antibiotics [14].
Therefore, rational drug therapy is very important. In this
study, we aimed to evaluate the clinical points of aminogly-
cosides consumption and drug utilization pattern based on
the Defined Daily Dose (DDD) index in open heart surgery.

Materials and Methods

This study was conducted retrospectively by referring to
the medical records of 268 patients who underwent heart
surgery during 2015 and 2016 (18 months) and received
aminoglycosides in Fatima Zahra Cardiology Hospital, a
referral teaching center affiliated to Mazandaran University
of Medical Sciences, Sari City, Iran.

After going through the administrative process, the au-
thors referred to the medical records of patients and collect-
ed the required information including age, gender, duration
of hospitalization, duration of antibiotic administration, the
time of initiating aminoglycosides, the duration of receiving
aminoglycosides, the received dose of drug, comorbidities,
and so on. The data were collected and recorded in a data-
gathering form that was designed by authors.

Drug consumption data were expressed as Defined Daily
Doses (DDD) per 100 inhabitants per day (DID). To calcu-
late DID, ATC (Anatomical Therapeutic Chemical) codes
and DDD for each antibiotic were obtained from WHO
website. The following formula was used to calculate DID:

DDD per 100 inhabitant per day (DID) = (total consump-
tion in DDDs x 100)/(covered inhabitants x days in the pe-
riod of data collection) [15].

Creatinine clearance was calculated by using the Cock-
croft-Gault Formula 1:

1. Creatinine clearance = sex x [(140 - age) / (serum cre-
atine)] x (weight/ 72)

The collected data were fed into SPSS V. 20. Further-
more, the quantitative variables were assessed by the inde-
pendent sample t test, while the qualitative variables were
evaluated by the Chi-square test with P<0.05 reported as a
significant difference.

Results

Based on the demographic information, out of the 268
patients receiving aminoglycosides, 36.6% (n=98) and
63.4% (n=170) were female and male, respectively.
The MeantSD age of the patients was 60.65+10.07
years (Table 1).
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Aminoglycosides consumption during the study period
(18 months) was calculated based on DID (DDD/100 in-
habitant/day). The bed-day inhabitant in ICU was 6400
during this period and according to our calculation, DID of
gentamicin and amikacin were 15.92 and 4.78, respectively.

By investigation, the drugs used by patients hospital-
ized in the ICU, the significant history of drug consump-
tion (in addition to aminoglycosides), was related to
cephalosporins, which had been used by 69% of patients
during the hospitalization (Figure 1).

The most antibiotics used by patients during hospi-
talization were cefazolin (95%) and then gentamicin
(89.9%) (Figure 2).

The reasons for prescribing aminoglycosides in ICU
were prophylaxis (94%), followed by urinary tract in-
fection (3%), and then endocarditis (1%). The most
prescribed antibiotics concurrent with gentamicin were
cefazolin (92%) and then ceftriaxone (4%). In the case
of amikacin, the concurrent antibiotics were cefazolin
(45%), ceftriaxone (14%), vancomycin (7%), and imi-
penem (7%). The precise dose of aminoglycosides in

Table 1. Demographic and clinical characteristics of the patients
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surgical site infection prophylaxis was calculated based
on the creatinine clearance level, according to the guide-
line for each patient. The results indicated that 48.1% of
the received dose by the patients was not correct and, in
most cases, was insufficient.

Serum creatinine level was measured in patients be-
fore (90.67% of patients), after (66.04% of patients), and
during (99.6% of patients) the administration of amino-
glycosides. However, the clearance of creatinine had not
been calculated in any of the patients (Table 2).

In 9 patients (3.3%), serum creatinine increased by 50%.
The results indicated that 134 patients (50.2%) had a cre-
atinine clearance of less than 60 during the intake of amino-
glycosides. However, dose modification occurred only in 11
patients (4.10%) after 24 hours (n=7) and 48 hours (n=4).
This dose modification was in the form of a decrease in drug
dose or an increase in the usage interval. The mean creati-
nine clearance of patients before, during, and after injection
of aminoglycosides are presented in Table 3.

The culture was requested for 25 (9.3%) patients, in which
6 of them were sputum culture, and 19 were urine culture.

. No. (%)
Variables Mean£SD
Female 98 (36.6)
Gender
Male 170 (63.4)
Age 60.65+10.71
Weight (kg) 71+12.43
Duration of antibiotic administration (d) 6.7+4.5
Duration of hospitalization ( days) 1247.02
Gentamicin 3.22+1.09
Duration of aminoglycosides administration (d)
Amikacin 6.3+2.8
Duration of intubation (h) ( days) 6.9+0.26
Diabetes 118 (44)
Hypertension 58 (21.6)
Medical history Heart failure 123 (45.7)
Hyperlipidemia 30(11.1)
No previous history 90 (33.6)
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Figure 1. History of drug consumption in the hospitalized patients PBR

* Angiotensin-converting enzyme inhibitors;

** Calcium channel blockers

Seventeen samples were taken for culture (out of 25) at the
initiation of antibiotic therapy, 4 samples after 24 hours, 2
samples after 48 hours, and the rest were taken later. Overall,
15 cultures (60%) had positive results. Among the microor-
ganisms which grew in the samples, the maximum growth
percentage (40%) was related to E. Coli (Table 4). This mi-
croorganism was sensitive to amikacin by 66% and to genta-
micin by 16%, while 50% revealed resistance to gentamicin.

According to the investigations, it was found that 54% of
the microorganisms isolated from the culture were sensitive
to amikacin (E. coli), and 45% were sensitive to gentamicin
(Pseudomonas). Also, 45% of the microorganisms isolated
from the culture were resistant to gentamicin, and the most
resistant organism was E. coli (27% to amikacin). The rate

100

%frequency

of antibiotic resistance based on the disk diffusion method is
displayed in Figure 3.

Discussion

This study was conducted to evaluate the pattern of ami-
noglycosides consumption in patients undergoing open heart
surgery. According to the American Society of Health-Sys-
tem Pharmacists (ASHP) guideline, the primary indication
for using aminoglycosides is to prevent surgical site infection
when patients are allergic to p-lactam, and gram-negative
pathogens are a concern [16]. Although the main cause of
prescribing aminoglycosides in our study was prophylaxis,
no documented B-lactam allergy was found.
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Table 2. Rate of adherence to guidelines [16-19]

Rate of Compliance With Guideline

Variables The Recommended Amount in Resources
(%)
Antimicrobial dose Gentamicin
Prophylaxis 5 mg/kg/d Amikacin 51.9
Urinary tract infection 5 mg/kg/d 15 mg/kg/d 75
Endocarditis 3 mg/kg/d 67
Duration of treatment
Prophylaxis 24-48 h 3.8
24 h Based on sensitivity testing between 6.3
48 h 7-14d 75%
Urinary tract infection 2-6 wk 67%
Endocarditis
The start time of aminoglycosides in
prophylaxis 99
60 min before incision
Gentamicin 89.47
Amikacin
PBR
Table 3. The mean creatinine clearance of patients (day) before, during, and after receiving of aminoglycosides
MeantSD
Gender
Before Receiving Aminoglycosides During Receiving Aminoglycosides After Receiving Aminoglycosides
Female 63.09+21.10 57.03+18.92 63.64+22.73
Male 72.12+21.86 64.79+20.11 69.59+24.72
Total 69.03+21.98 61.93+20 67.53+24
PBR

The result of our study demonstrates that 48.1% of patients Hospital in Tehran, only in 30.6% of cases, the prescription
did not receive the prescribed dose of aminoglycosides ac- dose of drugs for prophylaxis followed the guidelines [20].
cording to guidelines [7, 16]. In other words, the drug dose
was inappropriate to the patient’s weight and creatinine clear- Serum creatinine had not been measured or at least
ance. In Safargholi et al. $tudy in the Surgery Ward of Buali recorded in 9.7% of patients. However, after initiating

Table 4. The number of microorganisms isolated from the medium

Microorganisms Isolated From Culture No. (%)
E.coli 6 (40)
Enterobacter 1(6.6)
Pseudomonas 2(13)
Klebsiella 1(6.6)
Citrobacter 1(6.6)
Unknown 4(26)
PBR
PBR Bl
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Figure 3. The rate of antibiotic resistance based on the disk diffusion method

the drug, the serum creatinine level had been measured
routinely for all patients. Also, it should be noted that the
creatinine clearance had not been calculated in any of the
patients. Since one of the important side effects of ami-
noglycosides is nephrotoxicity, which occurs in a signifi-
cant number of patients receiving aminoglycosides [11]
and is associated with 50% reduction in creating clear-
ance of patients or 0.5-1 mg/dL increase in serum creati-
nine [21], monitoring the kidneys during consumption of
aminoglycosides is necessary.

According to our calculations, serum creatinine in-
creased by 50% in 3.35% of the patients. In Baciewicz
et al. study on the toxicity caused by aminoglycosides in
elderly individuals, a 50% increase in serum creatinine
was observed in 12.4% of patients. The difference be-
tween our study and theirs is justifiable given the old age
of their patients [22].

Nephrotoxicity usually manifests 7-10 days after treat-
ment initiation [11, 23], and if the duration of treatment
goes beyond 14 days, the probability of this adverse ef-
fect increases to 50% [24]. In our study, none of the pa-
tients received the drug for more than 14 days.

Furthermore, 26% of patients had received at least one
nephrotoxic drug concurrent with aminoglycosides, out of
which the maximum concurrency was related to ACE Is,
followed by vancomycin. In Gerlach et al. study, 51% of
patients received at least one other nephrotoxic drug along-
side aminoglycosides, where the maximum concurrency
was related to iodine-containing contrast agents [24].

In our study, a significant number of hospitalized pa-
tients (94%) received aminoglycosides for prophylaxis
before surgery, and by the initiation of drug therapy,
they had no symptoms. Besides, only 7.8% of these pa-
tients received amikacin for prophylaxis, while for oth-
ers (92.2%) gentamicin had been prescribed. However,
many guidelines have recommended that aminoglyco-
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sides should be used only in patients with f-lactam al-
lergy in addition to vancomycin or clindamycin to cover
gram-negative microorganisms [25].

DDD methodology provides standardized data to allow
comparisons between various drugs and among different
wards, hospitals, or countries. This assessment helps to
improve the quality of antimicrobial use [17, 26]. Cal-
culation of DID of aminoglycosides in this study indi-
cated that out of every 100 hospitalized patients in ICU
ward per day, 20.7 patients underwent treatment with
this group of drugs. In Shelat et al. study, the DID of
aminoglycosides had been reported as 16.1, which was
lower than that in our study [27]. In Ebrahimzadeh et al.
study, the DID of aminoglycosides increased from 20.18
in 2000 to 30.9 in 2005 in the ICU of a hospital in Sari
City, Iran [5].

Despite the recommendation of all references for pro-
phylaxis before heart surgery, the duration of this pro-
phylaxis is still controversial [28]. Gupta et al. found that
48-h prophylaxis is as effective as 72-h prophylaxis, and
the only difference is the incidence of resistant micro-
organisms in prophylaxis for 72 hours [29]. Similarly,
the Harbarth et al. study indicated that the continuation
of heart surgery prophylaxis beyond 48 hours does not
decrease wound site infection and is ineffective. Actu-
ally, it will only cause an increase in microbial resistance
and thus should be avoided [13]. Hamouda et al. found
that prolongation of the duration of prophylaxis in heart
surgery would not cause a significant reduction in surgi-
cal site infection. They reported that generally short du-
ration of prophylaxis before heart surgery is as effective
as prophylaxis with a longer duration. Nevertheless, the
recommendations for preoperative prophylaxis are vari-
able, ranging from a single dose of up to 72 hours [28].

In our study, the Mean+SD duration of receiving ami-

noglycosides for prophylaxis was 6.3£2.8 and 3.22+1.09
days, respectively using amikacin and gentamicin and

PBR
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only in 10.4% of the patients, they were according to the
guidelines. Also, most patients (63%) received prophy-
laxis for 72 hours. The results of our study were similar to
the findings of Safargholi et al., who reported only 19.4%
correspondence between the duration of receiving pro-
phylaxis and guidelines. In most cases, it had been lon-
ger than the recommended duration of the antibiotic pre-
scribed, without observing any evidence of infection [20].

In our study, the serum level of aminoglycosides had
not been measured for any of the patients. Nevertheless,
calculation of the serum level of the drug has been rec-
ommended in old aged patients, those with a treatment
course of longer than 10 days, patients who received
both glycosides and other nephrotoxic drugs, and pa-
tients with serious underlying diseases [30].

In our study, culture was requested for 25 patients
(9.3%), where 15 cases were positive. The main micro-
organism isolated from the culture medium was E. Coli.
In Salehifar et al. study, the same findings were observed
[30]. Similarly, in Fraisse et al. study on the consumption
of aminoglycosides in individuals older than 75 years,
the major microorganism isolated from the culture me-
dium was S. aureus followed by E. Coli. [31].

The extent of E. Coli. resistance to gentamicin in our
study was 50%, which was the same as the number ob-
tained by Salehifar et al. [15]. Also, the extent of sensi-
tivity of this organism to amikacin was 66%, which was
reported as 72% in Eslami et al. [32].

Overall, the microorganisms isolated from the culture
medium were sensitive to amikacin and gentamicin by
54% and 45%, respectively, while 45% and 27% were
resistant to gentamicin and amikacin. This lower per-
centage of resistance to amikacin could be due to the
more limited usage of this drug. In Yaghubi et al. study
on patients undergoing heart surgery, gentamicin was
one of the antibiotics which revealed the maximum resis-

tance of bacteria isolated from patients [33].
Conclusion

This study shows that the prescribed dose was not suf-
ficient in most cases because of imprecise dose adjust-
ment. Additionally, aminoglycosides were consumed
longer than what is recommended in the guidelines so
it can increase the risk of the microbial resistance. If it
is required to use aminoglycosides, the standard dura-
tion of use should be observed. Creatinine clearance was
not calculated in any of the patients and although almost
half the patients had a creatinine clearance of less than

PBR
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60 during intake of aminoglycosides, dose modification
was done only in a few of them. Because of nephrotoxic-
ity risk, dose adjustment is highly recommended.

The small sample size was one of the study limitations
that makes it impossible to generalize the results of the
study. Besides, as the study design was retrospective,
some information was lost and had not been recorded
in the patients’ files. For example, the results of some
cultures and patients’ serum creatinine during and after
aminoglycosides consumption were not available.
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