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Abstract  
Background: Inappropriate use of antimicrobial agents is one of the most important factors in inducing resistance and prolonged 
hospitalization as well as increase in patient mortality rate.  
Objective: The aim of this study was to evaluate aminoglycosides (AGs) usage pattern at intensive care units (ICUs) of Nemazee 
hospital Shiraz, Iran. 
Methods: In this cross-sectional study, the usage pattern of AGs was evaluated during 32 months. Guidelines for AGs usage were 
approved by the drug and therapeutic committee of the hospital, and criteria were developed to assess 11 parameters involving AGs 
therapy, such as proper indication for the use of the drug, dosage and duration of therapy. Clinical parameters, such as microbial 
culture and sensitivity, serum creatinine (SCr) and creatinine clearance, and white blood cell count were evaluated.  
Results: Ninety-five patients were recruited, 50 male and 45 females. In most patients (64%) the origin of infection was hospital and 
only in 36% of them, community was the source. Ventilator associated pneumonia (27%), central nervous system (25%) and urinary 
tract infection (10%) were the most important indications for AGs prescription. Scores of AGs usage at Nemazee hospital was 
calculated as 5.9 out of 11, which meant that in only 54% of cases AGs prescription was based on guideline proposed by the 
Department of Clinical Pharmacy of Nemazee Hospital. 
Conclusions: Non-adherence to the guidelines occurred frequently in the ICUs of Nemazee hospital. Prescription of loading dose, and 
AGs level measurement were not done and evaluating microbiological data was often neglected. Incorporating pharmacists in the 
health care team and holding training programs for physicians and nurses with the goal of raising awareness about the proposed 
guideline. 
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INTRODUCTION 

Inappropriate antibiotic prescription can increase the 
duration of hospitalization and mortality.

1-4
 Inappropriate 

use and dosing of antibiotics can lead to antimicrobial 
resistance. Increasing antimicrobial resistance by itself is a 
reason for increased usage of AGs. On the other hand, 
improper dosing of AGs can lead to resistance, adverse 
drug reactions, such as nephrotoxicity and ultimately 
treatment failure.

5
 Hospital-acquired infection (HAI) is 

defined as infections that develop after 48 hours of 
hospitalization, which did not exist at the time of 
admission. HAI is associated with increasing medical costs, 
duration of hospitalization, complications, and increasing 
morbidity and mortality.

6
  

Antibiotic misuse has led to increased adverse effects, drug 
resistance and the outburst of multidrug resistant (MDR) 
organisms.

7,8
 To reduce medication cost and to control the 

prevalence of antibiotic‐resistant bacteria in the 
community, there is no doubt that physicians must 
optimize the use of antibiotics. Pharmacists can play a 
pivotal role in order to reach this objective.

11
 Drug 

Utilization Evaluation (DUE) is a method to understand the 

drug administration problems and to see if drugs are 
administrated appropriately.

12
 It is also a tool to optimize 

the use of antibiotics.
13

 Several studies were conducted in 
this regard.

11,14,15
 

Early and appropriate treatment of patients in intensive 
care unit (ICU) is critical when managing infections, which 
could help to reduce mortality rates in patients with severe 
sepsis or septic shock.

16,17
 Aminoglycosides (AGs) are one of 

the most essential antibiotics used in ICUs.
18

 AGs are 
suggested as an adjunct to extended spectrum beta-
lactams by surviving sepsis campaign (SCC) international 
guidelines to manage sepsis and septic shock.

19
 Therefore, 

AGs are often given as part of empirical therapy for severe 
sepsis and septic shock, especially when Gram-negative 
bacteria are suspected.

20
 

Several studies showed suboptimal AG in the early phase of 
therapy in critically ill patients.

21-23
 In Iran, it has become a 

routine practice to prescribe AG in combination with beta-
lactam antibiotics in severe gram-negative infections.  

As improper usage and dosage of antibiotics can lead to 
antimicrobial resistance, DUE as a tool to detect the 
antibiotics utilization flaws can lead to optimization of the 
antibiotic administration by reducing resistance. As far as 
we know, no study was conducted on aminoglycoside 
utilization in Iran; hence, the present study focused on AGs 
usage pattern based on global standard drug consumption 
in ICUs to optimize its administration and to reduce drug 
resistance to this antibiotic in a referral hospital in southern 
Iran. 
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METHODS 

The usage pattern of AGs (Amikacin, Gentamicin) was 
evaluated in a prospective study during 32 months from 
January 2015 to August 2017 on patients admitted to 4 
(internal, general, central, and surgical) ICUs at Nemazee 
hospital, a general multispecialty, referral, tertiary 
healthcare setting affiliated with Shiraz University of 
Medical Sciences, Iran. The Institutional Review Board and 
the Medical Ethics Committee of the hospital approved the 
study protocols. Written informed consent was obtained 
from all participating patients or their guardians. 

All hospitalized patients in ICUs who had received at least 
three consecutive fixed-dose of AGs (to reach to the steady 
state concentration) were included in this study without 
considering age and gender. Those who had received less 
than three consecutive fixed-dose of AG due to ward 
transfer, hospital discharge, or death were excluded. Data 
gathering was done by a general pharmacist under the 
supervision of a senior clinical pharmacy attending. 

General demographic information, such as age, gender, 
height, total body weight, body mass index, date of 
admission and discharge were filled in the case report 
format. The patient’s medical history, diagnosis, reason for 
patient’s referral to the ward, final diagnosis, pre-existing 
medical conditions, and whether the patient’s infection 
was acquired from the community or hospital, were 
recorded. Laboratory data consisting of microbiological 
culture, hematologic parameters, including white blood cell 
(WBC), biochemical data, including blood urea nitrogen, 
serum creatinine, and immunologic factors (procalcitonin, 
c-reactive protein) were also recorded before and during 
the course of AG treatment.  

To evaluate AG usage, a local guideline proposed by the 
Department of Clinical Pharmacy of Nemazee Hospital 
based on European guideline was used.

24
 The guidelines 

were intended for use after adaptation to local resistance 
data by local therapeutic and drug committee. As an 
objective, eleven indexes were taken into account. Each 
index was scored as either 0 or 1 based on whether the 
index was evaluated as inappropriate or appropriate, 
respectively. A sheet, which consisted of eleven indexes, 
was completed for each patient. By adding up the scores 
for each index, the total score was determined for each 
patient, and at the end the mean was calculated. 

These items are as follows: 1) Administration of loading 
dose, 2) Route of administration, 3) Dosing method, 4) 
Appropriate dose, 5) Indication, 6) Dose readjustment if 
necessary (including reduction of renal function), 6) 
Evaluation of patient’s serum creatinine and blood urea 
nitrogen levels before prescription, 7) Assessment of 
patients’ serum creatinine levels periodically, 8) Evaluation 
of microbial culture from the suspicious site of infection 
before prescription dosing method, 9) Evaluation of 
microbial cultures 48–72 hours after prescription, 10) 
Discontinuation or reduction in dose of AG in patients with 
AG nephrotoxicity (a rise in serum creatinine by more than 
0.3 mg/dL within 48 hours, a rise in serum creatinine 
increased to more than 1.5 times baseline within the last 7 
days or urine output less than 0.5 mL/kg/hr for more than 6 
hours), 11) An increase in dose or a change in the type of 
antibiotics in the case of inappropriate responses to 

treatment.
25

 Appropriate dosing method was considered as 
mg/kg dosing of the AG  based on calculated CrCl. It is also 
worth mentioning that the patients’ response to treatment 
was assessed based on fever, white blood cells count, 
microbial cultures, level of consciousness, radiological 
images, and clinical features. Computerized physician order 
entry (CPOE) was used in the ICUs as an electronic 
prescribing system. 

Statistical analysis was performed by SPSS) version 20. 
Continuous and discrete variables were reported as mean, 
standard deviation and percentage, respectively. 
Comparison between numerical variables between two 
groups was performed, using independent t-test. 

 
RESULTS  

In this study 95 patients with the mean age of 40±18.2 
were screened for 963 days. Forty-seven percent of the 
study population were women. Patients’ demographic data 
are shown in Table 1. 

Table 1. Demographic and clinical characteristics of the study 
population (n = 95) 

Age (years)  
Mean (SD) 56.7 (18.2) 

Range 2-92 

Gender, n (%)  
Male 45 (47%) 

Female 50 (53%) 

Weight (Kg)  
Mean (SD) 62.0 (16.9) 

Range 9-88 

Height (Cm)  
Mean (SD) 162.0 (8.3) 

Range 96-185 

Ideal body weight (Kg)  
Mean (SD) 47.1 (3.4) 

Range 40-51.8 

Creatinine clearance using MDRD equation 
(mL/min/1,73) 

 

>50 mL/min/1.73 74 (78%) 
10-50 mL/min/1.73 17 (18%) 

<10 mL/min/1.73 4 (4%) 

Creatinine clearance using MDRD equation 
(mL/min/1.73) 

 

>50 mL/min/1.73 65 (68%) 
10-50 mL/min/1.73 28 (30%) 

<10 mL/min/1.73 2 (2%) 

Type of Aminoglycosides  
Gentamicin 60 (63%) 

Amikacin 35 (37%) 

Type of Infection, n (%)  
Ventilator associated pneumonia 26 (27%) 

Central nervous system 23 (25%) 
Urinary tract infection 9 (10%) 

Abdominal infection 7 (8%) 
Other sources (Sepsis) 6 (6%) 

Abscess 4 (4%) 
Pyelonephritis 4 (4%) 

Endocarditis 4 (4%) 
Cystitis 4 (4%) 

Catheter associated infection 3 (3%) 
Peritonitis 3 (3%) 

Skin infection 2 (2%) 

Source of infection, n (%)  
Community acquired 34 (36%) 

Hospital acquired 61 (64%) 
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In 69% of the patients, AG was initiated empirically and 
31% of the prescriptions were based on microbiological 
culture data. Among empirical treatment, 17% of the 
prescriptions were non-indicated. 

Scores of AGs usage at Nemazee hospital was calculated as 
5.9 out of 11, which meant that in only 54% of the cases 
AGs prescription was based on the aforementioned 
guideline. 

Only for 31% of the patients, microbial culture was 
collected before treatment, and microbial culture was 
collected 48-72 hours after initiating therapy with AG for 
47% of them. 

In 83% of the cases AGs indication was correct. In 86% of 
patients, the first dose of AG was adjusted according to the 
patient’s SCr. 

The route of AG administration was appropriate for all 
patients, but loading doses were not administered for any 
of the patients. Also, therapeutic drug monitoring was not 
performed on any of the patients and dosage adjustments 
were determined as mg/kg dosing of the AG. Despite the 
differences between calculated creatinine clearance in the 
two formulas (MDRD and Cockcroft and Gault) in the 
studied population, there was no significant difference in 
dosage (p=0.12). 

The response to treatment was assessed by clearance of 
cultures. In 19% of patients, response to treatment was not 
observed, and only for half of them appropriate action was 
taken; for 22%, AG dose was increased and for 78% of them 
the antibiotic was changed. Fifty-eight percent of the 
administered doses were appropriate. 

In 21% of patients, nephrotoxicity was developed. In 60% of 
the patients who developed nephrotoxicity, no action was 
taken and in the remaining, the AG administration was 
discontinued. In 96% of patients, SCr was evaluated every 
day. 

On the first day of AG administration, white blood cells 
count of 48% of the studied population was more than 
10,000/ml. In contrast, only 28% of the study population 
had white blood cells counts above 10,000/ml at the end of 
treatment. 

The treatment period in this study was 6.6 (SD 4) days, 
ranging between 2 and 18 days. Table 2 has shown the 11 
studied indexes of AGs usage in this study. 

 

DISCUSSION 

Present study was conducted to evaluate the pattern of 
AGs prescription in 4 ICUs of a referral hospital in Shiraz, 
Iran. The results showed that the overall adherence of AGs 
usage to guideline is relatively inappropriate in the ICUs of 
Nemazee hospital. It seems that absence of pharmacists in 
the health team, lack of physicians’ information about the 
pharmacokinetic of AGs, and inappropriate training and 
educational programs for physicians and nurses regarding 
the correct guideline implementation were the main 
reasons for non-adherence to AG treatment guidelines. In 
our study, in only 54% of cases AGs prescription was based 
on the guideline proposed by the Department of Clinical 
Pharmacy of Nemazee Hospital. The main errors in the 
prescription of AGs were lack of administration of loading 
dose, inappropriate dosing method, lack of re-evaluation in 
the case of required dose adjustments, and ignorance of 
the microbiological data.  

In a similar study by Namazi et al., conducted in the 
internal medicine ward of the same hospital, the usage 
pattern of amikacin, one of the most widely used AGs, was 
evaluated. Their results showed that the overall adherence 
of this drug’s usage to the guideline was 48% and 
inappropriate dosing method, poor patient monitoring, and 
ignorance of microbiological data were the most common 
reasons for the none-adherence to standard guidelines.

26
 In 

this study, serum concentration of Amikacin was assayed 
using a Cobas Mira AutoAnalyzer, but in our study the 
serum concentration of AGs was not assessed. In their 
study, they concluded that the desired peak and trough 
concentrations were obtained in 38% and 45% of the 
patients. Therapeutic drug monitoring (TDM) of AGs has 
become a standard practice in many clinical settings, but no 
serum level was measured for the patients in our hospital 
and the AGs dose was determined merely according to the 
patients’ clinical status and some other data, such as the 
patient’s GFR calculated by MDRD or G-C formula, as well 
as his weight. It was shown that AGs TDM can minimize 
toxicities, maximize efficacy, and improve health 
outcomes.

27
  

In our study, AGs dosage was calculated according to the 
conventional method for all patients, and the prescribed 
dose was correct in 58% of the patients. Also, conventional 
method was used to calculate amikacin dosage in Namazi 
et al. study, but the prescribed dose was correct only in 
25% of the patients. Using pharmacokinetic dosing can 
reduce the risk of adverse effects, such as nephrotoxicity 
and also allows administration of a significantly greater 
cumulative dose.

28
 

Table 2. Eleven indexes of  aminoglycosides use in the study population (n=95) 

Index Appropriately Performed 

Loading dose 0% 

Route of administration        100% 

Dosing method                     0% 

Dose 58% 

Indication 83% 

Considering the patient’s renal function before prescribing                                  86% 

Monitoring serum creatinine level periodically during the treatment                96% 

Evaluation of the microbiological culture before prescription 31% 

Evaluation of microbiological culture 48-72 hours after administration               47% 

Reducing the dose or discontinuation in patients who developed AGs nephrotoxicity               40% 

Increase the dose or change the type of antibiotic if there is no appropriate response 47% 
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Also, in two other studies conducted in ICUs of Nemazee 
hospital, it was reported that the rate of Vancomycin and 
Colistin use, as two commonly used antibiotics in critically 
ill patients, were in accordance with standard guidelines in 
47.3% and 67.3% of the cases, respectively.

11,29
  

Adherence to AG guideline was also evaluated in a survey 
conducted in French healthcare facilities. They observed 
that in more than one third of patients, AG indications 
were inappropriate and the primary indication use was 
concordant with the guidelines in 65.2% of the cases. 
Unlike our study, AG serum concentration was measured in 
this survey and the results showed that only, in 62.9% of 
the cases, the AG dose was based on the recommended 
range.

30
 In another Australian study, appropriateness of the 

initial dose of gentamicin dose was evaluated based on the 
local guidelines. Based on the existing hospital guidelines, 
their study result showed that 66% of the patients did not 
receive appropriate gentamicin initial dosage.

31
 An 

adequate loading dose of AGs is critical to achieve rapid 
therapeutic drug levels. It was suggested that critically ill 
patients require larger doses of AGs loading dose due to 
considerable variation in their pharmacokinetic parameters 
and also the higher resistance of microorganisms in 
comparison with none-complicated infections.

32
 Pleural 

effusion, ascites, mediastinitis and hypoalbuminaemia are 
associated with the expansion of extracellular space, which 
result in a lower than desirable Cmax with the usual loading 
dose. Thus, it is suggested to increase the loading dose in 
this specific population in order to improve the probability 
of attaining the target Cmax.

33
 However, administration of 

the AGs loading dose was one of the issues that was 
apparently ignored by the clinicians in our hospital. One 
possible reason for this issue was lack of physicians’ 
information regarding the pharmacokinetic of AGs. It seems 
that the clinicians were not aware of the necessity of 
administering loading doses to attain adequate drug 
concentrations immediately after the antibiotic 
administration. 

In our study only in 31% of patients, AG administration was 
based on microbiological laboratory evidence while 69% of 
the cases received AGs empirically. It is worth mentioning 
that short term adjunctive treatment of sepsis with AGs in 
critically ill patients is suggested in some guidelines. The 
reasons for this suggestion are the ability of AGs to reduce 
the risk of inappropriate empirical therapy, sterilize the 
bloodstream faster and act synergistically with b-lactam 
antibiotics.

19,34
 However, this approach has never been 

evaluated in randomized studies.
35

 

Currently, many hospitals have developed and 
implemented local guidelines for the use of antimicrobial 
agents in the empirical treatment of infections.

36
 A study 

conducted in the United States showed that limiting the 
use of antibiotics was considered in 56% of the newly 
published guidelines, and also in 81% of medical teaching 
centers.

37
 Marquet et al. evaluated the inappropriateness 

of antibiotic therapy in critically ill patients with 
bloodstream infections in a systematic review and meta-
analysis of 37 articles . The rate of inappropriate empiric 
antibiotic prescription varied between 14% and 79%. 
Approximately half of the studies reported the incidence of 
50% or more. The mortality rates were significantly higher 

in patients receiving inappropriate antibiotics in studies 
with outcome parameter 28-day and 60-day mortality. 
Also, inappropriate antibiotic prescription increased the 30-
day and in-hospital mortality rates.

38
 

In our study, the results showed that 17% of AG 
prescriptions were inappropriate. To some extent, it is 
similar to the Thuong et al. study stating that the selection 
of primary antibiotics was appropriate for only 73% of 
patients.

36
 Unspecified diagnosis, lack of documentation as 

to why antibiotics were prescribed for patient, 
inappropriate microbiological sample collection before 
prescribing and lack of reviewing the available results, 
might be the reasons of inappropriate prescription or its 
continuation. 

In this study source of infection in 64% of the cases was 
reported to be hospital acquired. In another study on 
patients who were admitted to the ICU after surgery in 
France, the origin of infection in 55% of the cases was 
community and in 45% of the cases was hospital.

39
 

Obtaining a second microbiological culture 48 to 72 hours 
after the starting AGs is recommended in order to evaluate 
patient response to treatment. In our study, only 47% of 
patients’ cultures were collected from the site of infection 
at 48-72 hours after AG administration and the decisions 
for drug prescription were made based on that. One of the 
reasons for this issue is that the physicians in our center did 
not believe in the accuracy and precision of microbiological 
tests and they preferred to prescribe antibiotics according 
to their own experience and clinical judgement. During the 
study, nephrotoxicity was developed in 21% of the patients. 
The reported incidence of nephrotoxicity varies widely due 
to variations in study design, toxicity definitions, study 
population, and concomitant risk factors. A reasonable 
estimate (depending on definition) might be 10 to 20 
percent, even when careful patient selection and close 
monitoring is performed.

40
 

It is recommended that SCr should be evaluated regularly 
during AGs treatment. This study was conducted in the ICU 
and in the ICUs of our hospital the SCr is measured on a 
daily basis. Hence, in 96% of patients, SCr was measured 
every day. It seems that daily measurement of SCr level in 
hospitalized patients was considered as a routine practice 
for all patients without considering its changing trend.  

In this study, creatinine clearance was calculated with both 
Cockcroft and Gault (C-G) and MDRD methods. Correct 
administration of the AGs dosage regimen according to 
correct dosing method using the two Cockcroft and Gault 
and MDRD equations was 58% and 57%, respectively. In 
one study conducted amongst Iranian adults, the authors 
concluded that MDRD and C‑G formulas are accurate in 
Iranian adults, but it needs a correction factor.

41
  

According to protocols, treatment of AGs-induced 
nephrotoxicity is basically supportive, including 
discontinuation of AGs (if possible) and substituting it with 
another non-nephrotoxic antibiotic. If this is not possible, 
the dose of AG should be adjusted and the interval 
between doses should be increased. Use of other 
nephrotoxic drugs should be avoided.

42
 However, only in 

40% of the cases with nephrotoxicity, administration of AGs 
was discontinued and no action was taken in the case of 
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the remaining patients. In Namazi et al. study, 19% of the 
patients developed nephrotoxicity due to amikacin, but 
only in 50% of the cases it was discontinued.

26
 Several 

approaches including prescribing less nephrotoxic AGs 
when possible, extended interval dosing, therapeutic drug 
monitoring, using nebulized AGs, morning administration of 
AGs, daily monitoring of serum creatinine and using novel 
renal biomarkers such as kidney injury molecule-1 (KIM-1) 
which identifies AG-induced proximal tubular injury earlier 
than traditional markers have been suggested to prevent 
AG-induced nephrotoxicity.

43
 

Considering the results of this study, developing a detailed 
plan is an essential step to improve the AGs usage pattern 
in the ICUs of our hospital. Clinical pharmacists should be 
incorporated in this setting to have an active role in 
prescribing AGs as well as pharmacokinetic consultation in 
the case of drug prescription for critically ill patients. Also, 
they can participate in arrangements held periodically for 
monitoring the utilization of drugs by stating their 
suggestions. They should be involved in training of medical 
and other healthcare personnel including physicians and 
nurses with respect to prescription, usage and 
administration of AGs. An evidence-based, peer reviewed 
local guideline should be developed in our ICUs based on 
the latest guidelines on the use of AGs in treating infections 
and regularly updated whenever new information becomes 
available. All the barriers to guideline implementation 
should be identified, using suitable strategies to overcome 
these barriers. 

Limitations  

Our study was a single center study and the sample size 
was relatively small. Hence, the results cannot be 
generalized. The incidence of adverse effects was not 
studied, since measuring some AGs side effects, such as 
hearing loss, required special instruments (audiometer) 
which were not available in these ICUs. Also, the studies 
that were performed to determine the incidence of adverse 

drug effects require very large sample sizes. Only the 
increase in SCr was evaluated as an indicator of renal 
toxicity as part of treatment assessment for AGs. On the 
other hand, the group with nephrotoxicity was at increased 
risk for toxicity due to other factors and not solely AG 
exposure.  

 
CONCLUSIONS 

In summary, the results of this study indicated that the 
overall adherence of AGs usage to guideline is relatively 
inappropriate in the ICUs of Nemazee hospital. 
Administration of the AGs loading dose is an issue that has 
not been taken into account in this center. Additionally, 
measurement of serum AG concentration was not 
performed in this hospital. It seems that consumption 
control and training programs are required to improve the 
pattern of AG usage in the ICUs of this hospital. Also, the 
presence of pharmacists in the ICUs of this center and 
providing pharmacokinetic consultation service can greatly 
help to increase the adherence of AGs usage to the 
guidelines.  
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