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Changes in antibiotic use in a general surgery unit 
over a 5-year period
K. Ayazi,1 A. Khabaz,1 L. Ayazi,1, 2 B. Ghorbani,3 M. Eslami 1 and M. Ebrahimi 1

ABSTRACT Concerns have been expressed about the overuse of antibiotics in inpatient settings. We compared 
the pattern of antibiotic use in 2010 in a surgical unit of a university hospital in the Islamic Republic of Iran with 
similar data from 2006. Defined daily doses per 100 bed-days (DBD) were calculated. Overall use of antibiotics 
in our surgical unit increased significantly from a mean of 4.9 (SD 5.1) DBD in 2006 to 7.7 (SD 10.3) DBD in 2010. 
This increase was mainly due to increases in the use of antibiotics for treatment of infections; the prophylactic 
use of antibiotics did not show a significant increase. There was an increase in the consumption of ceftriaxone, 
imipenem, cefalotin, metronidazole and vancomycin, a decrease in the use of erythromycin and ceftazidime and 
no change in the use of ciprofloxacin and clindamycin. Ceftriaxone showed the greatest increase (5.1-fold) and 
erythromycin the sharpest decrease (8-fold) in use.
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التغيرات في استخدام المضادات الحيوية في وحدة للجراحة العامة خلال فترة 5 سنوات
خسرو أيازي، عاليا خباز، ليلا أيازي، بتول قرباني، منيرة إسلامي، مهسا إبراهيمي

ــام  ــد ق ــفيات. وق ــة بالمستش ــام الداخلي ــرضى الأقس ــة لم ــادات الحيوي ــتخدام المض ــرط اس ــأن ف ــاوف بش ــن مخ ــراب ع ــم الإع ــد ت ــة: لق الخلاص
ــران  ــة إي ــفى جامعــي في جمهوري ــة بمستش ــدات الجراحي ــدى الوح ــة في عــام 2010 في إح ــادات الحيوي ــتخدام المض ــط اس ــة نم ــون بمقارن الباحث
الإســلامية مــع بيانــات مماثلــة مــن عــام 2006. وتــم حســاب الجرعــات اليوميــة المحــددة لــكل 100 يــوم سريــري . وقــد ازداد إجمــالي اســتخدام 
المضــادات الحيويــة في هــذه الوحــدة الجراحيــة بشــكل ملحــوظ مــن مــا متوســطه SD = 5.1( 4.9( جرعــة لــكل 100 يــوم سريــري في عــام 2006 
إلى SD = 10.3( 7.7( جرعــة لــكل 100 يــوم سريــري في عــام 2010. وقــد نجمــت هــذه الزيــادة بشــكل رئيــي عــن ازديــاد اســتخدام المضــادات 
ــادة في اســتهلاك  ــاك زي ــيرة. وكانــت هن ــادة كب ــة زي ــي للمضــادات الحيوي ــر الاســتخدام الوقائ ــة، ولم يُظهِ ــة في معالجــة الأمــراض الُمعدي الحيوي
سيفترياكســون وإيميبينيــم وســيفالوتن ومترونيــدازول وفانكومايســن، وانخفــاض في اســتخدام إريثرومايســن وســيفتازيديم، ولم يكــن هنــاك 
تغــير في اســتخدام سيروفلوكساســن وكليندامايســن. لقــد كانــت أكــر زيــادة في اســتخدام سيفترياكســون )5.1 ضعفــاً( بينــا أكــر انخفــاض 

كان في اســتخدام إريثرومايســن )8 أضعــاف(.

Modifications dans l'utilisation des antibiotiques dans un service de chirurgie générale sur une période de 
cinq ans 

RÉSUMÉ Des préoccupations ont été formulées concernant l'utilisation excessive des antibiotiques en milieu 
hospitalier. Nous avons comparé le mode d'utilisation des antibiotiques en 2010 dans un service de chirurgie 
d'un hôpital universitaire de la République islamique d'Iran à des données similaires datant de 2006. Des doses 
journalières définies ont été calculées pour 100 jours-lits. L'utilisation globale des antibiotiques dans notre 
service de chirurgie a nettement augmenté, passant d'une moyenne de 4,9 jours-lits (E T 5,1) en 2006 à 7,7 jours-
lits (E T 10,3) en 2010. Cette augmentation était principalement due à l'utilisation accrue des antibiotiques 
pour le traitement d'infections. En revanche, l'utilisation prophylactique des antibiotiques n'a pas augmenté 
significativement. La consommation de ceftriaxone, d'imipénem, de céfalotine, de métronidazole et de 
vancomycine a augmenté, tandis que l'utilisation de l'érythromycine et de la ceftazidime a diminué et qu'aucun 
changement n'a été observé pour la ciprofloxacine et la clindamycine. Le recours à la ceftriaxone a connu 
l'augmentation la plus importante (multiplication par 5,1) tandis que la consommation d'érythromycine a connu 
la diminution la plus importante (division par 8).
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Introduction

Health-care-associated infections are a 
concern, especially in developing coun-
tries, where the rates may be higher than 
in industrialized countries (1,2). Surgi-
cal site infections are a leading cause of 
health-care-associated infections and 
this encourages surgeons to adopt a 
liberal approach to prescribing antibiot-
ics (3–5). Although such as practice 
may seem to be beneficial in reducing 
infection rates in inpatient settings, it 
can potentially lead to emergence of 
resistant microorganisms and conse-
quent increases in health-care costs. In 
fact the causal association between the 
amounts of antibiotics used and rates 
of resistance to antibiotics has been well 
established in several studies (6–9). 
Furthermore, antibiotics are widely 
used for perioperative prophylaxis in 
surgical units, and appropriative anti-
biotic prescribing for this purpose is 
also of great importance for monitoring 
quality of care, infection control and 
costs and to avoid the emergence of 
multi-resistant organisms.

There is a need for strict guidelines 
for antibiotic use designed for each 
specific geographical area to avoid over-
use and misuse of antibiotics. The first 
step in developing such guidelines is to 
determine the pattern of antibiotic con-
sumption in these countries. Previous 
studies in the Islamic Republic of Iran 
have shown a dramatic rise in antibiotic 
use over a 5-year period starting from 
2000 (3,10). But more recent data are 
not available and there are a paucity of 
studies that define the pattern of anti-
biotic use in hospitals in general and in 
surgical units in particular. To tackle 
this shortcoming we designed a study to 
investigate the pattern of antibiotic use 
in the surgical division of a university 
hospital in Tehran and to compare it 
with data obtained 5 years ago to assess 
if these had been a change in the trend 
in antibiotic use over this 5-year period. 
Such data will help health-care authori-
ties to design appropriate guidelines 

for prescribing antibiotics in hospital 
settings.

Methods

Study setting and sample
This cross-sectional study was con-
ducted in the department of surgery 
of Imam Hossein University Hospital. 
Our hospital is a tertiary referral centre 
for the east and south-east of Tehran 
and our surgical department has a 
dominant gastrointestinal and trauma 
practice. Approval for the study was ob-
tained from the local ethics committee.

Data for the periods January 2006 
to December 2006 and January 2010 
to December 2010 were extracted from 
the charts of the patients who were ad-
mitted for general surgery in these 2 
years.

Data collection
Patients’ demographic and clinical data 
were collected. The total consumption 
of antibiotics for each patient in defined 
daily doses (DDD) was collected for 
all the available antibiotic substances 
(class J01). No medication was given 
to any patient without being recorded 
in his/her chart and all data used in this 
study were extracted from the patients’ 
hospital charts. The types of surgical 
procedures were similar in 2006 and 
2010 and there were no changes in the 
procedures in place within this 5-year 
period with regard to any recommenda-
tions for antibiotic use in our institu-
tion. The number of bed-days in the 
surgical unit was also recorded from 
each patient’s chart and used for further 
calculations. Data from these 2 years 
were then compared to investigate any 
potential changes in antibiotic use over 
the 5-year period.

Definitions and parameters 
used
Antibiotics were defined as antibacteri-
als for systemic use and were equiva-
lent to group J01 of the Anatomical 

Therapeutic Chemical (ATC) classifi-
cation system from the World Health 
Organization (WHO) collaborating 
centre for drug statistics methodology 
(11). It is important to note that accord-
ing to WHO the J01catergory does not 
include antifungals, antibacterials used 
for treatment of tuberculosis or topical 
antibiotics.

Hospital bed-days measures the 
use of a particular hospital inpatient 
unit or health care institution. It can be 
calculated in the following way: first to 
determine the total inpatient days of 
care by adding together the daily patient 
census for 365 days, then to determine 
the total bed-days available by multiply-
ing the total number of beds available 
in an inpatient unit by 365 and finally 
by dividing the total inpatient days of 
care by the total bed-days available and 
multiplying the result by 100 in order to 
express this figure as a percentage.

DDD is a WHO statistical meas-
ure of drug consumption and is used 
to standardize the comparative use of 
various drugs within drug categories or 
different health care environments. This 
parameter is used to overcome short-
comings in the use of traditional units 
of drug consumption and provides a 
fixed unit of measurement independent 
of price and formulation and enables 
the researcher to perform comparisons 
between population groups. This pa-
rameter is the assumed average main-
tenance dose per day in adults for a 
certain medication, when used for its 
main indication.

In addition to the total DDD, we 
also calculated defined daily doses per 
100 bed-days (DBD). DBD is the num-
ber of DDD per patient bed-days during 
the observation period and provides an 
estimate of drug consumption among 
hospital inpatients.

Statistical analysis
Data were entered into a Microsoft Ex-
cel database and reported as mean and 
standard deviation (SD), unless other-
wise specified. The Student t-test was 
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patients in 2006. Similar analysis for 
2010 showed that cefalotin was then the 
most prevalent antibiotic and was used 
for prophylaxis in 35.9% of the patients 
in that year (Figure 2).

Table 1 summarizes the DBD 
data for antibiotic use for overall and 
prophylaxis purposes for the years 2006 
and 2010. The overall consumption of 
ceftriaxone, imipenem, cefalotin, met-
ronidazole and vancomycin increased 
in 2010 compared with 2006. Ceftri-
axone showed the highest increase in 
consumption, with a 5.1-fold increase in 
DBD (6.6 versus 34.0), then imipenem 
with a 3.2-fold increase (5.5 versus 17.9) 
and vancomycin with a 3.1-fold increase 
(2.4 versus 7.7). In contrast, erythromy-
cin showed an 8-fold use decrease in 
DBD (2.5 versus 0.3) and ceftazidime 
a 4-fold decrease (12.4 versus 3.0). Cip-
rofloxacin and clindamycin showed no 
significant change in consumption over 
this 5-year period.

Discussion

Antibiotics are one of the most 
frequently used medications among 
hospitalized patients in surgical units. 
Over recent years we have witnessed an 
increasing tendency for widespread and 

used to compare continuous variables. 
Differences were considered significant 
at P < 0.05. Statistical analyses were per-
formed using SPSS, version 11.5.

Results

The number of hospital bed-days in 
the general surgery unit of Imam Hos-
sein University Hospital was 17 800 in 
the year 2006 and increased to 20 400 
in the year 2010. The mean length of 
hospital stays were 4.5 (SD 2.4) and 
5.1 (SD 4.9) days for the years 2006 
and 2010 respectively. Appendectomy, 
herniorrhaphy and surgeries performed 
in patients with penetrating traumas 
were the 3 most common procedures 
performed in the year 2006, accounting 
for 40% of all operations performed in 
our general surgery division in this year. 
These operations were also the 3 most 
common procedures performed in the 
year 2010 and accounted for 43% of all 
surgeries performed in this year.

Injection was the most popular 
method of administration of the anti-
biotics with regard to both DDD con-
sumption and prevalence of use. This 
was true for both 2006 and 2010.

Overall use of all antibiotics in our 
surgical unit increased from a mean 

DBD of 4.9 (SD 5.1) in 2006 to 7.7 
(SD 10.3) in 2010 (P = 0.01). Use of 
antibiotics for prophylaxis purposes 
also increased from a mean DBD of 
5.0 (SD 5.1) in 2006 to 6.2 (SD 7.6) 
in 2010 but this difference did not 
reach statistical significance (P > 0.05). 
When antibiotics used for prophy-
laxis were excluded from the analysis, 
the mean DBD were still significantly 
higher in 2010 compared with 2006 
[6.2 (SD 7.6) versus 2.9 (SD 2.5)] (P 
= 0.005).

The comparison for overall use 
of antibiotics expressed as DBD for 
the years 2006 and 2010 are shown 
in Figure 1. Metronidazole, cefalotin 
and ceftazidime were the 3 most com-
monly used antibiotics in our surgical 
unit in 2006. This changed in 2010 and 
ceftriaxone, cefalotin and then met-
ronidazole were the most prescribed 
antibiotics.

When the DBD data for antibiotics 
used for prophylaxis were analysed, met-
ronidazole, cefalotin and ceftazidime 
were found to be the 3 most commonly 
used antibiotics in 2006, and cefalotin, 
ceftriaxone and metronidazole were the 
3 most common in 2010. Analysis of 
the prevalence of antibiotic use showed 
that metronidazole was the most preva-
lent antibiotic, prescribed for 35.6% of 
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indiscriminate use of newer antibiot-
ics in surgery practice in our country. 
This observation is supported by data 
showing a dramatic raise in the use 
of antibiotics in the Islamic Republic 
of Iran and is further confirmed by 
our finding of a 1.6-fold increase in 
antibiotic use in our surgical unit over 
a 5-year period.

We have witnessed a decline in the 
numbers of new antibiotics being mar-
keted in recent years and the medical 
community is struggling to preserve 
our current armamentarium (12). 
Investigators and health-care officials 
in the United States and Europe are 
working on a more uniform approach 
to antibiotic stewardship. The limited 
data available from developing coun-
tries shows that overuse and misuse of 
antibiotics is a very common problem 
in these countries. This is partially due 
to lack of guidelines and policies for an-
tibiotic usage. To develop such guide-
lines it is necessary first to determine 
the pattern of antibiotic use in these 
counties and this was our motive for 
conducting the current study.

The main finding of our study was 
a 1.6-fold increase in antibiotic use 
in our surgical unit over a 5-year pe-
riod ending 2010. Data on the use of 

antibiotics in hospital settings in the Is-
lamic Republic of Iran are very limited 
and to the best of our knowledge our 
study was the first to assess this issue in 
a surgical unit in the country. Our data 
appear to be consistent with data pub-
lished on antibiotic use trends in other 
countries over the same time frame. 
Similar increases were described in 
studies from Western Europe (13,14) 
and some studies from Mediterranean 
and North African countries (6,7).

We also found a dramatic increase 
in the use of newer antibiotics in the 
year 2010 compared with 2006. For 
example, vancomycin use demon-
strated a 3-fold increase in this time 
period in our surgical unit. This is also 
consistent with the findings of similar 
papers on this topic from other coun-
tries. A study of the use of glycopep-
tide antibiotics in German hospitals 
showed a sharp increase in consump-
tion of these types of antibiotics over 
a 3-year period ending 2000 (15,16). 
The authors found that prophylactic 
and empirical indications accounted 
for only 50% of all prescriptions and 
in the remaining patients the use of 
this antibiotic was inappropriate and 
unnecessary. Over the 5-year period of 
our study, no change in the guidelines 

or recommendations was introduced 
in our institution and therefore market 
pressure may be one of the causes of 
this observed widespread increase in 
the use of new antibiotics. This is a 
matter of great concern as excessive 
use of these antibiotics increases the 
risk of development of resistant strains 
among Enterococcus spp. and Staphylo-
coccus spp. bacteria.

We acknowledge some limitations 
to our study. One is the lack of micro-
biological information about patients’ 
infections. This information is necessary 
to document whether the change in the 
trend of antibiotic use in our depart-
ment has led to greater emergence of 
resistant strains. Although it may sound 
intuitive that a more liberal use of antibi-
otics is associated with development of 
more resistant bacteria, there is a need 
for future studies to correlate the data 
of antibiotic use to the microbiological 
findings to confirm this hypothesis. The 
second limitation of our study is that 
the use of DDD can potentially over-
estimate antibiotic use in those patients 
who require a higher dose. In contrast, 
since the DDD definition does not ac-
count for dose adaptation in children 
this parameter may underestimate the 
calculated antibiotic use in children, 
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who usually take antibiotics in dosages 
lower than adults. However, the major-
ity of patients admitted to our surgical 
unit were adults and this limitation is 
unlikely to have affected our results.

In conclusion, a logical approach 
to managing infected patients and 

to the use of preoperative prophy-
lactic antibiotics in surgical units is 
necessary. Such an approach requires 
strict guidelines that allow appro-
priate selection of antibiotics and 
limits overuse and misuse of antimi-
crobial agents. In the absence of such 

guidelines, there is a risk that other 
influences will shape the pattern of 
antibiotic use and will lead to an in-
crease in the overall consumption of 
antibiotics and in particular the new 
broad-spectrum ones.
Competing interests: None declared..

Table 1 Overall and prophylactic use of antibiotics in the years 2006 and 2010, expressed as number of defined daily doses 
per 100 patient bed-days (DBD) during the observation periods

Antibiotic Overall use of antibiotics
(DBD)

Prophylactic use of antibiotics
(DBD)

Year 2006 Year 2010 Year 2006 Year 2010

Metronidazole 15.2 19.8 6.1 7.1

Cefalotin 14.0 22.4 9.6 17.4

Ceftazidime 12.4 3.0 5.6 0.1

Clindamycin 10.3 9.7 0.7 0.5

Ceftriaxone 6.6 34.0 0.1 15.7

Imipenem 5.5 17.9 0.0 0.0

Ciprofloxacin 2.8 3.4 0.0 0.0

Erythromycin 2.5 0.3 0.0 0.0

Vancomycin 2.4 7.7 0.0 0.0

Cephalexin 2.3 3.7 0.0 0.0

Amikacin 1.7 0.2 0.0 0.0

Cefepime 1.2 0.6 0.0 0.0

Ampicillin 1.1 0.4 0.5 0.5

Cloxacillin 1.0 0.2 0.0 0.0

Gentamicin 0.7 0.6 0.5 < 0.1

Cefixime < 0.1 0.0 0.0 0.0
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