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SUMMARY
Objective Surgical antimicrobial prophylaxis (SAP) is a method proved to be effective in 
reducing the risk of surgical site infections (SSI). Although there are numerous international 
and local Guidelines, SAP is often performed inappropriately. The monitoring that was car-
ried out at the Surgery Clinic of the University Hospital “Tsaritsa Yoanna – ISUL” in August 
2008 showed a high level of inappropriately performed SAP. In order to optimize SAP, a Local 
Guideline (LG) for SAP was developed.

Methods LG for SAP was developed and implemented using the interdisciplinary approach, 
on the basis of internationally accepted standards of SAP, taking into account the specifics 
of the hospital. Monthly monitoring of the level of compliance of SAP with the LG for SAP 
was carried out. The use of antimicrobial agents (AMA) at the Clinic was reported using the 
DDD/100 patient day method.

Results Three months after the LG implementation, the rate of appropriately performed SAP 
increased from 5% to 40% and at the end of 2009 even to 92%. The AMA usage in 2009 was 
reduced by nearly 26%: from total of 58.71 DDD/100 patient days in 2008 to 43.45 DDD/100 
patient days and total AMA costs were reduced by more than 31%: from € 29.764 in 2008 
to € 20.300 in 2009.

Conclusions The interdisciplinary approach in the development and implementation of LG 
for SAP led to SAP optimization at the Surgery Clinic, significant reduction in AMA usage and 
considerable savings of financial resources.
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INTRODUCTION

SSI are an important cause of morbidity and 
mortality and are associated with the increased 
costs to health care providers [1-4]. According to 
the Centers for Disease Control and Prevention 
(CDC), SSI accounted for about 31% of noso-
comial infections in the United States in 2010 
[5]. An overall incidence of SSI for the intra-ab-
dominal infections ranges from 10% to 18% [6, 
7]. It is widely known fact, however, that AMAs 
are administered inappropriately in as much as 
50% of cases [8]. Errors in antimicrobial pro-
phylaxis for surgical patients remain one of the 
most frequent types of preventable medication 
errors in hospitals [9].

The foundations of modern SAP in surgical 
practice were set in 1960s and 1970s by Burke 
[10], Polk and Lopez-Mayor [11] and Stone 
et al. [12]. Irrespective of the great number 
of international, national and local consen-
suses, guidelines and published articles [13-
18], SAP is still inappropriately performed in 
not a small percentage of the cases [19, 20]. It 
has been found that direct implementation of 
“foreign” guidelines is relatively low effective 
mainly because of the insufficient compliance 
by the medical staff. A multicenter study in 
the Netherlands has found out that an overall 
adherence to the respective guidelines is 28% 
and the compliance regarding key parameters 
of SAP ranges from 43% to 92% [21]. Similar 
results have been seen in the assessment of SAP 
in Turkey [22]. In this context, it is important to 
identify and address the factors leading to low 
compliance which most often are [23]:

 � Insufficient awareness of physicians relat-
ed to the principles of rational prophylaxis 
and the comparative efficiency of the indi-
vidual AMA;

 � No introduced restrictive measures as 
re gards the prescription of AMA as well as 
no ongoing monitoring of AMA use; 

 � Disagreement by the medical staff with 
specific aspects of the respective guide-
lines;

 � No incentives to the medical staff;
 � Influence by the pharmaceutical industry.

In August 2008, a monitoring was carried 
out at the Surgery Clinic of the University 
Hospital “Tsaritsa Yoanna – ISUL” that showed 
a high level of inappropriately performed SAP. 
The main problems in this regard were found 
to be as follows:

 � start of AMA administration for the pur-
poses of SAP – more than 24 hours prior 
to or after the end of surgical intervention;

 � length of AMA administration – usu-
ally more than 72 hours and often until 
patients are discharged from the Clinic;

 � irrational selection of AMA.

In practice, regardless of the instructions 
about the performance of SAP available at the 
Hospital, they were not followed and remained 
on paper only. In order to address this prob-
lem in September 2008 using an interdisciplin-
ary approach with the leading role of clinical 
pharmacologists and active involvement of the 
Management of the Surgery Clinic, a LG for 
SAP was developed and implemented. The aim 
was an upgrading of the level of appropriate 
performance of SAP to the extent complying 
with the world standards and consequent cost 
savings for the Surgery Clinic as well.

METHODS

The Surgery Clinic of the University Hospital 
“Tsaritsa Yoanna – ISUL” is a general surgery 
clinic with 30 beds with prevailing abdominal 
pathology. LG for SAP was developed on the 
basis of internationally accepted standards for 
SAP, including motivated selection of AMA, 
route, time, and length of administration [13-
18]. In developing the LG for SAP the specifics 
of the Hospital were also considered such as:

 � prevailing surgical interventions at the 
Clinic;

 � local antibiotic resistance;
 � drug list of the Hospital;
 � considerations of the Surgery Clinic 

Management as regards the manner of 
performance of SAP based on their long-
time experience;

 � financial capacity of the Hospital.

Surgical interventions where the perfor-
mance of SAP is mandatory (e.g., hemicolec-
tomy, appendectomy, etc.) as well as surgeries 
where SAP is not to be performed (e.g., herni-
otomy without mesh insertion) were specified 
in the LG. Selecting an AMA (or a combination 
of AMA) for the purposes of SAP was based on 
the following requirements:

 � AMA must have a spectrum consistent 
with the most common causes of SSI in 
the specific surgical interventions;
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 � AMA are to be administered in the man-
ner ensuring high plasma and tissue con-
centrations exceeding MIC90 for the 
potential pathogen from the incision until 
the end of surgical intervention;

 � AMA must have favorable profile of 
adverse drug reactions;

 � AMA are to be cost-effective.

In the prevailing part of surgical interven-
tions, LG provides preoperative (30-60 minutes 
prior to the surgical intervention) intravenous 
administration of a single dose of the respective 
AMA. According to LG, the second dose of AMA 
should be administered when there are extra risk 
factors such as: surgery duration >3 hours, blood 
loss >1.5 L, infusion of fluids >15 mL/kg/weight 
as well as in development of intra-operative com-
plications. In strictly specified surgical interven-
tions (e.g., gastric, colon, or extra-hepatic bile 
duct cancer) in high-risk patients, LG allows for 
extension of SAP length for up to 48 hours in the 
discretion of the surgical team.

Four approaches such as training, restric-
tion, monitoring, and feedback were used in the 
implementation of LG into the clinical practice.

The training of the medical staff at the 
Surgery Clinic was carried out by clinical phar-
macologists in the form of lectures, seminars 
and discussions. The aim was to update the sur-
gical teams on the set goals, the expected results 
as well as direct benefits both for the patients 
(increased efficacy and safety) and the hospital 
(improvement of medical care to patients and 
saving resources).

The restriction was performed by intro-
duction of strict rules of prescribing AMA for 
the purposes of SAP. In addition, the clinical 
pharmacologists carried out monitoring of the 
promotional activities of pharmaceutical com-
panies at the Surgery Clinic in order to limit the 
use of cost-ineffective AMA.

The monitoring of SAP was performed by 
clinical pharmacologists through the monthly 
retrospective review of the medical records 
of patients that have undergone surgery at 
the Clinic during the respective month. For 
that purpose, the specific SAP checklists were 
designed allowing quick and accurate assess-
ment of SAP performed on the basis of the fol-
lowing criteria:

 � accuracy of medical records concerning 
SAP performed;

 � presence of indications to perform SAP 
according to LG;

 � appropriateness of AMA selection;
 � exact time and route of administration of 

AMA relative to the start of the surgical 
intervention;

 � length of AMA administration.

On the basis of these criteria, SAP was 
assessed as good, satisfactory, or not good using 
the three-level scale. Good grade was given 
when all criteria of LG were satisfied: adminis-
tration of SAP when indicated, adequate AMA 
selection administered in an appropriate dose, 
dose regimen and length of administration as 
well as when the medical records were appropri-
ately completed. Satisfactory grade was awarded 
when there were minor deviations from LG: 
e.g., prescribing suboptimal AMA, administra-
tion of additional and unnecessary AMA doses 
according to LG within up to 48 hours, as well 
as some omissions in the medical records. Not 
good grade was awarded when AMA was inap-
propriately selected, when AMA was adminis-
tered for the purpose of prophylaxis without 
reason or when no AMA were administered 
for the purpose of prophylaxis when there were 
indications for such administration, when the 
length of SAP was more than 48 hours as well as 
for major omissions in the medical records. The 
ratio between appropriately and inappropriately 
performed SAP was calculated from the ratio 
of the sum of good and satisfactory grades and 
the sum of not good grades.

The feedback to the Surgery Clinic Manage-
ment assumed written reports of the clinical 
pharmacologists at monthly intervals about the 
results of the completed monitoring.

The assessment of AMA usage was per-
formed using the defined daily dose method: 
(DDD/100 patient days) which is an appro-
priate statistical measure of total drug use in a 
hospital [24]. Annual AMA costs were reported 
for the three-year period (2008–2010). For that 
purpose, the computerized database of the hos-
pital pharmacy and the results from the hospital 
statistical unit about the number of beds at the 
Surgery Clinic and their average yearly occu-
pancy were used and the calculations were per-
formed by means of ABC Calc Version 3.1 [25].

RESULTS

The results of this study covered a three-year 
period of assessment of SAP and AMA use at the 
Surgery Clinic. Three months after the imple-
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mentation of LG for SAP, the level of appropri-
ately performed SAP increased from 5% to 40%. 
The upward trend continued with some fluctu-
ations during the subsequent months as well: at 
month 8, 12, and 16 of the LG implementation, 
the level of rationally performed SAP increased  
o 64%, 79%, and 92%, respectively.

Table 1 shows the results of 4 monitorings of 
SAP carried out at the Surgery Clinic within 16 
months of the implementation of LG for SAP.

The increased level of rational performance 
of SAP was also accompanied by considerable 
reduction in AMA usage at the Clinic presented 
through the DDD/100 patient day parameter. 
The total AMA usage was reduced by 26% 
in 2009 compared to 2008, i.e. from 58.71 

DDD/100 patient days to 43.5 DDD/100 patient 
days. Inappropriate use of certain AMA in the 
period before the implementation of LG for 
SAP was significantly reduced, e.g., the usage of 
Ceftriaxone, Metronidazole, and Ciprofloxacin 
in 2008 compared to 2009 dropped down from 
32.77 DDD/100 patient days to 25.35 DDD/100 
patient days; from 15.92 DDD/100 patient days 
to 10.12 DDD/100 patient days and from 2.76 
DDD/100 patient days to 1.73 DDD/100 patient 
days, respectively. In practice, the total AMA 
use in 2010 was identical to that in 2009.

Table 2 shows the summarized results of the 
study of AMA use for the period 2008–2010.

AMA costs at the Surgery Clinic were 
reduced by more than 31% in 2009 compared 
to 2008 and further by nearly 24% in 2010 com-
pared to 2009.

Graph 1 shows summarized data about 
funds for the provision of AMAs for the period 
2008–2010.

DISCUSSION

SAP is a method proved to be effective in reduc-
ing the risk of SSI. It is known, however, that 

Table 2. AMA use at the Surgery Clinic of the University Hospital “Tsaritsa Yoanna – ISUL” in 2008, 2009 and 2010, presented in DDD/100 patient (pt) days 
(calculated)

AMA
DDD  

(WHO)  
(g)

Year
2008 2009 2010

Quantity* DDD/100  
pt days Quantity* DDD/100  

pt days Quantity* DDD/100  
pt days

Ampicillin/Sulbactam 1.5 g fl. 2.0 77 0.39 32 0.16 99 0.49
Amoxicillin/Clavulanic acid 1.2 g fl. 3.0 82 0.28 56 0.19 --- ---
Amoxicillin/Clavulanic acid 0.625 g tbl. 1.0 --- --- 42 0.21 ---- ---
Cefazolin 1.0 g fl. 3.0 772 2.62 90 0.30 52 0.17
Cefuroxime 1.5 g fl. 3.0 40 0.20 --- --- --- ---
Ceftazidime 1.0 g fl. 4.0 34 0.09 18 0.04 7 0.02
Ceftriaxone 1.0 g fl. 2.0 6443 32.77 5084 25.35 5416 27.00
Cefoperazone/Sulbactam 2.0 g fl. 4.0 10 0.05 752 3.75 583 2.91
Cefepime 1.0 g fl. 2.0 188 0.96 28 0.14 71 0.35
Meropenem 1.0 g fl. 2.0 231 1.17 117 0.58 31 0.15
Imipenem/Cilastatin 0.5 g fl. 2.0 82 0.21 48 0.12 61 0.15
Gentamicin 0.08 g amp. 0.24 174 0.59 31 0.10 38 0.13
Amikacin 0.500 g amp. 1.0 54 0.27 42 0.21 81 0.40
Ciprofloxacin 0.1 g fl. 0.5 1359 2.76 865 1.73 1110 2.21
Ciprofloxacin 0.250 g tbl. 1.0 142 0.36 164 0.41 112 0.28
Vancomycin 1.0 g fl. 2.0 14 0.07 13 0.06 14 0.07
Metronidazole 0.5 g fl. 1.5 4696 15.92 3044 10.12 2637 8.76

Total 58.71 43.45
(-25.99%)

43.09
(-0.83%)

* the unit quantity of the respective AMA

Table 1. Summarized results of monitoring carried out to assess the appropriateness of SAP 
performed at the Surge-ry Clinic of the University Hospital “Tsaritsa Yoanna – ISUL” for the 
period from November 2008 to December 2009

Month/Year
Assessment of appropriateness  

of performed SAP (%)
Good Satisfactory Not good

November 2008 24 16 60
April 2009 36 28 36
August 2009 58 21 21
December 2009 56 36 8

Hospital Pharmacology. 2014; 1(1):15-21
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numerous international guidelines for the SAP 
are not a guarantee to their optimal implemen-
tation in the clinical practice. The development 
and successful implementation of LG for SAP 
at the Surgery Clinic of University Hospital 
“Tsaritsa Yoanna – ISUL” led to significant 
improvement of the level of appropriately per-
formed SAP which, in our opinion, was mainly 
due to the following factors:

 � An interdisciplinary approach was used 
combining the knowledge of the clinical 
pharmacologists about the principles of 
rational AMA therapy on one hand, and 
on the other, the longtime clinical experi-
ence of the surgical team. 

 � The specifics of the medical institution 
such as prevailing type of the surgical 
interventions and local level of microbi-
al resistance to AMAs, the specifics of the 
drug list of the Hospital, the experience 
of the surgical team and, last but not the 
least, the financial capacity of the Hospital 
were considered;

 � The SAP monitoring performed at month-
ly intervals enabled timely detection of the 
problems in the performance of SAP and 
identification of the respective measures 
for their correction;

 � Active support by the Hospital Manage-
ment as well as full cooperation by the 
Management of the Surgery Clinic were 
provided; 

 � Cooperative relations were established 
among the clinical pharmacologists and 
the surgeons, what further contributed to 
increasing compliance of surgeons. 

As the result of comprehensive measures 
taken at the end of 2009, SAP was rationally 
performed in more than 90% and by this 
parameter the Surgery Clinic ranked among 
the world leading surgery clinics. The rational 
performance of SAP was associated with the 
significant reduction in AMA usage in 2009 
compared to 2008, which in turn led to direct 
economic benefits – there was a considerable 
saving of financial resources as well.

Upon development and implementation 
of LG for SAP, some weaknesses such as the 
use of third-generation cephalosporins have 
still maintained relatively high and the accept-
able length of SAP up to 48 hours in high-risk 
patients have not been fully resolved yet. In 
addition, merging the good and satisfactory 
grades could be also seen as a compromise in the 

assessment of the appropriateness of performed 
SAP. This was done mainly to avoid excessively 
rigid approach in SAP assessment as well as to 
encourage the compliance of the surgical team. 
A similar approach in SAP assessment has been 
also adopted by other authors [26].

This study is a pilot project carried out 
by the University Surgery Clinic in Sofia and 
does not claim to be exhaustive. Regardless of 
the joint efforts made by the clinical pharma-
cologists and the Management of the Surgery 
Clinic, it took more than one year of the imple-
mentation of LG for SAP before achieving an 
optimal result. In our opinion, this was due to 
some initial underestimation of the problem 
with the rational performance of SAP by the 
surgical team, certain reluctance to take up 
additional paperwork in connection with doc-
umentation of SAP as well as the lack of effec-
tive incentives to the surgical team introduced 
by the Management of the Hospital. Regardless 
of the remarks that can be made in respect of 
individual aspects of this project, its effective 
implementation in the clinical practice as well 
as the achieved economic results convincingly 
demonstrated the benefits of the interdisciplin-
ary approach in the development and imple-
mentation of LG for SAP. The effectiveness of 
such approach has been also demonstrated in 
other studies [27, 28, 29].

CONCLUSIONS

In order to extend the scope of this project, LG 
for SAP are planned to be adapted and imple-

29,764	  

20,300	  

15,468	  

0	  

5,000	  

10,000	  

15,000	  

20,000	  

25,000	  

30,000	  

35,000	  

2008	   2009	   2010	  

Eu
ro
	  

Years	  

Graph 1. Annual AMA costs at the Surgery Clinic of the University Hospital “Tsaritsa Yoanna – 
ISUL” in 2008, 2009 and 2010
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mented in other hospital surgical clinics at the 
end of this year. Only then conclusions can be 
drawn about the actual effectiveness and eco-
nomic viability of LG for SAP at hospital level.
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KRATAK SADRŽAJ
Cilj ra da  Hi rur ška an ti mi krob na pro fi lak sa (HAP) je me to da za ko ju je do ka za no da je efi ka sna 
u sma nje nju ri zi ka od na stan ka in fek ci je ope ra ci o nog me sta. Ma da po sto je broj ni me đu na rod ni 
i do ma ći vo di či, ova pro fi lak sa se če sto pri me nju je na neo d go va ra ju ći na čin. Nad zor ko ji je iz-
vr šen na Hi rur škoj kli ni ci Uni ver zi tet ske bol ni ce „Ca ri ca Jo a na – ISUL“ u av gu stu 2008. go di ne 
po ka zao je da je ni vo ne a de kvat ne pri me ne ove pro fi lak se ve o ma vi sok. Da bi se na šlo naj bo lje 
re še nje za HAP, na pra vljen je do ma ći vo dič za hi rur šku an ti mi krob nu pro fi lak su.
Me to de ra da  Do ma ći vo dič za hi rur šku an ti mi krob nu pro fi lak su na pra vljen je i pri me nju je se 
pu tem in ter di sci pli nar nog pri stu pa, na osno vu me đu na rod no pri zna tih stan dar da za HAP, a 
uzi ma ju ći u ob zir spe ci fič nost sa me bol ni ce. Vr še no je me seč no pra će nje ni voa pri me ne HAP 
u skla du sa do ma ćim vo di čem za HAP. Pod ne ti su iz ve šta ji o pri me ni an ti mi krob nih agen sa 
(AMA) na Kli ni ci pri me nom me to de DDD/100 bo le snič kih da na.
Re zul ta ti  Tri me se ca po sle pri me ne do ma ćeg vo di ča sto pa ade kvat no iz ve de ne HAP sma nji la 
se od 5% do 40%, a na kra ju 2009. go di ne čak i do 92%. Pri me na AMA u 2009. sma nje na je 
za sko ro 26%: od ukup no 58,71 DDD/100 bo le snič kih da na u 2008. go di ni do 43,45 DDD/100 
bo le snič kih da na, a ukup ni tro ško vi za AMA sma nje ni su za vi še od 31%: od 29.764 evra u 
2008. do 20.300 evra u 2009. go di ni.
Za klju čak  In ter di sci pli nar ni pri stup raz vo ju i pri me ni do ma ćeg vo di ča za HAP do veo je do 
op ti mi za ci je HAP na Hi rur škoj kli ni ci, zna čaj no re du ko va ne pri me ne AMA i znat ne fi nan sij ske 
ušte de.
Ključ ne re či: an ti bi o ti ci; hi rur gi ja
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