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Abstract

Background and aim Surgical site infections (SSIs) are

associated with a high morbidity, mortality and healthcare

costs. The prevention of SSIs is based on a combination of

preoperative preparation, surgical techniques, perioperative

antibiotic prophylaxis (PAP) and postoperative wound

care. Despite an abundance of evidence demonstrating the

effectiveness of antimicrobials to prevent SSIs, the use of

antimicrobial prophylaxis in this clinical setting is associ-

ated with inappropriate timing and selection and excessive

duration of administration. To date, pharmacy interns (PIs)

have not been involved in this process. The aim of this

study was to evaluate feasibility of involving PIs in mon-

itoring adherence to the guidelines for antibiotic prophy-

laxis in surgery patients.

Methods The study was conducted in seven hospitals in

Germany within the framework of the project ‘‘Pharmacy

interns on the ward’’ (P-STAT2). Twenty-seven PIs par-

ticipated, either from either May to October 2008 or from

November 2008 to April 2009. Each patient admitted to the

participating wards was consecutively monitored. PIs

documented the antibiotic prophylaxis and checked the

adherence with the hospital ward’s PAP guidelines taking

both the choice of antibiotic drug and the duration of PAP

into account. The costs of antibiotics, personnel and

material were calculated in cases of non-adherence with

guidelines.

Results This is the first time that PIs were involved in

monitoring antibiotic prophylaxis guidelines. A total of

6,167 patients were enrolled (mean age 58.3 ± 19.6 years;

47.1% male); of these, 5,064 patients underwent surgery

and were ultimately available for evaluation. Guidelines

for antibiotic prophylaxis were followed in 70.7% of the

cases.

Conclusions The study revealed that many patients do

not receive the appropriate antibiotic prophylaxis despite

the fact that guidelines are in place. Based on these results,

we conclude that PIs may play an important role in anti-

biotic prophylaxis management.
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Abbreviations

IV Intravenous

n/a Not available

PAP Perioperative antibiotic prophylaxis

PI Pharmacy intern

SSI Surgical site infection(s)
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Introduction

Surgical site infection (SSI) is a common complication of

surgery, with reported incidence rates of 2–20% [1]. They

are the second most common cause of nosocomial infec-

tions and are associated with high morbidity, mortality and

healthcare costs [2–4]. It has been estimated that there were

between 400,000 and 600,000 nosocomial infections in

Germany in 2006, of which 22,5000 were SSIs [5].

The risk of SSI depends on many patient-related factors,

including existing infections, low serum albumin concen-

tration, older age, obesity and diabetes, as well as surgical

factors, such as duration of procedure and how clean the

surgical procedure is (clean, clean–contaminated, contam-

inated or dirty–infected) [4, 6]. Optimal antibiotic pro-

phylaxis ensures that an adequate concentration of an

appropriate antimicrobial agent is present in the serum,

tissue and wound during the entire time that the incision is

open. The antimicrobial agent should be active against

those bacteria that are likely to be encountered during the

operation and should be safe for the patient and an eco-

nomical option for the hospital. Antibiotic prophylaxis is

not only clearly indicated for contaminated and dirty–

infected surgical procedures, but also for most clean–con-

taminated surgical wounds and many clean procedures,

such as orthopaedic implants. The prevention of SSI is very

important, and its success depends on a combination of

preoperative preparation, surgical technique, perioperative

antibiotic prophylaxis (PAP) and postoperative wound care

[7]. The evidence for the effectiveness of antimicrobials in

preventing SSIs is well established, with previous studies

demonstrating the importance of timing, selection, and

duration of the prophylaxis. The prolonged use of pro-

phylactic antibiotics is associated with the prevalence of

antimicrobial resistance on surgical wards and the emer-

gence of toxicity, as well as with costs [3, 8–11].

The feasibility of training and employing pharmacy

interns (PIs) on hospital wards in Germany and the high

acceptance of PIs by physicians and nurses were demon-

strated in a pivotal study in 2002 [12]. To the best of our

knowledge, however, PIs have not been involved in mon-

itoring the adherence to guidelines for antibiotic prophy-

laxis in surgery patients on hospital wards. PIs are highly

qualified, but lack practical experience and, therefore,

require supervision by an experienced clinical pharmacist.

Involving PIs in the adherence to antibiotic prophylaxis

gives them a chance to gain this practical experience.

Furthermore, both overall productivity in the hospital ward

and the quality of an essential process can be improved;

hereby, personnel expenditure for PIs is low.

The analysis presented here was part of the German

multicentre evaluation ‘‘Pharmacy interns on the ward’’

(P-STAT 2). In this evaluation, PIs were also involved in

medication reconciliation, the identification, resolution and

prevention of drug-related problems, and the evaluation of

the adherence to guidelines for antithrombotic prophylaxis

in surgery patients [13].

The overall aim of this study was to evaluate the fea-

sibility of involving PIs in monitoring PAP. Further

objectives were to evaluate the involvement of PIs in

various aspects of the management of antibiotic prophy-

laxis in surgery patients in German hospitals:

1. perioperative and prolonged (postoperative) antibiotic

prophylaxis, including antibiotics used and duration of

antibiotic prophylaxis;

2. adherence of PAP in surgery patients according to

current guidelines;

3. calculation of the cost of antibiotics in cases of non-

adherence with the guidelines.

Methods

Setting

The study was conducted in 14 different hospital wards of

seven hospitals in Germany (5 community hospitals and 2

university hospitals). The clinics of the participating wards

were general and visceral surgery (n = 5), gynaecology

(n = 1), orthopaedic and accident surgery (n = 6), oto-

laryngology (n = 1), and urology (n = 1).

Each participating hospital ward was required to provide

its own PAP guideline according to the evidence-based

guidelines [14];

for example,

1. Cefuroxime 1,500 mg intravenous (IV) (hospital ward

A) and cefazoline 2,000 mg IV (hospital ward B) in

patients with total joint replacement, or

2. amoxicillin/clavulanic acid 2.2 g IV (hospital ward C)

or ceftriaxone 2 g IV (hospital ward D) in patients with

cholecystectomy.

In generally, the guideline was defined by each clinic—

in some cases involving clinical pharmacists and/or

microbiologists. Before initiation of the study the guideline

was checked by the study coordinator.

Pharmacy interns

Twenty-seven PIs spent 6 months of a 12-month manda-

tory internship working on a hospital ward—either from

May to October 2008 or from November 2008 to April

2009—within the framework of the project ‘‘Pharmacy

interns on the ward’’ [13]. The hypothesis was that their

work would result in improvements in the quality and
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safety of the medication use process. One part of the study

was the evaluation of the PAP and adherence to PAP

guidelines.

Each hospital pharmacy (n = 5) or community phar-

macy supplying a hospital (n = 2) provided internships for

four PIs (2 PIs every half-year). One of the participating

PIs dropped out before the internship started. Prior to the

initiation of the study, both PIs and attending pharmacists

received a 2-day training course in pharmaceutical care,

medication reconciliation, antithrombotic guidelines, PAP,

and antibiotic therapy. The PIs were supervised by phar-

macists with experience in clinical pharmacy practice.

Patients

All patients admitted to the hospital wards between June

2008 and April 2009 were evaluated irrespective of the

main diagnosis. The following aspects were documented

from the patients’ medical records in the pre- and postop-

erative period: demographic data, main diagnosis/indica-

tion for surgery, duration of surgery, co-morbidities, renal

function, antibiotic agent(s) received, dosage, route of

administration and number of antibiotic applications during

the surgery, and the duration of antibiotic prophylaxis

postsurgery. Patients who did not receive any antibiotic

prophylaxis during the hospital visit (no antibiotic pro-

phylaxis was prescribed by the attending physician) were

also included in the study cohort.

Adherence to the PAP guidelines was checked for both

type of antibiotic drug and duration of PAP [14, 15].

Adherence to the guideline was defined as a correspon-

dence between the prescribed antibiotic drug and duration

of treatment and the guideline implemented by the

respective hospital ward. Each deviation from the pre-

scribed antibiotic and/or duration of PAP was defined as

non-adherence. In cases of non-adherence, no pharmaceu-

tical intervention by the PIs was undertaken because the

study was planned only as an ‘‘as–is’’ analysis. Prolonged

use of an antibiotic prophylaxis was considered to be a

deviation in the duration of PAP as defined in the guide-

line—especially with respect to the use of antibiotics for

more than 24 h after surgery.

The potential cost savings related to antibiotic use,

personnel and material was calculated in cases where the

actual duration of the antibiotic prophylaxis exceeded the

duration set down in the guidelines. For calculating anti-

biotic costs, average prices of the syndicate from one of the

participating hospitals were used. Data collection took

place from May 2008 to April 2009; accordingly, average

prices from the fourth quarter 2008 were used. Personnel

and material costs were also included for cases of unnec-

essary IV administration (personnel costs 4.30 euro, cal-

culated for an average lead time for preparing the IV

infusion of 12.9 min, as measured on 7 hospital wards [16];

material costs: 0.70 euro, as calculated for infusion line,

canula, syringe, resolvent).

All data were checked independently for face validity by

two experienced clinical pharmacists on the basis of the

available documented patient data, primary diagnosis, or

operative indication, duration of surgery, and antibiotic

regimen.

Patient anonymity was ensured so that no patient-spe-

cific data were recorded. Therefore, institutional review

board approval was not required.

Statistical analyses

Statistical analyses were performed using PASW ver. 18

software (Predictive Analytics Software; SPSS, Chicago,

IL). Data are presented as the mean and standard deviation

(SD) or as the median and interquartile range (IQR).

Results

Study population

From June 2008 to April 2009, a total of 6,167 patients in

14 hospital wards were enrolled for the evaluation of

antibiotic prophylaxis. The patients’ characteristics are

given in Table 1. The mean age of the patients was 58.3 ±

19.6 years; 47.1% were male.

The distribution of the patients who underwent surgery,

the duration of surgery, the patients who received peri-

and/or postoperative antibiotic prophylaxis, and the adher-

ence to guidelines are shown in Fig. 1.

Antibiotic prophylaxis

Data from 3,730 patients were available for evaluating

peri- and/or postoperative antibiotic prophylaxis; in 14

patients it was unclear whether an antibiotic prophylaxis

had been given (see Fig. 1).

Twenty-nine different antibiotics were used for peri- and

post-operative prophylaxis. The five most commonly used

antibiotics were, beginning with the most frequently used,

(1) cefuroxime (-axetil) IV or oral; (2) cefazoline IV; (3)

amoxicillin/clavulanic acid IV or oral; (4) ciprofloxacin IV

or oral; (5) ceftriaxone IV.

Of the 3,730 patients, 1,227 (32.9%) received prolonged

(postoperative) antibiotic prophylaxis. On the different

hospital wards participating in the study, the mean percent-

age of patients receiving a prolonged antibiotic prophylaxis

was 29.9% (range 0.3–94.9%). On average, these patients

received an antibiotic prophylaxis for 4.2 ± 2.8 days

(minimum 1, maximum 21 days; see Table 2).
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Adherence of PAP in surgery patients to current

guidelines

Of the 6,167 patients enrolled, 5,064 patients underwent

surgery and were available for evaluation. The results are

summarized in Fig. 2. Guidelines for antibiotic prophylaxis

were followed in 70.7% (IQR 47.4–78.3%, minimum

4.5%, maximum 84.9%) of the patients.

Potential cost savings in cases of non-adherence

with guidelines

Potential cost savings were calculated for all 758 patients

receiving an antibiotic prophylaxis for a longer duration

than that defined by the implemented guidelines. Average

potential cost savings for each of these antibiotic prophy-

laxis were calculated to be 43.84 ± 21.74 euro per patient

in cases of non-adherence (see Fig. 3).

Discussion

To the best of our knowledge, this is the first evaluation of

the adherence to guidelines for antibiotic prophylaxis in

surgery patients in which PIs were involved in the moni-

toring process.

The results of our study show that PIs, under the

supervision of a clinical pharmacist, may contribute sub-

stantially towards collecting data for a quality-assured PAP

management. PIs can be integrated in the procedure of PAP

by documenting the main diagnosis or the indication for

surgery, the duration of surgery, and the antibiotic drug,

including dosage, route of application and duration of

antibiotic use. Accordingly, they can evaluate the antibiotic

prophylaxis on the basis of the guideline to assess the

adherence in daily practice. Furthermore, PIs may even

initiate a pharmaceutical intervention after consultation

with a clinical pharmacist.

The evidence for efficacy of PAP is well established.

The results of this multicentre evaluation show that more

than 70% of the patients received an antimicrobial

Table 1 Patients’ characteristics

Hospital ward Speciality Patients (n) Mean age ± SD (years) Sex (male) (%)

1 Orthopaedic and accident surgery 612 66.0 ± 20.6 36.6

2 Orthopaedic and accident surgery 552 62.1 ± 20.6 47.8

3 General and visceral surgery 319 60.5 ± 20.3 37.3

4 General and visceral surgery 306 57.3 ± 19.7 43.5

5 General and visceral surgery 677 55.8 ± 17.8 54.7

6 Orthopaedic and accident surgery 831 57.2 ± 19.7 51.0

7 Gynaecology 454 52.0 ± 14.8 0.0

8 Orthopaedic and accident surgery 400 59.6 ± 19.0 48.3

9 Urology 452 63.3 ± 14.8 77.2

10 Otolaryngology 435 44.7 ± 20.2 54.9

11 General and visceral surgery 332 62.8 ± 16.7 57.8

12 General and visceral surgery 130 70.4 ± 10.7 63.1

13 Orthopaedic and accident surgery 328 57.1 ± 21.3 47.6

14 Orthopaedic and accident surgery 339 54.9 ± 19.8 47.5

Total 6,167 58.3 ± 19.6 47.1

SD Standard deviation

A total of 6,167 patients were enrolled for the evaluation of antibiotic prophylaxis 

1,103 patients (17.9%) 

 without surgery 

5,064 patients (82.1%)  

3,730 patients  

receiving peri- and/or post-

operative antibiotic prophy-

laxis 

1,320 patients  

without peri- and/or  

postoperative antibiotic 

prophylaxis 

14 patients 

Data about peri- and/or  

postoperative antibiotic 

prophylaxis n/a 

3,130 patients (61.8%) 

treated according to 

guidelines 

900 patients (17.8%)    

treated deviant from 

guidelines 

1,034 patients (20.4%)   

adherence to guideline 

unclear 

1,227 / 3,730 (32.9%) patients receiving postoperative antibiotic prophylaxis 

Fig. 1 Schema for patients in terms of surgery and antibiotic

prophylaxis
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prophylaxis. However, there is still considerable room for

improvement, especially in the process around the dis-

continuation of the antimicrobial prophylaxis. The majority

of published evidence demonstrates that the use of anti-

microbial prophylaxis after wound closure is unnecessary,

and most studies comparing single-dose prophylaxis with

multidose prophylaxis have not shown benefit of additional

doses [17]. Furthermore, the application of single-dose

prophylaxis results in a decreased total antibiotic use [DDD

(defined daily doses) per 1,000 patient days] [18].

Prolonged use of prophylactic antibiotics is associated

with the emergence of resistant bacterial strains [17]. On

average, 30% of the patients in our study received pro-

longed antibiotic prophylaxis. Many studies have demon-

strated deviations in PAP guidelines in the treatment of up

to 87.7% of patients [3, 9–11, 19]. Prolonged prophylaxis

may be caused by the surgeon’s fear of SSIs [3] and the

great uncertainty on the duration of PAP [20].

A wide spectrum of antibiotics are available for use as

peri- and postoperative prophylaxis. The two most com-

monly used antibiotics in our evaluation, cefuroxime and

Table 2 Duration of

postoperative antibiotic

prophylaxis (days)

Hospital ward Patients (n) Days (n)

Mean ± SD Median Minimum Maximum

1 12 4.3 ± 3.9 4.5 1 15

2 114 7.1 ± 4.3 6.0 1 21

3 52 5.3 ± 2.7 5.0 1 13

4 46 4.2 ± 2.3 4.0 1 13

5 1 3.0 ± 0 3.0 3 3

6 154 1.4 ± 1.2 1.0 1 10

7 60 2.4 ± 0.9 3.0 1 4

8 40 4.3 ± 2.7 3.5 1 13

9 393 4.3 ± 2.4 4.0 1 14

10 285 4.0 ± 1.7 4.0 1 13

11 8 4.8 ± 1.7 5.0 3 7

12 9 6.4 ± 2.1 7.0 2 10

13 13 2.2 ± 1.1 2.0 1 5

14 40 7.0 ± 2.9 7.0 1 13

Total 1,227 4.2 ± 2.8 4.0 1 21

82.7

61.8

48.4

35.3

74.2

48.6

84.9

70.4

4.5

71.9

77.3

44.6

81.5

71.2

Fig. 2 Adherence with guidelines for antibiotic prophylaxis for each

hospital ward. Black line Median of all hospital wards, grey area
interquartile range of all hospital wards, Black/grey boxes median of

each hospital ward. Values are given as percentages

51.69

40.17

48.21 

106.50

30.85

53.93

33.94

57.12

20.02

32.22

17.83 

42.04

30.69 

48.54

Fig. 3 Access costs of antibiotics, personnel, and material in cases of

non-adherence with the respective guideline (per patient) (n = 758).

Black line average potential cost savings per patient (in euros)
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cefazoline, meet the criteria for an optimal antibiotic for

perioperative antibiotic prophylaxis, such as good tissue

penetration, activity against Staphylococcus spp. and

Streptococcus spp, lack of toxicity, and low costs [21].

On the wards participating in our study, the adherence to

the respective guideline for antibiotic prophylaxis ranged

from 4.5 to 84.9%. Adherence rates of [80% on three

hospital wards may suggest that the treating physicians

were familiar with the guidelines and aware of multidrug

resistant bacteria selection in cases of prolonged prophy-

laxis. However, there were five wards with adherence rates

of\50%, with one ward showing an adherence rate of only

4.5%. We did not ask the surgeons for the reasons for the

non-adherence; known potential reasons are the fear of

SSIs, the complexity of the operation, the extended dura-

tion of the operation and the insertion of catheters. Data

from large and cohort studies have shown that the adher-

ence to PAP guidelines is suboptimal in many hospitals

[17, 22, 23]. A questionnaire-based analysis by Pan et al.,

conducted in 24 Italian cardiac surgical units, revealed that

the adherence to strongly evidence-based recommenda-

tions, grade IA, was also sub-optimal and that the scientific

evidence of recommendation did not directly correlate with

its implementation on the wards [24]. In a German study

investigating the practice of PAP, Dettenkofer et al.

observed that none of the eight participating hospitals had

written standards that guided the use of PAP [20, 25].

Several strategies are feasible to increase adherence and

reduce the number of prolonged antibiotic prophylaxis,

such as written standards according to evidence-based

guidelines, education, training, simplification of the

guidelines, implementation of checklists which cover the

entire surgical pathway, especially the administration of

antibiotic prophylaxis and/or the use of pre-printed stickers

naming the drug, dosage, route of administration and time-

period of application [26, 27].

Published data on the unnecessary costs associated with

the administration of prolonged antibiotic prophylaxis are

limited. To the best of our knowledge, there are no data

available on the calculation of unnecessary costs including

personnel and material costs. Our data show that if the

guidelines were followed, an average of about 44 euro may

be saved for each patient.

The results of antibiotic prophylaxis in daily practice are

useful for physicians, clinical pharmacists as well as for the

entire clinic: it is essential to discuss these results in sur-

gical teams. Efforts should be made to improve each

ward’s adherence to its respective guideline.

Involving PIs in monitoring adherence to guidelines for

antibiotic prophylaxis is feasible, and PIs may play an

important role in the quality control of the management of

antibiotic prophylaxis. Furthermore, involving PIs in a

multidisciplinary team on a hospital ward gives them the

opportunity to gain valuable clinical experience. Due to the

fact that monitoring antibiotic prophylaxis was only a part

of the main study, the burden of work for the PIs involved

in this study was very high. Therefore, some issues were

not evaluated, such as the timing of the first dose of anti-

biotic and the number, severity and duration of SSIs,

although it would have been interesting to do so.

Limitations

There were no data available on the timing of the first dose

of antibiotic before incision and the number of SSIs. In

addition, information on PI interventions in cases of pro-

longed antibiotic prophylaxis was not available. However,

as mentioned, the evaluation of adherence to guidelines for

antibiotic prophylaxis was only one aspect of the P-STAT

2 project.

In conclusion, this prospective evaluation revealed that

many patients do not receive appropriate antibiotic pro-

phylaxis despite the fact that guidelines are available. PIs

may play an important role in the management of antibiotic

prophylaxis by monitoring the status of the wards’ adher-

ence with existing guidelines. However, a variety of chal-

lenges has eventually to be considered in order to achieve a

quality-assured process.
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