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Abstract
Introduction: Surgical site infection represents a significant burden in terms of patients’ morbidity, mortality and
hospital costs which can be prevented using prophylaxis.
Objective: To assess rate of compliance to Surgical Antibiotic Prophylaxis (SAP) guidelines at Ayder Referral
Hospital (ARH).
Method: Prospective cross-sectional study was conducted from 12th March to 28thApril, 2015. Data were
collected using data abstraction checklist for all patients who underwent surgery and met inclusion criteria. SAP
Guidelines and CDC Wound Classification were used as data assessment protocols. Epidata 3.1 and SPSS 16 were
used for data entry and analysis of descriptive statistics.
Results: A total of 196 patients with mean age of 37.84 years were recruited (female, 58.7%). Of these, 62.2%
received SAP but prophylaxis was needed in 58.2%. The total compliance to SAP guideline was 21.9% and 25%
for national Standard Treatment Guideline (STG) and American Society of Health-system Pharmacist (ASHP)
guideline respectively. Selection of SAP (national STG 100% versus ASHP Guideline 89.5%) was the most deviated
parameter from SAP guidelines followed by duration (63.5%), indication (19.4%) and dose (10.4%). Most commonly
used agent was ceftriaxone (85.2%).
Conclusion: Current practice of ARH is hugely divergent from SAP guidelines. Use of broader spectrum
antibiotics for extended period was common.
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Introduction
Surgical site infection (SSI) is one of major complication of surgical
procedures and it is the second most common nosocomial infection
next to urinary tract infection [1]. It represents a significant burden
in terms of patient’s morbidity, mortality and hospital costs [2]. It is
found that patients who develop SSI are up to 60% more likely to spend
time in the intensive care unit, five times more likely to be readmitted
to hospital and twice as likely to die as compared to patients without
an SSI [2]. Surgical antibiotic prophylaxis (SAP) is administration of
short course of antimicrobial agent prior to surgery to prevent SSI.
Randomized controlled trials have consistently demonstrated that SAP
is among the effective measures for preventing SSI [3,4]. For optimal
prophylaxis, SAP should be used when indicated, and the selected
agent should be with targeted spectrum of likely microbial that can
contaminate the wound, and should be administered at sufficiently
high concentrations that maintain bactericidal minimal inhibitory
concentration in serum, tissues and surgical wound during the whole
time that the incision is open and at risk of bacterial contamination [5].
Studies have shown that approximately 15% of all antibiotics in
hospitals are used for SAP [6,7]. Furthermore, studies from different
countries have found that SAP was used excessively and inappropriately
[8-19]. A wide variation of overall compliance was seen that range from
0 to 71.9% in various surgical procedures, majority of these studies
revealed that noncompliance were in terms of selection, timing of
administration and prolonged duration of SAP; indication and dose
of SAP were more satisfactory compliant than other parameters [20].
We have done this study to identify gaps and set appropriate
recommendations in the practice of using antibiotics for surgical
prophylaxis in our hospital that can improve utilization pattern of
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SAP. The study was done to assess the performance of SAP utilization
as compared to other global studies. The study can be inferred for
similar setups like us in the country to be used as a baseline study for
supplementary surveys. Hence, this study was aimed to determine the
rate of compliance to SAP guideline in terms of indication, selection,
dose, route of administration and duration.

Methods
Study setting
Prospective cross-sectional study was conducted at Ayder Referral
Hospital (ARH) from 12th March to 28th April, 2015. ARH is situated in
Mekelle City, the capital of Tigray Regional State, which is 783 km away
from the capital of Ethiopia, Addis Ababa. ARH is the only referral and
teaching hospital in the region and has 400 beds. It provides services
for about nine million people.

Data collection
Data abstraction checklist was prepared with slight modification
of previously published studies [11,13,14]. The checklist was divided
into four section namely, (1) Patient demographic and medical data (2)
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Surgical data (type of surgery, wound class, type of ward and length of
hospital stay), (3) Surgical antibiotic prophylaxis usage data (use, name,
dose, frequency and duration) and (4) Assessment of surgical antibiotic
prophylaxis data (indication, selection, dose, route of administration,
duration and total compliance). All relevant data were retrieved from
patients’ medical records. Data abstraction checklist form was pretested on small pilot scale (n=10) and subsequently modified to ensure
that the data would provide valid information. Convenient sampling
technique was used to enroll patients who underwent emergent and
elective operations who met inclusion criteria. Would classification was
performed with consultation of surgery residents. Data were collected
by three trained fifth year pharmacy students.

Inclusion criteria
All patients who underwent clean, clean-contaminated and
contaminated procedures were included.

Exclusion criteria
To avoid difficulty in distinguishing prolonged prophylaxis from
post-operative infection treatment, all dirty/infected wounds and
those patients who received therapeutic antibiotic before surgery were
excluded from the study.

Data assessment protocol
The surgical procedures were grouped into clean, cleancontaminated and contaminated based on CDC Wound Classification
[21]. The appropriateness of SAP usage was assessed against national
Standard Treatment Guideline (STG) and one of the most reputable
and internationally recognized SAP guideline, American Society of
Health-System Pharmacist (ASHP) [5,22].
The appropriateness of SAP was evaluated with regard to need for
SAP, choice of antibiotic, dose, dosage and total duration of prophylaxis.
If more than one drug was given for single operation, all parameters for
each drug were evaluated separately. Subsequently, a final assessment
of the antibiotic use would be composed of by combining these
separate drug evaluation. Any deviation from the guideline of one of
the drugs would lead to a final assessment of the prophylactic course
as noncompliant to the guidelines. If no antibiotic was recorded, it
was assumed that antibiotics were not given. If antibiotic was given
while it was not indicated, the parameters of antibiotic choice, dose and
duration were not evaluated. Total compliance to SAP guideline was
referred as the sum of ‘indicated and administered with appropriate
choice, dose, dosage form and duration’ or ‘not indicated and not
administered’ (Table 1). Since ceftriaxone is not included in the
national STG, we assumed that the dose of ceftriaxone was appropriate
if its dose was as recommended by ASHP guideline.

Statistical analysis
The collected data were coded, cleaned and entered into Epidata 3.1
and then exported to Statistical Package for the Social Sciences 16 (SPSS
Inc, Chicago, Illinois, USA) for analysis. Frequencies and percentages
were used to describe categorical variables while means and standard
deviations were used to describe continuous variables.

Ethical consideration
Ethical clearance was obtained from Ethical Review Committee
of College of Health Sciences, Mekelle University. Subsequently, a
formal letter of permission was also obtained from the Department of
Pharmacy and Medical Director of Ayder Referral Hospital. The issue
of assuring privacy and confidentiality had been given more attention
during the study by keeping the patient’s name anonymously and using
identification number to refer each study participants.
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Results
Demographic and surgical data
During the study period, a total of 196 patients who underwent
surgery and met our inclusion criteria were conveniently selected.
Of total selected patients (n=196), 104 (58.7%) were females. Most
of them, 103 (88.3%), were with no any comorbidity. The mean age
of study participants was 37.84 ± 19.42 years. The mean duration of
participants’ hospital stay was 10.68 ± 6.07 days (Table 2).
Parameter Noncompliance
Indication

Indicated but not administered
Not indicated but administered

Selection

Agent differ from recommendation
•Narrow - did not cover the anticipated range of bacteria
•Broad/Unnecessary combination – cover more bacteria than
anticipated

Dose

Dose differed from recommendation

Dosage

Dosage differed from recommendation

Duration

Duration greater than 24 h

Table 1: Criteria for assessment of compliance to SAP guideline.
Variable

Frequency (n=196)

Percentage (%)

Male

81

41.3

Female

114

58.7

37.84

19.42

Sex

Age
Mean ( ± SD)

Comorbidities
Diabetes Mellitus (DM)

1

0.5

Hypertension (HTN)

11

5.6

Malnutrition

2

1.0

On corticosteroids

3

1.5

HIV

1

.5

Tuberculosis

4

2.0

DM+HTN

1

0.5

No comorbidities

173

88.3

10.39

6.07

General Surgery

100

51.0

Orthopedics

17

8.7

Pediatrics

27

13.8

Gyn/obstetrics

37

18.9

Miscellaneous

15

7.7

Elective

148

75.5

Emergency

48

24.5

Duration of Hospital Stay
Mean (± SD)
Type of Ward

Type of Surgery

Type of Procedure
Urology

25

12.8

Head and Neck

21

10.7

Neurosurgery

11

5.6

Orthopedics

22

11.2

Gynecology/Obstetrics

37

18.9

Abdominal

53

27.0

Skin and deep tissue

24

12.2

Vascular

3

1.5

Wound Class
Clean

82

41.8

Clean-contaminated

88

44.9

Contaminated

26

13.3

Table 2: Demographic and surgical data of study participants at Ayder Referral
Hospital, Ethiopia (12th March to 28th April, 2015).
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Majority of patients, 100 (51.0%) were from general surgery ward
while 37 (18.9%), 27 (13.8%) 17 (8.7%) and 15 (15%) participants were
respectively from gynecology/obstetrics, pediatric, orthopedics and
miscellaneous wards. More than three-fourth (75.5%) of the surgical
operations were elective surgeries whereas 48 (24.5%) were emergency
operations. Abdominal (27%) and vascular operations (1.5%) were
the most and the least common procedures respectively. Eighty two
(41.8%), 88 (44.9%) and 26 (13.3%) of the procedures were respectively
clean, clean-contaminated and contaminated procedures.

Surgical antibiotic prophylaxis usage pattern
Of the selected participants (n=196), 122 (62.2 %) received SAP.
The most commonly used SAP was ceftriaxone, 104 (85.2%). Of
patients (n=115) to whom SAP were indicated and administered, 118
(96.7%) were given through parenteral route (Table 3).
Of the patients (n=122) to whom SAP were given, 115 (58.7%) had
indication and 7 (3.6%) had no indication to use. And of the patients
(n=74) to whom SAP were not given, 31 (15.8%) were indicated to use
SAP but not administered (Table 4). Of the patients (n=115) to whom
SAP were indicated and administered; 103 (89.6%), 6 (5.2%), 6(5.2%)
of their administered doses were respectively accurately, sub-dose and
over-dose. Whereas 42 (36.5%) and 73 (63.5%) of those patients to
whom SAP was appropriately administered, duration of use was less
than 24 h and greater than 24 h, respectively.
Selection of SAP (National STG 100% versus ASHP Guideline
89.5%) was the most common noncompliant to guidelines followed
by duration (63.5%), indication (19.4%) and dose (10.4%). Route of
administration was the only SAP parameter that met full compliance
to SAP guidelines (Figure 1).
Of the selected participants, 62% received SAP and compliance to
all the stated parameters under evaluation were respectively 0% and
3.1% for compliance to national STG and ASHP guideline. Conversely,
43 (21.9%) of the patients had no indication and were not given SAP.
Therefore, the total compliance to SAP guideline in this study was
21.9% and 25% for national STG and ASHP guideline, respectively.

Discussion
This study aims to assess the practice of SAP at our hospital with
regard to the compliance of national STG and one of the most reputable
Frequency

Percentage

Antibiotic used (n=196)
Yes

122

62.2

No

74

37.8

Total

196

100

Name of Antibiotic(s) used (n=122)
Ceftriaxone

104

Ampicillin

2

1.6

Ceftriaxone+Metronidazole

12

9.8

Amoxicillin+Metronidazole
PO+Ceftriaxone+Metronidazole
IV

4

3.3

Total

85.2

122

100

Number of Antibiotic(s) used (n=122)
One

106

86.9
9.8

Two

12

Four

4

3.3

Total

122

100

Table 3: SAP Utilization pattern at Ayder Referral Hospital, Ethiopia (12th March to
28th April, 2015).
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National STG

ASHP Guideline

Frequency Percentage Frequency Percentage

Indication
Compliance
Indicated and administered

115

58.7

115

58.7

Not indicated and not
administered

43

21.9

43

21.9

Total

158

80.6

158

80.6

Indicated but not
administered

31

15.8

31

15.8

Not indicated but
administered

7

3.6

7

3.6

Total

38

19.4

38

19.4

0

0

12

10.4

Narrow

30

26.1

19

16.5

Broad/Unnecessary
combination

85

73.9

84

73.0

Total

115

100

103

89.5

103

89.6

103

89.6

Sub-dose

6

5.2

6

5.2

Over-dose

6

5.2

6

5.2

Total

12

10.4

12

10.4

115

100

115

100

0

0

0

0

42

36.5

42

36.5

73

63.5

73

63.5

Compliance

43

21.9

49

25

Noncompliance

153

78.1

147

75

Noncompliance

Selection
Compliance

Assessment of surgical antibiotic prophylaxis

Variables

Variables

Adequate
Noncompliance

Dose
Compliance
Accurate
Noncompliance

Route of Administration
Compliance
Noncompliance
Duration
Compliance
<24 h
Noncompliance
>24 h
Overall Compliance

Table 4: Compliance to national STG and ASHP surgical antibiotic prophylaxis
guideline at Ayder Referral Hospital, Ethiopia (12th March to 28th April, 2015).

International SAP guidelines, ASHP. To our knowledge of literature
search, this study is the first time in Ethiopia to extensively study the
rate of compliance to SAP guidelines.
The total compliance to SAP guideline in this study was 21.9% and
25% for national STG and ASHP guideline, respectively. This finding is
in consistent from reports in United States 24.6% [17] and Netherland
28% [10] and it is higher than in Iran 0.9% [12] and Nicaragua 7.4%
[18]. However, it is far lower than the results from study in Qatar 46.3%
[16] and Germany 70.7% [8]. Majority of noncompliance in this study
was inappropriate SAP selection and extending the duration of SAP
use to more than 24 h.
In this study, 19.4% procedures were noncompliant to SAP
guideline in terms of indication. Of these, 3.6% of participants were
given SAP despite they were not indicated to them whereas 15.8% of
participants who had indication to SAP were not given it. This finding
is similar to reports from study in Nicaragua (23%) [18] but lower than
in Italy (80.9%) [19].
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Figure 1: Noncompliance to SAP guideline across difference SAP parameters at Ayder Referral Hospital, Ethiopia (12th March to 28th April, 2015).

The present study demonstrates that ceftriaxone was excessively and
inappropriately used for surgical antibiotic prophylaxis in ARH. One
hundred and four (85.2%) of the participants were given ceftriaxone
only as surgical prophylaxis despite the fact that national STG does not
recommend it for any procedures whereas ASHP recommends its use
to be limited as single agent for high risk biliary tract procedures and
combined with metronidazole for colorectal surgery. As per the general
principle of SAP, it is recommended to use antibiotic with narrowest
antibacterial spectrum that is effective against the likely pathogens
that would contaminate the wound. Ceftriaxone is broad spectrum
antibiotic and therefore its use for SAP would rise to the emergence of
resistance and would either lead to lack of response or preclude to use
this drug for many severe infections (sepsis, meningitis, pneumonia,
pyelonephritis etc.) that it is used to treat. Furthermore, ceftriaxone is
more costly and less effective than cefazolin do in S. aureus.
Of the patients (n=115) to whom SAP were indicated and
administered; 89.5% of them have been selected inappropriately. This
corroborates the study from Iran (92.5%) [12] but higher than studies
from Nicaragua (66.8%) [18], Sudan (64.4%) [14], Qatar (31.5%)
[16] France (16.7%) [11], United States (10.8%) [17] and Netherland
(8%) [10]. One of the main reported reasons for noncompliance with
SAP selection was the use of agents having a broader spectrum than
recommended. In this study, 73.0% patients for whom SAP use was
recommended were given broad spectrum antibiotics or unnecessary
combination. Similar finding was found in study from Sudan (56.3%)
[14]. There is false belief that broad/multiple antibiotics are more
effective in preventing SSIs [15].
Of the patients (n=115) to whom SAP were indicated and
administered; 6 (5.2%) patients were administrated doses that were too
high. Most of these patients were pediatrics in which SAP dosing was
based on their body weight, they missed the fact that the maximum
pediatric dose should never exceed the usual adult dose [5].
One of the common failures to compliance to SAP guidelines is
prolonging the duration of SAP beyond the recommended time. In this
study, 63.5% of the patients used SAP for more than 24 hours. This is
similar to reports from studies in France (65%) [11] and Qatar (59.3%)
[16] lower than that of Nicaragua (78.4%) [18] and Sudan (97%) [14].
However, the finding of this study is higher than Iran (46%) [12] and
Netherland (18%) [10]. In general, guidelines recommend either single
dose of prophylaxis or prophylaxis lasting only 24 h after operation.
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A systematic review of single versus multiple dose antimicrobial
prophylaxis for major surgery studies in between 1974 - 1999 have
shown that a single dose of antibiotic is just as effective as multiple
doses and there are no differences on the prevention of SSI risk [23].
Moreover, prolonged use of SAP has been associated with emergence
of resistant bacterial strains [24], increased incidence of antibiotic
associated diarrhea as well as increased costs.
The hospital’s supply of available antibiotics has been previously
reported to have an important effect on the selection of SAP [25].
The most commonly used drugs for SAP were not available in ARH
at the time of this study; the unavailable drugs include cefazolin,
cefuroxime, ampicillin-salbuctam and neomycin. This is in line with
study from Jordan [26] which found that 68.1% of inappropriate drug
selection for SAP was contributed by drug unavailability. In contrast,
different studies also stated that in spite of the availability of first line
recommended SAP; most surgeons have been reported to fail to act
in accordance with guidelines. Kasteren et al. [10] found that the
main barriers to compliance to SAP guideline are lack of awareness
of appropriate guidelines, lack of agreement of surgeon’s with
recommendation of guidelines and logistical limitations in the surgical
suite and in the ward.
The findings of this study should be interpreted in the light of the
following limitations. Primarily, it is single institution study with small
sample size; so due care should be given if the results of this study are
to be generalized for SAP practice across the other institutions in the
country [27,28]. The study is a cross-sectional type and thus it did not
investigate cause and effect relationship. Moreover, the current study
did not consider two important parameters of SAP namely timing and
redosing; these parameters are considered to be one of main cause of
noncompliance to SAP guideline. Redosing might perhaps not crucial
in this study because ceftriaxone was the most commonly used drug for
SAP in ARH and it usually does not require redosing as it has long halflife. Likewise, we have retrieved some data from the medical records
and accuracy depends on hospital records. Further studies, which
take these variables into consideration, will be needed to solve these
limitations.

Conclusion
The current practice of ARH is hugely divergence from SAP
guidelines. Noncompliance to SAP guidelines was largely due to the
use agents having broader spectrum than the recommended as well as
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extending the duration of SAP beyond the recommended time.
This study suggests the need to avail most of the recommended
SAP antibiotics, specifically cefazolin. It might also be important to
perform continued surveillance of SAP practice, development of local
SAP guideline centered on evidence based medicine with consideration
of local context, continuous educational programs and training and
recruitments of clinical pharmacist to all surgical wards.

Summary
Surgical site infection represents a significant burden in terms of
patients’ morbidity, mortality and hospital costs which can be prevented
by prophylaxis. A prospective cross-sectional study was conducted
from 12th March to 28th April, 2015 at Ayder Referral Hospital (ARH),
northern Ethiopia to assess rate of compliance to Surgical Antibiotic
Prophylaxis guidelines. Data were collected using data abstraction
checklist for all patients who underwent surgery and met the inclusion
criteria. SAP Guidelines and CDC Wound Classification were used as
data assessment protocols. Epidata 3.1 and SPSS 16 were used for data
entry and analysis of the descriptive statistics. A total of 196 patients
with mean age of 37.84 ± 19.42 years were recruited (female, 58.7%
of total). Of these, 62.2% received SAP but prophylaxis was needed in
58.2%. The total compliance to SAP guideline was 21.9% and 25% for
national Standard Treatment Guideline (STG) and American Society
of Health-system Pharmacist (ASHP) guideline respectively. Selection
of SAP (national STG 100% versus ASHP Guideline 89.5%) was the
most deviated parameter from SAP guidelines followed by duration
(63.5%), indication (19.4%) and dose (10.4%) %). The current practice
of ARH is hugely divergent from SAP guidelines.
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