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Compliance the analysis. A standardized questionnaire was used for collecting pre-, per-, and post-
CuG operative data. The compliance of SAP was assessed for all patients. Data were ana-
T lysed using SPSS version 22.

Results: The compliance rate of SAP among patients undergoing surgery at CUG was 18.1%.
Emergency surgery increased the risk of SAP non-compliance by three fold (OR=3.5, 95%
Cl: 1.0—-11.8, p = 0.033). The most frequent antibiotics used in SAP were ampicillin,
cloxacillin, gentamicin and ceftriaxone, alone or in combination. Categories of non-
compliance included; inappropriate initial dose of antibiotic (compliance rate of 23.8%)
and incorrect duration of antibiotic use (compliance rate of 30.9%). Among the included
patients, 22 (8.3%) presented with a surgical site infection, of those 20 (90.9%) had
received non-compliant SAP.

Conclusion: The correct use of SAP among patients undergoing surgery at CUG is low.
Implementing measures to optimize adherence to SAP guidelines should be encouraged. A
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high rate of surgical site infections is observed in cases where the SAP is prescribed or
administered in a non-compliant manner.

© 2020 The Authors. Published by Elsevier Ltd

on behalf of The Healthcare Infection Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Background

Surgical site infection (SSI) is a proliferation of pathogenic
microbes on the incision site within a month after surgery or
after one year in case of implant placement. SSI may be
superficial (within the subcutaneous fat) or deep (muscular
facial layer). It may involve an organ or a cavity when it occurs
after implant placement [1,2]. SSI constitutes a major com-
plication of surgical procedures and increases the morbidity,
mortality and healthcare costs [3]. Despite infection pre-
vention and control (IPC) measures such as the use of better
instrument sterilization methods, improvements in operating
theatre practices, and better surgical technique, SSI remains a
significant cause of hospital-acquired infections (HAls). Its rate
is increasing even within high standard hospitals (those using
standard protocols of preoperative preparation and surgical
antibiotic prophylaxis (SAP)) [2]. There is a scarcity of infor-
mation on the burden of HAls in Africa, but the few available
data show high morbidity and mortality due to SSI. Pre-
operative and postoperative asepsis is vital in the prevention of
SSI [4]. The SSI compromises the surgical procedure done,
prolongs the hospitalization stay and increases the healthcare
cost [5]. Due to the complex origin of SSI, highly effective
preventive measures are promoted but their implementation
remains poor in several African countries [6].

SAP consists of an administration of antibiotics before the
surgical procedure with the aim of preventing SSIs and does not
include preoperative decolonisation or treatment of estab-
lished infections [7]. Several studies have demonstrated the
effectiveness of SAP for most surgical procedure types for the
prevention of SSI [8—10]. The SAP aim in surgical procedures is
not to sterilize tissues, but to lower the microbial burden
introduced at the time of surgery [11].

Inadequate prescriptions, inappropriate times, incorrect
dosage and duration of SAP remain significant problems in the
practice [12,13]. Although SAP reduces the risk of SSI, it is an
important source of prescription errors. The irrational use of
antibiotics for surgical prophylaxis contributes to the devel-
opment of antibiotic resistance and the increased incidence of
SSI [14].

Before using an antibiotic in surgical prophylaxis, there
should be evidence showing that it reduces postoperative
infection risks. The used antibiotic should have shown its safety
and efficiency on pathogens responsible for SSI and should be
cost-effective. The serum and tissue concentrations of the
antibiotic used should be optimal before the incision and the
therapeutic concentrations should be maintained during the
surgical procedure and few hours following the incision suture
[13,15].

In developing countries, some practitioners prescribe long-
term SAP (7—10 days) in an attempt to overcome the break-
age of asepsis sometimes found in operating theatres [16]. This
practice considerably increases the cost of surgery and the risk
of developing resistance to antibiotics used in therapy [16].

In the Democratic Republic of the Congo (DRC), the use of
SAP in the prevention of SSI is not documented. In addition,
several hospitals (e.g. “Cliniques Universitaires du Graben”
(CUG)) do not have locally written SAP guidelines but use
international ones. Therefore, this study aims to assess the
compliance of SAP used for surgical site infection prophylaxis
with international guidelines (among patients undergoing sur-
gery at the CUG).

Methods
Study setting and design

This was a retrospective cross-sectional study, carried out
from January 2017 to December 2018 at the CUG located in
Butembo, North-Kivu province, DRC. CUG is a tertiary level,
referral and teaching hospital affiliated to a private university,
the “Université Catholique du Graben” (UCG). Overall, CUG has
approximately 125 beds allocated to surgical departments.
About 260 surgical procedures are performed annually in the
department of Surgery at the CUG, and 327 in Gynaecology and
Obstetrics.

Study population

All patients who underwent a surgical procedure (with
infectious risk) and received SAP during the study period con-
stituted the study population. The infectious risk was deter-
mined by the degree of bacterial contamination, general
conditions of the patient and factors related to the surgical
procedure.

Inclusion and exclusion criteria

All patients who underwent a surgical procedure and for
whom antibiotics were used in prophylaxis were included in
this study. Practically, files of patients who underwent surgery
were checked manually if antibiotics were used for SAP. We
excluded patients with incomplete files (i.e missing one or
more variables studied), patients who did not receive anti-
biotics and those referred to CUG for follow up or post-
operative complications (after surgery done in other hospitals).
Patients with immunosuppression risk factors that may favour
SSI (e.g. diabetes mellitus, prolonged corticosteroid therapy,
progressive neoplasia, chronic inflammatory diseases and HIV)
were excluded.

Sample size

Sample size estimation was done using Fischer’s formulain a
single population, assuming that the non-compliance of SAP is
20%, within a 95% confidence interval and 5% marginal error.
Hence, the minimum sample size was of 246. By adding 10% of
margin, the sample size was of 270. The stratified random
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sampling method (without replacement) was used. Each
department was considered as a stratum. In each stratum,
patients complying with inclusion criteria had an equal chance
to be selected. Therefore, 265 patients were included and
distributed as follow: 129 in surgery and 136 in gynaecology and
obstetrics.

Data collection

Data were collected using a pre-tested data extraction
questionnaire. Relevant data were retrieved from the patient’s
files (medical record, pre-anaesthesia file and surgical proto-
col). We collected socio-demographic data, clinical data, and
data regarding the SAP.

The socio-demographic data collected included the sex and
age of the patient. Clinical data included American Society of
Anaesthesiologists (ASA) score and data regarding the surgical
procedure. Surgical procedure data included: preoperative
diagnosis, emergency or elective surgery, wound classification
(according to Alteimeier classification), implant placement
(prosthesis, drain, plate, nail), actual and predicted duration
of the procedure (found on the National Nosocomial Infections
Surveillance System (NNIS) (Supplemental file 1: Table S1)). For
surgical procedures that were not on the NNIS list, we applied a
predicted duration of 2 hours.

Data regarding the SAP included the prescribed antibiotic
(before, during or after the surgical procedure), its dosage and
duration, and the administration route. SAP compliance was
measured against evidenced-based guidelines developed by
the National Institute for Health and Care Excellence (NICE)
[17], and Stanford Health Care (SHC) [18] (the guidelines were
adapted for our setting). Post-operative SSls were diagnosed by
surgeons within one month post-operation or one year for
implant placement procedures, using the Centres for Disease
Control and Prevention (CDC) definitions of SSI [1].

Operational definitions

Six common variables of SAP practice were assessed. These
were indication for use of prophylaxis, initial dosage and
administration route, time of administration, duration of uti-
lization and the starting time of SAP. Procedures were labelled
"compliant” if all the six variables were individually compliant
with the guidelines. A procedure in which one or more of the six
variables were not practised according to the guidelines was
labelled non-compliant [19,20]. Evidenced-based SAP guide-
lines developed by the NICE [17], and SHC [18] were used as a
reference in our study but adapted in our setting. These
guidelines recommend that SAP should be given to patients
before clean surgery involving the placement of a prosthesis or
implant, clean-contaminated surgery and contaminated sur-
gery. SAP should not be used routinely for clean non-prosthetic
uncomplicated surgery. Before giving SAP, the timing and
pharmacokinetics (for example, the serum half-life) should be
taken into account and necessary infusion time of the anti-
biotic. The antibiotic should be given within 30—60 minutes
before the incision. It is recommended to give a repeat dose of
antibiotic prophylaxis when the operation is longer than the
half-life of the antibiotic given. Antibiotic treatment (in addi-
tion to prophylaxis) should be given to patients having surgery
on a pre-existing dirty or infected wound [17,18].

Table 1
Socio-demographic and clinical characteristics of patients at
surgical wards of CUG

Variables n (%), N=265
Age in years, Mean + SD 29.3 +£17.3
Gender

Female 180 (67.9)

Male 85 (32.1)
ASA Score

ASA | 116 (43.8)

ASA I 125 (47.2)

ASA Il 21 (7.9)

ASA IV 3(1.1)
Altemeier wound class

Clean 60 (22.6)

Clean-contaminated 186 (70.2)

Contaminated 10 (3.8)

Dirty 9 (3.4)
NNIS index

0 210 (79.2)

1 43 (16.2)

2 9 (3.4)

3 3(1.1)

SD: Standard deviation, ASA: American Society of Anaesthesiolo-
gists, NNIS: National Nosocomial Infections Surveillance System.

The surgical wound was classified according to Altemeier
classification as recommended by the CDC [21]. Four classes
are considered: clean wound, clean-contaminated wound,
contaminated wound and dirty wound.

The NNIS index of each patient had a value of 0—3. It was
defined by 4 categories of risk (0—3) and was obtained by
summing the mark obtained in each of the following parame-
ters [17]:

e Altemeier wound classification: 1 if > Ill and 0 if < Ill
o ASA score: 1if >3 and 0if < 3
e Duration of the surgical procedure: 1if >TandQis < T

The duration “T” corresponds to the value of percentile 75
for the considered surgical procedure, according to data of the
NNIS. The duration “T” of some surgical procedures is found in
the supplemental file 1 (Table S1).

Data analysis

Descriptive analyses were performed using SPSS v22.0 (IBM
Corp, Armonk, NY, US) to determine the patients’ clinical
characteristics and variables related to SAP. Odds ratios and p-
values were calculated where appropriate. A p-value <0.05
was considered statistically significant. The surgical site
infection rate was calculated by the number of infections that
is equal to the cases identified in the study.

Ethical considerations

The protocol of this study was approved by the ethical board
of the faculty of Medicine at the UCG and the research ethics
committee of the Cliniques Universitaires du Graben.
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Table 2
Compliance of antibiotics used in SAP in different surgical departments at CUG and surgical site infection
Variables Total, N=265 Antibiotics use in SAP, n (%) OR (95% Cl) p-value
Noncompliance Compliance
Type of surgery
Emergency 44 (16.6) 41 (93.2) 3(6.8) 3.5 (1.0-11.8) 0.033
Elective 221 (83.4) 176 (79.6) 45 (20.4) Ref
Departments
Surgery 129 (48.7) 98 (76.0) 31 (24.0) 2.2 (1.2—-4.24) 0.017
Gynaecology-Obstetrics 136 (51.3) 119 (87.5) 17 (12.5) Ref
Surgical site infection
Present 22 (8.3) 20 (90.9) 2 (9.1) 0.4 (0.09—-1.9) 0.386
Absent 243 (91.7) 197 (81.1) 46 (18.9) Ref

Confidentiality and anonymity of patients and patient infor-
mation were maintained.

Results
One thousand five hundred patients’ files were screened,

of which 265 were included in the final analysis. The mean
age of patients was 29.3 + 17.3 years and 180 (67.9%) were

female. One hundred and twenty-five (47.2%) patients were
in the second class of ASA score and 116 (43.8%) in the first
class, 186 (70.2%) had a clean-contaminated wound and 210
(79.2%) patients had an NNIS index of zero (as shown in
Table 1). Among the patients, 22 (8.3%)presented a surgical
site infection (SSI). From the 22 cases with SSls, the non-
compliance of SAP was observed in 20 (90.9%) cases
(Table 2).

Patients’ files
screened: 1500

Patients’ files excluded: 1035

Patients in the non-included
surgical unit: 200

Patients included in
the study analysis: 265

SAP indicated:
242 (91.3%)

SAP non-indicated but
administered: 5 (1.9%)

Antibiotic therapy
indicated: 18 (6.8%)

SAP administered:
242(91.4%)

Antibiotic therapy not
Compliant 11(4.2%)

Compliant Antibiotic
therapy indicated: 7(2.6%)

Compliant SAP
prescription: 41 (15.5%)

Prescription not in keeping with
SAP guidelines: 201 (75.8%)

Rational antibiotic use:
48 (18.1%)

Figure 1. Flow chart for the compliance of antibiotics use at CUG (SAP: surgical antibiotic prophylaxis).
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SAP was administered in compliance of standard principles
of good practice in 48 (18.1%) cases. Two hundred and forty-
two (91.3%) patients had a valid SAP indication, 5 (1.9%)
patients had received SAP when it was not indicated, and 18
(6.8%) patients had an indication for a course of antibiotic
therapy. Two hundred and seventeen (81.9%) patients received
an incorrect choice of antibiotic therapy or antibiotic prophy-
laxis (Figure 1).

Table 2 summarizes the compliance of SAP in different
surgical departments. Emergency surgery increased the risk of
SAP non-compliance by three fold (OR=3.5, 95% Cl: 1.0—11.8,
p = 0.033) while elective surgery was associated with com-
pliant use of antibiotics for SAP. The criteria for non-
compliance of SAP at CUG were inappropriate initial dosage
of the antibiotic (with a compliance rate of 23.8%) and duration
of antibiotic use (with a compliance rate of 30.9%) (Table 3).

All patients received one or more antibiotics. Antibiotic use
patterns in SAP and therapy in the different surgical depart-
ments at CUG are summarized in Table 4. Overall, the most
frequent antibiotics used were ampicillin (43.8%), cloxacillin
(13.2%), gentamicin (9.4%) and ceftriaxone (9.1%), alone or in
combination. The most frequently used combination therapy
was ceftriaxone and tazobactam (4.2%).

In surgery, the most frequent surgical procedures were
appendectomy (15.5%), herniorrhaphy (hernia repair) (13.2%),
lipomectomy (10.9%) and osteotomy (10.1%). In Gynaecology
and Obstetrics, caesarean section (52.9%) and ovarian cys-
tectomy (7.3%) were the most encountered surgical procedures
(Figure 2).

Discussion

This study reported the compliance of SAP compared to
current guidelines to provide evidence for recommendations
that may help to improve the healthcare of patients undergoing
surgery at CUG. To our knowledge, this is the first report of SAP
compliance in the DRC. These findings are the baseline for
future studies. In this study, we used NICE and SHC guidelines
for assessing SAP compliance [17,18].

This study showed that most patients received SAP in a non-
compliant manner compared to guidelines and evidence-based
practice for SSI prevention. Only one-fifth of patients received
SAP in compliance with guidance. This study may have under/
overestimated the problem of inadequate SAP because of the
inclusion and exclusion criteria. However, the findings remain
alarming and further actions should be implemented for
increasing SAP compliance in practice.

These results are similar to those reported by Jallil et al.
who found a low level of compliance with hospital-adapted SAP
guidelines in Jordan [22]. Despite the availability of evidence
for optimizing patient care and development of therapeutic
guides on antimicrobial prophylaxis in surgery, several studies
have demonstrated non-compliance and poor adherence to
these guidelines [23—25]. In our setting, the non-compliance to
SAP best practice may be explained by the fact that there are
no locally written SAP guidelines. The NICE and SHC guidelines
[17,18] are adapted in our setting and this on the experience of
the surgeon and/or the person who will administer the SAP. The
availability of recommended antibiotics may pose a challenge
in the choice of SAP antibiotic. Regarding the measure of non-
compliance, other studies reported inadequate prescriptions,

Table 3
Measurement of SAP compliance at CUG
Variables Compliance Total Surgery Ob-gyn
with SAP (N=265)
guidelines

Administration route

Intravenous Yes 220 (83.0) 105 (47.7) 115 (52.3)
Intramuscular/ No 45 (17.0) 24 (53.3) 21 (46.7)
Per os
Dosage (initial dosage)
Double Yes 63 (23.8) 37 (58.7) 26 (41.3)
Simple No 202 (76.2) 92 (45.5) 110 (54.5)
The starting time of SAP
Preoperative Yes 210 (79.2) 108 (51.4) 102 (48.6)
Per-/Post- No 55 (20.8) 21 (38.2) 24 (61.8)
operative
Peroperative readministration®
Yes Yes 7(2.6) 4(57.1) 3(42.9)
No Yes 258 (97.4) 125 (48.4) 133 (51.6)
Duration of antibiotic use, Mean + SD = 5.23+2.95
< 2 days Yes 82 (30.9) 16 (19.5) 66 (80.5)
> 3 days No 183 (69.1) 113 (61.7) 70 (38.3)

2 A repeated dose of antibiotic prophylaxis when the operation is
longer than the half-life of the antibiotic given.

inappropriate times, dosage and duration of SAP [12,13]. In this
study, the non-compliance was more likely to be due to the
inappropriate initial dosage and administration duration of
antibiotic.

Non-compliance to SAP guidelines was statistically sig-
nificant (OR= 2.2, 95% Cl: 1.2—4.24, p = 0.017) in the surgical
department. It has been reported that the facility type and
surgical speciality are associated with suboptimal SAP practice
[26]. The significant non-compliance to SAP guidelines in the
surgery department may be explained by the lack of a surgical

Table 4
Antibiotic use patterns in SAP and therapy in different surgical
departments at CUG

Antibiotics Total Departments
Surgery Ob-gyn
Ampicillin 116 (43.8) 40 (35.5) 76 (65.5)
Cloxacillin 35(13.2) 33 (94.3) 2 (5.7)
Gentamicin 25 (9.4) 3(12) 22 (88)
Ceftriaxone 24 (9.1) 19 (79.2) 5 (20.8)
Amoxicillin 12 (4.5) 9 (75) 3 (25)
Amoxiclav 10 (3.8) 0 (0.0) 10 (100)
Ciprofloxacin 6 (2.3) 4 (66.7) 2 (33.3)
Metronidazole 3(1.1) 1(33.3) 2 (66.7)
Azitromycin 2 (0.7) 2 (100) 0 (0.0)
Levofloxacin 2 (0.7) 2 (100) 0 (0.0)
Doxycycline 1(0.4) 0 (0.0) 1 (100)
Neomycin 1 (0.4) 1 (100) 0 (0.0)
Ceftriaxone + Tazobactam 11 (4.2) 3(27.3) 8 (72.7)
Ceftriaxone + Gentamicin 6(2.3) 3 (50) 3 (50)
Ampiciline + Cloxacillin 6(2.3) 4 (66.7) 2 (33.3)
Ampicillin + Gentamicin 1(0.4) 1 (100) 0 (0.0)
Total 265 (100) 129 (48.7) 136 (51.3)
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60
529

74 66 59 59

Figure 2. Type of surgical procedures done in different surgical departments at CUG (A: Surgery department including general surgery,
orthopaedics and traumatology; B: Gynaecology and obstetrics department).

safety program in our setting. Recent studies have demon-
strated that implementation of a surgical unit-based safety
program (including policy and pharmacy interventions, infec-
tion prevention and control (IPC), and antimicrobial steward-
ship) may inspire global strategies for SSI prevention in
resource-limited settings [26,27].

The rate of SSIs found in this study was 8.3% and was more
observed among patients with non-compliant SAP. This rate
was lower than the finding of a similar study conducted in
Ethiopia [28] where the rate of infection reported was 23.5%.
Moreover, it was also lower than the other studies carried out in
countries such as India [29] and Tanzania [30] where the
infection rates were 16% and 20% respectively. The low rate of
SSls observed in this study may be explained by the high pro-
portion of patients in a low infectious risk category. This was
confirmed by the fact that 210 (79.2%) patients reported in this
study had an NNIS index of zero. Furthermore, our findings
showed that more than two-thirds of patients had an ASA score
<2. It has been reported that a low ASA score predicts a low risk
of SSlIs [31].

Findings of this study demonstrated that SAP non-
compliance was significantly associated with emergency sur-
geries compared to elective. Similar findings have been
reported in other countries such as Jordania [22], Cameroon
[16], Australia [24] and India [29]. In our setting, emergency
surgery increased the risk of SAP non-compliance by three fold
(OR= 3.5, 95% CI: 1.0—11.8, p=0.033). This could be explained
by the fact that there may be suboptimal preoperative prep-
aration during emergency surgeries. In elective surgeries, the
surgical team (surgeons and anaesthesiologists) have more
time to discuss SAP antibiotic choice and refer to guidelines.

One hundred and eighty-six (70.2%) patients had clean-
contaminated surgical sites. These results are similar to those
reported in Cameroon [16], Ethiopia [2] and Australia [24].
Several SAP guidelines [19,20] recommend the administration
of SAP for clean-contaminated surgery and contaminated sur-
gery. Meanwhile, it has been reported that surgeons prefer to
give SAP in clean surgery, although not recommended [32]. This
study has shown that 60 (22.6%) patients had clean wounds but
received unnecessary SAP. Other studies have reported the

non-compliance with SAP guidelines in patients undergoing
clean surgery [23].

This study showed that ampicillin, cloxacillin, gentamicin,
and ceftriaxone were the most commonly used antibiotics. This
is similar to other studies. Cephalosporins are prescribed when
there is a risk of severe infection or in acute infection while
waiting for the results of cultures [33,34]. A recent study sug-
gested the use of ampicillin in SAP as its efficacy did not differ
to the one of ceftriaxone in the prevention of caesarean sec-
tion SSIs [35]. The use of ampicillin prevents the overuse of
broad-spectrum antibiotics which is involved in the emergence
of multidrug-resistant bacteria [36]. Ampicillin has also the
advantage of being cheaper and accessible in developing
countries. Several reports recommend the use of aminoglyco-
sides in SAP when there is a risk of contamination with gram-
negative bacteria [37].

Conclusion

In conclusion, the compliance of SAP (compared to inter-
national evidenced based guidance) at CUG is low. In this study,
the non-compliance was caused by inappropriate initial dosage
of the antibiotic used, incorrect duration and poor timing of
antibiotic administration. This may have an impact on the
effectiveness of SAP in preventing SSIs within the health insti-
tution. Implementing measures to optimize adherence to SAP
guidelines should be encouraged.

Study limitations and perspectives

This study has certain limitations. It was performed in a
single centre and therefore the results cannot be generalized
to other hospitals. The retrospective nature of the study con-
stituted another limitation.

However, the results create a starting point to improve
current practice. A study on the knowledge and awareness of
healthcare workers to SAP guidelines should be conducted. In
addition, a study on the antimicrobial susceptibility pattern of
isolates from SSls should be done to help in developing effec-
tive local guidelines. Establishing and implementing an
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antimicrobial stewardship program at CUG will help to improve
the adherence to SAP guidelines in this hospital. A multi-
disciplinary team (comprising pharmacists, infection pre-
vention and control specialists, and clinical microbiologists) to
provide education and strict and rigorous evaluation of anti-
biotic prescriptions will improve the use of antibiotics in sur-
gical departments at CUG.
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