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Background: Few data exist on the implementation of process measures to facilitate adherence to peri-
operative antibiotic prophylaxis (PAP) guidelines in Africa.

Objectives: To implement an improvement model for PAP utilizing existing resources, in order to achieve a reduc-
tion in surgical site infections (SSIs) across a heterogeneous group of 34 urban and rural South African hospitals.

Methods: A pharmacist-driven, prospective audit and feedback strategy involving change management and
improvement principles was utilized. This 2.5 year intervention involved a pre-implementation phase to test a PAP
guideline and a ‘toolkit’ at pilot sites. Following antimicrobial stewardship committee and clinician endorsement,
the model was introduced in all institutions and a survey of baseline SSI and compliance rates with four process
measures (antibiotic choice, dose, administration time and duration) was performed. The post-implementation
phase involved audit, intervention and monthly feedback to facilitate improvements in compliance.

Results: For 70 weeks of standardized measurements and feedback, 24 206 surgical cases were reviewed. There
was a significant improvement in compliance with all process measures (composite compliance) from 66.8%
(95% CI 64.8–68.7) to 83.3% (95% CI 80.8–85.8), representing a 24.7% increase (P<0.0001). The SSI rate
decreased by 19.7% from a mean group rate of 2.46 (95% CI 2.18–2.73) pre-intervention to 1.97 post-
intervention (95% CI 1.79–2.15) (P¼0.0029).

Conclusions: The implementation of process improvement initiatives and principles targeted to institutional
needs utilizing pharmacists can effectively improve PAP guideline compliance and sustainable patient
outcomes.

Introduction

Surgical site infections (SSIs) account for 14%–16% of all
hospital-acquired infections and occur in 2%–5% of patients
after clean extra-abdominal operations and in up to 20% of pa-
tients undergoing intra-abdominal procedures.1,2 Patients who
develop SSIs are up to 60% more likely to be admitted to the
ICU, five times more likely to be readmitted to hospital and
twice as likely to die relative to uninfected surgical patients.2,3

In addition, healthcare costs are substantially increased for pa-
tients who develop SSIs.2,3 Thus for those patients who require
surgery, the prevention of infection is a major objective in the

provision of effective healthcare and the implementation of
evidence-based peri-operative antibiotic prophylaxis (PAP)
guidelines is critical to achieving this.

Of note, although the principles of PAP are clearly established
and have been shown to be effective, global adherence to these
guidelines is generally poor.1,4,5 In fact, recent reviews and studies
have demonstrated non-compliance in up to 88% of surgical
cases.4,6,7 The reasons for non-adherence appear to be complex
and multifactorial and include fears of litigation, lack of clinician
awareness of updated guidelines, lack of enforceable policies, and
failures in the implementation of institutional norms, guidelines
and patient care systems.4,6 In response, various stewardship
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interventions have been implemented with the aim of improving
adherence to such guidelines and whereas these have included
clinician-focused interventions, accumulating evidence suggests
that educational interventions are mostly ineffective and result in
insignificant changes to overall compliance.8

It is possible that this might relate to cognitive dissonance, a
process in which clinician-focused education fails to engage pre-
scribers effectively, allowing them to ignore the evidence and to
continue with their regular habits and practices.8,9 In addition,
some of Hofstede’s cultural constructs, such as power distance
and uncertainty avoidance, have been correlated to inappropriate
duration of surgical prophylaxis particularly where antibiotics are
prescribed for longer than 24 h.10,11 Hence, it appears that it is a
challenge to disseminate evidence-based PAP measures system-
atically into clinical practice.6 Alternative strategies to significantly
improve adherence to evidence-based measures are required.
These may include guidance of clinicians in the institutional pro-
cess of improvement which has not as yet been addressed in
prophylaxis guidelines.

Recent systematic reviews have highlighted that the risk of
SSIs is strikingly higher in sub-Saharan Africa than in high-income
countries.12,13 In contrast, very few data are available on the im-
plementation of, and adherence to, PAP measures.14 High-quality,
comprehensive information to facilitate the development, imple-
mentation and monitoring of peri-operative antibiotic interven-
tions as well as outcome measures in low-resource settings are
thus warranted. The aims of this study were, therefore, to pro-
mote multidisciplinary, collaborative action across a diverse group
of 34 urban and rural South African hospitals, firstly with regard to
implementation of a non-specialized, pharmacist-driven audit
and feedback improvement model for PAP, and secondly to
achieve a sustainable reduction in SSIs.

Methods

Setting

The pharmacist-driven improvement initiative for peri-operative antibiotic
management was implemented in 34 private hospitals in seven of nine
South African provinces operated by the hospital group Netcare Ltd. The
participating institutions have in total 7485 registered beds and include 276
operating theatres/suites. In contrast to the surgeons (n¼132) and anaes-
thetists (182), the pharmacists involved in the study (n¼42) as well as the
infection prevention practitioners (IPPs) and all other nurses are employees
of the hospitals. The study covered a 2.5 year period between 1 March 2013
and 1 September 2015. Multidisciplinary antimicrobial stewardship teams
existed prior to implementation of the study but did not necessarily involve
involve surgeons, anaesthetists, theatre managers, or peri-operative and
surgical ward nurses.

Ethics
The model was approved by the Management Executive, and ethics ap-
proval was obtained from Pharma-ethics (reg. no. 160413718)

Study design

Pre-implementation phase (1 March 2013–30 April 2014)

This phase was initiated under the guidance of the quality improvement
(QI) director and an antimicrobial stewardship (AMS) project manager as
well as local experts (clinical microbiologists and surgeons), and involved

achieving consensus on a PAP guideline for adults, specifically for Netcare
Hospitals (Tables S1 and S2, available as Supplementary data at JAC
Online) as well as defining four PAP process measures and indicators
(Table 1) according to local and international guidelines and best practice
and adapted to the South African setting.15,16 Following AMS committee
endorsement, the model was introduced to relevant clinicians and nurses
through institutional workshops, and a 4 week survey of pre-intervention
compliance rates with the process measures was performed. The key com-
ponents critical to the pre-implementation phase of the model are sum-
marized in Table 2 and further detail is provided below. No incentives for
pharmacist participation were provided.

Post-implementation phase (1 May 2014–1 September
2015)

This phase commenced with the completion of the pre-intervention re-
cording of compliance with the four process measures. The key compo-
nents critical to the post-implementation phase of the model are
summarized in Table 2. Individualized, hospital-specific goals to im-
prove compliance were continuously revised and feedback provided to
each institution as described in Table 2. Feedback of the SSI rate was not
provided.

QI model for PAP
The initiative was implemented using a Netcare adaptation of the
Institute for Healthcare Improvement (IHI) Model17 and the
Breakthrough Series Collaborative,18 the details of which were recently
published.19

Briefly, under the executive control of the QI director and AMS project
manager based at the head office in Johannesburg, initial training sessions
detailing the Netcare PAP guideline (Tables S1 and S2) and the core meas-
ures and indicators chosen for improvement (Table 1) were provided
through face-to-face regional learning sessions with pharmacists and phar-
macy managers from each of the hospitals (learning cycle 1). This group in
turn enrolled and trained multidisciplinary antibiotic management teams
consisting of surgeons, anaesthetists, hospital, nursing and theatre man-
agers, and peri-operative and surgical ward nurses, including IPPs. The
multidisciplinary teams had to choose at least one or more surgical proced-
ures to audit depending on circumstances and the resources of each insti-
tution. Thereafter, in accordance with the Netcare model,19 each
pharmacist was required to undertake a stepwise implementation process
in their hospital by auditing the four measures for the chosen surgical pro-
cedure(s) in hospitalized patients receiving PAP. Subsequently, learning
cycles hosted by the QI director and the AMS project manager were held at
8–10 week intervals initially and once the model was entrenched as
needed, either via national teleconferencing with pharmacists and phar-
macy managers or through face-to-face hospital (pending the need for on-
site assistance) and regional workshops.

Process measures and indicators
For all measures (such as stopping antibiotics after 24 h), the frontline doc-
tor (anaesthetist and/or surgeon) was consulted before changes were ef-
fected by the pharmacists. This was done verbally or by written or mobile
phone messages. Similarly, if antibiotic choice, dose, timing and redosing
was inappropriate, it was communicated to the relevant multidisciplinary
teams. Compliance with weight-based dosing was audited for cefazolin
(25–30 mg/kg) only in patients<60 kg or>80 kg, in addition to all patients
receiving gentamicin (5–7 mg/kg) and vancomycin (15 mg/kg) (Tables S1
and S2). Pharmacists were not able to make changes to prescriptions
themselves either for antibiotic choice or dose.

Parenteral PAP use was audited in patients �18 years who had indica-
tions for PAP (Tables S1 and S2). Oral or topical prophylactic antibiotics were
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excluded. Comorbidities (including other patient-level risk data) and com-
pliance with other components of SSI bundles that may have an impact on
the incidence of SSIs were not audited or modified in any way. Surgery
involving burns management or transplantation was excluded from the
study.

Outcome measures and indicators
SSIs occurring post-operatively were recorded independently by the IPPs at
each hospital according to standard CDC definitions and classifications,
within 30 or 30–90 days for superficial incisional or deep incisional proced-
ures, respectively.20,21 For reporting purposes, a composite SSI rate (not
specified as superficial incisional, deep incisional or organ/space SSIs) was
calculated and reported monthly to the QI director and AMS project leader
as described below.

Measuring the impact of the PAP model

Process indicators

The standardized measurements were calculated as percentages relative
to the number of surgical patients seen on pharmacy rounds, with the de-
nominator being the number of patients receiving PAP, and the numerator
those who were compliant with each of the four process indicators. The rate
of compliance with duration of administration included the use of a single
dose or, where applicable, a second dose or discontinuation within 24 h
after initiation of surgery. Overall compliance with the four process meas-
ures was calculated as follows: the sum of the total number of indicators
with which the doctors were compliant divided by the total number of indi-
cators (n¼4). Improvements in compliance with the prophylaxis bundle

were measured by the project manager according to the QI run-chart rules
described by Langley et al.17 and Perla et al.,22 and feedback was provided
to the pharmacists and multidisciplinary teams as described in Table 2.

Outcome indicator

SSI rates per 1000 operative procedures were calculated by dividing the
number of SSIs by the number of major surgical procedures performed
(defined according to the CDC)20,21 and multiplying the result by 1000;
these rates were reported monthly by the IPP as described above. The rate
of SSIs occurring post-operatively in patients who received inappropriate
prophylaxis compared with those who received appropriate prophylaxis
was not determined.

Statistical analysis
To assess the pre- versus post-implementation changes in patients
receiving appropriate prophylaxis, the mean weekly compliance with
the four measures, as well as overall compliance over the 4 weeks pre-
implementation, were compared with those over the last 4 weeks of the
post-implementation phase using the independent-samples t-test. The
proportion of patients complying (total number of compliant cases ac-
cording to each compliance metric divided by the total number of pa-
tients) over the same time periods were compared by the z-test for
proportions. The impact of the improvement model on the mean
monthly SSI rate was analysed over 14 months pre-implementation
and 16 months post-implementation, respectively, using the independ-
ent-samples t-test. Data analysis was carried out using SAS version 9.4
for Windows. The 5% significance level was used.

Table 1. Core measures and indicators for audit in the Netcare PAP improvement model

Measures Indicators

Process measures

1 Antibiotic choice:

was the antibiotic chosen compliant with the Netcare guideline for

that procedure?

in patients with b-lactam allergies, was the chosen alternative

compliant with the Netcare guideline?

rate of compliance with antibiotic choice relative to the surgery type or

with the alternative agent

2 Antibiotic dosage:

a. was the prescribed dose of the antibiotic consistent with the

Netcare guideline?

b. in case of cefazolin, gentamicin and vancomycin, was weight-

based dosing compliant with the Netcare guideline?

rate of compliance with the antibiotic dose or with weight-based dosing

where indicated

3 Antibiotic administration:a

was the antibiotic administered within 60 min prior to surgery?

rate of compliance with administration within 60 min

4 Antibiotic duration:b

a. was the antibiotic administered as a single dose?

b. was the antibiotic redosed where applicable?

c. was the antibiotic given for >24 h?

rate of compliance with the administration of a single dose or, where

applicable, redosed or discontinued within 24 h after initiation of

surgery

Outcome measures

1 The number of SSIs occurring postoperativelyc SSI rate

aAdministration within 120 min of incision was advised for vancomycin and fluoroquinolones.15

bRedosing was acceptable for cases of intraoperative blood loss >1500 mL or procedures greater than 2.5 h long.15

cDefined by standard CDC definitions for SSIs.20,21
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Results

The mean compliance and mean SSI rate for 34 hospitals over the
two phases of the PAP improvement model are depicted in
Figures 1 and 2, respectively.

Pre-implementation phase (1 March 2013–30 April
2014)

In this phase 6/34 hospitals volunteered to test the QI model. The
Netcare PAP guideline and standardized measurement toolkit was
revised seven times after consultation with all the multidisciplinary
teams (n¼34), which included surgeons and anaesthetists. Pre-
intervention measurement of the rate of compliance over 4 weeks
revealed the following (Figure 1). An antimicrobial was adminis-
tered to 34.7% (95% CI 31.7–37.7) of patients within 1 h before in-
cision. Antimicrobial agents consistent with the guideline were
administered to 81.2% (95% CI 78.5–83.8) of the patients and at
the recommended dose in 70.5% (95% CI 67.1–73.9).
Antimicrobial prophylaxis was limited to one dose or discontinued
within 24 h of the end of surgery in 80.8% (95% CI 79.0–82.5) of
patients. Thus the pre-intervention survey of compliance with all
four key measures revealed a composite compliance rate of 66.8%

(95% CI 64.8–68.7). During this phase the mean SSI rate for the
hospital group was 2.46 (95% CI 2.18–2.73).

Post-implementation phase (1 May 2014–1 September
2015)

In this phase the model was embedded in existing practice, with
daily auditing of the four targets chosen for improvement for the
selected surgical procedures becoming standard practice for those
patients receiving peri-operative antibiotics. Twenty-one learning
cycles were held. Benchmarking, by means of comparative tables
and multiple graphs describing the success or otherwise of each
hospital or region, led to competitiveness amongst both pharma-
cists and doctors. During this phase no systematic changes in the
types of surgical procedures took place compared with the pre-
implementation phase, and similarly there were no changes in use
of other components of SSI bundles.

Fifty percent (17/34) of the hospitals chose to audit only one
surgical procedure, 26% (9/34) audited two, 15% (5/34) three and
9% (3/34) four. None of the multidisciplinary teams chose proced-
ures classified as contaminated or dirty/infected. For 70 weeks of
standardized measurement and feedback, 24 206 surgical cases
were reviewed, with obstetric and gynaecological (n¼24) and

Table 2. Key components of the two phases of the Netcare PAP improvement model

Pre-implementation phase

1 Record SSI rate by the IPPs at each hospital and report monthly to the QI director and AMS project leader

2 Recruit non-specialized pharmacists who wish to develop stewardship skills (voluntary)

3 Develop a PAP ‘toolkit’ consisting of a standardized template using Microsoft ExcelV
R

to facilitate uniform process measurement and data

recording

4 Test and revise the PAP guideline and toolkit at pilot sites by pharmacists and multidisciplinary teamsa

5 Launch PAP guideline and toolkit to all pharmacists and multidisciplinary teams through regional training and institutional workshops (n¼34),

respectively

6 Obtain consensus and endorsement from doctors, and hospital, pharmacy and nursing management by adapting and modifying PAP guideline/

measures, if applicableb

7 Choose at least one or more surgical procedures to audit depending on circumstances and resources (surgical and pharmacy) of each

institution

8 Mandate protected pharmacist stewardship time such that one or more of the pharmacists are allowed time, according to the size of the hospital,

to conduct audit rounds of patients undergoing surgical procedures

9 Record pre-intervention baseline prophylaxis practices and trends of peri-operative antibiotic use for chosen surgery type(s) in each institution by

measuring compliance with the four process measures for 4 weeks

Post-implementation phase

1 Record PAP indicators weekly on standardized templates and submit monthly via e-mail to the project manager

2 AMS project manager to provide feedback to pharmacists and their managers regarding process improvements (or otherwise) and individualized

goals (with timelines) in both written (monthly e-mails) and verbal format during learning cycles in order to facilitate multidisciplinary self-

monitoring and action planning

3 One to three monthly pharmacist feedback on improvements in compliance with the PAP bundle presented to multidisciplinary hospital teamsa in

theatre tea rooms, sent via e-mail to the surgeons and anaesthetists and/or presented during journal clubs (if applicable) and AMS committee

meetings

4 Stimulate further improvement by providing feedback on progress of the initiative and its effects on compliance via monthly e-mails to all hos-

pitals in the form of comparative tables and graphs

aMultidisciplinary teams consisted of surgeons and anaesthetists, hospital-, pharmacy-, nursing- and theatre-managers, pharmacists, and peri-op-
erative and surgical ward nurses including IPPs.
bAn open invitation by the QI director and AMS project leader.
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orthopaedic (n¼22) the most common types of surgery audited,
followed by cardiovascular, thoracic and other vascular surgery
(n¼5), neurosurgery (n¼3) and gastrointestinal surgery (n¼2).
Plastic surgery related to breast cancer and urological surgery was
audited by only two hospitals.

Compared with the pre-implementation phase, there was a sig-
nificant increase in compliance with all process measures during
the last four weeks of the study (Figure 1). Timely administration
occurred in 56.4% (95% CI 53.1–59.6) (P<0.0001), antibiotic
choice consistent with the guideline was administered in 95.9%
(95% CI 89.9–100) (P¼0.0004), at the recommended dose in
87.0% (95% CI 81.3–92.8) (P¼0.0002) and the duration of PAP
was appropriate for 93.9% (95% CI 88.1–99.6) (P¼0.0005). This
represented an increase in the rate of compliance for each of the
indicators of 62.4%, 18.1%, 23.5% and 16.2%, respectively.
Considering the proportion of compliant cases, for each of the four
individual measures these were also found to have increased sig-
nificantly from pre- to post-intervention (P<0.0001 in all cases).

Overall compliance increased 24.7% to a group mean of 83.3%
(95% CI 80.8–85.8) (P<0.0001). Concurrently, a sustained de-
crease in the SSI rate of 19.7% to a mean rate of 1.97 (95% CI
1.79–2.15) (P¼0.0029) was observed (Figure 2). If the timing indi-
cator was excluded, the overall rate of compliance was 92.26%.

Discussion

This multicentre antimicrobial stewardship initiative, led by non-
specialized pharmacists, significantly improved adherence to a
PAP bundle which in turn led to a significant reduction in SSI rates
across a large network of diverse urban and rural hospitals in South
Africa. Whilst studies elsewhere have demonstrated that global
adherence to PAP guidelines is generally poor, and that clinician-
focused education fails to lead to substantial changes in overall
compliance with evidence-based measures, the fact is that
prophylaxis guidelines offer limited guidance to clinicians on how
to actually improve care.23

It is possible that, as has been demonstrated in this study,
the answer may lie within the principles and imperatives con-
tained with the change processes in hospitals. The development
of effective teams and the coordination of processes according
to the Institute of Medicine,24 directed to institutionalizing new
approaches according to Kotter’s ‘guiding coalition’,25 appear
essential to improving peri-operative antibiotic care. Pivotal to
our success was engagement with the clinicians, and involvement
of theatre managers and anaesthetic, peri-operative and surgical
ward nurses and their support for the process of change.

We and others have previously shown that a multidisciplinary
collaborative team approach and the use of process improvement
principles to accelerate the process of change significantly
improved various aspects of antibiotic management and, in par-
ticular, reduced ‘hang-time’,26 curtailed excessive use19 or stream-
lined PAP processes.23,27 This approach decreases variability in
antibiotic management whilst embedding stewardship interven-
tions and ‘best practice’ in existing systems. In addition, coordin-
ation and interdisciplinary engagement in our stewardship
programme across a large health system by non-specialized
pharmacists in South Africa were previously shown to be key.19,26

There is only limited research available from sub-Saharan Africa
on the efficacy of interventions to curb the occurrence of SSIs14

and except for a single-centre but dissimilar study that involved
the introduction of a prophylaxis policy in Kenya,28 none is suitable
against which to benchmark our PAP intervention. Instead, our
pre-intervention evaluation of compliance with PAP measures
somewhat mirrors that published in 2005 by Bratzler et al.29 in a
systematic random sample of 34 133 Medicare inpatients in 2965
acute care hospitals in the USA prior to introduction of the Surgical
Care Improvement Program (SCIP).

Prior to implementation of our model we found inconsistencies
in antibiotic choice, dose and duration and particularly the timing
of administration, indicating that substantial improvement oppor-
tunities existed. Recent evidence suggests that none of the individ-
ual measures is significantly associated with a lower probability of
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Figure 1. Mean rate of compliance with the process measures during the pre- and post-implementation phases of the Netcare PAP improvement
model (n¼34 hospitals). The error bars denote the 95% CI for the mean. An asterisk denotes a statistically significant difference in mean compliance
between 4 weeks pre-implementation and the last 4 weeks post-implementation. AB, antibiotic.
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infection. Compliance with timing, stratified by procedure type, is
specifically not closely linked with the occurrence of SSI in any
population.7,30,31 It appears that adherence, measured through a
global all-or-none composite measure of compliance does lead to
a significant reduction in SSIs particularly if it includes additional
bundle measures such as glucose control, appropriate surgical site
hair removal and post-operative normothermia.30

Although significant improvements in all the measures were
documented, the low overall non-compliance with the timing
measure warrants closer attention. In this regard, our model led
to 92% compliance with the clinician-dependent measures (anti-
biotic choice, dose and duration) but not for the institutional-
dependent timing measure, where despite a 62.4% increase in
timely administration relative to the pre-implementation phase,
at the end of the study this occurred in only 56.4% of cases.
However, during on-site visits by the AMS project manager (exter-
nal audit), it was apparent that most patients did receive antibiot-
ics within the required time frame, but the lack of an explicitly
documented incision time was the cause of the non-compliance
in the majority of cases (data not shown).

The collaborative learning process during audit and feedback,
to enable self-monitoring and provision of action plans, resulted in
various institutional changes in the delivery of the antibiotics which
enhanced the stewardship initiative. These included, amongst
others, making infusions available at the patient’s bedside, either
in the ward or in theatre prior to induction, utilization of prompts
and reminders on patient and theatre files, as well as anaesthe-
tists eventually accepting responsibility and accountability for
insertion of intravenous lines and for administration of antibiotics.
In addition, central to timing non-compliance was the logistical
impact of admitting elective cases on the same day as the surgery
which was a mandated hospital or medical insurance requirement
as a result of cost restrictions as well as quick theatre turnaround
times. As the PAP initiative is ongoing, these processes have been
addressed and substantial improvements in the timing indicator
have subsequently been maintained.

In any event, failure to comply with the timing measure reflects
the presence of poorly designed and inefficient delivery systems
universal to most healthcare settings24 rather than cognitive def-
icits or individual negligence on the part of the healthcare workers.
Our study emphasizes that changes in institutional delivery are
critical to successful stewardship initiatives and that the funda-
mentals of drug delivery in a hospital setting are as important as
clinician-dependent measures if we are to improve patient care.

Study limitations

As highlighted by Dellinger et al.,27 analysis of our results is con-
founded by a number of limiting factors that are typical of a collab-
orative intervention not present in single-centre initiatives.
Participating hospitals were free to select the type of operation(s)
targeted for improvement, and as a consequence of local context
and surgical resources the selection varied widely not only in the
type of surgery but in the numbers audited. Because the expected
SSI rates for various clean or contaminated procedures also vary
widely, it was not possible to utilize and compare the SSI rate of
one hospital or region with another or to use this to stimulate fur-
ther improvements in practice. We could only use comparisons in
process improvement to trigger change amongst pharmacists and
clinicians in the multidisciplinary teams. This also implies that the
effect of each specific intervention on the SSI rate could not be
measured.

Another limitation relates to the fact that only parenteral PAP
use was audited for the chosen procedures where prophylaxis was
indicated according to our guideline. We therefore lack informa-
tion regarding the overall rate of inappropriate or incorrect use of
PAP for all procedures performed in our network. Furthermore, al-
though protected pharmacist stewardship time was mandated to
facilitate auditing rounds, pharmacists were—due to time con-
straints—nevertheless not required to record and report the pres-
ence or absence of patient-level risk data that could be used for
risk adjustment between institutions. We do not believe, however,
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that changes in the case mix account for the improvements in the
measures that were seen, because each pharmacist was reporting
data for the same types of operations in one institution.

Conclusions

Our study demonstrates that collaborative implementation of pro-
cess improvement initiatives and principles are effective in bridging
the gap between clinician guidelines and improvement in care and
outcomes in surgical patients. Embedding the improvement initia-
tive in routine practice and involving peri-operative, anaesthetic
and surgical ward nurses was vital to achieving a sustainable
benefit.

There are unique challenges specific to smaller and rural hos-
pitals particularly in settings with limited resources which may
hamper the ability to implement appropriate PAP measures. Thus
an important question relates to whether the intervention would
also work in the public sector where the majority of the South
African population receive healthcare. In this regard, successful
surgical improvement interventions have been implemented in a
variety of other non-academic settings,27 including low-resource
countries such as Colombia,23 and these initiatives and studies
such as ours are instructive. We therefore contend that this im-
provement initiative may be of value in this setting, or for that mat-
ter in any urban, rural or small hospital regardless of a lack of
resources and expertise. It would, however, require leadership
commitment from all quarters—governmental, hospital and clin-
ical—to acknowledge and support the cardinal role played by non-
specialized pharmacists in recruiting multidisciplinary teams and
in coordinating interdisciplinary clinician and nurse engagement in
such an AMS intervention, which was key to our success.
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