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Abstract

Background

Supervision by surgical specialists is beneficial because they can impart skills to district hos-
pital-level surgical teams. The SURG-Africa project in Zambia comprises a mentoring trial in
selected districts, involving two provincial-level mentoring teams. The aim of this paper is to
explore policy options for embedding such surgical mentoring in existing policy structures
through a participatory modeling approach.

Methods

Four group model building workshops were held, two each in district and central hospitals.
Participants worked in a variety of institutions and had clinical and/or administrative back-
grounds. Two independent reviewers compared the causal loop diagrams (CLDs) that
resulted from these workshops in a pairwise fashion to construct an integrated CLD. Graph
theory was used to analyze the integrated CLD, and dynamic system behavior was explored
using the Method to Analyse Relations between Variables using Enriched Loops (MARVEL)
method.

Results

The establishment of a provincial mentoring faculty, in collaboration with key stakeholders,

would be a necessary step to coordinate and sustain surgical mentoring and to monitor dis-
trict-level surgical performance. Quarterly surgical mentoring reviews at the provincial level
are recommended to evaluate and, if needed, adapt mentoring. District hospital administra-
tors need to closely monitor mentee motivation.

PLOS ONE | https://doi.org/10.1371/journal.pone.0257597  September 29, 2021 1/22


https://orcid.org/0000-0002-2816-3552
https://orcid.org/0000-0003-2252-0579
https://doi.org/10.1371/journal.pone.0257597
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257597&domain=pdf&date_stamp=2021-09-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257597&domain=pdf&date_stamp=2021-09-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257597&domain=pdf&date_stamp=2021-09-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257597&domain=pdf&date_stamp=2021-09-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257597&domain=pdf&date_stamp=2021-09-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0257597&domain=pdf&date_stamp=2021-09-29
https://doi.org/10.1371/journal.pone.0257597
https://doi.org/10.1371/journal.pone.0257597
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Sustaining surgical mentoring in Zambia

Funding: The SURG-Africa study is funded by the
European Union’s Horizon 2020 Programme for
Research and Innovation, under grant agreement
no: 733391. The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

Abbreviations: SURG-Africa, acronym for the
‘scaling up safe surgery for district and rural
populations in Africa’ project; CLD, causal loop
diagram; MARVEL, method to analyse relations
between variables using enriched loops; NPC, non-
physician clinician; ML, medical licentiate; NSOAP,
national surgical, obstetric, and anesthesia
strategic plan; MOH, ministry of health; COST-
Africa, acronym for the ‘clinical officer surgical
training in Africa’ project; GMB, group model
building; LCH, Livingstone central hospital; UTH,
university teaching hospital; DH, district hospital;
HC, health center; CH, central hospital; HRM,
human resource management; OT, operating
theatre; CMS, central medical stores; PMF,
provincial mentoring faculty.

Conclusions

Surgical mentoring can play a key role in scaling up district-level surgery but its implementa-
tion is complex and requires designated provincial level coordination and regular contact
with relevant stakeholders.

Background

Access to surgery in Zambia remains low, especially in rural areas where about two thirds of
the population reside [1]. The district hospitals that serve these areas experience severe man-
power shortages [2, 3]. To address these shortages, Zambia has invested in the surgical training
of a non-physician clinician (NPC) cadre called medical licentiates (MLs) [4]. The costs of
training and retaining this cadre are lower than for medical doctors, with higher retention
rates in rural areas [5]. Earlier studies in Zambia and elsewhere have shown that MLs deliver
basic surgical care, with patient outcomes similar to surgery performed by specialists [6, 7].
Nevertheless, NPCs at district hospitals face a variety of professional, regulatory, and infra-
structural challenges [5, 8]. Because of their proximity to rural dwellers, the Zambian national
surgical, obstetric, and anesthesia strategic plan (NSOAP) emphasizes strengthening of surgi-
cally trained medical doctors and MLs at district hospitals [9].

Mentoring and coaching-terms that are often used interchangeably-are frequently recom-
mended as effective ways of not only strengthening the clinical management of various types
of illnesses by professionals practicing in peripheral hospitals, but also the managerial perfor-
mance of the same institutions [10, 11]. As such they are considered a core component of
health systems strengthening to achieve universal health coverage. In 2012, the Ministry of
Health (MOH) in Zambia started a national multi-disciplinary mentorship program. Its over-
all goal is to improve the clinical environment in health facilities, as a complement to the strat-
egy of supportive supervision, the goal of which is to audit or monitor the quality of care. The
Ministry developed a mentorship training package [12] and in 2017 its Clinical Care and Diag-
nostic Services department issued a new version of the Mentorship guidelines for health work-
ers [13]. The guidelines aim to support national, zonal and provincial mentorship teams
composed of professionals with substantial expertise in four clinical disciplines: surgery, inter-
nal medicine, pediatrics & child health, and obstetrics & gynecology. The mentors are expected
to build relationships with teams of mentees at lower levels of the health system, in particular
at district hospitals, so as to strengthen district-level capacity. Zambia‘s current five-years
National Health Strategic Plan does mention ‘mentorship and supportive supervision’ as one
of several strategies to enhance quality in training and health service delivery; however, it lacks
elaboration and is not included as a budget line in the national health budget [14].

After an earlier positive pilot in the COST-Africa project [15], the SURG-Africa trial is cur-
rently evaluating the effectiveness and sustainability of surgical mentoring in three countries:
Malawi, Tanzania, and Zambia [16]. From January 2018 to January 2020, surgical teams at ten
district hospitals in Zambia’s Southern and Lusaka provinces received quarterly visits from
specialist surgeons, anesthetists, and theatre nurses. In addition, a mobile phone-based consul-
tation network was set up for real-time consultations on complex surgical cases and referrals.
The primary aim of SURG-Africa is to engage local stakeholders and develop, implement and
evaluate a sustainable, locally owned mentoring program [16].

Guided by the principles of the dynamic sustainability framework the SURG-Africa team
adopted an approach based on stakeholder involvement and systems science [17-19]. The
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dynamic sustainability framework roughly delineates two major challenges that interventions
must face: implementation and sustainability. Both are expected to be achieved in constantly
changing contexts, necessitating continuous monitoring and adaptation [17]. In designing and
supporting implementation of the surgical mentoring model in Zambia, several participatory
action research workshops were organized to optimize the fit between the intervention and the
local settings through evaluation and adaptation [20]. These workshops involved various stake-
holders and used previously collected data from the field. SURG-Africa funding for mentoring
trips ended in early 2020, as planned. For it to be continued and become embedded into the
Zambian health care system, a suitable regulatory framework is critical. The aim of this paper
is, therefore, to utilize lessons learned to explore policy options for embedding surgical men-
toring in national health policy through a participatory and dynamic modeling approach,
adapted from the field of system dynamics called group model building [21, 22].

Methods
Group model building workshops

In February 2020, we held four one-day group model building (GMB) workshops. Two of
these focused on central hospitals: Livingstone Central hospital (LCH) and the University
Teaching Hospital (UTH) in Lusaka. The two other workshops had their focus on district hos-
pitals (DH): Zimba mission hospital and Namwala district hospital. Participants in the GMB
workshops were employed at either health centers, district hospitals, central hospitals, or dis-
trict/provincial level government departments. This study was reviewed and approved by the
University of Zambia Biomedical Research Ethics Committee (approval reference number
528-2019); the Zambian National Health Research Authority granted us authority to conduct
the study (approval letter dated 26th December 2019). Prior to the sessions, participants were
sent written information about the purpose of the GMB meeting. At the start of each meeting,
before the actual group model building was started, the moderator invited participants to
share their hopes and fears (or worries) by writing these down on small cards which were dis-
played on a separate board in the room. After a short group discussion the participants pro-
vided their verbal informed consent to participating in the study. This was witnessed by the
SURG-Africa country coordinator and recorded in the written notes of each of the four
meetings.

Each workshop was started with introductions from the host institution (usually the most
senior participant) and the research team. The aim of the day was explained and the group was
encouraged to share and be respectful of other participants’ views. Workshops were organized
using ‘scripts’, i.e. established procedures for GMB developed over time by the system dynam-
ics community [23-25]. The main script we used was called Initiating and Elaborating a Causal
Loop Diagram. Workshop participants were introduced to a simple diagram that explained the
purpose and ideas behind GMB (Fig 1). The starting diagram consisted of two core factors:
“volume of surgery at the DH level” and “surgical mentoring”. Construction of the diagram
occurred in four phases, focusing on: 1) the requirements of district-level surgical scale-up, 2)
its consequences, 3) the requirements of sustainable mentoring, and 4) its consequences. Each
group went through all four phases, but the duration of each phase was catered to the groups’
expertise and experience. The DH groups consisted mostly of local clinical staff-recipients of
surgical mentoring—and health service administrators, and thus the focus was mainly on surgi-
cal scale-up. The central hospital (CH) groups consisted mainly of senior staff involved in
mentoring, along with administrators from the provincial health offices. This directed the
focus to the sustainability of the surgical mentoring intervention.
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Fig 1. Simple causal loop diagram that was used as a starting point in the first three group model building
workshops. In addition, it was used to explain the concepts of positive/negative relationships and reinforcing/balancing
feedback loops. Plusses indicate relationships were factors change in the same direction, e.g. if volume of surgery goes
up, supplies used goes up and if volume of surgery goes down, supplies used goes down. Minuses indicate negative or
inverse relationships were factors changes in the opposite direction. So when volume of surgery goes up referrals
decrease, and when volume of surgery goes down referrals increase. ‘B’ indicates a self-correcting or balancing feedback
loop. ‘R’ indicates a self-reinforcing feedback loop.

https://doi.org/10.1371/journal.pone.0257597.9001

To increase the quantity and quality of contributed ideas, we also used the nominal group
technique script during each phase [26]. Participants were given some time to reflect before
writing down factors that influenced or were influenced by a central factor. Each participant
was given the chance to present and explain one of the factors they had written down. This fac-
tor was then, if there was consensus in the group on its inclusion and wording, added to the
diagram which was projected on a screen visible to all. This was followed by a group discussion
on how the factor might be related to other factors already in the diagram. If there was consen-
sus on a certain causal relationship, this was indicated in the diagram by an arrow. After all
participants had contributed at least one factor, a facilitated group discussion was held. During
this discussion, factors and their relationships to core or other factors in the diagram could be
added, removed, or reworded. Each of the GMB workshops eventually resulted in a completed
causal loop diagram (CLD).

Cleaning and integration of causal loop diagrams

After each workshop, the research team reviewed the CLDs for logical consistency and com-
pared them with the meeting minutes. Where discrepancies were found, the minutes were
assumed to best reflect the contributions of participants and the CLD was adjusted accord-
ingly. The final CLDs were communicated to participants after the workshops for internal vali-
dation along with a narrative.

Two independent reviewers, HB (expert in health economics and health systems) and MI
(medical doctor and expert in health economics), compared the CLDs in a pairwise fashion
and identified factors whose meaning matched. Differences in identified matches were dis-
cussed, and a third reviewer (LB) was consulted in cases of disagreement. An integrated CLD
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was then constructed using clusters of matched factors as connections. Clusters could consist
of more than two factors: if factor A is related to factor B and factor B is related to factor C,
then all three of them will be in the same cluster. Each cluster was given a label according to
the constituent factor that had the most relations with other factors in the cluster. After review-
ing the labels, we customized some of them to better reflect cluster contents and/or reduce the
length of the label for clarity purposes.

For each link in the final CLD we counted how many times it was mentioned across all four
CLDs. The number of times a link between factors i and j was mentioned was denoted as n;;.
Its value ranged from 1 (i.e. mentioned in one GMB workshop) to 4 (i.e. mentioned in all four
GMB workshops). Then, the plausibility p;; of the link between i and j was calculated as:

n;/4, if link between i and j positive

L= 1
? —ny/4, if link between i and j negative W)

Structural analysis

As causal loop diagrams are directed cyclic graphs, we used graph theory for analysis [27]. For
each factor in both the base and integrated CLD we calculated the following metrics. The
degree of a factor is the number of connections it has. The centrality of a factor is an indicator
of its importance in the CLD [28]. We identified all feedback loops (i.e. cyclic paths) in the
CLDs. For each we ascertained whether it was self-reinforcing or self-correcting. Self-reinforcing
feedback loops exhibit exponential growth while self-correcting feedback loops seek an equi-
librium state. How the system as a whole reacts to change is determined by the interaction of
all feedback loops.

Based on the input from GMB participants and the structural analysis, we identified factors
that could have policy relevance to sustain surgical mentoring. Policy levers or enablers are
those factors that (most) positively impact surgical mentoring and that can reasonably be
expected to be influenced at provincial or central level. Policy risks or barriers on the other
hand are factors that (most) negatively affect surgical mentoring. We used the following met-
rics as an indication of influence. First, we calculated for each factor the number of simple
paths it had leading to surgical mentoring in the integrated CLD, i.e. excluding those paths
that included a factor more than once. The plausibility p of path k with links ij in E was calcu-
lated by multiplying the plausibility scores:

po=]1rs (2)

iieE

Formula 2 implies that short paths with often mentioned links have a high plausibility py
while long paths with rarely mentioned links have a low plausibility p;. For example, a path
with two links, one with a plausibility of 0.25 and one with a plausibility of 0.75 will have a
total plausibility of 0.25-0.75 = 0.165. Secondly, we calculated the total positive, negative, and
net plausibility of factors on the core variables. The total positive impact of factor k on surgical
mentoring was calculated as

I = Z P (3)

Ppr>0,keK
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Its total negative impact was calculated as

I = Z P (4)

Pk<0,keK

In both equations, K is the set of all simple paths from factor k to surgical mentoring. The
net impact was then calculated as

R (5)

The final policy relevant factors are monitoring factors, which are those that are important
and measurable indicators of the process of sustaining surgical mentoring. The uncertainty Uy
of a factor’s impact on the core factors was calculated as the percentage of plausibility that
pointed in the same direction as its most prevalent direction: We multiplied this by the abso-
lute impact on mentoring:

I, It
U= Iltlet ’ maxgnle{t’ ‘ ) (6)
k

Dynamic analysis of causal loop diagram

A limitation of the structural analysis is that it ignores the (combined) impact of feedback
loops. A factor may set a reinforcing loop in motion which over time has large consequences.
This may not be evident from its initial (potentially small) influence as seen in the structural
analysis. We therefore applied the method to analyse relations between variables using
enriched loops (abbreviated as MARVEL) method to explore the CLDs’ response to external
influences or interventions [29]. For this we modelled the CLD as a set of differential equa-
tions, one for each factor. Changes in a particular factor will be propagated through the CLD,
‘carried along’ the links between factors. In this dynamic analysis we focused on how volume
and quality of district-level surgery would change in response to changes in other factors. We
limited the dynamic analyses to factors and links that were mentioned in at least two GMB
workshops. The effect of a change in factor i (denoted with Ai) at time ¢ on a factor j where P;;
# 0 (i.e. they are directly linked), was calculated as:

v(t) = v(t — 1) + Aip, - s (1 - s,) (7)

] )

Please note that this equation represents the effect of only one particular link. In the
dynamic analysis, all links were taken into account simultaneously and the value of any factor j
at time t depended on the sum of changes in any of the factors that affect it (i.e. where p;; # 0)
at time t—1. We defined several factors as being rate-limited which meant that their value
depended on their lowest input instead of on the sum: volume of surgery, procurement of sup-
plies, and diagnostic skills at a health center (HC). The speed constants s;; of each link were
defined independently by two researchers (HB and MI) and expressed as a score on a scale of 0
to 1; in the final model we took the mean of the two assigned scores. To explore the impact of
each factor we introduced a constant change of 1 for time period ¢ = 1 until ¢ = 100 and mea-
sured how all other factors in the CLD changed over time until t = 1000. We measured the
mean change of over the time-period as a response to these changes and used the standard
deviation of this change as an indicator of uncertainty/instability.
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Table 1. Composition (cadre and number) of participants to the group model building workshops.

Cadre Zimba District Namwala LCH UTH Total
Surgeons - - 2 1 3
Anesthesiologists - - 1 1 2
Hospital administrators (MOI, Matron, accountant, or HR) 4 3 - 3 10
District health managers (DHD, accountants, or planners) 6 3 - - 9
Provincial health managers - - 3 - 3
Medical officers 1 - - 1
Medical Licentiates - - 1 1
(Theatre) Nurses 4 2 3 2 11
Anesthetists 1 1 1 3
Clinical officers (mostly health center managers) 3 5 - - 8
Unknown (Incomplete data) - - 1 - 1
SURG-Africa researchers (excluding facilitation team) 1 1 3 4 9
Total 19 15 15 12 61

LCH = Livingstone Central Hospital, UTH = University Teaching Hospital, MOI = medical officer in-charge, HR = human resources, DHD = district health directorate.

https://doi.org/10.1371/journal.pone.0257597.t001

Results
Group composition

The total number of participants over the four workshops was 61 (Table 1). With 12 partici-
pants, the group in Lusaka was the smallest. Both workshops at CHs included specialists and
had no representatives from health centers. The group in Livingstone was the only group in
which provincial representatives were present. At the DHs, the groups consisted mainly of DH
staff, district health officials, and representatives from health centers. Many participants with
administrative duties also had a clinical background, e.g. among the hospital managers in-
charges are usually medical doctors and sometimes medical licentiates. Most district health
directors also had a medical background.

Causal loop diagrams

In the diagram built at the Livingstone CH workshop (Fig 2), the most prominently mentioned
factor was the establishment of a ‘mentoring faculty’ (i.e. an assigned team or pool of mentors)
with zonal focal points-a person/desk at the provincial level that would be responsible for
planning and coordinating surgical mentoring. Possibilities to integrate surgical mentoring in
existing health sector programs and budgets for technical support and supervision were also
mentioned. The participants did not link surgical mentoring to surgical volume or quality at
the district level, but it was mentioned that it could incentivize staff to take up posts at the DH;
which would increase staff motivation and the quality of surgery.

The Namwala DH diagram (Fig 3) focused mainly on factors surrounding surgery at the
DH itself. Integrating surgical mentoring with existing mentorship programs was the only
enabler mentioned for surgical mentoring. The group did mention a direct link between surgi-
cal mentoring and their capacity and skills as a district-level surgical team. Existing mobile
phone-based surgical consultation networks were also reported as being beneficial to capacity
and skills; among the prerequisites for its effectiveness were learning from other intra-district
mobile consultation experiences and the contribution of a good moderator [30].

At Zimba Mission hospital (Fig 4), a link was made between patient demand for surgery
and the DH’s priority for surgery. In addition, to sustain surgical mentoring, MOH and
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Fig 2. Causal loop diagram as it was built in the first GMB workshop in Livingstone.
https://doi.org/10.1371/journal.pone.0257597.9g002

provincial support were deemed necessary; and cost-effectiveness evidence was seen as a way
to gain such support. Mentee (staff) turnover was mentioned as a risk to surgical mentoring,
caused mainly by transfers and non-availability of staff who had left for further training: e.g.
freshly graduated medical doctors need to do two years of rural posting to be able to specialize,
and nurses rotate frequently. Acknowledgments and certification of mentees was mentioned
as a factor that could reduce mentee turnover.

Because the UTH Lusaka workshop group was relatively small and consisted mostly of
senior staff, it was decided to start the GMB session with a CLD of surgical scale-up, based on
the output from the three workshops held earlier. This allowed the participants to double-
check the validity of the earlier diagrams, while enabling the moderators to focus the
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Fig 4. Causal loop diagram as it was built in the GMB workshop at Zimba Mission hospital.
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discussion on the mentoring aspect (rather than on DH-level surgical scale-up), with which
the participants had much experience. The CLD at the start of the workshop did not include
the mentoring part, so as not to bias the group discussion. The participants added factors con-
cerning self-referrals from central hospitals, DH funds, and the use of untrained staff (Fig 5).
They argued that surgical mentoring and support required the involvement of provincial
(health) authorities and professional associations, and again cost-effectiveness data on surgical
mentoring was mentioned as an enabler. In addition, they suggested that existing mentorship
guidelines be enforced and that mentoring be included in DH and CH annual action plans.
These elements would increase the opportunities specialists have to undertake effective surgi-

cal mentoring.

Intra-district

‘WA group Provincial
‘WhatsApp

Feedback on

HC staff HC referrals group usage
skills
by /
Surgical bl Enforcement of
diagnos%;c skills Opportunities to mentorship Fn: S o
health workers practice Pioviiice guidelines g

mentoring

Opportunities to

Community ™ Patient +\ involvement +
sensitization awareness ey + o experience
Partnerships i
N\ s Mentoring
Transport & Evidence in CH or ey
for HC Unmet need - HC staff | of CE of DH action
Self-referrals + motivation | mentoring plans :
to CH v + 4 Professional Ti Performance
Publi " Patients Benefits to associations  1ime for e review meetings
iy ublic presenting( B A patients support for mentoring  Support Staff capacity
+ confidence/satisfaction + mentoring  +¢ N from CH ills
Appropriate e + & skills
ll-_eferrals + + Quality of
rom ity surgery
Community rgery
participation @/‘ - Y Protocols . Trained OT
“~ . Infrastructure Scope of staff
: Volume of essential | + ti +
Maintenance P surgeryat DH [~ Scope of “+ A practice
A P N iyt
Theatre equipment I >
+ & instruments + @ Approved
i Private £ -Workload established posts
Surgery budget— MSL procurement Staff working @
DH perfurmanc;H q .i = Tl:ieau'e » ard + 2 Motivated * Employment
funds supplies use + 2
5 EP < staff - conditions District needs
o a\f- 4/ suwpliesin Referrals to+
+ stock Total cost of
Procurement CH
supplies T referrals for DH Specilized +  Opportunities for
Patient burd -
¥ <Partnerships> o '"'CH“ o surgery at CH feedback from CH

Fig 5. Causal loop diagram as it was built in the GMB workshop in Lusaka.

https://doi.org/10.1371/journal.pone.0257597.9005
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Table 2. Number of matching factors identified in the pairwise causal loop diagram comparisons, with average overlap in between brackets (relative to the total
number of factors in the CLDs).

Livingstone CH Namwala DH UTH Lusaka Zimba MH
Livingstone CH - 23 (38%) 28 (47%) 29 (51%)
Namwala DH - - 43 (72%) 28 (49%)
UTH Lusaka - - - 36 (63%)

Zimba MH - - - -

Only numbers above the diagonal shown for clarity. CH = central hospital, DH = district hospital, UTH = university teaching hospital, MH = mission hospital.

https://doi.org/10.1371/journal.pone.0257597 1002

Integrated causal loop diagram

In total 187 matches were found across the six pairwise comparisons of four GMB workshop
results. Agreement between the two reviewers on what constituted a match was the lowest in
comparing Livingstone CH with the two DHs (54% and 58%), and highest in comparing Nam-
wala DH to UTH Lusaka (95%). Table 2 shows the number of agreed-on matches per pairwise
CLD comparison along with the final percentage overlap. The number of matches was highest
between the CLDs of Namwala and UTH Lusaka (43, or 72%), and lowest between the CLDs
of Livingstone CH and Namwala DH (23, or 38%).

The total number of clusters identified through the CLD was 52. The largest cluster (human
resource management or HRM in short) consisted of 11 factors, including factors such as staff
capacity and skills, trained operating theatre staff, and human resources DH. The second largest
cluster, aligning with existing technical support and supervision, consisted of factors relating to
currently running supervision efforts, inclusion of mentoring in local/provincial action plans,
and the more general factor provincial support. The smallest clusters (of which there were 24)
were simple pairs of factors, most of which were identically worded.

The resulting integrated CLD consists of 119 factors (Fig 6). When we limit the CLD to fac-
tors mentioned at least 2, 3, or 4 times the CLD size reduces to 45, 22, and 12, respectively. The
graph-theoretic metrics for the 25 most connected factors are presented in Table 3. The mean
degree across the CLD is 3.27 (95% confidence interval: 1.00 to 8.45). For volume of surgery
DH the total degree is the highest at 22, followed by surgical mentoring with 21 and HRM with
17. Across the CLD, 30 factors have a degree of 1 (i.e. they are at the boundary of the graph).
Of these, only five have a link coming in, with 25 having a link going out. The centrality corre-
sponds roughly with the degree (correlation is 0.84). Again, volume of surgery DH, surgical
mentoring, and HRM have the highest centrality. However, there are some factors that have a
high centrality although their degree is lower, e.g. DH priority for surgery or quarterly surgical
mentoring review meetings in province. This mismatch is due to these factors being closely
related to high-centrality.

Structural analysis

Tables 4 and 5 shows the results from the structural and dynamic analyses of impact on surgi-
cal mentoring, respectively. In the structural analysis, the factors that seem most likely to
increase the sustainability of surgical mentoring are both institutional and practical. Influential
institutional support factors were identified at different levels: national (i.e. MOH), provincial
medical office, and professional (medical and NPC) associations. Influential practical enablers
were funding, mentee continuity, and having a list of recognized mentors.

There are two broad categories of policy risks or barriers for surgical mentoring. Firstly,
there are factors relating to mentees not being available at the DH, either because of transfers
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Table 3. Graph-theoretic metrics for the integrated causal loop diagram.

Centrality score Degree in (causes) Degree out (effects)
volume surgery DH 3346 9 13
surgical mentoring 2393 13 8
HRM 2326 13 4
aligning with existing TSS 1395 4 4
dh priority for surgery 1393 3 1
quarterly surgical mentoring review meetings in province 1351 1 1
patients presenting 1182 5 2
supplies in stock 944 2 2
public confidence/satisfaction 900 2 2
appropriate referrals from HC 802 3 2
benefits to patients 752 3 1
inappropriate referrals to CH 712 3 5
unmet need 710 1 2
supplies used 709 2 1
diagnostic skills at HC 668 2 1
possibilities for mentees becoming mentors for HC 651 1 1
procurement supplies 604 5 2
quality of surgery 601 4 3
supplies needed 549 1 1
provincial WhatsApp usage 549 3 2

For clarity only those factors that are in the top 20 highest centralities are shown here. DH = district hospital, HRM = human resource management, TSS = technical

support and supervision, HC = health center.

https://doi.org/10.1371/journal.pone.0257597 1003
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Table 4. Results from the qualitative structural analysis to investigate impact on surgical mentoring.

Links to surgical mentoring Plausibility of links
Factor name n Shortest | Longest | Neg | Pos | Neg | Pos Net | Uncertainty
Top 10 enablers | Aligning with existing TSS 5 2 4 0 5 - 1.34 | 134 -
funding for mentoring 1 2 2 - 1 - 1.00 | 1.00 -
mentee continuity 1 2 2 - 1 - 0.50 0.5 -
mentoring faculty (w/ zonal focal points) 10 3 6 - 10 - 0.49 | 0.49 -
evidence mentoring CE 11 3 9 - 11 - 0.40 | 0.40 -
professional associations support for mentoring 6 3 5 - 6 - 0.40 | 0.40 -
planning/monitoring/accounting 3 2 3 - 3 - 0.38 | 0.375 -
quarterly surgical mentoring review meetings in province 5 3 5 - 5 - 0.37 | 0.37 -
MOH support 6 2 8 - 6 - 0.26 | 0.26 -
list of recognized mentors 2 2 5 - 2 - 0.25 | 0.25 -
Top 10 barriers | mentee turnover 1 3 3 1 - 0.13 - -0.13 -
Transfers 1 4 4 1 - 0.03 - -0.03 -
going to school 1 4 4 1 - 0.03 - -0.03 -
benefits to patients* 10 6 9 10 - 0.02 - -0.02 -
quality of surgery* 55 7 15 50 5 0.02 - -0.01 0.15
HRM* 255 8 17 150 105 | 0.03 | 0.02 | -0.01 0.40
Protocols* 310 8 18 200 110 | 0.02 | 0.01 | -0.01 0.30
scope of practice* 1605 8 22 870 735 | 0.03 | 0.03 | -0.01 0.43
opportunities to practice* 255 9 18 150 105 | 0.02 | 0.02 | -0.01 0.40
surgery budget DH* 1575 9 21 795 780 | 0.04 | 0.03 | -0.01 0.46
Top 10 uncertain | CMS performance 2700 10 23 1380 | 1320 | 0.02 | 0.02 | 0.00 0.48
Transport 320 6 18 170 150 | 0.02 | 0.02 | 0.00 0.48
procurement supplies 900 9 21 435 465 | 0.02 | 0.02 | 0.00 0.47
data-based monitoring/planning for surgery 900 10 22 435 | 465 | 0.01 | 0.01 | 0.00 0.47
surgery budget DH 1575 9 21 795 780 | 0.04 | 0.03 | 0.01 0.46
budget line for surgery 1575 10 22 795 780 | 0.01 | 0.01 | 0.00 0.46
volume surgery DH 225 7 16 120 105 | 0.02 | 0.02 | 0.00 0.45
supplies in stock 900 8 24 480 | 420 | 0.02 | 0.02 | 0.00 0.45
infrastructure & equipment 225 8 17 120 105 | 0.02 | 0.02 | 0.00 0.45
DH funds 1125 9 21 600 525 | 0.02 | 0.02 | 0.00 0.45

Neg = negative, Pos = positive, TSS = technical support and supervision, CE = cost-effectiveness, MOH = ministry of health, HRM = human resource management,
DH = district hospital, CMS = central medical stores.

“these factors are no longer barriers when decreases in ‘DH priority for surgery’ are no longer coupled to the efficacy of surgical mentoring.

https://doi.org/10.1371/journal.pone.0257597.t004

or because they are absent pursuing further training. The second category of barriers are,
counterintuitively, factors that are beneficial such as benefits to patients and quality of surgery.
Of course, such inherently beneficial factors should not be labeled as barriers. By carefully
observing the CLD, it can be seen that the reason for these results is the factor DH priority for
surgery. If its effects are traced through the CLD, the following dynamics can be observed:
when fewer patients present because the surgical needs in the community are met as a result of
good quality surgery (an effect of mentoring), the DH’s priority for surgery would decrease.
This may decrease DH involvement in quarterly surgical review meetings and subsequently
the effectiveness of surgical mentoring.

When the link between DH priority for surgery and its involvement in surgical review
meetings is removed, the counterintuitive negative effects of these otherwise beneficial factors
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Table 5. Results of quantitative analysis of expected changes in volume of surgery at the district level using the MARVEL method.

Top 10 enablers

Barriers

Top 10 uncertain

Factor name

Mean change in surgical volume

Standard deviation of change

scope of practice 33 17
benefits to patients 27 15
staff motivation 17 14
protocols 14 10
workload 13 10
employment conditions 12 10
opportunities to practice 11

HRM 11

feedback from CH 10

established posts 10

staff burn-out -37 17
inappropriate referrals to ch 34 18
staff burn-out -37 17
scope of practice 33 17
benefits to patients 27 15
staff motivation 17 14
employment conditions 12 10
workload 13 10
protocols 14 10
established posts 10

opportunities to exchange experience 10

TSS = technical support and supervision, CE = cost-effectiveness, MOH = ministry of health, HRM = human resource management, DH = district hospital,

CMS = central medical stores.

*“these factors are no longer barriers when decreases in ‘DH priority for surgery’ are no longer coupled to the efficacy of surgical mentoring.

https://doi.org/10.1371/journal.pone.0257597.t1005

disappear. In other words, the DH’s priority for surgery and its demand for mentoring is very
important to stimulate and monitor closely. This is even more so the case when one considers
the fact that DH administrators can to some extent influence mentee motivation and continu-
ity. The most uncertain factors in the qualitative analysis are Central Medical Stores (CMS)
performance, transport, and procurement of supplies. Note that in the qualitative analysis
there is no uncertainty regarding the impact of the most influential policy risks and policy
levers. Overall, the uncertainty around barriers is much higher than the uncertainty around
enablers.

Dynamic analysis of impact on district-level surgery

The mean difference in assigned speed (i.e. the s;’s in Formula 7) between the two reviewers
was 0.58 (95% CI: 0.40 to 0.76). In 74% of links, the difference in speed was one or less (Fig 7).
Table 5 shows the most influential and uncertain enablers and barriers of district-level volume
of surgery. Figs 8-11 shows how a selected set of factors (including the core variables) change
in response to a short stimulation of four of these (full list available in the S1 Data). Observa-
tions of note are that DH volume of surgery seems to change after a while when only (funding
for) surgical mentoring is introduced. This is because mentoring is assumed to involve an
increase in the use of supplies and the integrated CLD does not take into account a shared
(large) pool of supplies being used simultaneously by mentoring and routine surgery. Also,
quality of surgery is expected to quickly improve after starting mentoring but it then decreases
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slowly over time due to increased workload. When the scope of surgical practice is expanded,
the volume increase is more immediate. There is also an increase in quality of surgery, which
is lower than in the case of mentoring, but more stable over time. In addition, the DH’s surgi-
cal expenditures would be increased over time while scope is expanded. Implementing surgical
protocols has an effect similar to mentoring, but the volume increase is achieved earlier.
Finally, increased staff burn-out has serious negative effects on both surgical volume and

quality.

Policy recommendations

Several recommendations for sustaining surgical mentoring can be derived from the structural
analysis of the integrated CLD and the underlying four stakeholder consultations. Although
the previous sections discussed individual factors, any policy decision to continue surgical
mentoring will depend on the simultaneous enactment of several measures. The recommenda-
tions listed below are illustrated with colors in the integrated CLD as presented in Fig 12.

Ideally the actor responsible for surgical mentoring will have the required mandate and be
held accountable by national and/or provincial health authorities. The most likely candidate
for such an actor would be a provincial mentoring faculty (PMF), as suggested in the Living-
stone CH diagram, which would include senior program managers and relevantly trained (i.e.
matching DH needs) surgical specialists. The PMF would be responsible for organizing men-
toring trips, mobilizing financial resources from central sources (for example those set aside
for NSOAP implementation) and partnerships. For the PMF to be effective it is also critical
that it is established in close coordination with professional associations. Such associations can
delegate members to be part of the PMF or members can contribute in an advisory role. In
addition, professional associations can help in making sure existing clinical mentorship guide-
lines are used in the context of surgery and assist in developing any required new tools [12].
Being integrated in the provincial health administration, the PMF should seek to integrate sur-
gical mentoring with existing technical support programs (e.g. those for disease control).
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Fig 8. Long term dynamic explorations of the effects on changes in ‘funding for mentoring’ for the first 100 time
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https://doi.org/10.1371/journal.pone.0257597.9008

Long-term objectives that can help to solidify surgical mentoring are the training of new men-
tors and certification of mentees, both ideally after guidelines have been adopted.

Apart from the central role of a mentoring faculty, other stakeholders can contribute as
well. DH management teams and the PMF have a joint responsibility to ensure that district-
level surgical teams are ready to receive mentors. Physical readiness requires that mentoring
trips are scheduled in close coordination with DHs who need to ensure that all the necessary
supplies are available; for the latter a checklist could be developed to help DHs prepare them-
selves. In addition, the role of the CMS is important, as any lapse in its performance could
result in DHs having to turn to (more expensive) procurement of supplies from the private
market.

There should be an early warning system for eroding DH (and CH) support [12]. One way
PMFs can do this is by liaising closely with DHs and collecting trip reports from mentors.
Mentors should signal whenever a DH turns out not ready to receive them. The PMF should
keep a close eye on these reports and (the reasons behind) cancellations of mentoring trips by
either mentors or DHs. Ideally there would be quarterly surgical mentoring review meetings at
the provincial level, led by the PMF, that include mandatory representatives from DHs, CHs,
and professional associations. Such meetings could adapt surgical mentoring as per the need
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of relevant stakeholders. Data to substantiate ongoing cost-effectiveness evaluations (costs, vol-
ume and quality of surgery) should be collected, as a continuation of what is currently being
collected in the SURG-Africa project.

Hospital management teams at DHs would need to foster an atmosphere that is conducive
to continuing surgical improvement. They should closely monitor staff motivation and
encourage participation of staff in mentoring and internal surgical quality reviews. It should
be clear to staff what is expected of them and what they can gain by becoming a mentee. DH
management teams would be helped in this if guidelines were available and if certification of
mentees is a possibility. In addition, it is important that district hospital management teams
can signal if for instance a supply shortage prohibits its ability to receive mentoring teams. A
data-based monitoring tool for surgical supplies could be instrumental. For DHs it is also
important to have a dedicated budget for surgery, which can cover supplies and any additional
resources needed for effective surgical mentoring. District hospitals should be empowered to
engage in sensitization efforts so local communities are aware of the timing and types of sur-
gery available at their district hospital. Inclusion of mentoring in annual performance reviews
could be a way to embed these activities.

Central hospital management teams may report conflicting priorities, suspecting that the
sending out of mentors could negatively affect surgery at their own institutions. It is important
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for CHs to keep a long-term perspective and acknowledge that in the long-term mentoring
may reduce undue patient referrals as DH teams are empowered to do basic surgery locally.
This would help CHs to focus more on specialized surgery.

Discussion

In this study we have elicited the views of local stakeholders on the sustainability of surgical
mentoring in Zambia, using an innovative, systematic, and replicable process. We included
perspectives of stakeholders with a variety of backgrounds and with different professional
responsibilities using a participatory approach rooted in systems science. Based on stakeholder
input and a structural analysis of causal loop diagrams, policy recommendations were devel-
oped that hinge on the establishment of a provincial mentoring faculty to support district-level
surgery for rural and remote populations.

There is increasing evidence for the (cost-)effectiveness, safety, and feasibility of scaling-up
essential surgery at the district level [7, 31]. Surgical mentoring can play a key role in making
this happen, but its sustainable implementation is a complex affair. Our results reflect the
neglected state of surgery in Zambia, beyond central hospital-level surgery and caesarean
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sections at general hospitals. Intervening in such a complex adaptive system is difficult because
some policy levers may not be apparent beforehand, while seemingly beneficial interventions
can have unintended consequences [18, 32]. For implementation plans to be effective and sus-
tainable, they need to allow for a constant monitoring of influential factors in the system and
allow for continuous adaptation in response to change [17, 33]. An implementation policy
without these aspects would decrease the likelihood that mentoring is sustained and in the
long term it would make NSOAP aims around district level surgery harder to attain.
Throughout this work we have aimed to develop recommendations consistent with the
tenets set out in dynamic sustainability framework literature [17]. Earlier work by the SUR-
G-Africa team has demonstrated stakeholder involvement and continuous learning during the
development and implementation of the surgical mentoring intervention [15, 16, 20]. This
study focused mainly on the tenet “Programs should be more likely to be maintained when there
is strong ’fit” between the program and the implementation setting” [17]. This fit was pursued by
building on existing relations with stakeholders and employing the GMB method from system
dynamics. To the best of our knowledge, this study is the first to employ GMB for this purpose
[17, 34]. We would argue that it is a valuable method in the toolbox of implementers trying to
apply the (rather theoretical) concepts in the dynamic sustainability framework. Of course,
stakeholder interviews and focus groups already have the benefit of involving stakeholders.
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Fig 12. Integrated causal loop diagram showing the recommendations for sustaining surgical mentoring. Black arrows denote
positive links, while red arrows denote negative links. The thickness of arrows indicates how often links were mentioned across
workshops. As there are many feedback loops the notation for them has been omitted for clarity.
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However, interviews miss the group-level learning and commitment building effects of GMB
[35], and both methods are less well suited to investigating complex systems due to bounded
rationality [36].

The primary limitation of our approach is that the results are not, as yet, supported by (clin-
ical) evidence. This puts the results at the same level of confidence as expert opinion, albeit
from a perhaps more relevant group, i.e. those who need to implement changes on the ground;
and after internal discussion. The results also probably reflect the participants’ fields of exper-
tise and work environment. This is shown in the percentage of overlap between CLDs pre-
sented Table 1. The overlap between LCH and the DHs was low, but it was high for UTH
where the discussion was started based on an expanded diagram that included the results from
previous workshops. Sourcing local views also has considerable advantages: the use of local
expert opinion increases the likelihood of successful bottom-up implementation and sustain-
ability and it can help circumvent problems that top-down initiatives are often faced with [17,
37]. The fact that the research team already had an established working relation with many
participants helped create an open atmosphere, but it could also have introduced facilitator
and/or social desirability bias. The base CLDs were sent to group participants for validation
along with a narrative, but the integrated CLD was not. As the latter was compiled by two of
the authors, factors may have been unjustly matched. In the structural analysis we assumed
that the plausibility of a path decreases with the length of that path (Formula 2). An alternative
assumption could have been to use the minimum plausibility among its links instead. This
would have made the impact of long-term effects larger. In the structural analysis we could not
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investigate the relative strength of relationships or investigate time delays. Although the
dynamic analysis did incorporate time delays, these were based on the research team’s input
rather than data or input from workshop participants. Many of the above limitations could be
improved on by organizing more GMB workshops where the integrated CLD are evaluated by
stakeholders, who then review and provide input to the dynamic analysis.

Future research should explore the expected long-term effects of the policy recommenda-
tions from this study. This would require data collection on key parameters, both through
additional workshops and literature/database reviews. Here it would also be useful to consider
external influences that may impact the surgical system, such as enrolment at teaching facilities
and demographic trends. It would also be relevant to differentiate between types of DH situa-
tions (whereas in this study we looked more abstractly at an average Zambian DH). A second
requirement would be an assessment of the different possible interventions along with their
feasibility and costs. In our dynamic analysis, for example, only stimulating protocols had a
quicker effect on volume than mentoring only. However, it is quite unlikely that policy can be
developed that can impact only protocol adherence (and so strongly).

Conclusions

To strengthen surgical capacity at the district level in support of a country’s National Surgical
Obstetric and Anesthesia Plan, a multi-pronged, multi-level surgical mentoring strategy is
needed that takes the complex adaptive nature of the healthcare system into account. Coordi-
nation at the provincial level with accountability and support from the various groups of stake-
holders-at national, provincial and district levels—is needed. Monitoring of important factors
and periodic participatory evaluations of the surgical mentoring program are needed to foster
a culture of continuous quality improvement.

Supporting information

S1 Data. All causal loop diagrams, code used in the analyses, and full results from quanti-
tative analysis.
(Z1P)

Acknowledgments

We are grateful to the GMB participants for their valuable contributions. We thank Monic
Lansu for the discussions about the design of the GMB workshops and Miranda Versteeg for
her assistance with the visual layout of the integrated causal loop diagrams.

Author Contributions
Conceptualization: Henk Broekhuizen, Martilord Ifeanyichi, Leon Bijlmakers.

Data curation: Henk Broekhuizen, Martilord Ifeanyichi, Mweene Cheelo, Grace Drury, Leon
Bijlmakers.

Formal analysis: Henk Broekhuizen, Martilord Ifeanyichi.
Funding acquisition: John Kachimba, Ruairi Brugha, Jakub Gajewski, Leon Bijlmakers.

Investigation: Henk Broekhuizen, Martilord Ifeanyichi, Mweene Cheelo, Grace Drury, Leon
Bijlmakers.

Methodology: Henk Broekhuizen, Etiénne Rouwette, Leon Bijlmakers.

Project administration: Mweene Cheelo.

PLOS ONE | https://doi.org/10.1371/journal.pone.0257597  September 29, 2021 20/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257597.s001
https://doi.org/10.1371/journal.pone.0257597

PLOS ONE

Sustaining surgical mentoring in Zambia

Resources: Mweene Cheelo.

Supervision: Leon Bijlmakers.

Writing - original draft: Henk Broekhuizen, Martilord Ifeanyichi, Leon Bijlmakers.

Writing - review & editing: Henk Broekhuizen, Martilord Ifeanyichi, Mweene Cheelo, Grace

Drury, Chiara Pittalis, Etiénne Rouwette, Michael Mbambiko, John Kachimba, Ruairi
Brugha, Jakub Gajewski, Leon Bijlmakers.

References

1.

10.

11.

12.
13.
14.
15.

16.

17.

Cheelo M, Brugha R, Bijlmakers L, Kachimba J, McCauley T, Gajewski J. Surgical Capacity at District
Hospitals in Zambia: From 2012 to 2016. World J Surg. 2018; 42: 3508—3513. https://doi.org/10.1007/
s00268-018-4678-7 PMID: 29785694

Esquivel MM, Uribe-Leitz T, Makasa E, Lishimpi K, Mwaba P, Bowman K, et al. Mapping Disparities in
Access to Safe, Timely, and Essential Surgical Care in Zambia. JAMA Surg. 2016; 151: 1064. https://
doi.org/10.1001/jamasurg.2016.2303 PMID: 27580500

Michelo C, Mumba Zulu J, Simuyemba M, Andrews B, Katubulushi M, Chi B, et al. Strengthening and
expanding the capacity of health worker education in Zambia. Pan Afr Med J. 2017; 27. https://doi.org/
10.11604/pamj.2017.27.92.6860 PMID: 28819513

Mullan F, Frehywot S. Non-physician clinicians in 47 sub-Saharan African countries. Lancet. 2007; 370:
2158-2163. https://doi.org/10.1016/S0140-6736(07)60785-5 PMID: 17574662

Gajewski J, Mweemba C, Cheelo M, McCauley T, Kachimba J, Borgstein E, et al. Non-physician clini-
cians in rural Africa: lessons from the Medical Licentiate programme in Zambia. Hum Resour Health.
2017; 15: 53. https://doi.org/10.1186/s12960-017-0233-0 PMID: 28830528

Gajewski J, Cheelo M, Bijimakers L, Kachimba J, Pittalis C, Brugha R. The contribution of non-physician
clinicians to the provision of surgery in rural Zambia—a randomised controlled trial. Hum Resour Health.
2019; 17: 60. https://doi.org/10.1186/s12960-019-0398-9 PMID: 31331348

Gajewski J, Conroy R, Bijimakers L, Mwapasa G, McCauley T, Borgstein E, et al. Quality of Surgery in
Malawi: Comparison of Patient-Reported Outcomes After Hernia Surgery Between District and Central
Hospitals. World J Surg. 2017; 17: 60. https://doi.org/10.1007/s00268-017-4385-9 PMID: 29209733

van Heemskerken P, Broekhuizen H, Gajewski J, Brugha R, Bijlmakers L. Barriers to surgery performed
by non-physician clinicians in sub-Saharan Africa—a scoping review. Hum Resour Health. 2020; 18.
https://doi.org/10.1186/s12960-020-00490-y PMID: 32680526

Ministry of Health Zambia. National Surgical, Obstetric, and Anaesthesia Strategic Plan (NSOASP)
year 2017-2021. 2017.

Feyissa GT, Balabanova D, Woldie M. How Effective are Mentoring Programs for Improving Health
Worker Competence and Institutional Performance in Africa? A Systematic Review of Quantitative Evi-
dence. J Multidiscip Healthc. 2019;Volume 12: 989-1005. https://doi.org/10.2147/JMDH.S228951
PMID: 31824166

Manzi A, Hirschhorn LR, Sherr K, Chirwa C, Baynes C, Awoonor-Williams JK. Mentorship and coaching
to support strengthening healthcare systems: lessons learned across the five Population Health Imple-
mentation and Training partnership projects in sub-Saharan Africa. BMC Health Serv Res. 2017; 17:
831. https://doi.org/10.1186/s12913-017-2656-7 PMID: 29297323

The Directorate of Clinical Care and Diagnostics. Mentorship Training Package. Lusaka; 2012.
Mentorship guidelines for health workers in Zambia. Lusaka; 2017.
Ministry of Health Zambia. Zambia National health strategic plan, 2017-2021. Lusaka; 2017.

Gajewski J, Monzer N, Pittalis C, Bijlmakers L, Cheelo M, Kachimba J, et al. Supervision as a tool for
building surgical capacity of district hospitals: the case of Zambia. Hum Resour Health. 2020; 18: 25.
https://doi.org/10.1186/s12960-020-00467-x PMID: 32216789

Pittalis C, Brugha R, Crispino G, Bijlmakers L, Mwapasa G, Lavy C, et al. Evaluation of a surgical super-
vision model in three African countries—protocol for a prospective mixed-methods controlled pilot trial.
Pilot Feasibility Stud. 2019; 5: 25. https://doi.org/10.1186/s40814-019-0409-6 PMID: 30820336

Chambers DA, Glasgow RE, Stange KC. The dynamic sustainability framework: addressing the para-
dox of sustainment amid ongoing change. Implement Sci. 2013; 8: 117. https://doi.org/10.1186/1748-
5908-8-117 PMID: 24088228

PLOS ONE | https://doi.org/10.1371/journal.pone.0257597  September 29, 2021 21/22


https://doi.org/10.1007/s00268-018-4678-7
https://doi.org/10.1007/s00268-018-4678-7
http://www.ncbi.nlm.nih.gov/pubmed/29785694
https://doi.org/10.1001/jamasurg.2016.2303
https://doi.org/10.1001/jamasurg.2016.2303
http://www.ncbi.nlm.nih.gov/pubmed/27580500
https://doi.org/10.11604/pamj.2017.27.92.6860
https://doi.org/10.11604/pamj.2017.27.92.6860
http://www.ncbi.nlm.nih.gov/pubmed/28819513
https://doi.org/10.1016/S0140-6736%2807%2960785-5
http://www.ncbi.nlm.nih.gov/pubmed/17574662
https://doi.org/10.1186/s12960-017-0233-0
http://www.ncbi.nlm.nih.gov/pubmed/28830528
https://doi.org/10.1186/s12960-019-0398-9
http://www.ncbi.nlm.nih.gov/pubmed/31331348
https://doi.org/10.1007/s00268-017-4385-9
http://www.ncbi.nlm.nih.gov/pubmed/29209733
https://doi.org/10.1186/s12960-020-00490-y
http://www.ncbi.nlm.nih.gov/pubmed/32680526
https://doi.org/10.2147/JMDH.S228951
http://www.ncbi.nlm.nih.gov/pubmed/31824166
https://doi.org/10.1186/s12913-017-2656-7
http://www.ncbi.nlm.nih.gov/pubmed/29297323
https://doi.org/10.1186/s12960-020-00467-x
http://www.ncbi.nlm.nih.gov/pubmed/32216789
https://doi.org/10.1186/s40814-019-0409-6
http://www.ncbi.nlm.nih.gov/pubmed/30820336
https://doi.org/10.1186/1748-5908-8-117
https://doi.org/10.1186/1748-5908-8-117
http://www.ncbi.nlm.nih.gov/pubmed/24088228
https://doi.org/10.1371/journal.pone.0257597

PLOS ONE

Sustaining surgical mentoring in Zambia

18.

19.

20.

21.

22,
23.

24,

25.
26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

Paina L, Peters DH. Understanding pathways for scaling up health services through the lens of complex
adaptive systems. Health Policy Plan. 2012; 27: 365—-373. https://doi.org/10.1093/heapol/czr054 PMID:
21821667

Peters DH. The application of systems thinking in health: why use systems thinking? Heal Res Policy
Syst. 2014; 12: 51. https://doi.org/10.1186/1478-4505-12-51 PMID: 25160707

Gajewski J., Mwapasa G., Cheelo M., Juma A., Lavy C., Pittalis C., et al. Participatory action research
to design a surgical training and supervision intervention for district level hospitals in Malawi, Tanzania
and Zambia. International Society of Surgery. 2019. p. Abstract 126.09. Available: http://www.
surgafrica.eu/uploads/1/0/6/5/10659222/grace_le_participatoryactionresearch.126.09.pdf

Vennix J. Group Model Building: Facilitating Team Learning Using System Dynamics. John Wiley &
Sons; 1996.

Richardson G, Andersen D. Teamwork in group model building. Syst Dyn Rev. 1995; 11: 113—-137.

Andersen DF, Richardson GP. Scripts for group model building. Syst Dyn Rev. 1997; 13: 107—129.
https://doi.org/10.1002/(SICI)1099-1727(199722)13:2<107::AID-SDR120>3.0.CO;2-7

Hovmand PS, Andersen DF, Rouwette E, Richardson GP, Rux K, Calhoun A. Group Model-Building
‘Scripts’ as a Collaborative Planning Tool. Syst Res Behav Sci. 2012; 29: 179-193. https://doi.org/10.
1002/sres.2105

Scriptapedia. [cited 18 Sep 2020]. Available: en.wikibooks.org/wiki/Scriptapedia

Stroebe W, Nijstad BA, Rietzschel EF. Beyond Productivity Loss in Brainstorming Groups. 2010. pp.
157-203. https://doi.org/10.1016/S0065-2601(10)43004-X

Buckley F, Lewinter M. A Friendly Introduction to Graph Theory. 1sted. Prentice Hall; 2002.

Freeman LC. A Set of Measures of Centrality Based on Betweenness. Sociometry. 1977; 40: 35.
https://doi.org/10.2307/3033543

Veldhuis GA, van Scheepstal P, Rouwette E, Logtens T. Collaborative problem structuring using MAR-
VEL. EURO J Decis Process. 2015; 3: 249-273. https://doi.org/10.1007/s40070-015-0045-1

Mwapasa G, Pittalis C, Bijimakers L, Mkandawire N, Borgstein E, Brugha R, et al. Evaluation of a man-
aged remote surgical consultation network in Malawi. World J Surg. 2020. https://doi.org/10.1007/
s00268-020-05809-3 PMID: 33026475

Sani R, Nameoua B, Yahaya A, Hassane I, Adamou R, Hsia RY, et al. The Impact of Launching Surgery
at the District Level in Niger. World J Surg. 2009; 33: 2063—-2068. https://doi.org/10.1007/s00268-009-
0160-x PMID: 19653031

Peter NA, Pandit H, Le G, Nduhiu M, Moro E, Lavy C. Delivering a sustainable trauma management
training programme tailored for low-resource settings in East, Central and Southern African countries
using a cascading course model. Injury. 2016; 47: 1128-1134. https://doi.org/10.1016/j.injury.2015.11.
042 PMID: 26725708

Greenhalgh T, Papoutsi C. Studying complexity in health services research: desperately seeking an
overdue paradigm shift. BMC Med. 2018; 16. https://doi.org/10.1186/s12916-018-1089-4 PMID:
29921272

Iwelunmor J, Blackstone S, Veira D, Nwaozuru U, Airhihenbuwa C, Munodawafa D, et al. Toward the
sustainability of health interventions implemented in sub-Saharan Africa: a systematic review and con-
ceptual framework. Implement Sci. 2016; 11: 43. https://doi.org/10.1186/s13012-016-0392-8 PMID:
27005280

Rouwette EAJA. The Impact of Group Model Building on Behavior BT—Behavioral Operational
Research: Theory, Methodology and Practice. In: Kunc M, Malpass J, White L, editors. London: Pal-
grave Macmillan UK; 2016. pp. 213—-241. https://doi.org/10.1057/978-1-137-53551-1_11

Simon H. A behavioral model of rational choice. Q J Econ. 1955; 69: 99-118.

Sarriot EG, Winch PJ, Ryan LJ, Edison J, Bowie J, Swedberg E, et al. Qualitative research to make
practical sense of sustainability in primary health care projects implemented by non-governmental orga-
nizations. Int J Health Plann Manage. 2004; 19: 3-22. https://doi.org/10.1002/hpm.743 PMID:
15061287

PLOS ONE | https://doi.org/10.1371/journal.pone.0257597  September 29, 2021 22/22


https://doi.org/10.1093/heapol/czr054
http://www.ncbi.nlm.nih.gov/pubmed/21821667
https://doi.org/10.1186/1478-4505-12-51
http://www.ncbi.nlm.nih.gov/pubmed/25160707
http://www.surgafrica.eu/uploads/1/0/6/5/10659222/grace_le_participatoryactionresearch.126.09.pdf
http://www.surgafrica.eu/uploads/1/0/6/5/10659222/grace_le_participatoryactionresearch.126.09.pdf
https://doi.org/10.1002/%28SICI%291099-1727%28199722%2913%3A2%26lt%3B107%3A%3AAID-SDR120%26gt%3B3.0.CO%3B2%26%23x2013%3B7
https://doi.org/10.1002/sres.2105
https://doi.org/10.1002/sres.2105
http://en.wikibooks.org/wiki/Scriptapedia
https://doi.org/10.1016/S0065-2601%2810%2943004-X
https://doi.org/10.2307/3033543
https://doi.org/10.1007/s40070-015-0045-1
https://doi.org/10.1007/s00268-020-05809-3
https://doi.org/10.1007/s00268-020-05809-3
http://www.ncbi.nlm.nih.gov/pubmed/33026475
https://doi.org/10.1007/s00268-009-0160-x
https://doi.org/10.1007/s00268-009-0160-x
http://www.ncbi.nlm.nih.gov/pubmed/19653031
https://doi.org/10.1016/j.injury.2015.11.042
https://doi.org/10.1016/j.injury.2015.11.042
http://www.ncbi.nlm.nih.gov/pubmed/26725708
https://doi.org/10.1186/s12916-018-1089-4
http://www.ncbi.nlm.nih.gov/pubmed/29921272
https://doi.org/10.1186/s13012-016-0392-8
http://www.ncbi.nlm.nih.gov/pubmed/27005280
https://doi.org/10.1057/978-1-137-53551-1%5F11
https://doi.org/10.1002/hpm.743
http://www.ncbi.nlm.nih.gov/pubmed/15061287
https://doi.org/10.1371/journal.pone.0257597

