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One of the widest variations in contemporary surgical practice between high and low, or
low-middle, income countries is the utilisation of endoscopy as a means of treating
urological pathology. The endoscopic management of lower urinary tract problems such
as benign prostatic hypertrophy, bladder cancer and urethral strictures was established
in the UK in the late 1970s, whilst its adoption into everyday practice in sub-Saharan
Africa (SSA) has been signi"cantly retarded. It is still neither a major feature of urological
training in those countries nor widely available to the patients that established
consultants treat. Likewise, the explosion of less invasive technologies for treating upper
tract stone disease in the 1980s, particularly the management of renal stone disease, has
also lagged behind practice established in the UK over the last 40 years. This is not due to
a lack of patients who could be treated endoscopically or restricted by the abilities of the
surgeons in SSA. The restraint in assumption of these less-invasive management options
is rather due to the physical availability of trained specialist surgeons, their access to
basic infrastructure such as electricity and water, access to endoscopes and the
peripheral equipment necessary to successfully deploy them, and the ability of patients
to a#ord the disposable items required for less-invasive forms of management. Some
endoscopic procedures are viable in resource-poor settings. However, they are largely
dependent upon the supply of equipment from non-governmental organisations in high-
income countries, frugal innovation to reduce individual procedure costs, adequately
skilled mentors, and maintenance and supply chains to make them a durable option in
patient management. Urolink and the Medi Tech Trust present their experience of how
endoscopic surgery can be taught, and used sustainably, in a resource-poor healthcare
environment.

Introduction
The populations in sub-Saharan Africa (SSA) have limited access to surgical treatments [1]
and most surgical interventions in these low or low-middle income countries (LMICs) are
carried out as open procedures [2-5]. Whilst diagnostic endoscopy is within the training
remit and competence of most surgeons in resource-poor environments means many will
have a limited ability to utilise those skills therapeutically, due to a lack of training
opportunity or access to the technology to be able to translate their diagnostic skills into
something of therapeutic bene"t [4]. This means that the level of invasion for urological
problems is often far in excess of that which would be expected in high-income countries
(HICs). This results in prolonged inpatient stays, protracted recovery periods and causes
higher levels of morbidity associated with open surgery [6-9]. For clarity of purpose
endoscopic urological surgery will be de"ned as interventions on the lower urinary tract:
TURP, transurethral resection of bladder tumour (TURBT) and direct visual internal
urethrotomy (DVIU); and the upper urinary tract: ureterorenoscopy (URS), percutaneous
nephrolithotomy (PCNL) and laparoscopy.

The prime purpose of this article is to look at how urological endoscopic surgery has been
taught to date, whether this has become a sustainable part of a LMIC surgeon’s repertoire
and how it can be utilised bene"cially without having deleterious e#ects on the healthcare
economy of resource-poor healthcare environments. It is written by a panel of urologists
who have experience of working in countries varying from Sri Lanka, which is a middle-
income country with a free public health service, to a number of countries across SSA where
surgery is often prohibitively expensive to the individual, where no healthcare system exists
or is rudimentary [10], or where it is inaccessible for various cultural, religious, or logistic
reasons [11].

The Development of Endoscopic Surgery in HICs
Urological endoscopes had been described for diagnostic purposes as far back as the
beginning of the 19th century [12], and had been modi"ed for therapeutic uses such as
TURP in the 1930s [13, 14]. The dawn of widely available therapeutic urological endoscopy
really only started after the patenting of the rod-lens endoscope by Harold Hopkins in 1959
[15]. It was the development of his optical system with its ability to provide consistent high-
quality images in a durable package, with longitudinal and rotational rigidity, and through
which peripheral instrumentation could be inserted, that allowed in vivo intra-luminal
manipulations. Input from engineers facilitated the miniaturisation of peripheral
instrumentation to perform ever more ambitious urological procedures, and technological
advances in tissue division and ablation such as solid-state diathermy [16] meant that more
conditions could be treated without recourse to open surgery. Rigid therapeutic endoscopic
surgery in urology became widespread in HICs in the late 1960s, with TURP [17], TURBT [18,
19] and DIVU [20-22] being commonplace over the next 15 years. PCNL and URS were "rst
described in the early years of the 1980s [23] and had become, with extracorporeal
shockwave lithotripsy (ESWL), the mainstays of urinary stone manipulation by the end of
that decade [24]. The development of video-endoscopic monitors [25] signi"cantly facilitated
the possibility of more complex urological operating by reducing musculoskeletal injury to
the operator. Therapeutic laparoscopic manipulation [26] was a logical development,
although its application to urological pathology for procedures such as nephrectomy was
not described until the beginning of the 1990s [27]; the "rst robot-assisted application of the
laparoscopic technique being licenced in Europe in 1999 and the USA in 2000 [28, 29].

Endoscopic surgery is, of course, only one way of performing any operation. It provides
minimally invasive access to organ systems with a myriad of bene"ts to patients wherever
they are located geographically, but also has its disadvantages that are not always apparent
in well-resourced settings (Table 1). However, endoscopic surgery is also dependent upon
the availability of trainers to instruct learners, the omnipresence of appropriate equipment,
and the ability to sustain the practice dependent upon the "nance and logistics available in
the LMIC.

Table 1. The advantages and disadvantages of surgical endoscopic techniques in a LMIC.

Less functional impairment of the organ Dependence upon utilities such as electricity

Less intrusion and lower analgesic requirement Reliance upon technology

Less postoperative debility Capital cost of equipment

Shorter inpatient stays Availability of all peripherals required

Shorter postoperative recovery Durability of equipment

Lower ‘access’ complication rates Recurring cost of consumables

Early return to work Sustainability of equipment maintenance

The Status of Endoscopic Surgery in SSA
Many countries in SSA now stand at that same gateway as the UK did 40 years ago. There is
an undoubted need to help those countries develop less invasive surgery for their patient’s
bene"t, but this desire has to be tempered by the tacit understanding that the scarce
resources available in the locality cannot be diverted from treating those pathologies
responsible for the greatest mortality and morbidity. Even in those few countries where the
cost of a procedure is borne by the state, the patient is often asked to purchase certain
items such as irrigant and some of the disposables. In low-income countries (LICs), apart
from JJ stents, catheters, endotracheal tubes, vascular cannulae and needles, disposables
utilised just once in a HIC are often recycled until they no longer function. This may appear
far from ideal in a population with endemic HIV, but is an economic necessity forced on the
local providers. In a LMIC country where the average wage is usually in the region of
£50/month it is clear that most individuals are going to be overwhelmed by the passing on
of the costs of more expensive procedures. It is important, therefore, that surgeons from
HICs travelling to train endoscopy in a resource-poor setting are aware of these facts and do
everything they can to o#set the expenses incurred by using a less-invasive approach for a
clinical problem.

Transurethral Lower Urinary Tract Surgery
Urolink and the Medi Tech Trust, non-governmental organisations (NGOs) working in SSA,
have found that surgeons in all their linked centres were extremely pro"cient at open
prostatectomy for treating benign outlet obstruction. Early HIC experience had, however,
dictated that a TURP was a superior procedure for prostates <100 mL in volume, with better
patient outcomes [30, 31]. TURBT has also been shown to be in"nitely more accurate at
staging bladder tumours than anything that had pre-dated it [19]. In a HIC healthcare system
transurethral resection is considerably cheaper than an open operation, and the costs of the
hardware and the disposables for TURP far less than the costs of the prolonged inpatient
stay necessitated by open prostatectomy. However, it would be a mistake to assume that
these factors also apply in a LMIC. In resource-poor settings the cost, and availability, of the
irrigation and a loop are higher than the cost of a surgical blade, a few sutures and 4 extra
nights in hospital. Patients in LMICs, like patients in HICs, will choose a transurethral
resection over open surgery but only if they can a#ord the extra cost of the less invasive
option. Frugal innovation [32], re-purposing equipment for other medical uses, can be used
to o#set the cost of TURP in a LMICs. Reusable 25-L reservoirs have been developed for
storing irrigant, which has been made from boiled tap water with 9 g of salt added to every
litre. Filling the reservoir at 100°C e#ectively sterilises the inside of the container, the tubing
can be cleaned by immersion in Cidex, or equivalent, and the solution used operatively
when it has cooled to body temperature. Apart from the cost saving of up to £100, when 20 L
of irrigant is used, the system has proven preferable to using multiple 500 mL bottles as the
!ow is more consistent and, therefore, conducive to shorter operating times.

Urethral stricture disease is a major cause of presentation with a urological pathology in SSA
[33]. DIVU was espoused relatively late in the region, with only 4% of strictures being treated
endoscopically by 1984 [34], more than a decade after the technique had been
demonstrated by Sachse [20] in Nuremburg. Its adoption was undoubtedly relatively slow
due to the necessity for telescope systems with a narrow "eld of view and the high incidence
of posterior urethral injury or long strictures due to sexually transmitted infection (STI) [35],
both less appropriate indications for the technique [36]. Additionally, surgeons in SSA have
familiarity with open urethroplasty as this had historically been the only way of providing
sustainable bene"t from the management of complex anterior, and posterior, strictures
[36].

Endoscopic Renal Stone Surgery
Although data are poor, urinary stone disease is incredibly prevalent in SSA [37, 38] and the
skills for open stone removal are widely available. Urinary calculi are frequently extremely
hard with renal stones being more common than those in the ureter in this setting. Although
minimally-invasive stone surgery was described in South Africa in the 1980s [39] it has not
been widely adopted in most of the LMICs across the SSA region [38].

In our experience renal stones, which would be treated by !exible URS (FURS) and laser
fragmentation in HICs, are best treated by PCNL for a multitude of reasons (Table 2).

Table 2. Why PCNL is preferred for the management of renal stones over !exible uretero-
lithotripsy in an LMIC setting.

Flexible ureteroscopes, even in a HIC, are relatively expensive with their cost per procedure
being in the region of £300, which is too high a price for most LMICs to a#ord. Laser stone
fragmentation requires a laser and a "bre, which are more expensive to deploy than a
pneumatic mechanical lithoclast, whilst peripheral instrumentation for stone manipulation
such as baskets and other retrieval devices are expensive even if used more than once.
FURS stone manipulations also usually necessitate leaving at least one JJ stent in place, which
increases the risk of patients retaining stents because of the distance to the treating centre,
time away from employment or due to the additional costs of another procedure.

However, even PCNL is no cheaper than open stone surgery in the resource-poor
environment. PCNL requires the purchase of relatively expensive telescopes, fragmentation
devices such as a lithoclast and forceps, whilst needing 10–20 L of irrigant per case. The use
of the 25 L reservoir mentioned above helps ensure that the surgeon does not lose their
endoscopic access when the irrigant stops. An audit of the safety of the reservoir in 213
patients in Benin showed that 32 patients had a transient fever after its use, but 19 patients
had a positive preoperative urine culture. There were no cases of electrolyte disturbance as
a consequence of this frugal innovation, and no deaths. The cost saving was proportional to
the duration of surgery (Table 3). When one considers the socioeconomic status of these
patients these cost savings were more signi"cant to the patient than the apparent risks of
using the reservoir.

Table 3. The number of PCNLs in Benin, by length of procedure, cost savings from using the
25 L frugally innovated reservoir and locally generated irrigant in comparison to
commercially provided irrigant solutions.

Endoscopic renal stone surgery reduces the risk of causing glomerular damage or reducing
the e$cacy of renal drainage when managing recurrent stones, whereas these are more
prevalent when multiple stones are treated by open surgery. Many patients faced with a
choice will choose endoscopic treatment over an open intervention, but only as long as they
can a#ord the additional costs incurred and can a#ord to wait to access these treatments
where they are available.

Laparoscopy
Laparoscopy is currently being established in middle-income countries but is rare in LICs.
IVUmed, an NGO based in the USA, is currently conducting occasional laparoscopic training
sessions in Senegal [40] but otherwise laparoscopic surgery for urological problems is in its
infancy in SSA apart from South Africa. The capital costs of laparoscopic equipment, the
outlay for its maintenance and the availability of time to train local surgeons are the major
obstacles to its routine adoption in LMICs [41].

Expensive Cheaper as equipment reusable

Shorter usable life Durable equipment

Need to leave JJ stent with attendant risks Probably needs a nephrostomy

Needs a laser for stone fragmentation Can use a ballistic lithoclast

Flexible instruments for stone manipulation Can use reusable graspers and forceps

<1 10 £13.41

1–2 61 £26.82

2–3 10.8 £40.25

3–4 16.4 £60.35

>4 1.4 £73.79

Fig. 1 Open in !gure viewer #PowerPoint

The training paradigm used for training percutaneous renal surgery for stones in LMICs.

Teaching Endoscopic Surgery
The relationship between the trainer and the trainee, the local champion, is the key to
teaching advanced endoscopic skills. Any initial surgical training should be focused on that
individual whose responsibilities are to safeguard the equipment, become technically
pro"cient with its use and then disseminate their knowledge to local colleagues and
trainees. This may also necessitate developments in roles for the surgeon’s assistants,
nursing sta# and radiographers; this can be helped by having experienced nurses as part of
the visiting HIC team. HIC surgeons need to be appropriately skilled to teach the procedures
in their entirety and comfortable with the LMIC operative environment, which is often much
less well-resourced than they are used to. Longitudinal involvement in LMIC centres helps
for both durable relationships between the trainer and the learner, and the sustainability of
the techniques in the resource-poor environment [42].

Teaching Lower Urinary Tract Surgery
The authors’ experience of teaching TURP has been in Ethiopia, Gambia, Senegal, and
Zimbabwe. Gambia and Zimbabwe were centres where previous Urolink activity had
established the technique, but that training was in danger of being disrupted because the
equipment was no longer functioning and the state was not replacing it.

At each site at least one of the local surgeons must have a good grasp of basic knowledge
about TURP and the skills to put that knowledge into practice. We have favoured the use of
bipolar resection [43] because of the reduced risks of hyponatraemia [44], as saline can be
produced locally and as loops, used only once in a HIC, can be collected and employed
repetitively in the LMIC. Teaching the technique, using a continuous !ow system [45] with
video-endoscopy, requires minimal trainer input with most time being spent as a mentor.
The biggest challenges faced when carrying out a TURP are often technical, such as making
connections between components of the diathermy, the supply of disposables such as the
loops and maintenance of the endoscopes and diathermy equipment. Bipolar resection is
now "rmly established in all of the countries Urolink and the Medi Tech Trust are associated
with; the provision of a sustainable supply of resection loops is the greatest challenge to the
development of endoscopic resection across the regions these centres act as training hubs
for [42]. The need for mentoring alone has been found to be all that is often required when
teaching TURBT or DVIU to skilled surgeons in LMICs.

Teaching PCNL
The authors’ "rst experience with teaching PCNL was in Sri Lanka in 2008 after a previous Sri
Lankan trainee from the UK had returned home, who could act as a local champion. An
intense week of PCNL surgery took place with him performing all of the cases and he was
encouraged to continue to attempt the procedure prior to a second training visit 3 months
later (Fig. 1).

There are a number of technical challenges to establishing PCNL in SSA. The "rst test is the
operating theatre and its environment. In many countries in SSA the electrical supply is often
inadequate, and power-cuts are a common event [46]; something that has to be planned for.
It is also not unusual for multiple electrical items to malfunction if used synchronously; in
one theatre the C-arm would not work when the patient monitoring was switched on.
Anaesthesia is often delivered by technicians without medical training, patient monitoring is
rudimentary and moving the patient into a prone position is usually performed without
safeguarding the cervical spine. The locally available operating table is not always
radiolucent to facilitate the renal puncture and track dilatation, which either requires frugal
innovation to create a space so that the C-arm can be manoeuvred into it, or tuition to allow
ultrasonography (US)-guided placement of a guidewire to establish a track. Initially, all cases
we taught were performed prone using the ‘bull’s-eye’ puncture technique for access [47],
but triangulation [48] was subsequently used, which allowed a much more lateral approach,
with improved access to multiple calyces from a single puncture.

The issues in positioning prompted a move to performing PCNL in a supine position [49].
Basic equipment for intra-renal surgery, rarely available, had to be dependent upon the
generosity of charitable organisations such as the Medi Tech Trust. Such philanthropic
liaisons have meant that basic sets including needles, guidewires, dilators, Amplatz sheaths,
nephroscopes, forceps and lithoclasts could be donated to the local champion who then has
the responsibility for its security and maintenance. Even when appropriately equipped,
technical malfunction is common, demanding frugal innovations such as the use of the
!ashlight on a mobile phone to provide illumination down a light cable when the light-
source bulb blows.

Our initial Sri Lankan experience very rapidly changed the landscape of upper tract stone
surgery from open nephron- or pyelo-lithotomy to PCNL, a progression that has
subsequently been seen in many other LMIC environments. Sri Lanka has even been able to
give UK trainees experience in PCNL. The Sri Lankan training paradigm has meant that LMIC
surgeons have become extremely pro"cient in mastering, then teaching PCNL, something
that has been facilitated by the evolution of models such as the use of a watermelon into
which a phantom stone is inserted. Using this model trainees have been able to simulate
renal puncture using a needle and a C-arm with further disseminate of these skills into
another generation.

During the 2020–2021 coronavirus disease 2019 (COVID-19) pandemic it was impossible to
have face-to-face (F-2-F) contact with virtually every country in SSA. Proximie [50], a system
for remote mentoring which could be used in the operating theatre, had been installed in
Benin and was employed to provide continuity in the training paradigm for PCNL. A number
of other remote mentoring systems have been sent to three other units in SSA and
assessments of these systems are planned.

Fig. 2 Open in !gure viewer #PowerPoint

The outcome from PCNL over a 4-year period in Senegal, after three visits by Mr Watson.

How Successful has the Introduction of PCNL into SSA
Been?
PCNL has been successfully introduced into the national or regional training centres in seven
LMICs (Table 4); one centre only started its training programme in 2022 and links in Gambia,
Ethiopia and Zimbabwe have stalled due to insu$cient training, a delay in follow-up training
while the centre built up its specialist faculty, and insu$cient cases to overcome the learning
curve. All of the remaining centres are successfully carrying out PCNL independently on a
regular basis, treating the full spectrum of stone complexity and with success comparable
rates to those seen in HICs (Fig. 2).

Table 4. Countries where PCNL has been established by the MediTech Trust, the length of
time the centre has been established, the local champions, renal access, and the success of
training locally and more widely.

It is interesting to look at the training of the local champions and their learning curve for
PCNL. Four had spent a year training in the UK, or France, learning intra-renal endoscopic
management but had no experience in percutaneous access during that attachment. Two
had spent a year in South Africa where they gained experience with prone PCNL and the
bulls eye technique for access. Five had no previous experience with PCNL, two had had
observerships abroad and one had been taught US-guided nephrostomy placement (Table 
4). External experience is obviously valuable in learning PCNL, but repetitive practice in the
home environment is essential to enable the technique to become a viable part of local
stone management and a treatment standard.

Benin 2 Dr

Natchagande

– Yes Yes Yes Yes

Ghana Dr Akapakli South

Africa

Yes Yes Yes Yes

Rwanda Dr

Muhaweniman

USA No Yes Yes Yes

Senegal 10 Prof. Niang France No Yes Yes Yes

Sri Lanka 14 Prof.

Chandrasekar

UK No Yes Yes Yes

Zambia Dr.

Mapalaunga

– No Yes Yes Yes

Zimbabwe Dr Meki South

Africa

Yes Yes Yes Yes

Ethiopia Dr. Teferi India No No No No

Gambia Dr. Jah UK No No No No

Malawi Dr. Mabedi UK No No No No

Zimbabwe Prof. Enwerem – No No No No

*

*

 Observership without hands-on training.*

Expectations when Introducing Endoscopy into a LMIC
Our experience has shown that it is feasible to teach all urological endoscopic procedures in
a LMIC environment, although a limited portfolio of procedures is likely to be appropriate
[51]. It is important to only teach by direct supervision, or utilising simulation training,
endoscopic skills appropriate and sustainable in the resource-poor setting [52]. Complex
procedures, that may be appropriate in a HIC environment, should only be considered after
discussion with the local champion, and if longitudinally feasible in the absence of the HIC
mentor. LMIC urologists have proven more than adequately skilled to provide these
techniques, although the community’s access to their expertise may be limited by the low
numbers of specialist surgeons available. By comparison to open surgery, endoscopic
management is essentially dependent on an intact local infrastructure, to provide electricity,
water, and Wi-Fi, as well as the availability of serviceable technologies commonly found in
the HIC; none of these may be a#ordable, or sustainable, in the LMIC environment.

We cannot over-emphasise the necessity for a local champion to be fully committed to any
collaborative project and, more importantly, able to commit the time to learn, maintain and
ultimately teach the endoscopic skills they have acquired. Without this commitment the
skills attained cannot be disseminated across a wider geographical area for greater bene"t.
This commitment demands not only time and good communication with the mentor during
the initial learning phase, but continued partnership with the HIC team for management of
more complex cases, until innate surgical resilience has developed in the LMIC unit.

Whilst attempting to establish these techniques e#ort should be made to concentrate on
those centres that can disseminate their knowledge of endoscopic surgery to the largest
numbers of learners in their locality, whether established specialists or trainees. HIC
surgeons are best advised to join an established training group when initially volunteering to
help with teaching endoscopic techniques, so that they have an awareness of the local
healthcare environment and an appreciation of the appropriateness of the techniques they
have come to demonstrate, or mentor. It is also essential, when maintaining a longitudinal
role, if more than one trainer visits a LMIC centre, that they communicate the learning
objectives to other visiting instructors. In that way a continuity in the learning experience is
maintained amongst the trainer faculty and the momentum for patient bene"t perpetuated.
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Abbreviations
DVIU

direct visual internal urethrotomy
ESWL

extracorporeal shockwave lithotripsy
F-2-F

face to face
FURS

!exible URS
HICs

high-income countries
LICs

low-income countries
LMICs

low or low-middle income countries
NGO

non-governmental organisation
PCNL

percutaneous nephrolithotomy
SSA

sub-Saharan Africa
TURBT

transurethral resection of bladder tumour
URS

ureterorenoscopy
US

ultrasonography
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