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ABSTRACT

Background and study aims Limited evidence suggests

that endoscopy capacity in sub-Saharan Africa is insuffi-

cient to meet the levels of gastrointestinal disease. We

aimed to quantify the human and material resources for

endoscopy services in eastern African countries, and to

identify barriers to expanding endoscopy capacity.

Patients and methods In partnership with national pro-

fessional societies, digestive healthcare professionals in

participating countries were invited to complete an online

survey between August 2018 and August 2020.

Results Of 344 digestive healthcare professionals in Ethio-

pia, Kenya, Malawi, and Zambia, 87 (25.3%) completed the

survey, reporting data for 91 healthcare facilities and iden-

tifying 20 additional facilities. Most respondents (73.6%)

perform endoscopy and 59.8% perform at least one thera-

peutic modality. Facilities have a median of two functioning

gastroscopes and one functioning colonoscope each. Over-

all endoscopy capacity, adjusted for non-response and ad-

ditional facilities, includes 0.12 endoscopists, 0.12 gastro-

scopes, and 0.09 colonoscopes per 100,000 population in

the participating countries. Adjusted maximum upper gas-

trointestinal and lower gastrointestinal endoscopic capaci-
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Introduction
Gastrointestinal endoscopy is an essential diagnostic and ther-
apeutic tool of modern medicine. Anecdotal evidence suggests
that there is insufficient endoscopy capacity in low- and mid-
dle-income countries (LMICs), but there are few published
quantitative data to support this conclusion. A prior survey of
endoscopists in sub-Saharan Africa highlighted the lack of ther-
apeutic and emergency endoscopy services, the paucity of
endoscopy training centers in the region, and the need for
more endoscopy training [1].

The African Esophageal Cancer Consortium (AfrECC),
formed in 2017, is a multinational consortium of healthcare
professionals, researchers, and public health specialists seeking
to prevent endemic esophageal squamous cell cancer (ESCC),
improve esophageal cancer care and stimulate esophageal can-
cer (EC) research [2]. ESCC is highly prevalent in eastern sub-Sa-
haran Africa, in a corridor stretching from Ethiopia to South
Africa, and AfrECC’s efforts are focused in this area of the globe.
Gastrointestinal endoscopy is a pivotal technology for EC care,
research, and prevention.

Diseases requiring endoscopy (including esophageal and
gastric cancers, peptic ulcers, and variceal hemorrhage) are
more common in LMICs than in resource-rich countries and
thus there is a need to assess if endoscopic services are suffi-
cient for current needs [3]. In the recent past there have been
several publications highlighting the sub-Saharan gastrointesti-
nal endoscopy experience and suggesting that endoscopy is an
appropriate technology for the region [4–7].

AfrECC undertook a survey of digestive healthcare profes-
sionals with the goal of quantitatively assessing endoscopy ca-
pacity in eastern Africa. AfrECC is ideally positioned to sponsor
such a survey, and AfrECC members in Ethiopia, Kenya, Malawi
and Zambia agreed to serve as champions for the project in
their respective countries. Efforts were made to survey all
healthcare professionals potentially performing endoscopy by
working in collaboration with national gastroenterology and
surgery societies.

The aims of this study were to determine the number of GI
endoscopists practicing in participating eastern African coun-
tries, the scope of their practice, and their practice settings.
Both human resources and material resources available for
endoscopy were evaluated, with the aim of estimating endos-
copy capacity (in terms of both manpower and equipment) in
participating countries, comparing these results to published
data from resource-rich countries, and identifying barriers to
expanded endoscopy capacity in the region.

Material and methods
Invitations to participate in a standardized online survey were
sent to all known and potential gastrointestinal endoscopists
in Ethiopia, Kenya, Malawi and Zambia, and anonymized results
were analyzed and compared to published data from South
Africa, North America, and Europe. Invitations were issued in
partnership with professional societies of participating coun-
tries: in Country A the survey was sent to members of the na-
tional gastroenterology society (including surgeons who are
members), while in Country B, Country C, and Country D, the
survey was sent to members of both gastroenterology and sur-
gery societies. Invitations were distributed to the entire mem-
berships of these societies via email and WhatsApp forum. Per-
iodic reminders were sent to all invitees. The survey included
items about the respondent’s scope of practice, the endoscopy
equipment available at the facilities where they perform endos-
copy, and the maximum number of endoscopic procedures that
could be performed weekly at those facilities. Health facilities
were classified by level of care provision. Primary facilities serve
populations at the county or district level, secondary are regio-
nal facilities, and tertiary are national referral hospitals. Partici-
pants were also asked to list other healthcare facilities in their
country where endoscopy might be performed. The survey in-
strument is shown in Supplemental Table1.

Data were collected through Google Forms and stored and
analyzed at the University of North Carolina (UNC) at Chapel
Hill. Data regarding scope of endoscopic practice was analyzed
with regard to the percentage of respondents who are practi-
cing particular therapeutic interventions and their self-report-
ed desire for further training in particular endoscopic interven-
tions. Descriptive statistics were used to report both endos-
copist and equipment data, and summary data for each country
were compared to the country population to obtain a measure
of endoscopic capacity in terms of both endoscopists and func-
tioning endoscopes available per unit of population. The maxi-
mum number of endoscopic procedures that could be per-
formed across all survey responses was similarly analyzed,
based on respondents estimates of the maximum number of
procedures facilities could perform per week. When more than
one respondent reported data about a healthcare facility, which
occurred for many larger facilities, we used facility mean values
for data analysis.

For analyses of nation-wide endoscopy capacity, summary
results were adjusted to account for survey non-responders.
“Capacity” was calculated using data from all survey respon-
dents, and “adjusted capacity” was calculated by extrapolating

ty were 106 and 45 procedures per 100,000 persons per

year, respectively. These values are 1% to 10% of those re-

ported from resource-rich countries. Most respondents

identified a lack of endoscopic equipment, lack of trained

endoscopists and costs as barriers to provision of endos-

copy services.

Conclusions Endoscopy capacity is severely limited in

eastern sub-Saharan Africa, despite a high burden of gas-

trointestinal disease. Expanding capacity requires invest-

ment in additional human and material resources, and

technological innovations that improve the cost and sus-

tainability of endoscopic services.
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results to all individuals invited to participate in the survey, in-
cluding all nonrespondents. Facility-level data was similarly ad-
justed to include all facilities reportedly offering endoscopy ser-
vices, including those for which data were not available. These
calculations were based on the assumption that the endoscopy
practice of nonrespondents is, on average, the same as that of
survey respondents. All tabulations were performed using R
3.6.2 (R Foundation for Statistical Computing, Vienna, Austria).

Endoscopist and procedure volume data were compared to
previously published data from South Africa, the United States,
and the Netherlands. Because data were not available regarding
the number of functioning gastroscopes and colonoscopes in
use in the United States and the Netherlands, we estimated
lower limits from the known number of procedures done yearly
in these countries, assuming that each endoscope could be
used to perform a maximum of 1,000 procedures yearly.

Results
Invitations were sent to 344 individuals, and 87 (25.3%) com-
pleted the survey. Details of the respondents’ endoscopy prac-
tices are shown in ▶Table1, and their practice locations are de-
picted in ▶Fig. 1. Among all participants, 73.6% perform endo-
scopic procedures and 59.8% perform at least one endoscopic
therapeutic modality; six perform ERCP and two perform EUS.
Fifteen of the respondents (4.4%) are either members of
AfrECC or have attended an AfrECC esophageal stent training
workshop.Only 6.9% of respondents reported wanting more
training in diagnostic endoscopy, while 67.8% reported want-
ing additional training in therapeutic endoscopy, including
ERCP (52.9%), endoscopic submucosal dissection (50.6%),
endoscopic ultrasound (49.4%), endoscopic mucosal resection
(47.1%), non-variceal bleeding therapies (46.0%), pneumatic
dilation for achalasia (34.5%), esophageal stent placement
(32.2%), polypectomy (28.7%), esophageal dilation (24.1%),
and variceal band ligation (21.8%).

The respondents perform endoscopy at 91 medical facilities
and knew of an additional 20 facilities where endoscopy is re-
portedly available, but for which no survey data was obtained.

▶Table 2 compares endoscopy practice characteristics at the
91 facilities, sub-categorized as public, private, or mission facil-
ities. The majority of endoscopists at all facility types practice
at secondary and tertiary level institutions. Overall, these facil-
ities have a median of one functioning colonoscope (IQR: 1–2)
and two gastroscopes (IQR: 1–3) each. Fluoroscopy is more
commonly available at mission facilities than at public or pri-
vate endoscopy practices, and endoscopy fees are much lower
at public institutions. Fewer than half of facilities offer after-
hours or weekend emergency endoscopy services.

The overall endoscopic capacity of participating countries is
shown in ▶Table 3 [8, 9], including both the number of endos-
copists and maximum procedure capacity of facilities offering
endoscopy services. Endoscopy capacity of each individual
country is shown in Supplemental Table 2. “Adjusted capacity”
(as defined in the methods section) was compared to published
endoscopy utilization data from the West Cape Province in
South Africa, the United States, and the Netherlands. Per unit

population, the adjusted number of endoscopists in participat-
ing countries was only 10.0% and 4.8% of the number of endos-
copists in the United States and Netherlands, respectively. Simi-
larly, the number of functioning gastroscopes in participating
countries was 6.8% and 9.4%, the number of available colono-
scopes was 2.6% and 5.7%, the maximum upper gastrointesti-
nal endoscopy capacity was 5.8% and 8.1%, and the maximum
lower gastrointestinal endoscopy capacity was 1.4% and 3.0%
of capacity in the United States and the Netherlands, respec-
tively. Comparison of adjusted country-level results to values
from the West Cape Province resulted in 13.5%, 20.9%, 33.2%,
63.6% of the capacity for functioning gastroscopes, function-
ing colonoscopes, maximum upper gastrointestinal capacity,
and maximum lower gastrointestinal capacity, respectively.

Perceived barriers preventing or limiting endoscopy services
are shown in ▶Table 4 and Supplemental Table 3. At the facil-
ity level, public sector facilities more often lacked equipment
(75%) compared to the private sector (50%). Fewer individuals
working in the public sector reported time constraints as a bar-
rier and more reported purchase of endoscopy equipment as a
barrier. Overall, 75.9% of respondents reported a lack of endos-
copy equipment, 83.3% reported cost-related barriers, 69.0%
reported lack of trained endoscopists and/or support staff,
40.5% reported facility infrastructure and resource constraints,
and 38.1% reported regulatory and governmental barriers to
endoscopy services.

▶Table 5 presents data about how facilities obtain and re-
pair endoscopes. Endoscope procurement varies by country,
but facility-level purchases are common, and donations are an
important source of endoscopes. Nearly half (47.9%) of respon-
dents must send their endoscopes to another continent for re-
pair, and a quarter either have no access to repair (21.9) or else
attempt self-repair (13.7%). Many respondents must look out-
side of their facility for funds to pay for endoscope repair; when
funds are available, they usually come from research grants
(18.2%), the government (9.1%), a donor (12.1%), or the
endoscopist themselves (13.6%).

Discussion
Anecdotal evidence has long suggested critical shortages of
both trained gastrointestinal endoscopists and endoscopic
equipment in sub-Saharan Africa, but there is little published
data to substantiate this impression. In this study, nationwide
surveys conducted in the four countries demonstrated severely
limited gastrointestinal endoscopy capacity when compared to
South Africa, the United States, and the Netherlands [10]. Hu-
man resources (endoscopists and trained assistants) and mate-
rial resources (endoscopes) in participating countries equate
to≤10% of the resources found in high income countries.

Our findings add to those of previous investigators who col-
lected survey data from 22 endoscopists practicing in 15 differ-
ent sub-Saharan countries, often with only one respondent per
country [1]. The authors highlighted the limited scope of re-
ported endoscopy services and the need for additional training,
particularly in therapeutic endoscopy. Similarly, a survey of
West African healthcare professionals attending a 3-day course
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on the diagnosis and treatment of gastrointestinal disease
found that fewer than half of attendees had the resources
needed to perform endoscopy [11]. Our study adds to previous
work by quantifying national endoscopy capacity, drawing
comparisons with resource-rich countries, and further explor-
ing barriers to expansion of endoscopy services.

A case might be made that fewer endoscopy resources are
required in sub-Saharan Africa than in Europe or North Ameri-
ca, arguing that colonoscopic population screening is not need-

ed due to the relatively low incidence of colorectal cancer in the
region, and that upper gastrointestinal endoscopy may be over-
used in resource-rich countries for evaluation of conditions
such as dyspepsia. However, ESCC is up to 50 times more com-
mon in eastern Africa than in Europe and North America [2],
and endoscopy is pivotal in the diagnosis, management and
prevention of this disease. ESCC screening programs are need-
ed in the region, but population-wide screening and endo-
scopic treatment of esophageal squamous dysplasia (the ESCC

▶Table 1 Demographic characteristics of survey respondents.

Country A Country B Country C Country D Total

Survey start date 24-Dec-2019 7-Aug-2019 17-Aug-2018 19-Jul-2019 17-Aug-2018

Survey end date 10-May-2020 12-Aug-2020 11-Aug-2020 1-Nov-2019 12-Aug-2020

Number invited to participate (row %) 66 (19.2) 201 (58.4) 10 (2.9) 67 (19.5) 344 (100.0)

Number of respondents (row %) 15 (17.2) 49 (56.3) 7 (8.0) 16 (18.4) 87 (100.0)

Response rate (%) 22.7 24.4 70.0 23.9 25.3

n % n % n % n % n %

Type of health professional

▪ Surgeon 2 13.3 34 69.4 4 57.1 2 12.5 42 48.3

▪ MD non-surgeon 13 86.7 5 10.2 1 14.3 8 50.0 27 31.0

▪ Non-physician 0 0.0 3 6.1 2 28.6 4 25.0 9 10.3

▪ Trainee/fellow 0 0.0 7 14.3 0 0.0 2 12.5 9 10.3

Place of employment

▪ Private sector 3 20.0 17 34.7 1 14.3 1 6.3 22 25.3

▪ Public sector 4 26.7 19 38.8 2 28.6 15 93.8 40 46.0

▪ Both 8 53.3 13 26.5 0 0.0 0 0.0 21 24.1

Performing gastrointestinal endoscopy procedures

▪ No 2 13.3 16 32.7 0 0 4 25 22 25.3

▪ Yes 13 86.7 33 67.3 7 100 11 68.8 64 73.6

Procedures performed

▪ Diagnostic EGD 13 86.7 33 67.3 3 42.9 12 75.0 61 70.1

▪ Diagnostic colonoscopy 13 86.7 28 57.1 2 28.6 8 50.0 51 58.6

▪ Diagnostic ERCP 1 6.7 4 8.2 0 0.0 1 6.3 6 6.9

▪ EUS 0 0.0 1 2.0 0 0.0 1 6.3 2 2.3

▪ Any therapeutic endoscopy 13 86.7 27 55.1 1 14.3 11 68.8 52 59.8

Injection therapy for bleeding 9 60.0 17 34.7 0 0.0 8 50.0 34 39.1

Variceal band ligation 11 73.3 23 46.9 1 14.3 11 68.8 46 52.9

Endoscopic clip placement 5 33.3 7 14.3 0 0.0 5 31.3 17 19.5

Esophageal dilation 6 40.0 24 49.0 1 14.3 9 56.3 40 46.0

Esophageal stent placement 0 0.0 22 44.9 1 14.3 6 37.5 29 33.3

Polypectomy 11 73.3 14 28.6 0 0.0 7 43.8 32 36.8

EMR 2 13.3 3 6.1 0 0.0 0 0.0 5 5.7

ESD 1 6.7 1 2.0 0 0.0 0 0.0 2 2.3
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precursor) is not currently feasible given the lack of endoscopic
resources. In addition, a wide variety of other gastrointestinal
diseases, including viral hepatitis-induced cirrhosis, hepatocel-
lular cancer, schistosomiasis, variceal hemorrhage, peptic ulcer
disease, gastric cancer and gastrointestinal tuberculosis are
more prevalent in sub-Saharan Africa than in Europe or North
America [12–15]. The burden of gastrointestinal disease in
sub-Saharan Africa calls for endoscopy resources at least as ro-
bust as those found in resource-rich countries.

Even after adjusting our results to account for non-respon-
ders, we found that there is only one endoscopist for every

400,000 to 2 million individuals in participating countries. As a
consequence of this severe shortage, we have observed that
many sub-Saharan endoscopists spend much of their effort on
diagnosis and management of life-threatening complications
of advanced disease. Endoscopic services intended to screen
for, prevent, or modify disease often take a back seat to urgent
evaluation of severely symptomatic patients. The overall im-
pact of endoscopy on the health of African populations would
likely be greater if there were enough endoscopists to fully sup-
port elective and preventative endoscopy services as well. We
are encouraged that the median endoscopist in this survey has
been practicing for only 6 years, suggesting that human resour-
ces for endoscopy have been increasing in recent years.

Similarly, we found that there is only one functioning gastro-
scope for every 400,000 to 1.3 million individuals in participat-
ing countries, less than 10% of the minimum number of gastro-
scopes that we calculated are needed to support current
endoscopy practice volumes in the United States and the Neth-
erlands. Quantitative endoscopy capacity data has also been
published for West Cape Province, South Africa, based on an
audit of facilities offering endoscopy, and reported 0.90 func-
tioning gastroscopes and 0.41 functioning colonoscopes per
100,000 population; similar data has been reported from Kwa-
Zula-Natal Province [8, 16, 17]. These figures are midway be-
tween those of the eastern African countries we surveyed and
the Netherlands and United States, and suggest that there is
probably a range of endoscopy capacity across LMICs. We
found that private facilities and faith-based institutions hold
the majority of endoscopy resources within countries. This
may be a function of the cost of acquiring and maintaining the
equipment. In addition, the equipment numbers provided are
also reported averages and may not have captured the variabil-
ity in periods when there was limited or no functional equip-
ment at all. Endoscopy fees are lower at public facilities, but
there were few public facilities that offered endoscopy services,
suggesting very limited access for poorer patients.

A large majority of survey respondents identified the initial
cost of endoscopic equipment and the ongoing costs of main-
taining equipment as barriers to the provision of endoscopy
services. Further complicating matters, most respondents do

▶Table 1 (Continuation)

Country A Country B Country C Country D Total

median IQR median IQR median IQR median IQR median IQR

Number of years performing endoscopy 6 5–6 5 3–8 5 3.5–8 7 3.75–
15.25

5 3–9

Average number of upper gastrointes-
tinal endoscopies/week

20 20–30 6 3.5–12.5 10 8.5–
13.75

8 5–11 10 4.5–15.5

Average number of lower gastrointesti-
nal endoscopies/week

8 5–10 2 1–4 1 0.5–2 0 0–3.5 3 1–5

EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound; EMR, endoscopic mucosal resection; ESD,
endoscopic submucosal dissection.
Missing values for country a, b, c, d: type of health professional (0,0,0,0); place of employment (0,0,4,0); performing gastroenterology (0,0,0,1); procedures performed
(2,16,4,4); years performing endoscopy (2,16,0,4); number of upper gastrointestinal endoscopies (2,16,1,5); number of lower gi endoscopies (2,16,0,5).

# survey
respondants
 1

2 –5
6 –10

 11–25

▶ Fig. 1 Health facility locations reported by survey participants
(n =91), stratified by country and facility type.
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▶Table 2 Endoscopy services and resources by type of healthcare institution.

All facilities Mission Private Public P value1

n % n % n % n %

# facilities represented 91 – 9 – 65 – 17 –

Facility level of service2

▪ Outpatient clinic 2 2.2 0 0.0 2 3.1 0 0.0 1.03

▪ Primary 3 3.3 0 0.0 2 3.1 1 5.9

▪ Secondary 34 37.4 6 66.7 28 43.1 0 0.0

▪ Tertiary 32 35.2 3 33.3 13 20.0 16 94.1

Days per week that endoscopy is available

▪ 1 7 7.7 1 11..1 4 6..2 2 11.8 0.94

▪ 2–4 18 19.8 2 22.2 11 16.9 5 29.4

▪ 5 19 20.9 5 55.6 9 13.8 5 29.4

▪ 6–7 25 27.5 0 0.0 20 30.8 5 29.4

Emergency endoscopy

▪ No 16 17.6 2 22.2 9 13.8 5 29.4 0.8**

▪ Yes 3 3.3 1 11.1 1 1.5 1 5.9

▪ Yes, but during scheduled hours only 28 30.8 2 22.2 22 33.8 4 23.5

▪ Yes, during scheduled hours and after
hours

24 26.4 4 44.4 13 20.0 7 41.2

Access to fluoroscopy

▪ No 49 53.8 2 22.2 36 55.4 11 64.7 0.003

▪ Yes 22 24.2 7 77.8 9 13.8 6 35.3

Median IQR Median IQR Median IQR Median IQR

Functioning gastroscopes per facility 2 1–3 3 2–4 1 1–2 2 1.89–3.5 0.002

Functioning colonoscopes per facility 1 1–2 1 1–2 1 1–2 1 1–2 0.8

Maximum capacity for upper gastrointes-
tinal procedures per week per facility

30 17.5–50 25 18.8–
30.4

30 17–47.5 50 27.5–60 0.1

Maximum capacity for lower gastrointesti-
nal procedures per week per facility

10 7.5–20 9.5 5–16.2 10 8.5–20 15 8–20 0.5

Patient cost for diagnostic endoscopy
(USD)

100 53–150 100 90–133 117 70–180 12 8.5–59.6 < 0.001

Patient cost for therapeutic endoscopy
(USD)

203 150–
312

225 175–288 250 200–
350

34 6.63–119 <0.001

IQR, interquartile range; USD, United States dollars. Denominator values for continuous variables (Mission, Private, Public): gastroscopes (9,45,17), colonoscopes
(9,45,17), maximum upper gastrointestinal capacity (8,43,17), maximum lower gastrointestinal capacity (8,42,17), cost diagnostic (7,41,11), cost therapeutic
(7,31,10).
Missing values for mission, private, public: facility level (0,20,1); days per week (1,21,0); emergency (0,20,0); fluoroscopy (0,20,0); gastroscopes (0,20,0); colono-
scopes (0,20,0); maximum upper gastrointestinal (1,22,0); maximum lower gastrointestinal (1,23,0); cost diagnostic (2,24,6); cost therapeutic (2,34,7).
1 P values compare facility type results using a Fischer's exact test for proportions and a Kruskal-Wallis rank sum test for comparison of continuous variables.
2 Primary = first level hospital, secondary = second level hospital, tertiary = third level hospital.
3 Outpatient/primary vs. secondary/tertiary.
4 No vs any yes.
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not have ready access to endoscope repair services and must
send damaged endoscopes to another continent for repair, at-
tempt the repair themselves, or remove the endoscope perma-
nently from service and attempt to obtain another endoscope.
Many African endoscopists have had the experience of sending
their endoscope far away for repair, only to receive an invoice
that they cannot afford to pay and hence never receiving their
endoscope back. Paradoxically, the difficulty of obtaining endo-

scope repair increases the overall costs of endoscopy services
by shortening the usable lifespan of endoscopes.

The challenges we identified are opportunities for innova-
tion. There is a large potential market for solutions that meet
the needs of limited-resource contexts. Endoscopic systems
with lower initial and per-procedure costs, and disposable or
semi-disposable endoscopes with no need for repair could dra-
matically increase endoscopic capacity in countries such as
those we studied. In addition, there is an opportunity to

▶Table 4 Barriers to provision of endoscopy services by place of employment.

Private sector Public sector Both Total P value1

n % n % n % n %

Number of respondents 2 9.1 19 47.5 10 47.6 31 37.3

Endoscopy equipment

▪ Lack of functioning equipment 11 50.0 30 75.0 18 85.7 63 75.9 0.5

▪ Lack of disinfection supplies 6 27.3 6 15.0 5 23.8 20 24.1 0.6

▪ Availability of accessories 7 31.8 15 37.5 12 57.1 37 44.6 0.6

▪ Overall (yes to any of the above) 14 63.6 34 85.0 19 90.5 67 80.7 0.7

Facility limitations

▪ Time constraints 6 27.3 2 5.0 7 33.3 17 20.5 0.03

▪ Space constraints 0 0.0 5 12.5 1 4.8 6 7.2 0.3

▪ Unpredictable electricity 1 4.5 7 17.5 1 4.8 10 12.0 0.3

▪ Lack of pathology services 4 18.2 9 22.5 3 14.3 16 19.3 0.9

▪ Overall (yes to any of the above) 8 36.4 15 37.5 8 38.1 31 37.3 1.0

Personnel

▪ Lack of trained endoscopists 12 54.5 23 57.5 15 71.4 53 63.9 0.9

▪ Lack of support staff 11 50.0 17 42.5 10 47.6 40 48.2 0.9

▪ Overall (yes to any of the above) 13 59.1 27 67.5 15 71.4 55 66.3 0.9

Cost

▪ Lack of insurance coverage for
endoscopy services

11 50.0 15 37.5 14 66.7 40 48.2 0.4

▪ Initial cost of purchasing endoscopy
equipment

12 54.5 19 47.5 16 76.2 48 57.8 0.5

▪ Cost of maintaining endoscopy
equipment

13 59.1 22 55.0 16 76.2 54 65.1 0.8

▪ Patients are unable to pay endoscopy
fees

11 50.0 9 22.5 9 42.9 29 34.9 0.3

▪ Overall (yes to any of the above) 18 81.8 29 72.5 20 95.2 67 80.7 0.8

Regulatory

▪ Obtaining governmental approval to
offer endoscopy services

2 9.1 5 12.5 1 4.8 8 9.6 0.9

▪ Governmental purchase of endos-
copy equipment for facility

0 0.0 15 37.5 10 47.6 26 31.3 0.01

▪ Overall (yes to any of the above) 2 9.1 19 47.5 10 47.6 31 37.3 0.1

1 P values compare country results using Fisher's exact test for count data. “Private sector” includes both private and mission facilities.
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strengthen local capacity for repair of endoscopes. Additional
endoscopy training programs are likely to develop in response
to increased access to endoscopy technology. In the sub-Sahar-
an Africa context we think that every general surgeon and gas-
troenterologist should be able to perform endoscopy, and that
non-specialist and non-physician endoscopists could be instru-
mental in expanding endoscopy capacity [18].

Governments, research institutions, development agencies
and industry partners all have key roles to play in promoting
growth and innovation in endoscopy, and we believe that exist-
ing partnerships have been pivotal in achieving what has al-
ready been accomplished. Our analysis of functioning endos-
copy services throughout the surveyed countries suggests that
endoscopy is feasible and sustainable in eastern Africa. We
know that training is flourishing in some of the locations we
studied, through ongoing efforts to incorporate endoscopy in
residency and fellowship curricula [19], nevertheless, large in-
creases in capacity are still needed. National surgical and gas-
troenterology societies can champion training of endoscopists
and engage with governments to chart pathways to sustainable
provision of endoscopy services. In addition, collaboration and
teaching can be enhanced and maintained via remote teaching
and virtual learning platforms. Given the proportion of endos-
copy services provided by private institutions, there may be an
opportunity to utilize these facilities for training in endoscopy

[20]. Potential solutions to these training needs will have to be
tailored to each country’s unique resources and needs to help
train and retain the specialist workforce. [21] Other potential
solutions include training of nurse endoscopists (NEs). This
concept has been described on the continent. However, it has
not had widespread acceptance as has been the case in the Uni-
ted Kingdom and other parts of Europe [22].

Our study has limitations, and our results are based on sev-
eral assumptions. Our survey response rate was low, and we mi-
tigated this limitation by extrapolating results to all non-re-
spondents. In addition, we could have missed healthcare facil-
ities that offer endoscopy services; however, we mitigated this
limitation by asking respondents to list other healthcare facil-
ities throughout their country that might offer endoscopy, and
we adjusted our results to include all reported facilities for
which we did not have data. Our survey did not include infor-
mation on support personnel like nurse endoscopists, and this
is an opportunity for future research. There were some respon-
ses from nurses but these were mainly on the provision of
endoscopic services. Our extrapolation of study results to non-
respondents and additional facilities likely led us to overesti-
mate endoscopy capacity: anecdotal interactions suggest that
survey recipients who do not perform endoscopy were unlikely
to complete the survey, and we know that most of the facilities
for which we do not have data are small private clinics staffed

▶Table 5 How facilities obtain and repair endoscopes.

Country A Country B Country C Country D Total P value1

n % n % n % n % n %

How are endoscopes obtained? 14 – 40 – 7 – 16 – 77 –

▪ Donation (used and new) 7 50.0 10 25.0 7 100.0 11 68.8 35 45.5 < 0.001

▪ Purchase by facility (used and
new)

12 85.7 36 90.0 0 0.0 1 6.3 49 63.6 < 0.001

▪ Purchase by government 3 21.4 7 17.5 0 0.0 0 0.0 10 13.0 0.2

▪ Research funding 0 0.0 2 5.0 0 0.0 10 62.5 12 15.6 < 0.001

How are endoscopes repaired? 13 – 38 – 7 – 15 – 73 –

▪ Unable to repair 4 30.8 6 15.8 2 28.6 4 26.7 16 21.9 0.5

▪ Self-repair 0 0.0 7 18.4 1 14.3 2 13.3 10 13.7 0.4

▪ Sent for repair in-country 4 30.8 27 71.1 0 0.0 1 6.7 32 43.8 < 0.001

▪ Sent elsewhere in Africa 1 7.7 6 15.8 0 0.0 9 60.0 16 21.9 0.002

▪ Sent elsewhere in the world 6 46.2 14 36.8 5 71.4 10 66.7 35 47.9 0.1

Who pays for endoscope repair? 12 – 40 – – 14 – 66 –

▪ Donor 2 16.7 4 10.0 – – 2 14.3 8 12.1 0.7

▪ Endoscopist 0 0.0 7 17.5 – – 2 14.3 9 13.6 0.4

▪ Facility 10 83.3 31 77.5 – – 4 28.6 45 68.2 0.002

▪ Government 1 8.3 4 10.0 – – 1 7.1 6 9.1 1.0

▪ Research funds 0 0.0 1 2.5 – – 11 78.6 12 18.2 < 0.001

1 P values compare country results using Fisher’s exact test for count data.
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by one endoscopist. In addition, we assumed that endoscopy is
performed only by members of national gastroenterology and
surgical societies, but it is certainly possible that others are per-
forming endoscopy, with or without formal training, and this
may have led us to underestimate endoscopy capacity. How-
ever, from our knowledge of local and national medical practice
we believe there are few such endoscopists in the countries we
studied, and that they are not working in major population cen-
ters or larger healthcare facilities. Furthermore, we made the
same assumption when drawing comparisons to the United
States and the Netherlands, and omitted Dutch non-specialists
who perform endoscopy from our calculations [10]. Finally, we
could only find recent national endoscopy procedure volumes
and potential endoscopist numbers for two resource-rich coun-
tries and would have preferred to include more comparative
data. Even for these two countries we could find no estimate
of the number of functioning endoscopes in use. We chose to
calculate a lower limit for this number by assuming that one
endoscope is at most used for 1,000 procedures a year (or four
procedures per day, 5 days a week for 50 weeks a year) in the
United States and the Netherlands. We suspect that the num-
ber of functioning endoscopes in resource-rich countries is
much higher, again leading to an overly optimistic estimate of
endoscopy capacity in eastern Africa.

Endoscopy capacity is severely limited in eastern Africa, de-
spite a high burden of gastrointestional disease. Expanded ca-
pacity requires additional endoscopists and endoscopes.
These, in turn, require innovations that improve the cost struc-
ture and sustainability of endoscopic services and provide more
opportunities for endoscopy training.
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