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Abstract

Background Rwanda has aimed to rebuild its health care system since the Rwandan genocide against the Tutsis
in 1994, though one of the challenges has been a scarcity of radiologic resources.

Objective To assess the location and accessibility of radiologic facilities in Rwanda using geospatial mapping
and population-based data.

Methods A cross-sectional study was conducted in May 2023 using location and radiologic modality data provided
by the Department of Radiology at the University Teaching Hospital of Kigali and the WorldPop database, a publicly
available database providing open-access geospatial population data. Radiologic equipment included magnetic reso-
nance (MR), computed tomography (CT), positron emission tomography (PET), radiotherapy, X-ray, mammography,
and fluoroscopy machines. Geospatial analysis was performed using ArcGIS Pro 2.8.6 software.

Results Fifty-six radiologic facilities were identified, including 5 MR, 7 CT, 1 radiotherapy, 52 X-ray, 5 mammography,
5 fluoroscopy, and 0 PET machines. There were 0.4 MR, 0.5 CT, 0 PET, 0.1 radiotherapy, 3.9 X-ray, 0.4 mammography,
and 0.4 fluoroscopy units per 1 million people.

Conclusion Rwanda is one of the countries with the lowest radiologic access in East Africa; however, there is evi-
dence of progress, particularly in more advanced diagnostic imaging techniques such as computed tomography
and magnetic resonance imaging.

Critical relevance statement This study provides a 10-year update on current radiologic resources and access

in Rwanda, identifying areas of progress and ongoing scarcity, serving as a guide for future direction of growth.

Key points

+ As Rwanda works on rebuilding its health care system, this study provides an assessment of the current radiologic
resources within the country.

« There is less than one radiologic unit for every million of the Rwandan population for every imaging modality other
than X-ray.

+ While radiologic access in Rwanda lags behind that of its neighbors, there has been growth focused on advanced
imaging modalities and the training of human resources.

Keywords Diagnostic imaging, Geographic mapping, Health services accessibility, Radiology, Rwanda
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There is less than one radiologic unit for every million of the Rwandan population for every imaging modality
MRI, PET, mammography, fluoroscopy) other than X-ray. Here the population coverage map is shown for 2
kilometer radius and 50-kilometer radius to A) CT units and B) MR units within Rwanda.
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Introduction

It is difficult to imagine modern medicine without diag-
nostic radiology. Radiology rapidly evolved from X-ray to
magnetic resonance imaging within a span of a century
and is integral to gold standard care pathways in medi-
cine and surgery alike. However, radiology services in
low- and middle-income countries (LMICs) are inad-
equate. While LMICs shoulder 90% of the global burden
of disease, they account for only 12% of global health
spending [1]. This is reflected in the severe shortage of
radiologic equipment in LMICs, with a recent study from
the Lancet Oncology Commission reporting less than 1
CT scanner per million population in LMICs, starkly
contrasting 40 scanners per million population in high-
income countries (HICs) [2]. This shortage translates to
disturbing disparities in health care outcomes as many
diseases, communicable (tuberculosis, human immu-
nodeficiency virus, COVID-19) and noncommunicable
(cancer, cardiovascular disorders, life-threatening emer-
gency conditions including trauma), are reliant upon
imaging for timely diagnosis and treatment [3].

One of the LMICs plagued by radiologic scarcity
is Rwanda. As a sub-Saharan country in East Africa,
Rwanda has a population of 14.1 million and a projected
gross domestic product of 13.1 billion USD as of 2023

[4, 5]. Since the Rwandan genocide against the Tutsi and
subsequent health care crisis of 1994, Rwanda has been
working to rebuild its health care system. Challenges to
this have been a lack of healthcare professionals, paucity
of advanced infrastructure, and scarce resources [6]. It
is estimated that approximately 72% of the population
reside in rural areas where hospitals are sparse and ser-
vices often too expensive to access [7]. However, signifi-
cant progress has been made toward decentralization
and accessibility, with the prioritization of training com-
munity healthcare providers, establishment of a universal
health care system, and investing in health technology,
including medical imaging [8].

To date, few studies have evaluated the distribution and
accessibility of radiologic facilities in LMICs. In Rwanda,
the most recent was a national report tabulating the radi-
ologic resources published nearly 10 years ago [9, 10]. We
aim to assess the location and accessibility of radiologic
facilities in Rwanda using geospatial mapping and popu-
lation-based data.

Methods

A cross-sectional study was conducted to capture the
availability of and access to radiologic equipment at a
single point in time (May 2023). The Department of
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Radiology at the University Teaching Hospital pro-
vided the locations, radiological modalities, and public
or private status of all national facilities. The radiologic
modalities studied included magnetic resonance (MR),
computed tomography (CT), positron emission tomog-
raphy (PET), radiotherapy, X-ray, mammography, and
fluoroscopy. Calculation of radiographic access was per-
formed using the 2023 national population of 14.1 mil-
lion [4].

Descriptive analysis was performed within Microsoft
Excel (version 14.6.7, Microsoft Corporation, 2010) to
tabulate the radiologic units per facility. Radiologic access
was calculated in radiologic units per million population
by dividing the total number of radiologic units by the
2023 population of Rwanda of 14.1 million.

For geospatial analysis of radiological care, GPS coordi-
nates of public and private facilities were obtained based
on information from the Department of Radiology at the
University Teaching Hospital of Kigali. Hospital locations
were confirmed with direct visualization using Google
Earth using their corresponding latitude and longitude
coordinates. Geospatial analysis was conducted using
ArcGIS Pro 2.8.6. A catchment area of 25 km was cho-
sen as the population captured within this area averaged
roughly 1 million and also roughly corresponded with
the sectors and districts of Rwandan units of governance.
The raster dataset for population density was obtained
from WorldPop data, a publicly available database that
aggregates open access and high-resolution geospatial
population data on population distributions, with a focus
on LMICs. This study was granted exemption status by
the Institutional Review Board of the University Teaching
Hospital of Kigali.

Results

A total of 56 radiologic facilities in 41 cities were iden-
tified in Rwanda, 88% (49) of which are publicly funded.
The population within a 25-km radius of each of these
facilities is displayed in Table 1 and ranged from 0.4 to
2.0 million people. Collectively, these facilities con-
tain 5 MR, 7 CT, 1 radiotherapy, 52 X-ray, 5 mammog-
raphy, and 5 fluoroscopy machines. There were no PET
machines available in Rwanda. The breakdown of radio-
logic units per hospital is shown in Table 1. Notably,
13 of these radiologic facilities are in Kigali while the
remaining cities had one to two facilities each. Most of
the Rwandan population lives within a 25 km radius of at
least one imaging modality and hospital with the excep-
tion of the more forested regions along the eastern bor-
der of Rwanda, as seen in the coverage map in Fig. 1. The
map becomes much more sparsely covered when the
analysis is restricted to just CT or MR units, showing
that the majority of Rwanda cannot access either within
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25 km (Fig. 2). Quantitatively, there were 0.4 MR, 0.5 CT,
0 PET, 0.1 radiotherapy, 3.7 X-ray, 0.4 mammography,
and 0.4 fluoroscopy units per one million people. Nota-
bly, all MR units, 43% (3 out of 7) of CT units, and 40%
(2 out of 5) of mammography and fluoroscopy units were
privately owned.

Discussion

This study describes the current geographic landscape of
radiologic access in Rwanda. Despite most of the popula-
tion living within a 25-km radius to a hospital with radi-
ologic capability, there is significant disparity in access
to certain imaging modalities, namely CT and MR, both
of which are routinely used as first-line diagnostic imag-
ing. Among the radiologic modalities included in this
study, X-ray units were the most accessible, radiother-
apy units were the least accessible, and PET units were
inaccessible, reflective of the expense associated with
purchasing, operating, and maintaining the equipment.
Compared to Kenya, Tanzania, Zimbabwe, Zambia, and
Uganda, Rwanda has the fewest radiologic facilities per
million population [11]. Of these countries, the radio-
logic resources in Rwanda are most comparable to Tan-
zania, which has 0.4 CT units, 1.0 fluoroscopy units, 0.3
mammography units, and 0 PET units per one million
people. The scarcity of Rwanda’s radiologic resources is
further put into perspective once the comparative field
is expanded internationally. For reference, according to
Organization for Economic Co-operation and Develop-
ment (OECD) countries, the United States has 38.0 MR
units, 43 CT units, 70.7 mammography units, and 11.4
radiotherapy units per one million people [12—-14].

Among the Rwanda population that live within a 25-km
radius of a CT or MR scanner, there are further dispari-
ties to access depending on whether the equipment is
located at a public or private hospital. Significantly, most
of the higher-level and more expensive imaging equip-
ment such as MR and CT scanners are private. This
situation tends to pose barriers of higher cost of care,
inconsistent health insurance coverage, and locations
in urban centers. However, growth of private radiologic
facilities may serve to reduce the burden on the public
sector facilities.

There is, however, a pattern of progress in the radio-
logic landscape. In 2015, Rwanda had only two MR
machines, both in the capital of Kigali, and five CT
machines, three of which were in Kigali [10]. According
to our study, there are now 3 additional MR units, one of
which is in the city of Gisenyi, and 2 additional CT units,
located in Kibuye and Kibungo. In contrast, there does
not appear to have been any notable changes in the num-
ber of X-ray and fluoroscopy units, which perhaps alludes
to an ongoing shift in the diagnostic paradigm.



(2024) 15:105 Page 4 of 7

Liu et al. Insights into Imaging

0 0 L 0 0 0 0 11ebiy gl 11ebry abuabnIeAN
0 0 | 0 0 0 0 11ebry a I[ebry ebeqebeqry
0 0 L 0 0 0 0 11ebiy gl 11ebry euwiIyniy
0 0 l 0 0 0 0 11ebry g1 1[ebry) 901104 niikoey
0 0 | 0 0 0 0 JE gl 11ebry) pnS np xio1 e [eydoy
| | l 0 0 | 0 11ebiy gl 11ebry 11eBry Jo [endsoH buiyoea] Ausisniun
| | | | 0 | 0 11ebry Al I[ebry) A1) epuBmy/AlRY|IN SWIOUR
| L 0 0 0 L | 11ebiy Al 11ebry Aoeba
0 0 0 0 0 0 l 11ebry gl Ifebryl  anuD sanddns pue buibew [edIpal 1[ebry
0 0 0 0 0 | L 11ebry gl 11ebry) 213ua) Ajie4 pue dpsoubelq [eaypa
| | L 0 0 | L 11ebiy Al 11ebry esteq Bury
0 0 | 0 0 L 0 obungpy L0 obunay obungy
0 0 l 0 0 0 0 fequy L'l 11eany equinAg
0 0 | 0 0 0 0 mNCO>mv_ 90 mNCO\Amv_ NABMNUIMY
0 0 L 0 0 0 0 oquesey 60 oquieley eynpey
0 0 l 0 0 0 0 ebngey 91 ebnaey eesely
0 0 | 0 0 0 0 amIn L'l aMID M9
0 0 l 0 0 | 0 159119 L0 [REMD) aAnay
0 0 | 0 0 0 0 eleWelD 4 eleweln Ikebgesy)
0 0 L 0 0 0 0 ewnsIo L0 BWINSID abuaysng
0 0 l 0 0 0 0 eNAYsID 90 eNAYSID osauobnpy
0 0 l 0 0 0 0 AER) 80 IAuasio 1Aussio
0 0 0 0 0 0 l 1AussI 80 NVENTS) 1UIsIg 1AussID
0 0 | 0 0 0 0 m\_m@mwm_o /0 m_mmmﬂo euwioxen
0 0 L 0 0 0 0 ebuoysen 90 ebuoysen ZIIGIA
0 0 l 0 0 0 0 o3en €l oxen eIy
0 0 l 0 0 0 0 emieAD L0 emieAD 1ZI|191
0 0 | 0 0 0 0 nbnbueld /0 nbnbuel) ampunyio
0 0 | 0 0 0 0 1obny auijod 60  nobnyauljod epuniniy
0 0 L 0 0 0 0 eipjemg ol eipemg epuLIy
0 0 L 0 0 0 0 101296 oJeing 60 101296 Oleing oleing
0 0 | 0 0 0 0 aleing 0l aleing aleIngey)
0 0 | 0 0 0 0 obuasng ol obuasng 9puoien)
Adesayy
KAdodsoion|4 Aydeibowwepy Aey-x uoneipey 13d 1D ] (suoyjiw
u1) snipes wy-sg
Ayjepow d160joipey fAp uiyum uonejndogd fAn |leudsoH

[exdsoy Jad safijepow d160|oIpes JO UMopyealq pue ‘|endsoy yoes Jo snipel Wy-Gz e ulyim painided uoneindod ‘epuemy uiyum Aujigeded siydesboipes yim sjendsoy L ajqeL



Page 5 of 7

(2024) 15:105

Liu et al. Insights into Imaging

0 0 ! 0 0 0 0 ebunp Sl ebuna eIAYS
0 0 L 0 0 0 0 eqel 8l eqel PWONNY-eloway
0 0 L 0 0 0 0 euebewsemy 60 euebeulemy euebeulemy
0 0 L 0 0 0 0 eieyny L0 eieny uiyes
0 0 | 0 0 0 0 1abuayny 1l 1abuayny 1abuayny
0 0 L 0 0 0 0 NAOINIBAN Sl nACINJeAN equiaN
0 0 | 0 0 0 0 ezURAN o ezueAN obueyny
0 0 L 0 0 0 0 ezZURAN 'l ezueAN ezueAN
0 0 L 0 0 0 0 e1eweAN 91 elRWERAN e1RWERAN
0 0 | 0 0 0 0 ale1ebrAN 0 aleiebrAN aie1ebrAN
0 0 L 0 0 0 0 SuIgeAN €l BuMIqeAN fudIqeAN
0 0 | 0 0 0 0 0J210106N 1 01210106\ oJoloyniy
0 0 L 0 0 0 0 ewelebN 60 ewleiebN 1011513 eweleb
0 0 L 0 0 0 0 esesniy €l esesnipl 1INy
0 0 L 0 0 0 0 Iquieiniy 80 lquieiniy oinbyziy
0 0 L 0 0 0 0 iaunpy 90 uuniy uuniy
0 0 L 0 0 0 0 el NN ¥l elwedniy eAeqey
0 0 L 0 0 0 0 2106N\ 0C 106N\ obuoiny
0 0 L 0 0 0 0 SYad 80 BRI Swaby
0 0 l 0 0 0 0 oyl S0 oYl Oyl
0 0 L 0 0 0 0 oquuedny S0 oguelny ei060qy
L ! L 0 0 0 0 11ebry ol I[ebry aleng Jo [endsoH buiyoes Ausiaaun
0 0 L 0 0 0 0 11ebny gl 11eBry pazije1ads OMIM
Adesayy
Adodsoion|4 Aydeibowwepy Aey-x uoneipey 13d 1D 1YW (suoyjiw
u1) snipes wy-sg
Aujepow d160jo1pey fis1p) ulyum uoneindog 1) leydsoH

(panupuOd) | 3jqey



Liu et al. Insights into Imaging (2024) 15:105

-
-
Fig. 1 ArcGlIS-generated population coverage map for 25-km radius

to all radiologic facilities

Human resources are another integral piece to the
radiologic landscape within Rwanda, which has been
previously reported. In 2012, there were only 8 radi-
ologists in Rwanda, with 87% (7) spending most of their
time in Kigali hospitals [9]. Consequently, minimal radi-
ologist coverage occurred at facilities outside of Kigali,
where radiographic interpretation are performed pre-
dominantly by general practitioners. Much like that for
radiologic equipment, there is also a growth trend for
radiologists as the number of radiologists had increased
from 8 in 2012 to 11 by 2014 [10]. Even so, there is still
a clear deficiency of staffing for the 56 hospitals. As of
2015, there is an ongoing effort by the government to
allocate resources toward a radiology residency program
within Rwanda. Interestingly, in contrast to the scarcity
of radiologists, there is an abundance of radiographers,
averaging 10 at private hospitals and only 3 at public hos-
pitals [9].

This study is limited by the exclusion of ultrasound
as a radiologic modality due to the difficulty of obtain-
ing accurate unit counts. However, it is known that
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ultrasounds are much more readily available compared
to other imaging modalities in Rwanda. As a highly oper-
ator-dependent modality, ultrasound may accordingly
have higher diagnostic utility in Rwanda than in more
developed countries where radiologists have ready access to
more advanced imaging modalities. We are therefore unable
to comment on the relative diagnostic utility and necessity
of the different radiologic modalities within Rwanda.

Future studies investigating the radiologic landscape
in Rwanda would benefit from exploring the diagnostic
utility and accuracy of the various imaging modalities,
including ultrasound, as compared to more developed
countries. This data would allow for realistic measures of
health utility that can direct resource expansion. Addi-
tionally, data on human radiologic resources in Rwanda,
including a tabulation of current technologists and radi-
ologists, would direct further educational efforts. These
studies, in conjunction with the current study, could be
used to establish healthy, balanced growth of equipment
and human resources.

While a comprehensive policy review is beyond the
scope of this paper, the authors anticipate that improve-
ments to the Rwandan radiologic landscape will likely
take place in three areas: (1) increasing training of radi-
ographers, (2) maximizing existing radiologic resources,
and (3) expanding the repertoire of radiologic equipment.
While ultrasound is the most accessible diagnostic imag-
ing modality in Rwanda, it is arguably the most depend-
ent on the skill of the radiographer. As radiographers gain
more experience and access to subspecialty training, the
diagnostic value of ultrasound is expected to increase,
which may obviate the need for more advanced modalities
in certain cases. Maximizing existing radiologic resources
can be achieved by strengthening residency training pro-
grams and increasing the number of radiologists. Fur-
thermore, the amount of physical radiologic equipment
must be expanded, as access in Rwanda is largely limited
by the scarcity of units. This ultimately will depend on

Fig. 2 ArcGIS-generated population coverage map for 25-km radius and 50-km radius to (a) CT units and (b) MR units
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the intentional allocation of health resources to equip-
ment acquisition by the government. Overall, Rwanda has
acknowledged the importance of radiologic resources in
rebuilding their health care infrastructure and has made
impressive strides within the past decade.

Conclusion

Currently, Rwanda remains an East-African nation with
great needs in radiologic access, with less than one radi-
ologic unit for every million of the population for every
imaging modality other than X-ray. However, there is
evidence of progress in the expansion of resources with
a focus on more advanced modalities such as computed
tomography and magnetic resonance.
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