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Abstract Several studies demonstrate the usefulness of

nuclear medicine procedures for public health problems in

developing countries. Little is known about the location

and accessibility of nuclear medicine facilities, thus mak-

ing the assessment of their location and allocation an

integral part in strengthening nuclear medicine services in

these countries. This paper employed the Maximal

Covering Location Problem to identify the optimum

numbers of University Teaching and Research Hospitals

(UTRHs) that can be upgraded to provide Nuclear Medi-

cine (NM) services to the largest number of Local

Government Areas (LGAs) within a 200 km threshold

drive time in Nigeria. It also identified developmental

priority for the optimum UTRHs. Our analysis shows that

about 26% of the LGAs are within 200 km distance from

the two existing NM facilities and if NM services are

restricted to only the UTRHs, 84% coverage of the LGAs

can be achieved within a 200 km drive time of 11 UTRHs

in Nigeria. Compared with others, Aminu Kano Teaching

Hospital, Kano, Kano State should be prioritized because it

consistently has between 90 and 110 LGAs within its

200 km distance. Our study identified the optimal locations

for nuclear medicine facilities and offers additional theo-

retical insights into strengthening nuclear medicine ser-

vices in developing countries.

Keywords Nuclear Medicine Clinics (NMCs) � Maximal

Covering Location Problem (MCLP) � University Teaching

and Research Hospitals (UTRHs) � Cancer � Nigeria

1 Introduction

The incidence of cancer has continued to increase in most

African countries. Developing countries account for about

52% of the incidence of cancer and 70% of its death [1, 2].

Parts of the reasons adduced for the widespread cancer

infection and mortality include limited human and natural

resources to combat the disease, poverty, and inaccessi-

bility to the limited number of diagnostic and testing

facilities among others [3–6]. Nuclear medicine has

emerged as an aspect of medicine with potency in testing,

diagnosis and treatment of cancer-related ailments. Nuclear

medicine has been defined as a medical specialty that

applies artificial radionuclides in a non-sealed state for

diagnosis, therapy, and biomedical research which often

entails the administration of radiopharmaceuticals to

patients for diagnostic and therapeutic purposes [7, 8].

Despite lots of apprehension by the general public about

the safety of the procedures, it is nonetheless painless, free

of side effects and is generally safe [9]. Nigeria with an

estimated cancer incidence rate of about 100,000 new cases

yearly has two public nuclear medicine clinics [2]. Breast

cancer and prostate cancer are the two most common

malignancies observed in oncology referrals among Nige-

rian [9].

Prevention, early detection, diagnosis, treatment and

palliative care and psychosocial support received by patient

can be greatly influenced by accessibility. Therefore,

whatever measures are adopted to reduce the burden of

cancer incidence needs to consider accessibility to early
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diagnosis [2]. Approved University Teaching and Research

Hospitals (UTRHs) are among health facilities that can be

equipped to provide nuclear medicine-related services.

This is because the two existing ones are located in

UTRHs. Recent studies have also suggested that cancer

survival is enhanced when treatment is rendered at UTRHs

[5]. However, not all UTRHs can be equipped to provide

nuclear medicine-related services due to the high cost of

equipment coupled with dwindling accessible financial

resources aftermath of the COVID-19 pandemic and its

consequences on crude oil earning in developing countries

like Nigeria. Hence a method of identifying those UTRHs

that will minimize the aggregate travel distance is required.

Five questions have always constituted a challenge in

public service provisioning and these are (a) where should

the facility be located (b) which population would the

facility serve (c) how many of such facilities are required to

ensure adequate coverage of the population (d) how can

equity be guaranteed and (e) given the limited and dwin-

dling resources, how should facility expansion be priori-

tized. The diverse interpretations of the goal of maximizing

public welfare lead to some possible location-allocation

models of which the Maximal Covering Location Problem

(MCLP) is one. The MCLP, therefore, emerged because of

the need to specify the maximum distance or time con-

straints in formulating a location problem since it has been

found that the p-median solutions which minimize the

weighted travel distance may be inequitable, forcing few

people to travel far (Rahman and Smith, 2000). The

method minimizes the total cost of transportation and

maximizes the number of people served within the desired

service distance by locating a fixed number of facilities.

The MCLP is used to identify the minimum number of

facilities necessary to achieve coverage within the maxi-

mum distance. The location of a potential new nuclear

medicine facility lends itself well to the MCLP. There is

strong epidemiologic evidence that widespread screening

for breast cancer with mammography and clinical breast

examination results in mortality reductions [10]. Physicians

report that they make decisions to refer or not to refer

women for routine screening based on barriers such as lack

of transportation and f local availability [3].

Three preventive strategies for cancers have been

identified by the [11] and the success of two out of the three

depends largely on fairly good geographic access to a

nuclear medicine facility. While the first preventive strat-

egy focused on reducing exposure to cancer risk factors,

the second focused on the early detection of cancer through

screening and the third focused on the treatment or pal-

liative care given to diagnose cancer patients [2, 12]. Early

detection of cancer can be greatly influenced by access to a

cancer diagnosis facility. It has been noted that patients

with muscle invasive bladder cancer travelling farther for

treatment were associated with a lower probability of

overall mortality most especially those treated in UTRHs

[6]. Although centralization of cancer treatment services

has merit nevertheless, there is sufficient evidence to show

a shorter survival for people with rectal cancer who live

relatively far from radiotherapy facilities and hence the

need to reduce the aggregate distance travels by cancer

patients to enhance their survival [13]. Distance to health

care facility most especially for specialized care may also

influence the choice of method of treatment opted for.

Women with early stage breast cancer who live far from a

radiation therapy facility may be more likely to opt

for mastectomy over breast conserving surgery [14].

The effects of facility type on treatment performed and

the overall survival of cancer patients have been explored

and while some have argued that there was no significant

impact of facility size or hierarchy on either on treatment

performed or overall survival, others have noticed that

higher-volume facilities such as UTRHs had a lower risk of

mortality compared with patients treated at lower-volume

facilities [5, 15]. Thus, while some have advocated that

cancer treatment can be conducted even at the community

level most especially when patients are not willing to travel

over a fairly long distance, other groups have justified the

use of UTRHs for treatment. Furthermore, travel dis-

tance/time has been established as a key barrier affecting

access to cancer treatment services [13, 16]. Baade et al.

[13] established a distance-decay relationship between

distance from radiotherapy and the number of cancer

patient’s mortality. The necessity of long-distance travel

may increase the inconvenience or cost of radiotherapy to a

point where it simply is not feasible to receive treatment

[4, 10]. Barrier imposed by distance, therefore, remained a

valid concern and may influence treatment options among

cancer patients [14]. However, living in a county without a

radiation-treatment facility was associated with a 50%

lower likelihood of receiving radiotherapy after BCS [17].

The two existing NMCs are serving an estimated pop-

ulation of 199,805,437 spreading over a landmass of

923,770 km (United Nations Department of Economic and

Social Affairs: Population Division; National Bureau of

Statistics, 2017). The NMCs are not distributed in response

to either the population distribution or landmass. Conse-

quently, a large number of patients in need of nuclear

medicine service are disadvantaged by the distance to

NMCs most especially women [10]. Although, the need to

established NMCs equipped to provide investigations,

radiotherapy, chemotherapy and radical surgery in the six

geopolitical zones had been reported [2], however, the

basis of their allocation among states in each of the

geopolitical zones was not stipulated. The two prominent

challenges confronting nuclear medicine utilization in

Nigeria are the inadequate number of nuclear medicine
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facilities and the considerably long distance travel to

access care [9]. Hence, the need for strategic planning and

establishment of more NMCs to cater to regional needs as

a way to mitigate the challenges. Different threshold dis-

tances have been used in assessing either accessibility or

availability of health care facilities. As an example, [20]

used 30 min drive time to a mammography facility as an

indicator of accessibility. At present, Nigeria does not have

any policy on the average distance that a patient should

travel to utilize NMCs. This may have limited the expan-

sion of the existing ones. There is a need to priorities the

development and implementation of policies and measures

that will reduce the burden faced by rural and remote

patients with cancers [13]. This study, therefore, identified

the maximum number of NMCs using the existing UTRHs

that will guarantee that the maximum number of LGAs are

served at the lowest possible distance [18]. The study

represents the first attempt not only at understanding the

MCLP of NMCs in Nigeria but also represents an attempt

at identifying the number of NMCs required to ensure

maximum coverage of the country.

2 Materials and methods

Data on the number of UTRHs in Nigeria was sourced

from the Medical and dental council of Nigeria website

[35]. In all, there are 24 UTRHs in Nigeria. The coordi-

nates of the two existing NMCs and that of UTRHs were

geocoded using ArcGIS 10.7 (Environmental Systems

Research Institute, Inc.-ESRI, Redlands, California). The

centroid of the 774 LGAs in Nigeria was designated as the

demand nodes for the NMCs services while the supply

node in the analysis is the existing nuclear medicine

facilities at the University College Hospital (UCH), Iba-

dan, Oyo State and the one at the University of Abuja

Teaching Hospitals, Gwagwalada, Abuja. The LGA rep-

resents one of the smaller administrative subunits for

which data is available. It is an administrative level that is

much closer to the grassroots for planning. The LGA scale

was used as the level of analysis, given the necessity of

conducting MCLP analysis at a highly disaggregated scale.

Given the need to increase the number of existing NMCs in

Nigeria, the upgrading of existing UTRHs was considered

[5]. The UTRHs are most likely to have human resources

that either has the knowledge and experience of nuclear

medicine or can be readily trained to carry out a nuclear

medicine-related assessment. The drive speed used in this

analysis is 60 km/hr due mostly to the poor road conditions

especially the intracity routes [19, 20]. This was used in

estimating the time it will take to navigate through each

road network that participates in the estimation of the

coverage area of each facility. A travel constraint of T
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200 km was applied to the weighted distance data calcu-

lation. Thus, if a node is more than 200 km from a facility,

the demand represented by that node is not allocated to a

facility. Without the travel limit, the model will assign all

nodes by default to a facility [10]. The drive-time analysis

was conducted to identify LGAs that are within the 200 km

drive time from the nearest NMCs. A search is made for a

stable condition in which destinations are assigned to their

nearest source, and these sources are similarly placed at

locations minimizing their distances from their respective

demand points. Also, the maximum number of UTRHs that

will optimally serve all the LGAs at the specified drive

time were identified. The MCLP algorithm was imple-

mented to estimate the number of LGAs at a different drive

time with the incremental addition of the optimally selec-

ted UTRHs. The drive time of 60 km/hr was used because

it represents the average maximum drive speed on high-

ways. It has been noted that a vehicle travelling above this

speed limit is susceptible to accident [21, 22]. Since the

distance is fixed at 200 km, the number of LGAs to be

served with increasing numbers of the identified optimal

UTRHs were evaluated. This becomes imperative because

there is no government threshold distance that patients

must travel to access NMCs in Nigeria. The service area of

these optimum UTRHs was subsequently overlaid on the

administrative map of Nigeria to estimate the percentage

area of each state within the specified drive time. The

irregular shape of the drive time areas was a function of the

pattern of the existing road network and road characteris-

tics. Drive-time distances for this study were calculated

using the shortest travel routes and the drive time speed

adopted was 60 km/h because of the poor nature of roads in

Nigeria. The percentage area of each state within the

30 min drive times was also estimated [18, 20].

Fig. 1 Allocation of LGAs to the existing nuclear medicine clinics using 200 km drivetime
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3 Results

3.1 Identification of optimal UTRHs coverage

for LGAs in Nigeria

Only 5.2% of the States in Nigeria have NMCs and there

are 204 LGAs within the 200 km drive time from the two

existing NMCs in Nigeria. The University College Hospital

(UCH), Ibadan has 160 LGAs within 200 km while the

University of Abuja Teaching Hospital has 44 LGAs within

its 200 km drive time (Table 1 and Fig. 1). About 26% of

the LGAs in Nigeria are within the 200 km drive time to

the existing NMCs, while the remaining 74.0% are more

than 200 km from at least one of the existing NMCs. In

Southwestern Nigeria, 90.51% of the LGAs are within the

drive time of 200 km from the NMC at the University

College Hospital (UCH) Ibadan. The NMC at the Univer-

sity of Abuja is within a 200 km drive time from 29 LGAs

in FCT, Niger, Kaduna, Nassarawa and Kogi States

(Fig. 1).

The Abia State University Teaching Hospital, Uturu,

Abia State was the first optimal UTRHs identified and there

are 173 (22.35%) LGAs within the 200 km drivetime from

this newly added UTRH (Fig. 2, Table 1). This new

addition to the existing NMCs will reduce the distance

travelled by people in the southeast and south-south

geopolitical zones in the country. The number of LGAs

that will be within the 200 km drive time of this facility

will be more than the combined number of LGAs within

the 200 km drive time of the two existing NMCs. Fur-

thermore, the addition of this new NMC will increase the

aggregate number of LGAs within the 200 km drive time

to MNCs from 19.74 to 42.06%, while there will be a

113.07% increase in the number of LGAs within the

200 km drive time to the nearest NMC. The choice of the

Abia State University Teaching Hospital, Uturu could have

Fig. 2 The addition of Abia State University Teaching Hospital, Uturu to the existing NMCs
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been due to the high cluster of LGAs in the southeast and

south-south geopolitical zone of the country.

The Abia State University Teaching Hospital, Uturu and

the Aminu Kano Teaching Hospital, Kano are the two most

optimal UTRHs. The addition of these two UTRHs to the

existing NMCs will ensure that 436 (56.26%) of the LGAs

in Nigeria are within the 200 km drive time distance from

the nearest NMCs. This will represent a 33.74% increase

from just one additional facility (Abia State University

Teaching Hospital, Uturu). These two UTRHs will be

within 200 km distance from 283 LGAs (Table 1, Fig. 3).

The addition of the second optimal UTRH (Aminu Kano

Teaching Hospital, Kano) ensured that most of the LGAs in

Kano, Katsina and Jigawa States are within the 200 km

drive time. However, much of Sokoto, Kebbi and Zama-

fara, Yobe, Borno, Gombe, Adamawa, Taraba, Benue and

Plateaus states are not covered (Fig. 3).

The addition of these three optimal UTRHs (The Abia

State University Teaching Hospital, Uturu, the Aminu

Kano Teaching Hospital, Kano and University of Benin

Teaching Hospital, Benin City) to the two existing NMCs

will increase the number of LGAs within 200 km to 491

(63.35%) while there will be a 12.62% increase in the

number of LGAs within the 200 km from at least one NMC

(Table 1). The addition of the third most optimal UTRH

(University of Benin Teaching Hospital) will ensure that

most LGAs in Oyo, Ogun, Osun, Ekiti, Ondo, Edo, Delta,

Ebonyi, Anambra, Enugu, Abia and Rivers States are

within the 200 km drivetime from at least one NMC.

However, much of the northeastern, northwestern and

northcentral geopolitical zones remained largely uncovered

(Fig. 4).

The four most optimal UTRHs that will optimize the

maximum number of LGAs within a 200 km distance are

the Aminu Kano Teaching Hospital, Kano, Nnamdi

Fig. 3 The addition of the Aminu Kano Teaching Hospital, Kano
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Azikiwe University Teaching Hospital Nnewi, University

of Port-Harcourt Teaching Hospital, River State and the

Usmanu Danfodiyo University Teaching Hospital, Sokoto.

These four UTRHs will increase the number of LGAs

within the 200 km drive time from 491 to 507 (3.26%

increase) while the percentage of LGAs within the 200 km

drive time will increase to 65.42% (Table 1). The Abia

State University Teaching Hospital, Uturu, and University

of Benin Teaching Hospital, Benin City that were part of

the three most optimal UTRHs were not included in the

four optimal UTRHs. The inclusion of the University of

Port Harcourt Teaching Hospital will ensure that most of

the LGAs in the south-south geopolitical zone are within

the 200 km corridor while the exclusion of the University

of Benin Teaching Hospitals will leave most of the LGAs

in Edo and Ondo states outside of the 200 km drive time

(Fig. 5). Thus, the identification of the most optimal

facilities is not cumulative and largely depend on the

number of facilities consider as well as the spatial config-

uration of the demand points. Out of these four new

UTRHs, the Aminu Kano Teaching Hospital, Kano and

Nnamdi Azikiwe University Teaching Hospital Nnewi

have the largest number of LGAs (230) within the 200 km

drive time. The addition of the fourth facility at the

Usmanu Danfodiyo University Teaching Hospital, Sokoto,

Sokoto State will enable 40 of the LGAs in the northwest

geopolitical zones to be within the 200 km drive time from

this NMC. This facility will serve all the LGAs in Sokoto

State and some in Kebbi and Zamfara States.

The five UTRHs that will optimize the number of LGAs

within the 200 km drive time from NMCs are the Aminu

Kano Teaching Hospital, Kano, University of Benin

Teaching Hospital, Benin City, University of Port-Harcourt

Teaching Hospital, River State, the Usmanu Danfodiyo

University Teaching Hospital, Sokoto and the Ebonyi State

University Teaching Hospital, Abakaliki. These five

Fig. 4 The addition of University of Benin Teaching Hospital, Benin City
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UTRHs will increase the number of LGAs within the

200 km drive time to 554 (71.48%) which is about a 9.27%

increase from when four optimal UTRHs were considered.

The Aminu Kano Teaching Hospital, Kano (110), and

University of Port-Harcourt Teaching Hospital, River State

(110) were the UTRHs with the highest number of LGAs

within the 200 km drive time (Table 1). Furthermore, the

Nnamdi Azikiwe University Teaching Hospital Nnewi

which had the largest number of LGAs within its 200 km

drive time using four optimal UTRHs was not part of the

optimal UTRHs when five optimal UTRHs were consid-

ered. This implies that optimal UTRHs selection is not

progressively incremental. The addition of the fifth UTRH

(Ebonyi State University Teaching Hospital) will ensure

that most of the LGAs in Ebonyi, Anambra, Cross Rivers,

and some LGAs in Benue and Kogi States are within the

200 km drive time (Fig. 6). Most of the LGAs in the

northeastern geopolitical zones are still largely outside of

the 200 km drive time to the nearest NMCs.

The addition of the Jos University Teaching Hospital to

the existing five optimal facilities will ensure that most

LGAs in Plateau state and some LGAs in Kaduna, Bauchi,

and Nassarawa States are within the 200 km drive time

from at least one NMC. Although, most parts of Niger

State, and also, the States in the northeastern geopolitical

zones are still without NMC. The six optimal UTRHs are

the Aminu Kano Teaching Hospital, Kano, University of

Benin Teaching Hospital, Benin City, University of Port-

Harcourt Teaching Hospital, River State, the Usmanu

Danfodiyo University Teaching Hospital, Sokoto, the

Ebonyi State University Teaching Hospital, Abakaliki and

Jos University Teaching Hospital, Jos. These six facilities

increased the number of LGAs within the 200 km drive

time to 585 (75.48%) and this represents a 5.60% increase

(Table 1). The University of Port-Harcourt Teaching

Fig. 5 The addition of the Usmanu Danfodiyo University Teaching Hospital, Sokoto State
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Hospital, River State (110) and the Aminu Kano Teaching

Hospital, Kano (108) have the highest number of LGAs

within the 200 km drive time from the nearest NMCs

(Fig. 7).

The seven most optimal UTRHs that can provide

nuclear medicine service to the largest number of LGAS in

Nigeria are the Aminu Kano Teaching Hospital, Kano,

University of Benin Teaching Hospital, Benin City,

University of Port-Harcourt Teaching Hospital, River

State, the Usmanu Danfodiyo University Teaching Hospi-

tal, Sokoto, the Ebonyi State University Teaching Hospital,

Abakaliki, Jos University Teaching Hospital, Jos and the

University of Maiduguri Teaching Hospital, Maiduguri

Borno State. A total of 614 (79.22%) LGAs will be with a

200 km drive time from at least one UTRHs providing

nuclear medicine services (Table 1). The University of

Port-Harcourt Teaching Hospital, River State (110) and the

Aminu Kano Teaching Hospital, Kano (108) will still have

the largest number of LGAs within the 200 km drive time

from at least one NMCs. The addition of the seventh

optimal facility at the University of Maiduguri Teaching

Hospital, Maiduguri Borno State to the existing facilities

will ensure that 29 additional LGAs are within the 200 km

distance from NMC. The 29 LGAs include some from parts

of Yobe and Adamawa states. With the seven facilities,

none of the LGAs in Gombe and Taraba states is within the

200 km drive time from NMCs (Fig. 8).

The eight optimal UTRHs that should be designated as

NMCs include the Aminu Kano Teaching Hospital, Kano,

University of Benin Teaching Hospital, Benin City,

University of Port-Harcourt Teaching Hospital, River

State, the Usmanu Danfodiyo University Teaching Hospi-

tal, Sokoto, the Ebonyi State University Teaching Hospital,

Abakaliki, Jos University Teaching Hospital, Jos, the

University of Maiduguri Teaching Hospital, Maiduguri

Borno State and the University of Ilorin Teaching Hospital,

Fig. 6 The addition of the Ebonyi State University Teaching Hospital, Abakaliki
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Ilorin, Kwara State (Table 1). The inclusion of the

University of Ilorin Teaching Hospital, Ilorin, Kwara State

reduced the percentage of LGAs previously within the

200 km drive time from the University College Hospital,

Ibadan by 22.61%, although it provides sufficient coverage

for most of the LGAs in Kwara State, and some parts of

Oyo, Osun, Ekiti, Kogi and Niger States (Fig. 9). In all,

627 (80.90%) of the LGAs will be within 200 km drive

time from at least one NMC in Nigeria once the identified

UTRHs are equipped. There is, however, a marginal

increase in the number of LGAs (2.12%) within the

200 km from what it was with seven UTRHs.

Similarly, the addition of the Benue State University

Teaching Hospital Makurdi, Benue State to the existing

eight optimal facilities previously identified increased the

number of LGAs within the 200 km distance to 640

(82.58%) and this will increase the percentage of LGAs

previously within the 200 km by 2.07% (Table 1). The

inclusion of these UTRHs will ensure that nearly all the

LGAs in Ebonyi State and some LGAs in Kogi State are

within the 200 km drive time from this NMC (Fig. 10).

The addition of the Benue State University Teaching

Hospital, Makurdi, Benue State to the existing eight opti-

mal facilities will only slightly reduce the number of LGAs

within the 200 km drive time from the Ebonyi State

University Teaching Hospital, Abakaliki. Despite the

inclusion of this UTRH, LGAs in Gombe, Adamawa and

Taraba States are still not within the 200 km drive time

distance from any of the NMCs (Fig. 10).

The addition of the Ahmadu Bello University Teaching

Hospital, Zaria, Kaduna State to the existing nine optimal

facilities will increase the number of LGAs previously

within 200 km drive time by 1.09% from 640 to 647 LGAs

and thus, 83.48% of all the LGAs will be within 200 km

drive time from at least one NMC (Table 1). The inclusion

of the Ahmadu Bello University Teaching Hospital, Zaria,

Fig. 7 The addition of the Jos University Teaching Hospital, Jos, Plateau State
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Kaduna State among the most optimal facilities will lead to

a reduction in the number of LGAs within the 200 km

drive time from the University of Abuja Teaching Hospital

Gwagwalada, the Aminu Kano Teaching Hospital, Kano,

and the Jos University Teaching Hospital. The UTRH

nevertheless will be within a 200 km drive time distance

from some of the LGAs in Kaduna and Zamfara States

(Fig. 11).

The inclusion of the University of Calabar Teaching

Hospital among the optimal UTRHs will ensure that 647

(84.0%) LGAs are within the 200 km drive time from at

least one NMC. This will increase the number of LGAs

previously within the 200 km drive time by 0.62%. It will

ensure that most of the LGAs in the southeastern geopo-

litical zones are within the 200 km drive time from a least

one NMC (Fig. 12).

After the eleventh optimal facility was reached, there

was no increase in the number of LGAs within the 200 km

drive time from NMCs. Thus, only 84.0% of the LGAs can

be covered while the remaining 16.0% are outside the

200 km drive time from the nearest UTRH which are

potential sites for the establishment of the NMCs. It should

also be noted that before the identification of the fifth most

optimal facilities, there was no consistent increase in the

addition of optimal facility, however, after the fifth facility

was identified, the addition becomes consistently incre-

mental (Table 1). Also, the percentage contribution of the

successive facilities was not as high as when it was not

consistently incremental.

3.2 Developmental priority

In addition to the existing NMCs at the University College

Hospital, Ibadan, Oyo state and the University of Abuja

Teaching Hospital, Gwagwalada, the eleven identified

optimal UTRHs which can be upgraded as NMCs are

Fig. 8 The addition of the University of Maiduguri Teaching Hospital, Borno State
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contained in Table 2. Among these new optimal UTRHs to

be added, the Aminu Kano Teaching Hospital, Kano, Kano

State and the University of Port-Harcourt Teaching

Hospital, River State have the largest number of LGAs

within their 200 km drive time and hence their capacity

should be increased to accommodate the likely large

number of patients.

Using the number of times each of the UTRHs featured

in the optimal location analysis, the Aminu Kano Teaching

Hospital, Kano, Kano State featured virtually in all, irre-

spective of the proposed number of facilities to be upgra-

ded except when it was only one facility to be upgraded.

Among the optimal UTRHs, the Nnamdi Azikwe Univer-

sity Teaching Hospital and the University of Calabar

Teaching Hospital, Calabar, Cross River State featured

only once (Table 1). The University of Benin Teaching

Hospital, Benin City, the University of Port-Harcourt

Teaching Hospital, River State and the Usmanu Danfodiyo

University Teaching Hospital, Sokoto featured eight times

(Table 2). Therefore, the number of times each UTRHs

featured in the optimality analysis could be used to prior-

itize their upgrade.

4 Discussion

Recent advances in imaging technology and radiopharma-

ceutical development point to a boom in nuclear medicine

applications for diagnosis and treatment globally [23, 24].

NM is vital to the detection and treatment of cancers, yet

most sub-Saharan African countries face challenges with

the provision of NM services [25]. Outside South Africa,

NM is not readily available in sub-Saharan African coun-

tries [26]. The current availability of NM in sub-Sahara

Africa has been the result of decades of coordination

between the International Atomic Energy Agency (IAEA)

Fig. 9 The addition of the University of Ilorin Teaching Hospital, Ilorin, Kwara State
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and individual African governments and marks the proof of

concept that NM is feasible, even profitable, in African

developing countries. Long term educational activities by

the IAEA continues to prepare Africa for the expansion of

NM and radiopharmacy facilities [27].

Our empirical assumption of a maximum travel distance

of 200 km is well balanced with the limited resources and

poor road infrastructure in Nigeria. Different threshold

distances have been used in assessing either accessibility or

availability of health care facilities [18]. The need to pri-

oritize the development and implementation of policies and

measures that will reduce the burden faced by rural and

remote patients with cancers has been noted [13]. Nichols

et al. [20] used 30 min drive time to a mammography

facility as an indicator of accessibility. However, this drive

time was derived for a developed country. More than half

(54%) of Nigerians live in rural settings and it is believed

that up to 70% of Nigerians are extremely poor [28]. Less

developed countries have less ideal road conditions that are

associated with longer travel times. Furthermore, 200 km

allows for maximum coverage to optimally serve most of

the LGAs at the specified drive time, although shorter

distances could be experimented with the increasing

availability of resources.

The Aminu Kano Teaching Hospital (AKTH), Ebonyi

State University Teaching Hospital (ESUTH) and Jos

University Teaching Hospital (JUTH) ranked higher than

the proposed centres in the national plan. As part of health

strategic plans, most developed countries determine their

nuclear medicine-specific targets following a needs

assessment. Developing countries on the other hand often

require financial and technical assistance to establish NM

facilities and sustain their operations [24, 25, 29]. While

AKTH and JUTH are federally funded hospitals, it is likely

that their proximity to Abuja and the need for geopolitical

balance may have discouraged their inclusion in the

Fig. 10 The addition of the Benue State University Teaching Hospital Makurdi, Benue State
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National project. ESUTH, being a state funded institution,

is ineligible. This confirms that formal methods for deter-

mining optimal locations have rarely been used as an aid to

decision making for research and planning of health

facilities in most developing countries [30].

Based on the analysis, only 84% coverage will be

achieved if NMCs were only sited in UTRHs. Although,

there is no consensus on the country specific thresholds for

nuclear medicine facilities or resources [31]. Numerous

methods in the literature could serve as a guide to appro-

priately locate specialized health services [32, 33]. By their

nature, specialized health services are limited in number

and located in major town or cities. They tend to have low

rates of referral due to barriers that limit their utilization

including cultural and linguistic differences and other

factors that disproportionately affect patients from other

regions. Location analysis based on the total travel distance

(or time) is a popular approach to public health facility

planning in developing countries. Generally, the literature

reports both positive and negative relationships between

access to healthcare and public health outcomes

[24, 32–34]. With just two NM centres in Nigeria, patients

need to travel considerable distances to obtain services [9].

Further studies are required to ascertain the impact of travel

distance on NM utilization rates in Nigeria. Basic NM

facilities that provide less specialized service may be

considered to expand the geographical coverage but must

be built on feasibility studies to justify the expenditure.

5 Conclusion

Nuclear Medicine Clinics (NMCs) are becoming an

increasingly important component of medical services

globally. Utilization of the nuclear medicine services may

have been greatly hampered by inaccessibility to NMCs

Fig. 11 The addition of the Ahmadu Bello University Teaching Hospital, Zaria, Kaduna State
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Fig. 12 The addition of the University of Calabar Teaching Hospital

Table 2 Ranking UTRHs for

equipping based on the number

of times a facility is optimal

S/N Name of facility Frequency Rank

1 University College Hospital, Ibadan 12 Fixed

2 University of Abuja Teaching Hospital Gwagwalada 12 Fixed

3 Abia State University Teaching Hospital, Aba 2 8

4 Aminu Kano Teaching Hospital, Kano, Kano State 10 1

5 University of Benin Teaching Hospital, Benin City 8 2

6 Nnamdi Azikiwe University Teaching Hosp. Nnewi 1 9

7 University of Port Harcourt Teaching Hospital 8 2

8 Usmanu Danfodiyo University Teaching Hospital, Sokoto, 8 2

9 Ebonyi State University Teaching Hospital, Abakaliki 7 3

10 Jos University Teaching Hospital, Jos, Plateau State 6 4

11 University of Maiduguri Teaching Hospital, Maiduguri Borno State 5 5

12 University of Ilorin Teaching Hospital, Ilorin, Kwara State 4 6

13 Benue State University Teaching Hospital Makurdi, Benue State 3 7

14 Ahmadu Bello University Teaching Hospital, Zaria, Kaduna State 2 8

15 University of Calabar Teaching Hospital, Calabar, Cross River State 1 9
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and the dwindling resources to increase the number of such

facilities in the Low and Medium Income Countries

(LMICs) like Nigeria. This study determined the numbers

of LGAs that are within the 200 km distance of the two

existing Nuclear Medicine Clinics (NMCs) in Nigeria.

Only 26% of the LGAs in Nigeria are within the stipulated

travel distance, hence the need to identify locations where

additional NMCs can be located to ensure maximum cov-

erage of all the LGAs in Nigeria. Nuclear medicine clinics

are usually sited within an existing University Teaching

and Research Hospitals (UTRHs) where the needed human

resources can be readily obtained. There are 22 additional

UTRHs which are potential sites for additional NMCs.

However, constrained financial resources can limit how

many of these UTRHs can serve as NMCs, hence the need

to identify potential NMCs that will ensure adequate cov-

erage of all LGAs in Nigeria at a given threshold distance.

In all, only 11 of the UTRHs can be upgraded into NMCs

to ensure that 84% of LGAs are within 200 km from the

nearest clinics. The development of the NMCs can be

prioritized based on the number of LGAs that will be

served. The GIS-based MCLP algorithm was found suit-

able not only in the identification of the potential sites for

the NMCs but also in allocating the required user popula-

tion to the facility while ensuring adequate coverage of all

the LGAs within the stipulated distance threshold. We

propose that the influx of private investments in healthcare,

especially oncology services, in Nigeria will lead to the

next phase of growth for NM on the continent. It is hoped

that the adoption of the optimal sites identified through the

MCLP methods, will lead to more equitable NM services.

Future consideration can enhance the percentage coverage

of the LGAs and reduced the threshold distance specified.

Further studies to evaluate the role of distance on the uti-

lization of NM services are warranted.
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