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ABSTRACT
Background The global burden of disease in children 
is large and disproportionally affects low- income and 
middle- income countries (LMICs). Geospatial analysis 
offers powerful tools to quantify and visualise disparities 
in surgical care in LMICs. Our study aims to analyse the 
geographical distribution of paediatric surgical conditions 
and to evaluate the geographical access to surgical care in 
Somaliland.
Methods Using the Surgeons OverSeas Assessment 
of Surgical Need survey and a combined survey from 
the WHO’s (WHO) Surgical Assessment Tool—Hospital 
Walkthrough and the Global Initiative for Children’s Surgery 
Global Assessment in Paediatric Surgery, we collected 
data on surgical burden and access from 1503 children 
and 15 hospitals across Somaliland. We used several 
geospatial tools, including hotspot analysis, service area 
analysis, Voronoi diagrams, and Inverse Distance Weighted 
interpolation to estimate the geographical distribution of 
paediatric surgical conditions and access to care across 
Somaliland.
Results Our analysis suggests less than 10% of children 
have timely access to care across Somaliland. Patients 
could travel up to 12 hours by public transportation and 
more than 2 days by foot to reach surgical care. There 
are wide geographical disparities in the prevalence of 
paediatric surgical conditions and access to surgical care 
across regions. Disparities are greater among children 
travelling by foot and living in rural areas, where the delay 
to receive surgery often exceeds 3 years. Overall, Sahil 
and Sool were the regions that combined the highest need 
and the poorest surgical care coverage.
Conclusion Our study demonstrated wide disparities 
in the distribution of surgical disease and access to 
surgical care for children across Somaliland. Geospatial 
analysis offers powerful tools to identify critical areas 
and strategically allocate resources and interventions 
to efficiently scale- up surgical care for children in 
Somaliland.

INTRODUCTION
The Lancet Commission on Global Surgery’s 
(LCoGS) call for universal access to surgical 
care has brought global attention to surgical 
care, especially in low/middle- income coun-
tries (LMICs).1 2 The LCoGS developed 

indicators to ensure a country has the capacity 
for safe, affordable, and timely surgical care. 
The first indicator, access to timely essential 
surgery, is the proportion of the population 
that can access within 2 hours to a facility 
that has capacity for caesarean section, lapa-
rotomy, and treatment of open fracture (the 
bellwether procedures).3 Although several 
studies have addressed how to assess timely 
access to care for adults,4–8 there is a lack of 
literature surrounding analysis of access to 
surgical care for children in LMICs.

Geospatial analysis has become an essen-
tial tool to understand the bigger picture of 
public health.9 Specific techniques such as 
hotspot analysis and interpolation methods 
have provided in- depth insight regarding 
the spatial distribution of disease in terms of 
incidence or prevalence in epidemiological 

Strengths and limitations of this study

 ► In combination with a nationwide household survey, 
geospatial analysis offers powerful tools to estimate 
the geographical distribution of paediatric surgical 
conditions and to identify geographical barriers and 
delays or lack in surgical care in Somaliland.

 ► Geospatial analysis can help guide strategic scale- 
up of paediatric surgical interventions and allocation 
of resources by identifying critical areas in need.

 ► Unlike previous studies, geographical access to pae-
diatric surgical care was stratified by public trans-
portation and on foot transportation.

 ► Although there is no consensus about how to cat-
egorise a bellwether hospital for children, we at-
tempted to analyse access to care by differentiating 
between surgically capable hospitals and bellwether 
hospitals.

 ► Estimates of travel time may be inaccurate due to 
incomplete knowledge of the extent of damage to 
the road network caused by previous civil conflict in 
Somaliland, topographic barriers, and waiting times. 
Therefore, real travel times might be longer than es-
timated travel times in this study.
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studies.10 In addition to that, tools for service area analysis 
can be used to address the growing disparities in health 
services and help local and national administrators to 
re- evaluate their healthcare systems to accommodate the 
current population needs.11 Geospatial analysis offers 
powerful tools to estimate the geographical distribution 
of surgical conditions and access to care. In combination 
with nationwide household surveys, geospatial tools have 
been used to identify geographical barriers and delays or 
lack in receiving surgical care in several LMICs, including 
Zambia,7 Ghana,12 Nepal,13 Uganda,14–16 Zimbabwe17 
and Brazil.18 In several of these studies, barriers related 
to distance, transportation, financial hardship, topog-
raphy and road conditions are predictive of access to 
surgical services. Geospatial analysis can help guide stra-
tegic scale- up of surgical interventions and allocation of 
resources by identifying critical areas in need.15

In Somaliland, there are tremendous challenges with 
the provision of surgical care for children. In a previous 
study, our team found a 12% prevalence of paediatric 
surgical conditions across the country, with up to 75% 
of children having unmet needs for surgical care.19 The 
purpose of this study was to use geospatial analysis tech-
niques to analyse the distribution of paediatric surgical 
conditions and to evaluate the geographical access to 
surgical care in Somaliland. We also provide recommen-
dations for scaling- up interventions aimed to alleviate the 
high surgical burden for children in Somaliland.

METHODS
Country overview
Somaliland is a low- income country in sub- Saharan Africa 
with a gross domestic product per capita of US$566 in 
2018, classifying it as one of the poorest countries in the 
world.20 During the Somali civil war, many healthcare- 
related institutions were weakened or destroyed, with loss 
of a large portion of the trained healthcare staff.21 As a 
young post- conflict country and not formally recognised 
by the international community, Somaliland faces many 
challenges rebuilding its health system.21 22 Although the 
portion of the national budget allocated for the health 
sector has increased from 3% in 2011 to 5% in 2020, with 
health expenditures increasing from US$5 million to 
US$11 million, respectively, these improvements have not 
kept pace with population growth and the double burden 
of disease and poverty.23 Somaliland has a surface area of 
190 797 km2 and a population of 4 million people distrib-
uted in six regions: Awdal, Maroodi Jeex, Sahil, Sanaag, 
Sool and Togdheer.20 Like many other LMICs, children 
younger than 15 years make up 50% of the population in 
Somaliland.24

Study design, participants and data collection
This cross- sectional study is built on data collected by 
our team in previous studies and complies with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology Statement (online supplemental material 

1).19 25 26 From August to December 2017, we collected 
data on the burden of paediatric surgical conditions 
across Somaliland using a community- based sampling 
survey. We also performed capacity assessment of all 
hospitals capable of performing surgery, with methods 
described in depth in the parent studies.19 25

For the burden of disease assessment, we used the 
Surgeons OverSeas Assessment of Surgical Need, which 
is a validated, cluster- based, and cross- sectional survey 
designed for a community- level health assessment. To 
obtain a representative sample of all six regions using 
a proportional- to- size methodology, Somaliland was 
divided into 25 survey sites randomly selected in a 2- stage 
process. First, 20 households were selected as a target 
number for each survey site, resulting in a total of 838 
households that were successfully surveyed. Second, up to 
2 children were enrolled within each household, making 
up to a total of 1503 children. Online supplemental mate-
rial 2 depicts the distribution of sample sites by region. 
Population estimates used in dot density maps were based 
on the Population Estimation Survey 2014 for the 18 pre- 
war regions of Somalia.27 The sample size was calculated 
using a paediatric surgical disease prevalence of 19%, as 
reported in other LMICs.28–30 A ‘child’ was defined as 
a person up to age 15 years. A ‘surgical condition’ was 
defined according to the LCoGS as ‘any disease, illness, 
or injury in which surgical care can potentially improve 
the outcome’.3 The prevalence of surgical conditions 
was determined as the rate of children who reported a 
surgical condition at some point in their life.

For hospital assessment, we used the WHO’s Surgical 
Assessment Tool—Hospital Walkthrough and the Global 
Initiative for Children’s Surgery’s Global Assessment 
in Paediatric Surgery.31 32 Both surveys were combined 
to create a hospital assessment tool to assess surgical 
infrastructure and capacity. Hospitals were included if 
they had at least one operating room, with 15 hospitals 
included in this study. Online supplemental material 3 
depicts the distribution of hospitals by region. Surveys 
were completed by either the lead surgeon or adminis-
trator at each hospital. Data collected included hospital 
location, availability of paediatric beds, operative proce-
dures and obstetrical deliveries during a 6- month period. 
During data collection, global positioning system (GPS) 
coordinates were collected at each community partic-
ipant’s house and at each hospital using a smartphone 
GPS application.

Data analysis
According to the LCoGS, the bellwether procedures 
(laparotomy, open fracture fixation and caesarean 
section) are indicators of a functional health system that 
can treat a broad range of surgical conditions.3 Hospitals 
in this study were defined as ‘surgically capable’ if they 
had at least one operating room, and were defined as a 
‘bellwether hospital’ if in addition of being a surgically 
capable hospital, they reported performing at least one 
laparotomy, at least one open fracture fixation, and at 
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least one caesarean section over a 6- month period. Hospi-
tals that performed only one or two of these bellwether 
procedures were not considered a bellwether hospital.

From a total of 1503 children surveyed across 
Somaliland, 196 children reported one or more surgical 
conditions, adding up to a total of 221 surgical condi-
tions.19 These 221 surgical conditions were categorised by 
children’s age (<5 years old, 6–10 years old and >10 years 
old), untreated conditions (n=168), and delay to receive 
surgical care from onset of symptoms (<1 month, 1–12 
months, 1–3 years,>3 years). Descriptive statistics were 
generated using SAS V.9.4 (SAS Institute).

Geospatial analysis
We evaluated the geographical distribution of paediatric 
surgical conditions and timely access to surgical care 
across Somaliland. All data were displayed using geospa-
tial choropleth maps and analysed using four geospatial 
tools described in table 1. Choropleth maps were weighted 
using the survey sites’ population density estimates. All 

geospatial analyses were performed in ArcMap V.10.3 
(ESRI, Redlands, California).

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Our analysis revealed wide disparities in the prevalence of 
paediatric surgical conditions, the proportion of unmet 
surgical need, and geographical access to timely surgical 
care across Somaliland. Overall, Sahil and Sool were the 
regions with the highest need and the poorest surgical 
care coverage within a 2- hour distance from a bellwether 
capable hospital.

Children demographics and hospital characteristics
Most children (83%) having surgical conditions reported 
travelling by foot to access healthcare services (table 2). 

Table 1 Summary of geospatial analysis tools and related objectives and data used as part of the study’s methodology

Geospatial tools Objective and details Data used

1.Inverse distance 
weighted (IDW) 
interpolation

Estimate the geographical distribution of paediatric surgical 
conditions stratified by age and time of delay to receive surgical 
care.40 Manual breaks were used.

SOSAS survey: prevalence of 
paediatric surgical conditions 
(n=221) among 196 children.

2.Hotspot analysis Identify statistically significant (90%, 95% and 99%) clusters of 
untreated surgical conditions (also called ‘unmet surgical care’). 
Areas of most vulnerability and highest priority for future interventions 
regarding age and time of delay were depicted as red bullets.

SOSAS survey: prevalence of 
untreated surgical conditions 
(n=168) among 196 children.

3.Service area—Network 
Analyst

Evaluate geographical accessibility to surgical care based on the 
time needed to reach surgically capable and bellwether hospitals. 
Optimal accessibility was defined as a catchment area within a 2- 
hour distance, as suggested by the LCoGS.3 Distances calculated 
for travelling by public transportation and by foot were based on the 
national road network instead of a straight- line distance (Euclidean 
distance). Distances were broken down into six categories, including 
≤2 hours (optimal), 2–6 hours, 6–12 hours, 12–14 hours, 1–2 days, 
and ≥2 days. We assumed a constant speed limit of 30 km/hour 
for public transportation and 5 km/hour for travel on foot. The child 
population inside a 2 hour distance (called ‘catchment population’) 
was estimated in a two- step process. First, the child population 
density was calculated at a regional level. Second, the regional child 
population density was multiplied by the area (km2) corresponding to 
≤2 hours in the service area map. Estimates at the national level were 
calculated by using the national population density.

Hospital assessment for 15 
healthcare facilities.
Road network41

4.Voronoi diagrams Evaluate the crude area of coverage (km2) for surgically capable 
and bellwether hospitals. We assumed that patients travel to the 
closest hospital. If no hospital was available within the region, then 
we assumed that patients would travel to the closest hospital from 
a neighbouring region. The hospital area of coverage (km2) at the 
regional level was calculated as the average of the polygons within 
each region. A polygon was counted for a specific region only if its 
related hospital point was inside that region (online supplemental 
material 4).

Hospital assessment for 15 
healthcare facilities.

All analyses were performed by using ArcMap packages.
LCoGS, Lancet Commission on Global Surgery; SOSAS, Surgeons OverSeas Assessment of Surgical Need.
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All children (100%) in Awdal, Sahil and Sanaag reported 
travelling by foot. From a total of 15 hospitals included in 
this study, all were classified as surgically capable hospi-
tals, and 5 of them were classified as bellwether hospitals. 
Maroodi Jeex included the highest number of surgically 
capable hospitals (40%, n=6), while Sanaag and Sool 
included the smallest number (7%, n=1). No bellwether 
hospitals were found in Sahil, Sool and Togdheer.

Geospatial distribution of surgical conditions, by age and time 
of delay
The prevalence of surgical conditions was highest in 
Awdal (30%–33%), with slightly lower levels in northern 
Maroodi Jeex, south- western Sahil, and southern Sool 
(20%–30%). Hot spots of untreated surgical conditions 
were found in southern Awdal, northern Sahil and north-
eastern Maroodi Jeex (figure 1).

Stratification of surgical conditions by age revealed 
that Sahil had the highest prevalence of surgical condi-
tions for children<5 years old and children older than 10 
years old (12%–16%), but south- eastern Awdal had the 
highest prevalence for children 6–10 years (16%–20%) 
(figure 2A). Analysis of untreated surgical conditions 
stratified by delay to receive surgery revealed less than 4% 
of children had a delay of less than a month across all 
regions. However, south- eastern Awdal (20%–24%) and 
south- western Sanaag (12%–16%) had the highest rate of 
children with a delay of more than 3 years (figure 2B).

Geographical access to paediatric surgical care
From the area of coverage (km2) perspective, Sanaag 
has the largest area (km2) for both surgical capable and 
bellwether hospitals. Maroodi- Jeex (3624 km2) has the 
smallest area of coverage for surgically capable hospi-
tals (table 3). With a total of 118 933 km2 of surface 
and covering 62.3% of the country, Sanaag’s bellwether 

hospital was the closest facility to people from the entire 
region of Sool and some areas of Sahil and Togdheer. 
In contrast, Awdal (9.350 km2) had the smallest area of 
coverage for bellwether hospitals.

Analysis of the geographical access to surgical care 
revealed that when travelling by public transportation, 19% 
of the population is within a 2 hour distance from a surgi-
cally capable hospital, while 8% of the population is within 
a 2- hour distance from a bellwether hospital (figure 3A). 

Table 2 Characteristics of 15 hospitals and 196 children that reported one or more surgical conditions from a total of 1503 
children surveyed across Somaliland

Total
% (n)

Awdal
% (n)

Maroodi J.
% (n)

Sahil
% (n)

Sanaag
% (n)

Sool
% (n)

Togdheer
% (n)

Children

  Primary transport

   On foot 83.5 (154) 100.0 (16) 82.7 (99) 100.0 (13) 100.0 (8) 70.4 (8) 67.4 (10)

   Public transportation 12.6 (26) 0.0 (0) 12.6 (18) 0.0 (0) 0.0 (0) 19.7 (2) 29.7 (6)

   Private car 3.9 (7) 0.0 (0) 4.7 (5) 0.0 (0) 0.0 (0) 9.9 (1) 2.9 (1)

   Unknown (9)

Hospitals

  Surgical capable hospitals 100.0 (15) 20.0 (3) 40.0 (6) 13.3 (2) 6.7 (1) 6.7 (1) 13.3 (2)

   Operating rooms 100.0 (42) 19.0 (8) 54.8 (23) 9.5 (4) 2.4 (1) 7.1 (3) 7.1 (3)

   Paediatric beds 100.0 (216) 28.7 (62) 38.9 (84) 12.0 (26) 9.3 (20) 0.0 (0) 11.1 (24)

  Bellwether hospitals 100.0 (5) 40.0 (2) 40.0 (2) 0.0 (0) 20.0 (1) 0.0 (0) 0.0 (0)

   Operating rooms 100.0 (16) 31.3 (5) 62.5 (10) 0.0 (0) 6.25 (1) 0.0 (0) 0.0 (0)

   Paediatric beds 100.0 (109) 45.9 (50) 35.8 (39) 0.0 (0) 18.3 (20) 0.0 (0) 0.0 (0)

Figure 1 Geographical distribution of paediatric surgical 
conditions by region. (A) Predicted prevalence of total 
surgical conditions (n=221) found among 196 children. (B) 
Hot spot analysis of untreated surgical conditions (n=168) 
found among 196 children. Hot spots (red bullets) show 
clusters of data points with adjacent data points with high 
frequency of untreated surgical conditions. Cold spots (blue 
bullets) show clusters with adjacent data points with low 
frequency of untreated surgical conditions.
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When travelling by foot, 0.6% of the population is within 
a 2- hour distance from a surgically capable hospital, while 
0.2% is within a 2- hour distance from a bellwether hospital 
(figure 3B). None of the population in three regions, Sahil, 
Togdheer and Sool, were within a 2- hour distance from a 
bellwether hospital. When travelling by public transporta-
tion, travel time could reach up to 12 hours. However, when 
travelling by foot, travel time could be extended to more than 
2 days.

Figure 2 Geographical distribution of paediatric surgical 
conditions across Somaliland. (A) Total surgical conditions 
(n=221) found among 196 children stratified by age. (B) 
Untreated surgical conditions (n=168) found among 196 
children stratified by time of delay to receive surgical care.

Table 3 Regional description of catchment population covered within a 2- hour distance from surgically capable and 
bellwether hospitals, and crude area of coverage (calculated with Voronoi diagrams) for both types of hospitals

Total Awdal Maroodi J. Sahil Sanaag Sool Togdheer

Service area

  Child population (n) 2 022 524 337 305 822 191 53 978 272 606 164 041 361 403

  Surgically capable hospitals (n) 15 3 6 2 1 1 2

   Catchment population (%)
   (2 hours by public transport)

18.9 7.9 50.1 38.3 11.1 14.9 16.5

   Catchment population (%)
   (2 hours by foot)

0.6 0.2 1.4 1.5 0.5 0.6 0.5

  Bellwether hospitals (n) 5 2 2 0 1 0 0

   Catchment population (%)
   (2 hours by public transport)

7.5 6.5 32.3 0 11.1 0 0

   Catchment population (%)
   (2 hours by foot)

0.2 0.2 0.6 0 0.5 0 0

Area of coverage (km2)

  Surgically capable hosp. (mean) 22 737 5121 3624 9600 54 926 46 499 16 455

  Bellwether hosp. (mean) 48 569 9.350 26 504 n/a 118 933 n/a n/a

Figure 3 Service areas for paediatric surgical care within 
a 2- hour travel distance from surgically capable hospitals 
(n=15) and bellwether hospitals (n=5). (A) Service area 
calculated when travelling by public transportation (30 km/
hour). (B) Service area calculated when travelling by foot (5 
km/hour). Note that the service area analysis is based on 
road systems. Then, the white areas across the four maps 
represent unreachable areas due to the absence of roads.
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DISCUSSION
The LCoGS proposed a target of at least 80% coverage of 
essential surgical care by 2030.3 Our study revealed that 
Somaliland is far behind this goal, with 0.2%–0.6% of its 
child population living within a 2- hour travel distance 
from bellwether hospitals and 8%–18% of its population 
within this travel distance from surgically capable hospi-
tals. Surgical services are disproportionally distributed 
across the country, with one bellwether hospital covering 
62% of the country. Disparities are greater among chil-
dren travelling to the closest hospital by foot and in rural 
areas, where the delay in receiving surgery often exceeds 
3 years.

Our study confirmed that geography is a barrier to 
surgical care for many children across Somaliland. 
However, reaching a health facility within 2 hours does 
not ensure a patient will receive treatment. Children in 
Somaliland experience additional barriers that prevent 
them from receiving surgery, including financial hard-
ship, lack of time, lack of trust and cultural beliefs.33 In 
addition, there is a lack of surgical infrastructure and 
workforce across the country. Complex surgical care, 
including neonatal surgery, neurosurgical and cardiac 
procedures, involve a multidisciplinary team and highly 
specialised infrastructure, equipment and supplies. It also 
involves functioning administrative mechanisms to ensure 
the availability and maintenance of these resources.34

Given these complexities in the provision of surgical 
care for children, geospatial analysis can identify areas 
with geographical access to surgical care but with low rates 
of surgical delivery. For example, our analysis shows that 
southern Awdal has hot spots of untreated surgical condi-
tions even when much of this area is within a 2- hour travel 
time from a surgically capable or bellwether hospital. 
Although children make up about 50% of the popula-
tion, only 19% of inpatient beds are dedicated to children 
in Awdal. Additionally, Awdal lacks a surgical workforce 
and infrastructure, with only six surgeons, seven anaes-
thetists and no ventilators or anesthesiologists in the 
region.25 Another example is Maroodi Jeex, a region that 
concentrated most of the hospitals compared with other 
regions. However, rural areas of northern Madoori Jeex 
have low rates of surgical access due to the concentration 
of hospitals in the capital city of Hargeisa. Furthermore, 
workforce and infrastructure capacity are still inequitably 
distributed, with limited delivery of surgical care to chil-
dren in most rural areas.

Geospatial tools, along with other analytic approaches, 
can help identify specific gaps in care, allowing for stra-
tegic allocation of resources to the areas of greatest need. 
For instance, in Sahil, where surgical conditions for chil-
dren under-5 years old (ie, congenital anomalies) are 
common, specialised resources could be allocated to treat 
these conditions.24 Furthermore, preventive measures 
such as enhancing antenatal care and maternal nutri-
tion might result in significant changes for this specific 
region. In contrast, in regions such as Awdal, allocation 
of resources and prevention programmes could focus 

on treating conditions specific to older children, such as 
injuries and traumas.24 Interventions to expand surgical 
services should also consider delays experienced by chil-
dren, especially in rural areas, where children reported 
more than 3 years of delay. Delays in receiving surgery 
can result in lifelong disability or death.35 Thus, bringing 
surgical care closer to more rural communities through 
additional hospitals, improved referral systems for special-
ised surgical care, and increased educational efforts on 
identifying surgical needs could reduce delays to care and 
impact children’s health in remote areas.

We found that the geographical access to surgical care 
remains low across Somaliland, particularly in the north-
west and southeast areas of the country. After almost a 
decade of civil conflict, the country is left with damage and 
deterioration to road networks and healthcare infrastruc-
ture.21 In 2006, only about 10%–15% of the primary roads 
in urban areas and networks connecting productive rural 
areas were considered in good condition, and many towns 
remained isolated from the urban capital of Maroodi Jeex 
due to the destruction of bridges.36 In addition, animal 
transportation of camels and donkeys continues to be a 
common means of transport in Somaliland.36 Not surpris-
ingly, 100% of participants from Awdal, Sahil and Sanaag 
reported travelling to the closest health facility on foot. 
These practices suggest that fundamentally different 
interventions are required to scale- up surgical care for 
populations who access surgical care by foot compared 
with those that travel by public transportation.

Our analysis has several limitations. First, there is a lack 
of standardisation in the measurement of the first indi-
cator of the LCoGS, the timely access to essential surgery.37 
In particular, there is no consensus about how to cate-
gorise a bellwether hospital for children.37 We defined it 
as a hospital that performed the three bellwether proce-
dures (laparotomy, open fracture fixation, and caesarean 
section) used for the analysis of surgical care for adults. 
However, this definition may not be transferable for anal-
ysis of surgical care for children, as children’s surgical 
needs are different from adult’s needs. Vissoci et al used 
a set of proxy procedures, including appendectomy, 
colostomy, hernia repair, laparotomy, and abdominal wall 
reconstruction, to assess the delivery of paediatric surgery 
in Brazil.18 However, further research is needed to estab-
lish a standardised indicator for children that can be used 
for comparisons on a global scale. Second, we applied 
interpolation analysis to a limited sample of geospatial 
data points across the country. We addressed missing 
data by applying extrapolation techniques for some 
of the most rural and less populated areas with limited 
geospatial data points. Third, the road system used for 
the service area analysis may limit accuracy of travel times, 
as topographic barriers and gaps between roads vary as 
a consequence of the past civil conflict. We attempted 
to overcome this limitation by using aerial base maps 
for comparison. Fourth, travel times are calculated with 
more accuracy if information on waiting times, traffic, 
stops, and speed is considered. However, in this study, we 
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assumed a constant availability of transportation and a 
constant speed because of the lack of data on these cate-
gories. Therefore, our reported travel times may be an 
underestimation of the real travel times to access surgical 
care in Somaliland. Finally, we assumed all children inside 
the 2 hour threshold had equal accessibility to the health-
care facilities. However, previous studies demonstrated 
that lower utilisation rates are found for populations 
located further from the healthcare facilities.38 Although 
the distance- decay effect is often used to evaluate health 
systems in low- income and rural settings,39 this technique 
was not used in this study due to the lack of data.

CONCLUSIONS
In summary, our study demonstrated there is a need to 
scale up the surgical system to reduce disparities in the 
access to paediatric surgical care across Somaliland. We 
identified Sahil and Sool as the areas with the greatest 
need and the lowest coverage of essential surgical care. 
These are high- priority areas to allocate resources and 
health interventions that target the most vulnerable and 
forgotten populations. The economy of Somaliland has 
steadily improved over the last decade, consequently 
benefiting the health sector with an improved budget.23 
This is an opportunity to strategically invest in the expan-
sion of surgical services and promote development in 
road construction and transportation systems to reduce 
the geographical barriers to surgical care. A compre-
hensive framework is needed to address other delays in 
reaching care and receiving care, and thus truly ensure 
timely access to essential surgery. Interventions such as 
increasing the number and skills of community health 
workers are needed to address the delays in seeking care 
and receiving care.
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