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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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