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Background. The ability to access effective hospital care for children is a significant determinant of good health outcomes. The Western
Cape Province is a large land area with a wide array of human settlements, both in urban and rural spaces. For many children in the Western
Cape, after-hours access to healthcare becomes constrained when primary care clinics close and hospitals are either far away or difficult to
get to. The cumulative travel burden of communities across this area is not known. The recently established data-gathering capacity of the
Provincial Health Data Centre of the Western Cape represents a new capacity to study this.

Objectives. To describe the cumulative travel burdens of children in communities throughout the Western Cape Province, and how they
compare relative to one another, with a particular focus on the after-hours period in a week.

Methods. Over a period of 5 years from 2017 to 2021, all the admission details to every hospital in the Western Cape Province of children
<18 years of age were collected, with basic demographic and disease data, including place of residence. The distance each child travelled
to their first admission facility was calculated and represented within defined communities across the metro of Cape Town and the rural
Western Cape.

Results. There were 574 220 admissions over the 5-year period, of which 360 783 were able to be used for travel analysis. The majority of
admissions were for children under 5 years of age, were in the City of Cape Town and occurred after hours. Median travel distance was less
for children outside of Cape Town, but the range of travelled distances was greater. Communities across the Western Cape, particularly rural
communities, reflected significant variation in their camulative travel burdens.

Conclusion. Using a large health dataset, this study demonstrates in a novel way for South Africa the distances children travel to access
admission facilities. A wide variation exists across all parts of the province, but particularly in rural areas. These findings could be further
interrogated for people’s choices of facility and method of travel. Detailed service area modelling and extending primary care working hours

are potential considerations for improving access at scale and at the local community level.
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Access to health services is a key determinant of health outcomes.
Service providers and consumers mediate the many parts of
access in discrete and interdependent ways."Providers mediate
approachability and appropriateness, and consumers the ability to
recognise a need and the ability to reach a service, among other
issues.” Reaching a service could in turn be a composite of factors
such as physical distance to a health facility, real-world travel time,
transport availability and the economic cost to a household of
finding or owning a vehicle for a journey. >* Accessible emergency
care for children is of particular importance because of their
susceptibility to poor outcomes if care is delayed.*!

Health service access is a well-studied field containing a rich
literature from many countries for varied conditions and services.
[16-20] There is only a small published literature describing spatial
health access in South Africa (SA).?'*! The authors are not aware of
any local research specifically describing this for children.

Equity in health service provision is dependent on understanding
population characteristics and spatial distribution of peoples.
Research in this field is dependent on accurate data and careful
inferential work while working with large datasets and co-existing
uncertainty about data incompleteness.?” In the Western Cape
Province of SA, the aggregation into large datasets of patient health
records, demographic data and residential information has recently
become available through the Provincial Health Data Centre

(PHDC), creating novel capacity to interrogate large numbers of
health-seeking events across the province.!

In this study we utilise a combination of hospital admission and
residential data to demonstrate the travel burdens experienced by
children and their carers in the City of Cape Town and the rest
of the Western Cape. Over a period of 5 years, we demonstrate,
in particular, this travel for unscheduled hospital visits and how
communities and hospitals reflect these cumulative journeys
relative to one another.

Methods

The PHDC of the Western Cape government collated hospital
admissions of children aged <18 years to all state hospitals in the
Western Cape from 2017 to 2021. Personal patient details were
deidentified; details of admission included age, gender, ICD10
code(s), times and dates of admissions and discharges, and survival.
Ethical clearance for the study was granted by the Faculty of Health
Sciences of the University of Cape Town (ref. no. HREC REF
178/2022).

Home addresses were assigned to a Statistics SA (Stats SA)
Census Enumeration Area entitled a ‘main place’ (essentially
equating to a large suburb or small town). Replacing street-level
addresses with suburbs was required by an institutional ethics
requirement, and a predicted best effort for geolocating home
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addresses (many patients were assumed to be residing in informal
homes without official addresses). All suburbs in the Western Cape
that had 20 or more admissions over 5 years were included, and
a representative co-ordinate was defined for each suburb. When
available, co-ordinates for suburbs were referenced from Stats SA
datasets.?! In cases where these were not available, such as in new
suburbs or informal settlements, centroid co-ordinate assignments
were made using schools, churches, or other community structures.

For each suburb, the four most frequently accessed hospitals
were utilised for point-to-point distance calculations. The rationale
for this was the increasing likelihood of incorrect residential
addresses in view of apparently irrational or unlikely first hospital
choices. Only the facility providing the first admission was used
as a destination, excluding all subsequent referral facilities used in
multifacility admissions.

Travel times and distances between suburbs and facilities were
estimated using ArcGIS Pro 2.9 network analysis (ESRI, USA).
Travel times and distances between suburbs and facilities were
estimated using a routing analysis in ArcGIS Pro 2.9 with the
ArcGIS Online World Routing Service.[27] Technical support was
provided by the GIS Lab at the University of Cape Town. Statistical
analysis was performed with STATA 10 (StataCorp, USA).

Two distinct populations were defined for the Western Cape,
namely those within the single metropole of the Western Cape,
the City of Cape Town (CoCT) and those outside the metropolitan
area (‘district/rural’). Using admission times, two categories of
admissions were created, being ‘working hours’ (08h00 - 17h00
Monday - Friday) and ‘after hours’ (evenings and weekends). ‘After
hours’ admissions were analysed as indicative of emergency visits,
as opposed to planned elective admissions.

Exclusions were all infants <1 week old, as most of these are
admitted to neonatal facilities, repeat admissions within a space
of 24 hours, hospital admissions after a transfer from another
admitting hospital, admissions with missing residential data and
admissions from communities with <20 admissions over 5 years.

The dataset was cleaned to remove duplicates and admissions
with missing data. No folders were interrogated, nor were patients
or their families contacted to verify data entries. It was not possible
to derive modes of transport to admission facilities, nor to assess if a
child had received ambulatory care at an emergency centre and then
transferred without being admitted at the first facility.

Data were analysed to demonstrate communities with travel
distances that were outliers relative to average or median
(interquartile range (IQR)) travel distance. ‘Patient kilometres’
(total patients multiplied by distances to hospital) were calculated
for each community. We postulate that in rural areas, where travel
over very large distances are routine, a few extra kilometres of travel
do not impart the same real-world experience of travel burden
that the same distance would impart in an urban area. To offset
this effect, and to minimise the impact of very long journeys on
the ‘patient-kilometres’ product in rural areas, a travel distance
correction was made by using the cube root of distances to hospital.
This correction was not applied within the urban CoCT, which
had shorter and more uniform distribution of travel distances.
Regression modelling was calculated using a least squares method.

Results

The complete dataset over the 5 years consisted of 574 220
admissions at 53 hospitals recording admissions for people <18
years old. After exclusions, utilising the most frequently accessed
hospitals by a community, distance analyses were performed on
360 783 admissions (Fig. 1).

574 220 total admissions to
hospitals in the Western Cape
for children <18 years
for 2017 - 2021

Newborns, multiple-facility
admission, undefinable
addresses removed

408 148 with defined
addresses

Most used location-based
facilities defined

360783

patient-hospital pairs

Fig. 1. The derivation of the final list of patients for analysis.

There were 213 communities included. Most admissions were in
the age group 1 - 4 years. There were more admissions in the CoCT,
but the total travel distance in rural areas was greater (Table 1).

The hospitals with the highest numbers of admissions were Red
Cross War Memorial Children’s Hospital, Tygerberg Hospital, George
Regional Hospital, Mitchells Plain Hospital and Khayelitsha District
Hospital. The CoCT suburbs with the highest numbers of admissions
and highest total travel distances were Khayelitsha, Mitchells Plain,
Cape Town and Athlone. The rural communities with the highest
admissions were George, Paarl, Mossel Bay and Worcester (Table 2).

The under-5 age group represents 58% of admissions to hospital
(Fig. 2). There was a small increase in hospitalisations in later teenage
years, as obstetric and traumatic conditions became more prevalent.
28]

City of Cape Town and Rural cumulative travel distances are
represented in Figs 3 and 4. Distances are best understood by
comparing communities with similar numbers of admitted patients.
Those lower down on the vertical axis will be relatively closer to their
admission hospital; those higher up on the vertical axis will have
travelled further to their admission hospital. In essence, the gradient
of the line joining the origin of the graph to the point represented by
a community describes a measure of a community’s average journey
distance.

An emphasis on travel events over kilometres per event is reflected
in Fig. 5. For example, the towns of Worcester and Paarl now
approach the regression line in view of a higher number of travelling
events.

Two quite distinct hospital utilisation patterns are observed
in two similarly sized urban suburbs in the CoCT, in this case
Mitchells Plain and Khayelitsha, each with their own local level
1 hospital (Fig. 6). For children living in Khayelitsha, 7 481 of
12 340 hospital admissions (61%) occurred at the local district
hospital, whereas for children living in Mitchells Plain, only 38%
of admissions occurred at the local hospital, with a comparatively
higher utilisation of the more distant tertiary facility.

Some areas contribute disproportionately to total travel for a
particular facility. A rural example is that of Worcester Hospital,
based in an urban setting but with a very rural large drainage
area. The rural community of De Doorns, 32 km from Worcester,
contributes 23% of after-hours patient numbers, but close to 60% of
the total travel burden for the hospital (Fig. 7).
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Table 1. Under-18 child admissions and travel distances for Western Cape Province, 2017 - 2021

Characteristic City of Cape Town District/Rural Total
Year, n (%)
2017 44 489 35056 79 545
2018 46 740 36 268 83 008
2019 44 668 35223 79 891
2020 31776 23 062 54 838
2021 37 621 26 240 63 501
Total 204 394 155 849 360 783
Deaths, n 1099 564 1663
Age at admission, n (%)
<28 days 5770 (3) 3138 (2) 8908 (2)
28 days - 1 year 45 470 (22) 30196 (19) 75 666 (21)
1 - 4 years 68 097 (33) 58 657 (37) 126 754 (35)
5- 9 years 36 199 (18) 26 855 (17) 63 054 (17)
10 - 14 years 25 444 (12) 15 495 (10) 40939 (11)
15 - 18 years 23 954 (12) 21 508 (14) 45 462 (13)
Gender, 1 (%)
Male 111 932 (54) 80 624 (52) 191 556 (53)
Female 93 828 (46) 75 069 (48) 168 897 (46)
Not recorded 174 (0.1) 156 (0.1) 330 (0.1)
Admissions — working hours, 7 (%) 72 236 (35) 51 829 (33) 124 065 (34)
Admissions - after hours, 7 (%) 132 698 (65) 104 020 (67) 236 718 (66)
Hospitals, n 13 33 46
Suburbs, n 47 166 213

Median (IQR) admissions per hospital

Median (IQR) admissions per suburb

Total travel distance (km)

Median (IQR) total travel distance per hospital (km)
Median (IQR) total travel distance per suburb (km)
Median (IQR) travel distance per child (km)

IQR = interquartile range.

8901 (4 309 - 12 073)
2863 (767 - 5 027)

2721 302

82022 (31 874 - 156 964)
31094 (13 477 - 63 657)
11.0 (6.2 - 18.6)

3368 (1290 - 6 342)
451 (159 - 1 219)
4701 037

43 381 (11 160 - 90 186)
21 083 (6 664 - 35 775)

6.5 (2.0 - 31.5)

Table 2. Facility and community admission totals, and travel distance totals with mean and median travel distances

Total travel

Mean travel

Median (IQR) travel

Characteristic Total admissions, n  distance, km distance, km distance, km
Hospital
Red Cross WMCH 82219 2469 254 30.0 14.1 (8.5-23.1)
Tygerberg Hospital 49 635 1434779 28.9 16.9 (8.5 - 25.3)
George Regional Hospital 13 462 408 048 30.3 8.3 (6.4 -23.2)
Khayelitsha District Hospital 13511 57 671 4.3 22(1.2-6.4)
Mitchells Plain Hospital 11 636 59 657 5.1 4.4 (2.8-6.1)
Suburb/community: CoCT
Khayelitsha 20 554 254 813 12.4 6.4(1.2-25.3)
Mitchells Plain 18 505 307 472 16.6 19.4 (6.4 - 23.4)
Cape Town 18 408 171 258 9.3 8.6 (5.5 -13.0)
Athlone 17 688 140 992 8.0 8.3 (6.4 -8.5)
Philippi 12 985 186 012 14.3 16.3 (5.8 - 21.0)
Suburb/community: district/rural
George 7 432 275 454 37.1 6.4 (4.7 - 9.4)
Paarl 5584 54 114 9.7 2.0 (2.0 - 5.0)
Worcester 5212 63 593 12.2 1.8 (1.8-3.2)
Mossel Bay 5281 125270 23.7 1.7 (1.7 - 1.7)

Red Cross WMCH = Red Cross War Memorial Children’s Hospital; CoCT = City of Cape Town.
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Discussion

This is the first SA study documenting
the relative travel burdens of communities
at scale. We demonstrate that there are
significant
communities in their cumulative travel

differences between rural
distances to get to emergency admission
facilities. In Cape Town, community travel
burdens are also unequal, with additional
travel efficiency anomalies demonstrated in
how different communities are admitted to
their respective closest admission facility.
We have demonstrated that communities of
similar admission needs can have up to 3 - 4
times the cumulative distance to travel for
this level of care. This is particularly evident
in the rural parts of the province. As a
proof of concept, it establishes the capacity
of a new government health data centre,
the PHDC, to produce large, aggregated
datasets enabling broader analytical work.

The populations described in this study
represent extremes of ability to access
health facilities.[29] SA has the highest
level of income inequality in the world, and
the Western Cape in particular includes
both remote rural areas as well as dense
urban areas. There is a mix of agricultural
settlements, formal suburbs and rural and
urban informal settlements.[29,30] The
physical location of services in SA still
reflects the legacy of apartheid spatial
discrimination, with large regional and
central hospitals located far from densely
populated lower socioeconomic areas.
Additionally, urban, interprovincial and
transnational migration has resulted in
rapid expansion of living areas, often faster
than services can be established.

The question ‘How far is too far?’ for
hospital access has no national or provincial
in SA, a country
with significant poverty, wide variety in
human population density and low vehicle
ownership. Two international consensus
examples for acceptable proximity are a
2-hour total travel time set by the World
Health Organization as a threshold for
emergency obstetric and surgical care; for
universal health care coverage by 2030,
the Lancet Commission for global surgery
recommends 80% of a population residing
within that time threshold.?*"

There were discrepancies in how the
most proximate hospital was used, both
in the CoCT and between the CoCT and
rural settings. Rurality and local economics
may play significant roles in the agency of
local communities to exercise their choice of
hospital. Reasons for differences in district v.

reference standard
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tertiary hospital admissions for children from
Mitchells Plain and Khayelitsha are complex.
The two suburbs have significantly different
economic indicators, with the number of
formal homes in Mitchells Plain being 95%
compared with 45% in Khayelitsha.*? There
may be other issues of patient preference
that would need prospective evaluation.
The disproportionate contribution of total
travel made by children from De Doorns to
admissions for Worcester Hospital can be
understood when considering the distances
involved. At the time of writing, De Doorns
only has a weekday primary care clinic, and
90% of admissions from De Doorns are to the
closest hospital, Worcester Hospital, 32 km
away. De Doorns contains a large informal
settlement providing seasonal agricultural
labour. The economics of the area also
represent a more constrained population,
with only 51% of dwellings being formal.l*?

We were not able to interrogate the health-
seeking behaviour of carers, local hospitals’
onward referral rates nor admission capacity,
or why families preferred remote facilities
over local hospitals for their child’s care.

SA has a low private vehicle ownership
rate, and this would be particularly low in the
populations accessing public health facilities.
(33 In SA, car ownership is significantly lower
in rural compared to urban areas (14%
V. 39% respectively).®® This may further
delay access to after-hours healthcare for
rural areas. In urban informal settlements,
emergency medical service vehicles will
sometimes refuse to travel without police
escorts.*** Our study cannot tell the real
stories of individual journeys to hospital. It
may require a walk between informal homes
late at night, carrying a child to a police or
fire station to await an ambulance, or a delay
in finding money to pay for a private vehicle.

In this study, child deaths were rare, and
the sample size too small to reliably correlate

After hours: suburb admission totals, n

Touwsrivier 269

De Doorns 1 608 —
Touwsrivier 20 137

Worcester 3 391

After hours: suburb travel (km)

Worcester 7 930

™ De Doorns 52 035

Fig. 7. Proportions by location for after-hours patient admissions totals and relative contributions to travel (Worcester Hospital) in a rural setting
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with distance from hospital. Since folders were not reviewed, we were
not able to interrogate the circumstances around those deaths. The
effects of delay in accessing effective care for unwell children in low-
income countries are well described; further investigation would be
required to confirm similar findings in our context.*!

In two rural communities (De Doorns and Grabouw - Fig. 4) and
a Cape Town Metro informal settlement (Du Noon -represented as
Blouberg - Fig. 3), significant service protests have been experienced
in the last 15 years. Civil unrest relating to service deficiency
is a common theme in marginalised communities in SA. These
communities all plotted relatively far from the regression line in their
respective graphs. In Grabouw and Du Noon, after-hours access to
healthcare has become established subsequent to these events.**%)

There are many limitations to a study such as this. Data volumes
are large, and cleaning and consolidating residential locations is error
prone. Care was taken to validate address data and geocode accurately.
Farming communities routinely reported postal addresses, distinct
from physical addresses. Not all data captured at points of care was
complete, and it was impossible to accurately define errors for some
fields. Modes of travel to hospital were not captured consistently or
accurately. Travel times (instead of travel distance) were explored in
preliminary analyses in ArcGIS; however, this was not included in the
final analysis due to variability of travel times through a day or week.
An after-hours focus ameliorated this in part.

Further study is warranted, in particular, an evaluation of the
discrete travelling distance from home to a health centre, regardless of
admission status. And with this information, more detailed modelling
with regard to the ideal location of future after-hours service creation
or expansion of existing facilities would be facilitated. It is intended
in a follow-up study to isolate patient health-seeking behaviour by
interrogating only emergency centre attendances.

Conclusion

In conclusion, we analysed travel distances from community to
place of first hospital admission for 360 000 child admissions over
5 years. We demonstrated great variability in travel distances both
for suburbs in the CoCT and rural communities. Further research is
required to understand facility choices and referral patterns within
specific suburbs in the CoCT.
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