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Abstract

Chronic kidney disease is growing and the current estimated
global prevalence exceeds 13%. As the use of haemodialysis
machines for patients with end stage renal disease increases sur-
vival considerably, it is critical to plan correctly for the allocation
of these machines. This study aimed to develop a geographical
information systems (GIS)-based approach to predict the need for
this service in the northeastern region of Iran taking into account
where patients live and where haemodialysis is the most needed
and identifying areas with poor access to haemodialysis centres.
Patients were interviewed to obtain self-reported actual travel time
and the inverse distance-weighting algorithm was used to deter-
mine access in each area. The prediction is based on the domestic
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growth rate for haemodialysis services and the estimated active
hours of machine use for the next five years. We estimate that six
new haemodialysis machines are required in northeastern Iran at
the present time with 50 machines required over the next five
years. Ashkhane City was identified to have the least access to
haemodialysis centres in the study area. Our GIS-based model can
be used to investigate not only the need for new haemodialysis
machines but also to examine geographic disparities in the alloca-
tion of haemodialysis centres and to identify areas most in need of
this service. It is important that policymakers consider both spatial
and non-spatial dimensions of access to enable better allocation of
haemodialysis services ensuring they are targeted to reach those in
need.

Introduction

The prevalence of Chronic kidney disease (CKD) is growing
and has reached 13.4% across the world in 2016 (Hill ez al., 2016).
The final stage of CKD is end stage renal disease (ESRD) where-
by the kidneys do not function well enough to meet the primary
needs of the body. These patients need either kidney transplanta-
tion or regular dialysis to compensate for the renal performance
failure. Dialysis is a procedure for removing waste materials along
with maintaining the acid/base balance in the body. In peritoneal
dialysis, a liquid is injected into the abdominal cavity followed by
its extraction, while haemodialysis requires a machine. The for-
mer type of dialysis can be undertaken by patients themselves,
either at home or at work after having received training by health
professionals, while the latter approach is commonly carried out at
a haemodialysis centre due to the high cost of the machines, their
maintenance as well as reluctance of patients to use this method at
home. Haemodialysis is the most common method of treatment
for ESRD patients and continues until a kidney donor available for
transplantation is found (Anand et al., 2014). Patients undergoing
haemodialysis must visit their centre three times a week
(Daugirdas et al., 2015) and there is a proven relationship between
these patients’ travel time from home to the centre, their mortality
rates and health status (Moist et al., 2008). In order to decrease
travel time and enhance the quality of the service provided, the
allocation of haemodialysis machines should preferably be based
on the actual need in the areas where the patients live (Azar, 2009;
Rucker et al., 2011; Thompson et al., 2012).

Geographic information systems (GISs) enable the incorpora-
tion of spatial as well as non-spatial factors into the process of
resource allocation resulting in improved documentation for deci-
sions and interventions. The spatial factors are geography-related,
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e.g., patients’ travel time and travel distance to get to the
haemodialysis centres, whereas the non-spatial ones are related to
haemodialysis services and may refer to the number of available
machines, their active hours, the current 12% growth rate of
haemodialysis needs (Omrani-Khoo ef al., 2013)) and the number
of patients in the district in question. The worldwide recommended
maximum time for access to a haemodialysis centre is 30 minutes
(Mactier et al., 2007). Thus, available resources should be allocat-
ed so that the highest possible number of patients can fit into this
time-distance range. The study by Yang et al. (2006) undertaken in
USA, as well as the UK Renal Association guidelines published in
2007, both emphasise that the ratio of registered patients and avail-
able haemodialysis machines in each centre should be four at most
(Yang et al., 2006; Mactier et al., 2007). The expected durability
of a haemodialysis machine has been calculated to be 25,000 hours
(Mactier et al., 2007).

The patients’ travel time to their haemodialysis centres has
been estimated using network analysis in a number of previous
studies (Ayyalasomayajula et al., 2011; Matsumoto et al., 2012,
2013; Delmelle et al., 2013; Stephens et al., 2013). Network anal-
ysis in GIS is often related to finding solutions to transportation
problems such as path-finding and travel time between source and
destination (Stentzel et al., 2016). This method obtains the poten-
tial travel times to centres. However, there are many factors that
can cause a difference between the actual travel time (ATT) and the

calculated travel time, e.g., socioeconomic ones (Maheswaran et
al., 2003; Diamant et al., 2010), those connected with racial dis-
parities (Saunders et al., 2014) and those connected with trans-
portation (Mao and Nekorchuk, 2013). Therefore, the self-reported
ATT is considered a spatial factor in this study, whose aim was to
develop a GIS-based approach to predict the number of new
haemodialysis machines needed in the northeastern region of Iran
in the next five years. An additional aim was to identify areas with
poor access to haemodialysis centres.

Materials and Methods

The study was divided into three phases and carried out using
a cross-sectional approach.

Ethical considerations

All patients were asked to sign a consent form and the study
accepted only those agreeing to participate.

Study area and patients

This study was carried out in North Khorasan Province, Iran,
located in the Northeast of the country (Figure 1). The area covers
28,434 km? and the population was estimated at 811,472 last year

Iran

[ otherAreas

Map Guide

+ Dialysis Centre

® Dialysis Patient

Urban Areas

ATT to Dialysis Centre
10 - 15 min (77 Patients)
[77115.01 - 30 min (41 Patients)
[27 30.01 - 45 min (11 Patients)
I 45.01 - 60 min (24 Patients)
I 60.01 - 90 min (5 Patients)
I 90.01 - 120 min (4 Patients)
B 120.01 - 180 min (2 Patients)
N 180.01 - 210 min (1 Patients)

250 Kilometers

Figure 1. Distribution of patients needing haemodialysis and service centres displayed on an interpolated province map based on actual

travel time values.
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(Wikipedia, 2016). The province has six haemodialysis centres
located in its six main cities, Ashkhane, Esfaraien, Bojnoord,
Jajarm and Shirvan. ESRD patients from all over the province can
only be referred for a registered routine service to one of these cen-
tres. The province had 203 haemodialysis patients as of December
2015 (this does not include patients visiting from the other
provinces), but only 165 of them were available and willing to par-
ticipate in the study. The distribution of haemodialysis patients’
residents and their referred haemodialysis facilities are shown in
Figure 1. The points have been jittered for confidentiality reasons.
The number of rural patients was 68 and the number of urban ones
was 97. Two patients resided outside the provincial borders but
were eligible to receive care from the centre in Jajarm.

Phase I: data gathering

We designed a form and used it to collect information about
patients and their residential addresses as well as information
regarding each haemodialysis centre, such its address, the number
of available haemodialysis machines, previous hours of active
machine use and the number of patients receiving service at the
centre on a routine basis.

All participants were interviewed and asked about the ATT to
their haemodialysis centre without any stop(s) in other places
along the way. The response rate was 81%. The ATT results show
all responding patients’ actual access time to attend their preferred
centre (Figure 1).

Phase II: geographic information system analysis

All patient addresses were geocoded, i.e. assigned geographic
coordinates to the street addresses provided. To do this, we devel-
oped a programme using C#NET, an object-oriented computer
language developed by Microsoft as part of the .NET platform to
connect to the Google map geocoding Application Programming
Interface (API). Our software was able to receive the addresses of
the patients and centres and to generate the latitude and longitude
for each address. We used a free API license in our software to
reduce geocoding costs. If this API was unable to geocode an
address, we used an alternative application, Open Street Map
(OSM) geocoding API (https://www.openstreetmap.org) in our C#
code. If both methods were unsuccessful, the address was geocod-
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ed manually. To determine which patients lived more than 30 min-
utes away from their preferred haemodialysis centres and which
ones lived closer than so, the ATTs were interpolated. This means
that new data points were constructed within the range of a discrete
set of known data points according to Jia et al. (2016), who used
Inverse Distance Weighting (IDW), a deterministic algorithm used
for multivariate interpolation, to obtain ATTs to health centres at
the regional level. A haemodialysis patient layer was created by
using the patients’ geocoded addresses. The IDW algorithm was
run on this layer based on the ATT field value. Figure 2 shows the
application of the IDW method estimating the ATT value for a non-
sampled patient’s address by considering the ATTs of the five near-
est patients. The IDW approach gives ATT values closest to the
point to be located more influence on the value of the unspecified
ATT than those farther away. This calculation was run for all pixels
(pixel size=500 meters) covering the map of the province. Its out-
put was a raster layer in which each pixel shows the ATT to the
haemodialysis centre. A reclassification algorithm based on ATT
information was run as well. As a result, two catchments were cre-
ated for the study area; i) one with less than 30 minutes travel time;
and ii) one with more than 30 minutes.

Phase I1I: development of a geographic information
system-based model

This approach included the development of a model for the
prediction of the need for new heamodialysis machines in each
area and identification of regions with poor access to haemodialy-
sis centres. The number of active haemodialysis machine hours for
the next five years was estimated for each polygon within the <30-
minutes range of ATT by considering the current number of
patients and active machine hours and taking the growth rate of
haemodialysis need into account. This was done by dividing the
number of patients by the number of haemodialysis machines
(machines with <25,000 active hours), which should be <4 accord-
ing to (Yang et al., 2006; Mactier et al., 2007) mentioned above.
Machines having performed in excess of 25,000 h were excluded
from this analysis. Areas with an average ATT greater than 30 min-
utes’ drive time were defined as having low accessibility to
haemodialysis centres. The reverse summation of patients” ATTs
with values >30 minutes in each area was expressed as an access

34 33, 27 30, 22

Xwizy 1z t2toeetzztyz
Sin =1 Z 25 ¥ £ _338

T mtmEtgmtEte

Figure 2. Results of the inverse distance-weighting algorithm for interpolation.
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index ranging from 1 to 9, where 1 represents low and 9 high
access to haemodialysis (Figure 3). This method considered both Results

the number of patients and the ATT of each patient in a region (Eq. The current availability of haemodialysis in North Khorasan
1). It was only applied in areas where with at least one haemodial-  province is summarised in Table 1, while Table 2 shows the pre-
ysis patient. dicted need for new haemodialysis machines at the district level.
According this modelled prediction, six new haemodialysis
machines are immediately required in North Khorasan Province to
provide high-quality services for dialysis patients. The future need

1 is considerably high i iti ialysi i
— : y higher, with 5 additional haemodialysis machines
Access L ATT; (ATT; > 30) Eq. 1 next year, followed by 11, 7, 9 and 12 in the following four years,
respectively.

The results of executing the IDW algorithm are shown in

Table 1. Current situation with respect to haemodialysis availability in North Khorasan Province, Iran.

1 1 22 5 13,827 5 0
2 1 17 9 1776 5 0
3 3 121 34 15,340 31 3
4 1 68 12 11,876 12 0
*Averaged values per area.
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Figure 3. Access to haemodialysis centres in deprived regions of North Khorasan Province, Iran.
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Figure 2. Areas with ATTs less than 30 minutes are shown in green
in Figure 4, which highlights suggested haemodialysis machine
allocations for these areas. Area 3 had the highest rate of machine
usage, whereas Area 2 had the least.

As much as 44% of patients in North Khorasan have an ATT in
excess of 30 minutes, which shows that the ATTs can only be
reduced by active intervention. As can be seen in Figure 3, the area
around the Ashkhane City was found to have the poorest patient
access to haemodialysis.

Discussion

In this research, the model used self-reported ATT and the
actual active hours of haemodialysis machines. This information
enables calculation of a reliable estimation of the need for new
haemodialysis machines.

We introduced a GIS-based model to visualise the pattern of

P
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patient access to haemodialysis and to predict areas in future need
of allocation of additional haemodialysis machines. The model
classified the study area into two distinct categories: areas with
less than 30 minutes access time and those with more. If the
resource allocation over the next five years is followed up as rec-
ommended by the model, each area’s access to the haemodialysis
centres will be maintained within present access conditions. Thus,
patients’ travel time will not increase. Previous studies of
haemodialysis access have shown that the number of haemodialy-
sis machines can affect patients’ ATTs. For example, Mastsumoto
et al. (2012) in Japan considered both distance and facility capacity
in their model, while Yang et al. (2006) compared different access
measurement methods of patient access in USA. The conclusion is
that methods that include the capacity of haemodialysis facilities
reflect patients” access better. Therefore, an appropriate allocation
of haemodialysis machines in each area is critical to decrease
health inequity with respect to haemodialysis service.

Figure 4 shows that a great area proportion (77%) of North

Table 2. Estimated number of additional haemodialysis machines needed now and in the future in North Khorasan Province, Iran.

Patients needing haemodialysis now

Additional haemodialysis machines needed

Now Year 1 Year 2 Year 3 Year 4 Year 5
1 22 1 0 1 0 1 1
2 17 0 0 1 0 1 0
3 121 0 3 8 5 6 9
4 68 5 2 1 2 1 2
Total 228 6 5 11 7 9 12
5 Map Guide
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Figure 4. Distribution of areas with respect to actual travel time between patients and haemodialysis centres in North Khorasan

Province, Iran.
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Khorasan Province has ATTs of more than 30 minutes. At first
glance, this issue can be solved by choosing the best place for
establishing new haemodialysis centre for regions experiencing
access problems. Our predictive model identifies the area around
Ashkhane City as the poorest with regard to haemodialysis and
most in need of machine allocation (Figure 3). Of interest in this
district is that a new haemodialysis facility there was established
only one year ago. However, due to the poor quality of service
provision in Ashkhane, patients prefer Bojnord City. Thus,
enhancing the quality of haemodialysis service provision in
Ashkane would decrease both travel time and cost. We also per-
formed the interpolation of travel time to the closest facility
using network analysis instead of ATT. Ashkhane region already
owns a haemodialysis centre so this area was not recommended
as a poor haemodialysis area due to travel time. We suggest that
the calculated travel time to the closest facility is not a good
proxy for haemodialysis resource allocation if used alone as there
are many other reasons, such as poor transportation (waiting time
for vehicles), special-needs patients, e.g., those belonging to low-
income groups, and patients who do not seek the nearest
haemodialysis centre.

In this study area, a significant number of patients lived in
areas with more than 30 minutes of ATT (Figure 1). Using mobile
haemodialysis centres and encouraging/training patients to per-
form peritoneal dialysis might be a solution to provide this ser-
vice in a timely manner for these patients. A study by Christie et
al. (2005) showed that provision of mobile units in Wales, UK
improves the spatial accessibility of renal replacement therapy
services. We propose to investigate the cost-efficiency of using
mobile haemodialysis for remote areas in order to improve ATTs
through alternative efficient solutions.

Although the model in this study is based on information on
patients and services within the North Khorasan Province, we
believe that our proposed model can be generalised for any area
as it estimates the need for additional haemodialysis machines by
considering the number of haemodialysis patients and machines
in restricted areas. In future studies, it is planned to enhance the
capability of the model by defining a haemodialysis need index.
For example areas with more patients with diabetes and hyper-
tension conditions are likely to have more CKD and ESRD inci-
dences (Anupama et al., 2017; De Cosmo et al., 2016).

We are aware that future new patients will come from new
addresses that cannot be predicted, and therefore the estimated
future ATTs is just the best of what one can get at present. In
addition, we used the growth rate of haemodialysis patients at the
national level (Iran) for the selected area of study. We believe that
for a more accurate result, this rate should be adjusted for this
province, when local such data become available.

Conclusions

A GIS-based model can not only be used to investigate the
need for new haemodialysis machines, but also to examine geo-
graphic disparities in haemodialysis service allocation and to iden-
tify areas which are most in need. It is important that policymakers
consider both spatial and non-spatial dimensions of access when
allocating future haemodialysis services and thus ensure that they
target the catchment areas correctly.
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