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IMPLEMENTING A DECISION SUPPORT MODEL
IN PRIMARY HEALTH CARE
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Delhi is the capital city of India but is administered by multiple government agencies. Each agency has its own network of
health centers to cater to different segments of society. There is a need to define these health facilities in terms of a region or
District, so that the facilities within the region are strengthened by facilitating collaboration, which can be achieved by load
transfer between centers. There is also a need to decongest secondary care by shifting patient load to primary care and also to
minimize referral of patients from primary care to secondary care.

At the primary level, all health centers of government have the same number of doctors, irrespective of the patient load on the
center. This research paper describes a model driven Decision support system, that facilitates load balancing and
decentralization. This model is then applied to the primary health care data of East district, one of the nine districts of Delhi
and the results obtained are discussed in the paper. This model can be used by health care planners in strengthening primary
health care services within a geographical region or district, and in manpower and equipment requirement planning, based
on patient load, instead of fixed administrative guide lines.
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1. BACKGROUND

A Decision support system is a system under the control of
one or more decision makers that assists in the activity of
decision making by providing an organized set of tools
intended to impose structure on portions of the decision
making situation and to improve the ultimate effectiveness
of the decision outcome [1]. The culture of governance in
India is has been characterized by secrecy, seniority and
corruption [2]. An online DSS can remove this malady. All
countries should progressively and continuously reorder
health expenditure priorities, leading to the most cost
effective actions relating to health centers [3]. The DSS can
do this by redirecting patients to their nearest region, thereby
improving accessibility of health centers.

Computerized Decision support systems are
consultation systems that use techniques for encoding
knowledge and solving problems with that knowledge [4].
The DSS uses Artificial Intelligence to convert a flat
structure of health centers into a Hub and Spoke model,
which is the functional basis of the model driven DSS. AI
techniques can be used to search the health network for free
capacity and overloaded centers. A rule based DSS is used
for providing patient advice, during telephonic
consultations, provided by a call center manned by nurses.
This is similar to the NHS Direct service, that provides off
hours counseling to patients [5]. In this model, rules can

also direct patients to their nearest region – district, in the
case of New Delhi.

The decentralization of out patient health services at
the primary health care level can be achieved through the
Hub and Spoke model, which facilitates dynamic load
balancing and planning deployment of manpower and
equipment [6]. The use of Call centers using this DSS, can
redirect patient flow to the nearest region. A key reason for
the failure of the public health care system in India, is
because of a gap between expected and actual number of
health centers, as also between expected and actual strength
of doctors and consultants  [7]. The DSS proposes to bridge
this gap information. The shortage of medicines and
specialists is responsible for the failure of the health care
delivery system at the primary level [8]. A DSS can facilitate
planning of doctors deployment, according to the health care
needs of the region. Doctors and staff of a primary health
centre are dissatisfied with the accessibility of health centers
from their residence [9]. The DSS can improve accessibility
for doctors by placing them in their nearest region.
Collaborative advantages can be easier to obtain after
competing participants first learn to collaborate [10]. The
multiple service providers in the public sector in Delhi can
learn to collaborate by transfer of patient load , as these
service providers are unevenly loaded in terms of patients.

The WHO has promoted a decentralized approach based
on the concept of a district as a self contained and
geographical entity, to better integrate multiple health
programs and providers [11]. In the model DSS, a district is
treated as a single collective entity , to plan regionalizing
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services within it .A hospital can administer its resources
more effectively. WHO and UNICEF stressed the
importance of primary health centers in Alma Ata
declaration in 1978 [12], in which PHC is the first contact
with the health system for an individual or family. The DSS
aims to minimize referrals to secondary care and
decentralize primary services through Hub and Spoke
model.

A DSS can access data, process accessed data into
information and provide recommendations to solve
management problems [13]. A DSS using a rule based
knowledge base was developed to assign patients to
corresponding beds.

HYDRA is a grid based Decision support system that
is being developed for the NHS in UK. It addresses the
resource allocation problem. It includes finding the best
health network for patients (optimization problem) and
finding out alternate solutions (simulation)[14].

As such Delhi is administered by many government
agencies. In this research paper, we apply a DSS model [15]
to the primary health care data of East District, which is
one of the nine districts of Delhi. The results obtained are
discussed. East District is chosen by convenience sampling.
Delhi is chosen for this study, as it is the capital city of
India, and has multiple governing agencies in the public
sector. The scope is restricted to the health agency of the
state government of Delhi.

2. RESEARCH METHODOLOGY

The design of the model driven decision support system is
causal in nature. The input data to this model consists of
secondary data. The data is selected from East district of
New Delhi, which is chosen by convenience sampling. East
District is one out of nine districts of New Delhi, the capital
city of India. The data is for the year 2005.

As seen in the table in the annexure, the data input to
the model corresponds to:

Center name Patient load/ day No of Doctors

This corresponds to Columns 1,2 and 4 in the annexure
table. The rest of the data is obtained by further computations
on this input data. The results obtained by the application
of this data to the decision support model are presented in
this paper.

3. THE MODEL FITTING : RESULTS AND DISCUSSION

The Decision Support Algorithm described by Vohra et al.
[15] can now be applied to the primary health care data of

It can be seen that 19 out of total 25 centers or 76 %
centers have a positive excess load and are overloaded, while
5 out of 25 centers or 20% centers have a negative excess
load and are under loaded. Also 1 out of 25 centers or 4%
centers have zero excess load. In real world data, spoke
centers can be under loaded and thus have free capacity
available. The chosen hub has to decide how to service
further patient requests for service. The requests can be
satisfied by the hub itself, or by its spokes, if free capacity
available in them. If no free capacity is available in the newly
created hub and spoke network, further requests for service
can be redirected to the nearest hub and spoke network.

The computation of capacity and excess load in the
annexure table is done as per the decision support algorithm.
The new load computations enable the spokes to be
constrained to their capacity. While this results in 19 out of
24 spoke centers being constrained to their capacity, 5 spoke
centers are under loaded and thus have free capacity available.
The free capacity available at these spokes are as follows:

Table 1
Free Capacity Available at Spokes

Center Name Type(Hub/spoke) Free capacity available

I.P. Extension Spoke 49

Karkardooma Court Spoke 23

Mayur Vihar Spoke 26

Mukesh Nagar Spoke 14

Raghubirpura Spoke 18

East District, New Delhi to get a analysis of how the Hub
and Spoke model function, for real world data. The result
of this are also discussed in this section.

In this section the results of applying the East district
health care data to the Hub and spoke model are presented
and discussed. The hub and spoke structure is obtained by
applying the corresponding algorithm, described above.

Since the hub is chosen according to highest patient
load, the center Trilokpuri, with the highest load of 389 is
chosen as the hub. The remaining 24 centers are the spokes

Figure 1: Chart Showing Excess Load Distribution in the
Health Centers
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Therefore it can be seen that the total free capacity
available at the spokes is 130. So 130 patients can be
serviced at the spokes with the existing number of doctors.

Now, in order to calculate the free capacity available
at the hub Trilokpuri, it must be noted that the new loads at
all centers do not result in additional manpower, since the
spokes are constrained to a maximum load of their capacity.
However at the hub selected, total excess load in the network
is transferred to the hub in addition to its capacity. Therefore,
there is a need for greater manpower at the hub centre. The
total new load at the hub selected Trilokpuri is 1240, which
means according to our decision support model, a
requirement of 1240/72, and rounding gives us a number
of 18 doctors. Since 2 are already employed, there is a need
to employ 16 more doctors at the hub centre. The free
capacity at the hub is given by 72 × 18 – 1240 = 1296 –
1240 = 56. Thus the free capacity at the hub is 56. The total
free capacity in the network = free capacity at hub + free
capacity at spokes = 56 + 130 = 186. Therefore a total of
186 patients can be serviced by the newly created hub and
spoke network. A request for service beyond this number
will result in the request being redirected to the nearest hub
and spoke network, where a similar search can be performed
to determine free capacity.

In this case, we have chosen 1 hub for simulation.
However 2 or more hubs can also be chosen. In the case of
2 hubs, the second hub is chosen according to the second
highest patient load. In this case, the second hub after
Trilokpuri, is Mandawali with 304 patients. If we select two
hubs, then the total excess load can be divided equally
between these two centers and added to their capacity. This
means the total excess load of 1096 divided by 2 is 548.
Both these centers have a capacity of 144. Therefore, the
new loads at these centers is 692 each. The number of
doctors required is now split and located between these two
hubs. The loads and manpower at the spokes remains the
same as before. We can see that 16 new doctors are split
between these two centers and so eight doctors each are
needed additionally at each of these centers. The free
capacity computations can be done as before.

4. CONCLUSIONS

This research paper describes a health care management
planning tool in the form of a model driven decision support
system. This system can be used to implement
decentralization of health care services, strengthening of
primary health care services within a region or district,
deployment of manpower and equipment. In this context,
the Hub and spoke model was described. There after the
model was used on input health care data of East District in
New Delhi. The hub and spoke model algorithm was also
written. The hub selection was done on the basis of patient
load, with the health center having maximum patient load,

within a district being selected as the hub. The philosophy
of this model was to constrain spokes to their capacity, while
simultaneously transferring al excess load from the spokes
to the hub center.

In application on real world data of East district it was
found that spokes can be under loaded and have free capacity
available. The total free capacity in the hub and spoke
network created was got by adding free capacity at spokes
to the free capacity available at the hub center. The
relationship between the hub and spokes was mainly of load
transfer and load balancing. The hub selection and
computation of new loads on centers, after creation of hub
and spokes in East District was done by the algorithm

5. FUTURE WORK

In future extensions of this model, collaboration with another
hub and spoke model in terms of load transfer between these
two networks can be studied. In addition, spokes can be
divided on some basis to be attached to multiple hubs. Also
Data mining techniques can be applied to generate a decision
tree, which partitions the set of input centers into overloaded
and under loaded centers. This has implications for acquiring
decision rules and machine learning applications. Finally,
collaboration rules can be written for collaboration between
two hub and spoke networks, belonging to different service
providers, but located in the same region or district. The
selection of the hub can be done by different criterion like
Distance between the centers, services provided, population
of a region etc. The hub and spoke network can be used to
redirect patient flow to the nearest hub. This means primary
health care facilities within a region are strengthened. Also
it recommends deployment of Doctors and manpower/
equipment based on actual patient load at a center as opposed
to fixed manpower recruitment and deployment norms. This
will also strengthen regional budgetary planning and
resource planning and allocation at the regional level. This
model has research directions in Data communication,
concurrency planning, distributed computing, Data mining,
Artificial Intelligence, Expert systems and Machine learning.
Also dynamic redirection of patient flow, in real time is
possible, in further extensions of this model.
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ANNEXURE – I

East District Primary Health Care Data (Annexure)

Table 2
Hub and Spoke Model Application on

East District Health Care Data

Center name Patient Capacity Number Excess New
load/day of center of doctors load load

Bhola Nath Nagar 132 72 1 60 72
Chander Nagar 162 144 2 18 144
Feroze Gandhi h c 132 72 1 60 72
Geeta Colony 226 144 2 82 144
Himmatpuri 234 144 2 90 144
I.P Extn 95 144 2 -49 95
Jagatpuri 84 72 1 12 72
Kalyanpuri 219 144 2 75 144
Kalyan Vas 191 144 2 47 144
Kanti Nagar 152 144 2 8 144
Karkardooma 190 144 2 46 144
Karkardooma Court 121 144 2 -23 121
Krishna Nagar 144 144 2 0 144
Laxmi Nagar 189 144 2 45 144
Mandawali 304 144 2 160 144
Mayur Vihar 118 144 2 -26 118
Mukesh nagar 130 144 2 -14 130
Raghubirpura 126 144 2 -18 126
Shashi Garden 180 72 1 108 72
Surajmal Vihar 195 144 2 51 144
Thokar8 105 72 1 33 72
Trilokpuri 389 144 2 245 1240
Vasundhra Enclave 229 144 2 85 144
Vishwas Nagar 154 144 2 10 144
Vivek Vihar 207 144 2 63 144

Source: Office of Chief District Medical Officer (CDMO), East
District, Surajmal Vihar, New Delhi, India.


