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Abstract. Managing resources in hospitals is one of the most challenging duties
in healthcare. The complexity of supply chain management in hospitals is high
due to different factors such as life cycle of medicines, demand uncertainty,
variation of prices, monetary resources, space constraints, among others. The
main important factor of the supply chain in hospitals is the welfare of patients
which depends of the correct management and administration of medicines, in
this way backorders or stockouts are not allowed. In this paper we propose a
mathematical model to make real planning over a health care supply chain con-
sidering real factors face by decision makers. For testing results we have used real
data considering different sources of uncertainty. We have choose 5 different
types of medicines and run the optimization model to determine the optimal
solution over a set of scenarios generated for modeling uncertainty. For testing the
results, we have compare over a year planning the results obtained by our policy
and the results obtained by the hospital, improving the results in terms of costs.
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1 Introduction

Pharmaceutical costs are representative expenses in hospitals. It can vary between 25 to
30% of the total costs [1], also logistic costs associate to moving, conditioning, han-
dling and dispatching medicines are a very big portion of the total logistic costs, they
can vary between 35 to 40% of the total logistic costs [2]. Pharmaceutical expenses are
one of the most important global issues for planning because in the world can be
estimated that medicines consume 20%-30% of global health spending [3]. However,
pharmaceutical supply chain management is more difficult than typical applications
within industrial companies since medicines and surgical supplies must be available for
use always and methods are not developed for this type of industries [4].

The managing of medicines in hospitals represents considerable challenges like the
needs to store medicines and surgical supplies that required to be of sufficient quantity
and availability for the staff to use when necessary, inventory policies and service
levels among others.
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To model uncertainty in any situation, it can be adjusted by a distribution function
but in some cases these values of uncertainty cannot be adjusted by a specific distri-
bution function. In this study we have model the uncertainty generating scenarios that
allow to model the real behavior of the random parameters. In the managing of
medicines two types of different risks can occur: stockouts or surplus inventories [5].

In this paper we have developed and optimization model that consider some ran-
dom aspects to model the real aspects of decision makers in hospitals that allows to
obtain robust solutions that improve the performance of management the medicines.
The paper is organized as follows: Sect. 2 introduce some literature review, in Sect. 3
the mathematical model is presented and in Sect. 4 some results are analyzed. Finally,
in Sect. 5 the conclusions are presented.

2 Overview of Related Literature

A review of different models about pharmaceutical supply chain is introduced in [6]
where the proposed taxonomy is made by differentiated different echelons of the chain
and different levels. The proposed literature is divided into network optimization,
inventory models and optimization of distribution of medicines. A first conclusion is
that in inventory models the most source of uncertainty is the demand and it has been
deeply studied but some other sources has not been included in these studies. A first
approximation of inventory models with medicines was proposed in [7] where an
extension of the periodic review model is proposed, they implement space constraints
in the model, but it is included in the objective function. Also, in [4], a space constraint
is used. The proposal considers the volume of the medicines to include as a constraint
of space limitation. Some other models have developed approximations to the same
problem, but these models are not developed for medicines or the management of
hospitals [8—12].

A stochastic and periodic review model is presented in [13]. Objective function is
formulated in terms of stock-out and budget. Also, in [14] a Markov chain model is
proposed using the order up to level policies and considering stochastic demand,
batching, emergency deliveries, and service levels, also a heuristic is proposed to
reduce the computational complexity. Little and Coughlan [4] develop a constraint-
based model for determining stock levels for all products at a storage location with
space constraints, which considers the criticality of medicines. This model is an
extension of a previous article presented by [7].

In [15] an extension of the (R, s, S) model is proposed. It is denoted as the (R, s, ¢, S)
model based on the classic EOQ model. Another inventory model has been developed in
[16]. Two models are proposed, one based on (s, S) model and the second one is
formulated in terms of optimal allocation. Also, an approximation via simulation is
presented in [17]. Two stages are considered, a Markov decision process to represent
medicine demand and the use of simulation to evaluate the inventory policies charac-
terized in the first phase. Another approximation using system dynamics was developed
by Wang et al. [18].



A Mathematical Model Under Uncertainty for Optimizing Medicine Logistics 55

Also, some approaches use RFID systems as those presented in [19, 20]. A different
objective function is used in [21] the maximization of the total net profit is considered.
A mixed integer linear programming is used. Also, a proposal for testing inventory
policies by considering characteristics of medicines is developed in [1] where for
testing the policies, a simulation model is developed.

3 Problem Definition

The objective of the mathematical model is to ensure that decisions of purchasing
medicines consider the costs associated with prices of medicines, purchases not planed,
also the problem considers constraints associated to human resources capacities, sat-
isfaction of demand and availability of medicines in the market.

3.1 Mathematical Model

The proposed mathematical model is as follows:
Sets

T = Time periods in the planning horizon
P = Set of type of medicines

S = Set of suppliers

L = Set of medicine’s life cycle

K = Set of scenarios

Parameters

dyn = Demand of each type of medicine in each scenario

Itgr = Lead time of each supplier for each medicine in each scenario
¢psk = Cost of each medicine in each scenario

Is, = Lot size of each medicine

avy, = Availability of each medicine by each supplier

ut, = Unit doses time for each type of medicine

lc, = Life cycle for each medicine

ec, = Cost of each medicine for avoid unsatisfied demand

cap = Availability of human resources in hours

mna = Number allowed for making supplies, this parameter implies that there is a
limitation in the number of orders because of administrative capacity

Variables

. Q;, = Number of lots of medicines for each period required to each supplier

s ) lif therequirement of medicine p to supplier is made
pr 0 otherwise

. Pg‘t = Inventory level for each medicine with specific life cycle in each time in each
scenario
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. II')‘Z = Net Inventory level of medicines for each time period and each scenario, this
variable totalized the previous variable per period time

o RPZ; = Amount of medicine distributed for each period time for each scenario

. th = Net amount of medicine distributed

e [EQ, = Number of lots purchased in emergency cases for each period time

MinZ = (ZkeK ZzeT Zses ZpeP Copt * Q;]; + ZreT ZpeP ecp * EQp
+ ers Zke]( ZtET ZpGP Zleu(t—]))ltv,k—l Cpsk * IPZ) /|K|

1P, = IPUY — RPY, Vi,Vp, Vil <tandt —1<lc, — 1,Vk (2)
Py = "lsy % Q) — RPy V1,5p, VI =1,k (3)
seS

=" IPY Vi,Vp,Vk (4)

lel..t
= > RPl Vt,Vp,Vk (5)

lel..t
O, <M=y, Vit p,Vs (6)
Yy Savy,  Vt,p, Vs (7)

Z Z uty * Isy x Q3 < cap Vit (8)

peP seS8
Ry, +1sy x EQy = dpu V1,5, Vk (9)
Z Z y;t <mna Vt,Vk (10)
peP seS
RPY =0 Vi,p,Vl|t — 1> lc, — 1,k (11)

e > 0,y, >0 Vi, Vp, Vs
IP% >0,RPl >0 V1,Yp, VI, Vk
RF I >o Vt,Vp, Vk

ptpt —

EQu >0 V1%

The objective function consists in minimizing the average expected total costs
overall scenarios. It contains the costs of regular purchases, the costs of emergency
purchases and the costs of loss of medicines, Eq. (1).
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For modeling the inventory levels of medicines considering life cycle we proposed
two different types of constraints, in Eq. (2) we define the inventory level for each type
of medicine for each scenario in the corresponding age of life, this means that in a
specific period of time for a specific medicine there are amounts of the medicine that
bellows to a different age, for example in period 2 for medicine 1 can be medicines with
age 1 and/or age 2. In this way, the constraints for an specific medicine in an specific
period time in a specific age is equal to the amount of medicine in the previous period
that has the one year less of life minus the amount of medicine given to satisfy the
demand in an specific cycle life, this means that it can be selected which age of
medicine it is going to satisfy the demand.

Equation (3) is complementary to Eq. (2) because it models the age of medicines,
when a purchase is made the age of medicines in inventory are 1, in this way we can
model the age of medicines when they increase the period of life. Finally, the amount
of medicines with age one given to satisfy the demand is subtracted. Constraints
(4) contains the net inventory for a specific type of medicine in every period time in
each scenario as the total amount of medicines in a specific period time in a specific
scenario for each type of medicine.

Similarly to Eq. (4), in Eq. (5) the amount of medicines distributed to satisfy the
demand is totalized. Equation (6) guarantees that only it is possible to purchase
medicines if the binary variable is activated. The availability of medicines is modeled
as the relationship between the binary variable that defines if a specific amount of
medicine is supply by a specific company and the parameter that indicates if the
company has in its portfolio a specific medicine, this constraint is modeled in Eq. (7).

By regulation every medicine must be put in unit-doses packages, so people for
pharmacy are involved in this task. Human resource capacity is modeled in Eq. (8).

The amount of medicines given to satisfy the demand must be the exactly demand
because patients cannot wait until suppliers provide medicines and this is because of
the health of patients. The maximum number of orders allowed to made in a month is
modeled in Eq. (10) and it is not allowed to distribute medicines out of the life cycle as
presented in Eq. (11). Finally, the types of variables are modeled with Eq. (12).

4 Results

4.1 Instances Description

For testing the proposed model, we have used real data for a hospital that allowed us to
analyze and generate different types of scenarios considering real life conditions that can
not be modeled with the traditional models. Some random parameters were generated
for generating scenarios and provide robustness to the solution. We have selected 5
types of different medicines to generate scenarios and analyze the results of the appli-
cation of our model and the solution generated by the hospital. For each type of med-
icine, we have generated 30 different scenarios varying the selling price of suppliers,
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lead times and demand where we consider a full year divided into months. For analyzing
the results also, we have run our model in a year planning to compare the results of the
optimal solution provided by our approach and the solution made by the hospital.

4.2 Results and Analysis

For analyzing the results, we first summarize the gap between the solutions. These
results are summarized in Table 1 as follows: column one contains the type of medi-
cine, column two shows the worst scenario in costs over the total scenarios (in
Colombian pesos), column three presents the best scenario in costs over the 30 sce-
narios (in Colombian pesos), and finally the gap as a percentage and the average results
are presented.

Table 1. Scenario results

Medicine | Worst scenario | Best scenario Gap Average scenario
1 $ 6,202,767 $ 6,100,822 1.67% | $ 6,151,239

2 $ 5,603,429 $ 4,967,355 12.81% | $ 5,570,349

3 $ 3,522,535 $ 3,512,620 0.28% | $ 3,518,658

4 $ 12,173,578 $ 12,156,288 0.14% | $ 12,164,385

5 $ 26,502 $ 23,814 11.29% | $ 25,097
Average |$ 1,304,395,581 | $ 1,295,714,056 | 0.67% | $ 5,485,946

In Table 1, it can be concluded that the average distance between solutions doesn’t
exceed 1%, in that case we can say that our method hasn’t a big variation between the
results, therefore the method obtain a good quality solution for the real case application.
Now for comparing the results to see the differences between the real situation and the
results obtained by our model, we have run our model with different data and we have
compared our solution generated without consider the new data and the decisions taken
by the hospital’s manager. These results are summarized in Fig. 1. Where the real
policy is presented in costs (by color blue) and the optimal policy obtained by our
model is presented in color orange. Results of real values are not presented because of
internal policies of the hospital.

The improvement of the planning for each medicine is 3.71%, 99.63%, 10.20%,
0.26% and 12.97% respectively. This means that in average in 25% is improved the
policy of managing medicines in the hospital. Also it can be concluded that for 4 of the
5 medicines the improvement is at least 10% except for medicine 1 and 4, also for
medicine 2 the improvement is over 90% presented a big reduction of the total costs if
the model were implemented.
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Fig. 1. Comparison between optimal policy and real policy (Color figure online)

5 Conclusions

In this paper we have studied the problem of planning medicines in the case of a
hospital. Some sources of uncertainty were considered considering real situation pre-
sented in the planning of resources such as demand, lead times and life cycle. 30 dif-
ferent scenarios were considered for modeling uncertainty and for each parameter these
scenarios were adapted for considering different variations of values. A total of five
medicines were considered for testing the results obtaining improvements in the total
costs.

Future works will consider development of different approaches as stochastic
optimization, simulation optimization and also other sources of uncertainty. Also,
testing the model over a big number of medicines for considering the real case of
application in the decision making.
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