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ABSTRACT 
 
Drug shortages have increased over the past decade, tripling since 2006. According to a recent 
editorial in the New England Journal of Medicine, these shortages have caused serious 
concerns about safety, cost, and availability of lifesaving treatments. The implications to patient 
care as a result of shortages are significant.  In a 2010 national survey of 1,800 healthcare 
practitioners by the Institute for Safe Medication Practices, 25% of clinicians indicated that an 
error had occurred at their site because of drug shortages.  
 
Pharmaceutical inventory management and patient care are inextricably linked – suboptimal 
control impacts both patient treatment and the cost of care. The pharmacist serves as the gate 
keeper of drug distribution by ensuring the accuracy and appropriateness of prescribed 
medications, but they must also make decisions regarding drug inventory levels and when to 
produce drugs in response to or in anticipation of patient demand.   Pharmacy material 
managers are challenged with developing inventory policies given changing demand, limited 
suppliers, and regulations affecting supply.   
 
We study a perishable inventory problem motivated by challenges in pharmaceutical 
management. Inpatient hospital pharmacies stock medications in two stages, raw material and 
finished good (e.g. intravenous).  While both stages of material are perishable, the finished form 
is highly perishable.  Pharmacy demand depends on the population and patient conditions.  We 
use a stochastic ‘demand state’ as a surrogate for patient condition and develop a Markov 
decision process to determine optimal, state-dependent two-stage inventory and production 
policies.  We define two ordering and production scenarios, prove the existence of optimal 
solutions for both scenarios, and apply this framework to the management of Meropenem, an 
antibiotic. 
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