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The Process Analytical Technology (PAT) guidance, issued by 
the US FDA in 2004, describes an important new strategy to 
improve pharmaceutical manufacturing1. This strategy sparked 
many other important efforts to bring much needed higher 
quality products to patients. 

During the past 10 years the Theory of Sampling (TOS) has 
been extensively applied in pharmaceutical PAT applications. 
This has resulted in a new perspective of pharmaceutical 
processes and PAT methods through the principles of TOS2-5.

This short course is intended to further continued 
pharmaceutical interest in TOS. Several pharmaceutical 
applications will be discussed as important key principles and 
sampling unit operations are reviewed. 

Learning Objectives: 
At the end of this course participants will be able to:
•   Explain the motivations for Process Analytical Technology 
•    Define and explain relevant sampling errors associated with 

PAT sensor technology. 
•    Explain how the Theory of Sampling applies to PAT 

processes. 
•    Explain how Lot Dimensionality Transformation (LDT) may 

occur in a pharmaceutical process, and be able describe 
the significant its benefits   
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About the Presenter

Dr. Rodolfo Romañach is focused on 
developing analytical methods for monitoring 
of pharmaceutical manufacturing processes in 
situ and providing this information to engineers 
for process optimization. His goal is to embed 
Quality Control in the production environment 

to provide real time measurements that may be used to control 
and improve manufacturing processes. This systematic approach is 
termed Process Analytical Technology (PAT). 

All Quality Control depends on how samples are obtained from a 
process. Dr. Romanach has studied the Theory of Sampling and is a 
prime mover in adapting its principles to pharmaceutical processes. 

He is currently professor of Chemistry at the University of Puerto 
Rico –Mayagüez Campus, and is Chair of the National Institute for 
Pharmaceutical Technology and Education Faculty (NIPTE.org). 
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SHORT COURSE 
THE THEORY OF SAMPLING APPLIES IN 
PHARMACEUTICAL MANUFACTURING

   Topic       Time (min)
   Introduction - 15

   PAT Guidance 20

   PAT Benefits  20

    Effect of Heterogeneity on PAT and Near  30 
Infrared Spectroscopic methods – Defining  
a Sampling Error. Fundamental Sampling  
Principle. Representative Sampling.   

    Composite Sampling in near infrared and  20 
Raman spectroscopic methods 

   PAT and Continuous Manufacturing  20

    Lot Dimensionality Transformation in  30 
Pharmaceutical Applications. MPE and  
Repeatability in CM. 

Course Outline: 


