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Abstract - Laboratory reagents are used by laboratories for various medical test. Each test requires its own set of Reagents. 
In recent days, the number of tests that a facility has to perform has increased phenomenally. Irrespective of the test being an 
automatic or manual process, many tertiary care hospital management believes that they are incurring wastage or loss of 
reagents. The aim of this study is to provide a proper method study using the tools of Industrial engineering that can be 
implemented in any Laboratory or by any tertiary healthcare firm to find out the percentage of loss and its causes and then 
eliminate them. This process will improve Efficiency of the system and Productivity. For the purpose of our study, we have 
selected to analyses T3, T4 and TSH Reagents which are the most widely used Reagent and thus, reducing wastage of this 
reagent would mean a significant positive growth in productivity. The study results some of the most common errors that 
occur in these laboratory tests associated with the reagents and also provide other errors that can be minimized.  
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I. INTRODUCTION  
 
Method study is the process of subjecting work to 
systematic recording, analysis, critical scrutiny and 
examination of the existing method of doing work for 
the purpose of development and application of easier 
and more effective and/or method. Method study 
usually comprises of the following steps: Select, 
Record, Examine, Develop, Install and Maintain. 
However, these are not stringent steps. Method study 
steps can be altered for special requirements or 
situations as long as the concept of Method study and 
its objectives remain the same.  
Healthcare has become one of the most important 
sectors in India in terms of both revenue and 
employment. Health care industry comprises of 
providers of diagnostic, preventive, remedial, and 
therapeutic services such as doctors, nurses, hospitals 
and other private, public, and voluntary organizations 
and also includes medical equipment and 
pharmaceutical manufacturers. The tertiary healthcare 
sector in India is growing at a rapid pace due to its 
supporting coverage, services and increasing 
investment by the public as well private players.[5] 
India’s healthcare industry is one of the fastest 
growing sectors and in the coming 10 years, it is 
expected to reach $275 billion [5]. At a time like this, 
it is important for firms in the Healthcare sector to 
start eradicating Muda and to improve the efficiency 
using the successful tools of Industrial Engineering 
being used by the Manufacturers and service 
providers of other sectors.  Further, in a tertiary 

healthcare center, usually all the blood samples 
collected for various tests usually end up in either of 
microbiology, cytology, biochemistry, microbiology 
and immunology. Then again, most commonly 
Biochemistry is the laboratory that ends up doing the 
most number of tests and that require the most 
number of reagents. Each of these laboratories in a 
tertiary healthcare sector performs more than a 
hundred test every day that involve different reagents. 
Hence, Reagent becomes a consumable that is 
required every day and is also a very expensive 
consumable.  Overall Equipment Effectiveness (OEE) 
is one of the best tools to measure the effectiveness of 
a Machine in use & one of the effective tool in total 
productive maintenance (TPM) [11]. Measuring OEE 
is a gold standard in production engineering as it will 
show us the efficiency of the process in reality and 
will help us in Benchmarking process, identifying 
losses and improving productivity. By measuring 
OEE, one will get insights on how to systematically 
improve the manufacturing process or any other 
process in question [9]. Suppose if OEE is 100% then 
all the tests performed in that period are yield correct 
results and the process is completely optimized. 
There are three main factors of OEE are Availability, 
Performance and Quality.  
 
II. PROCESS FLOW 
 
In any tertiary healthcare firm, the number of 
laboratory reagents used for various tests is usually in 
hundreds. All these reagents, follow a certain process 
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before their actual test procedure. The process is 
similar in almost every tertiary healthcare sector. The 
process outlines the procedure of how any specific 
reagent will reach into the hands of the clinician who 
performs the test and all the departments that is 
involved in making this happen.  
 
Whenever there is a need for a reagent by laboratory 
departments, they create an indent and send the 
Indent to the Stores. If the store has the required 
reagent with them, they will dispatch it immediately. 
However, due to the various storage constraints of the 
reagents, they are rarely stored in the Store or the 
warehouse department. So, the stores prepare a 
‘Purchase requisition’ and forward it to the Purchase 
Section of the firm. The officer in charge of the 
Purchase section takes approval from the medical 
superintendent regarding the quantity of the materials 
mentioned in the requisition. Once the medical 
superintendent approves the quantity, the purchase 
officer finds a suitable vendor who offers the product 
for the lowest price without compromising the quality 
and orders from him. Once the reagents have been 
ordered, they are shipped by the vendor and received 
by the stores department in the Hospital facility. The 
stores department quickly analyses the shipment, 
records it and dispatches it to the department that had 
indented for it and the department stores it 
accordingly to meet its storage requirements. As, the 
reagents are completely exhausted or near exhaustion, 
the same procedure is followed again for 
procurement. 
 
The below-explained process is depicted below in 
figure-1.  
This process flow is common for all the reagents as 
mentioned before and can also be seen as the 
procurement cycle or procurement flow. 

 
Figure – 1: Process Flow Chart 

 

III. RESEARCH METHODOLOGY  
 

1. Observational Study was carried to 
understand the procurement process of 
Reagents in detail.  

2. Procurement process of Reagents (Process 
Flow)are drawn by using flow chart as a 
statistical tool.  

3. Information was collected from primary 
sources such as Clinicians and Hospital 
Management officers on how the tests are 
performed and the equipment’s used.  

4. More data on types of errors that generally 
occur in tests were gathered from primary 
sources and secondary sources  

5. The workflow that we carried is drawn by 
using flow chart as a statistical tool and the 
data related to the same is analyzed in excel.  

6. The factors influencing efficiency in 
consumption of reagents are analyzed by 
calculating OEE of a testing Machine.  

7. Suggestions are framed as research report 
for optimizing the consumption of reagents 
in a tertiary care hospital.  

 
IV. RESEARCH GAPS  
 
1. On the basis of literature review found that there is 
a gap to make a method study on consumption of 
laboratory reagents in detail as a separate entity in a 
tertiary care hospital.  
2. Though, there have been much research on 
comparing effective capacities of different testing 
machines in the market[2], there was a gap on how to 
effectively improve a single testing in machine in 
general by improving errors in the Pre-analytical 
stages  
3. To identify the factors influencing consumption of 
Reagents in a tertiary care hospital.  
 
V. METHOD STUDY  
 
Our initial survey of several Hospital Management 
officers showed us that the indents for Reagents very 
often from the departments, more often than 
necessary. There seemed to be a higher loss for the 
firms due to this. Optimizing the usage of reagents 
would result in lower error rates, fewer time 
requirements and high savings to the firm. The 
Method study that we carried out was for the 
consumption of T3, T4 and TSH simply because 
these reagents are used for testing thyroid features 
which is one of the most common and highest 
performed tests in most tertiary healthcare center. The 
Procedure carried out for the method study is 
described in the form of flow chart as a statistical 
tool. 
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Figure-2: Flowchart for Method Study 

 
This Method Study flow can be used by anybody to 
optimize the consumption of laboratory reagents in 
any tertiary Healthcare firm. In case of a person who 
works for the Tertiary healthcare firm is interested in 
using the Algorithm, the person may start from step-2 
of the algorithm (assuming that the person is aware of 
the procurement process). This method can be used 
for any reagent. It can also be used irrespective of the 
test being manual, automatic or semi-automatic.  
 
VI. RESULTS AND INTERPRETATION  
 
OEE Calculation:  
OEE can calculated to any diagnostic equipment. 
However, calculating of OEE is only useful in case 
where the tests are automated or Semi-automated. 
The OEE calculation is simple and is a proven 
practice in manufacturing Industries which can also 
be used in healthcare firms.  In this research, we have 
considered Roche Elecsys 2010 which uses T3, T4 
and TSH reagents for testing thyroid features. This is 
a fully automated test with very manual Human 
requirement. However, there is machine and takes 
part in pre-analytical and post-analytical stages of the 
test.  

 
Table- 1: Data recorded for primary shift of operation of 

Elecsys 2010 
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The data recorded is an average data collected from a 
laboratory of tertiary healthcare firm which uses 
Elecsys 2010 with T3, T4 and TSH reagents to test 
thyroid features. The data will be different for 
different shifts. On the basis of the data in table-1, the 
OEE calculation is shown in table -2.  
 

 
Table-2 OEE Calculation results 

 
According to the calculated OEE, there seems to be a 
lot of scope to optimize the testing process with the 
help of Time study and error elimination. Based on 
the above method study steps carried, we found the 
following causes for wastage of Reagents. 

 
Figure-3: Root cause Analysis 

 
The root Cause analysis for wastage of laboratory 
reagents is depicted in figure-3. However, these are 
not all the errors. On careful study, we found out 
some more causes for errors in tests. These errors can 
be classifies into three categories based on the stages 
where they occur:  
 
a) Pre-Analytical Errors:  
These errors included: Inappropriate containers; 
Inappropriate blood to anticoagulant ratio Missing 
sample or test request; Wrong or missing 
identification; Contamination from infusion route, 
Hemolysis, clotted, and insufficient samples and 
Inappropriate transport and storage conditions  
 
b) Analytical Errors:  
Test system not calibrated; Results reported when 
control results out of range; improper measurements 
of specimens and/or reagents; Reagents prepared 
incorrectly; Reagents stored inappropriately or used 
after expiration date; Failure of Instrument 
maintenance; Dilution or reduced chemical 
concentration; Lack of accuracy and precision; 
Insensitivity and Linearity issues  
 

c) Post-Analytical Errors:  
Transcription errors in reporting; Report sent to the 
wrong location; Report illegible, and Report not sent.  
Some of these errors can be case specific but 
however, most of them are common to most 
automated diagnostic tests. Further, there are some 
other sort of Wastages involved such ass Unrecorded 
Experimentation without permission, Labors Stealing 
reagents kits, Students using Reagents without 
Permission etc., all of these which are results of loose 
storage management or carelessness by in-charge 
personnel.  
 
SUGGESTIONS 
 
i. Preventing simple mistakes such as power loss, and 
lack of Man-power by investing in reinforcements  
ii. Labors/ clinicians should be given training 
periodically and then assessed morally and 
technically.  
iii. Maintain a record of errors for eliminating them  
iv. 2. Responsibility and Authority Matrix for storage 
and control of access to stored reagents  
v. Control Chart/Standard Operating Procedures for 
performing Tests and storage.  
vi. Set department goals and streamline individual 
goals with department goals. Include objective 
measures related to key functions of each job role, 
track their performance and reward the high/good 
performers.  
vii. Excess sample Collection to perform a second 
round of test whenever needed.  
viii. Key performance measures for evaluating the 
laboratory department.  
ix. Integrating MIS, Management Information 
Science(or HIS) application to the automated 
machines to avoid Post-Analytical errors  
 
LIMITATION OF THE STUDY  
 
i. The study is carried out keeping in mind the case of 
a reagent that is used extensively. All of the same 
reasons for wastage and suggestions may not hold 
true to some rare reagents which are used in testing 
some rare and chronic diseases.  
ii. Though the steps for method study deduced in this 
research holds good for manual and Semi-automated 
diagnostic procedures, the wastage reasons and 
reason for errors may or may not hold good. In case 
of manual diagnostic, the reasons for wastage may 
hold good but there may be more significant reasons 
for wastage. However, most of the Diagnostic tests 
today, in a tertiary healthcare is Automated or semi-
Automated.  
iii. The OEE calculation may be compared to highly 
used reagents only.  
iv. The OEE calculation is either very complex or not 
possible to diagnostic tests which are performed 
manually.  
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CONCLUSION  
 
Diagnostic Services in a healthcare sector is a very 
crucial part of Treatment in tertiary Healthcare sector. 
Hence, it is necessary for all the personnel involved 
from sample collection to dispatching report to 
understand their task properly and the whole process. 
This helps in reducing errors in diagnostics which 
saves reagents. Most reagents are very expensive and 
personals often use them carelessly and waste them. 
This leads to financial wastage and decreases 
productivity. By following the method study, it is 
possible to reduce, if not eliminate the wastage of 
reagents and errors in tests. The OEE calculation 
shows us that the efficiency of performing the test 
itself can be improved. This may be done by having 
in-house maintenance staff who will give a quick 
reaction to machine breakdowns. Similarly OEE 
calculation can also be used to any diagnostic test 
equipment to find out the performance levels and to 
improve Quality and efficiency. Overall using 
Method Study approach and Lean manufacturing 
techniques like Overall equipment effectiveness 
(OEE) can be used in tertiary healthcare sectors to 
help increase the productivity of the firm and lead the 
firm towards positive growth.  
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