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ABSTRACT: 

Background: The laboratory „errors‟ effects quality of health care . The errors in preanalytical phase account for over 60 

percent of laboratory errors. Application of the Failure mode and effects analysis (FMEA) in pre analytical phase of total 

laboratory testing process, in reducing and eliminating laboratory errors. Objective: Effectiveness of FMEA in preanalytical 

phase .The risks are identified and effectiveness of the mitigation process will be evaluated and monitored. Thereby develop 

quality services to the patient. Methods: In identifying the risk, the risk score is calculated in FMEA method by the 

multiplication of three risk parameters; the probability (P), the severity (S) and the detection (D), in order to produce a risk 

priority number (RPN = P × S × D). Allowing risk investigation and risk minimization. Results: Before Failure Mode 

Effective Analysis (FMEA) Results in the 2023: Total Number sample rejections: 174 Samples. Total Number of Sample 

rejections due to LIS Problem: 35 Samples. Total Number of Sample rejections due to Other Causes (Ex: Sample Lyse, 

Sample Clot, Low Volume, etc): 89 Samples. After Failure Mode Effective Analysis (FMEA) Results in 2023: Total 

Number of Sample rejections due to LIS Problem: Nil. Total Number of Sample rejections due to Other Causes (Ex: Sample 

Lyse, Sample Clot, Low Volume, etc): 50 Samples. Conclusions: FMEA identifies and rectifies the failure modes of the 

testing process in the laboratory, which can reduce and eliminate laboratory risks and errors .This provides accurate and 

reliable results to the patient and assist in maintaining the continuous delivery of quality patient care in most effective 

processes. In estimates of risk, along with the „probability‟and ‟ severity‟, detectability has significance role. If 

detectability score is very high we can eliminate and can minimize the lab errors. 
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INTRODUCTION:  

Clinical laboratory services in health care system plays a 

significant role in the decision-making by the clinical 

doctors in treating the patients. Laboratory tests support 

about 70% of medical decisions. The turnaround time 

(TAT) and the accuracy of results are critical to the 

diagnostic reliability and treatment effectiveness [1]. 

However the laboratory errors has been reported to be 

0.012-0.6 percent of all test results even after corrective 

actions taken[2]. Even if this error rate in medical 

laboratories is very low compared to the billions of tests 

daily performed, it can affect the quality care of the 

patients. According to survey on laboratory errors, the 

preanalytical errors account for over 60 percent of 

laboratory errors [3]. 
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The preanalytical errors is a continuous challenge for 

clinical laboratories in minimizing the risk (the risk of 

injury or illness associated with the service provided). 

According to Kumamoto and Henley [4], the term “risk” 

is defined as a combination of five factors: probability, 

outcome, significance, causal scenario, and affected 

population. “Risk” in the laboratory is the probability of 

a laboratory error which may have adverse outcome such 

as the factors that threaten the safety of staff, 

surrounding environment, organization's facilities, 

financial and operational productivity, and overall 

quality service [5], [6]. Risk analysis or management is 

one of the evaluating tool in quality tool box which 

identify improvement opportunities and aids in reducing 

errors. The standard related to medical laboratories is the 

technical specification ISO/TS 22367 “Medical 

laboratories Reduction of error through risk management 

and continual improvement” (7) and two Clinical and 

Laboratory Standards Institute (CLSI) guidelines EP18-

A2 “Risk management techniques to identify and control 

error sources” (8) and EP23-A “Laboratory quality 

control based on risk management” (9), now introduce 

risk management into clinical laboratory and can be used 

to guide the application of ISO 15189 as a system for 

reducing laboratory error and improving patient safety 

(the international standard for accreditation of medical 

laboratories). The two standards such as revised 

ISO/IEC 17025 and ISO 9001 has defined for a 

laboratory to evaluate the severity of threats which helps 

in achieving improved results and to framework the 

opportunities to increase management system 

efficiency[10]. ISO 31000:2018 [11], states risk 

management as a coordinated activities  between the 

management and an organization in relation to risk. 

Latest version of standard ISO 15189:2022,has increased 

emphasis on risk management. The risk-based thinking 

plays a vital role in understanding and to evaluate 

activities related risks and finding opportunities to 

reduce the laboratory errors. FMEA (The failure modes 

and effects analysis), is to identify potential sources of 

errors, establish how they could affect the processes 

under investigation, and implement control measures to 

detect and eliminate these errors. [12]. The risk 

assessment in this technique involves identification of 

potential errors, determining the severity (S), 

occurrence/probability (O/P) and effects of each error 

and reviewing the control actions implemented to 

prevent or detect (D) errors[13]. To identify the errors, a 

rating scale of 1 to 10 is used (Table 3). Risk Priority 

Number (RPN) is calculated by multiplying the numbers 

of three parameters (S x O/P x D). Higher the RPN 

value,the more recommended actions to be implemented. 

RPN has it‟s importance to identify high risk failures 

modes [14] To address the concern, The Department of 

Laboratory Medicine, Apollo Hospitals, Visakhapatnam 

has applied FMEA in sample rejection of preanalytical 

phase to detect, reduce and eliminate the laboratory 

errors from the period January 2023–December 2023 

 
MATERIALS AND METHODS:  

The study was conducted at the Department of 

Laboratory Medicine, Apollo hospitals, Visakhapatnam. 

The DLMHV has established sample rejection criteria 

and monitoring them closely on daily basis. It is one of 

the quality indicator of DLMHV. On monthly basis the 

number of rejected samples and reasons for rejections is 

reviewed. The reason for rejection is recorded in the log 

book and include all pertinent information. Promptly the 

concern technician informs the authorized person that 

the sample is unsuitable for testing and request for fresh 

sample. The rejected sample will be retained till 

decision is finalized and in some circumstances it may be 

necessary to proceed with the testing of a sample that is 

not optimal. The components of risk management are: a) 

risk identification - identification and listing of all risks 

across the entire testing processes covering pre- 

examination, examination, post-examination risk 

evaluation based on severity and likelihood of 

occurrence and detectability of occurrences, 

prioritization of risks. risk mitigation through preventive 

actions estimation of residual risk, through monitoring. 

 

RISK IDENTIFICATION: 

The causes for sample rejection were listed in fish bone 

diagram (figure:1) 
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Figure:1 

 

The common causes of sample rejection in our laboratory is sample collection which is preanalytical phase .Among the 

samples rejection, most common were clotted sample observed in haematology department. The other cause identified was 

in post analytical phase, observed in the laboratory information system (LIS).The tests which were raised are not reflecting 

in the concern department. 

 

Risk evaluation: 
The criteria for risk assessment were defined by the nature and types of failures, failure modes, failure effects, failure 

probability, risk level, and mitigation measures to be taken due to sample rejection was evaluated in FMEA worksheet 

(Table 1&3) 
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Ranking of potential failures is done by using 5x5 L Type Matrix Method in the order they should be addressed(Table 2) 

 

. 

The calculation of the risk in FMEA method includes the multiplication of three risk parameters; the Probability (P), the 

severity (S) and the detection (D), in order to produce a risk priority number (RPN = P× S × D). Based on the RPN 

numbers, recommended actions are identified. Corrective actions are designed or process changes are made to lower 

severity or occurrence. 
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RISK mitigation & Estimation of residual risk:  

Mitigation action was effective as no residual risk was identified in eliminating error due to laboratory information system 

(LIS).Whereas residual risk still persist in sample collection, as shown in the below table . 
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Root cause of sample 

rejection 

Existing 

control 

measure 

s 

Dete 

ctab 

ility 

Proba 

bility 
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rence 

 

Seve 

rity 

 

RPN 

 

Corrective 

action 

 

Detectabilit y 

 

Probabilit y 

Severity RPN Residual 

risk 

 

 

1. LIS problem 

Improper usage of 

bar-coding & Test 

not reflecting in LIS 

 

 

 

 

 

 

 

 

2. Improper Sample 

collection 

Clotted sample 

Lysed sample 

Wrong vacutainer 

improper filling of 

citrate sample 
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Refer to 

table 
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Refer to 

table 1 
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RESULTS: 

Total number of samples rejected in a month. (TABLE 4, Graph: 1) 

 

Indicator calculation: Number of samples rejected /Total number of samples accepted in that month x 100 

Sample Rejections Data-Lab TABLE 4 

  

Number of samples rejected 
Number of samples accepted in that month 

Jan-23 24 16790 

Feb-23 19 17410 

Mar-23 17 19517 

Apr-23 24 17519 
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May-23 25 18200 

Jun-23 15 19164 

Jul-23 8 20475 

Aug-23 9 21823 

Sep-23 6 20951 

Oct-23 10 19560 

Nov-23 8 19937 

Dec-23 9 21958 

TOTAL 174 2,33,304 

 

 

 

 

 

 

 

 

 

 

 

 

 Graph 1 
 

Sample Rejections Data Due to Wrong Raising of Test: LIS problem( TABLE 5,Graph-2 ) 
 

Indicator calculation: Number of samples rejected /Total number of samples accepted in that month x 100 

 

Sample rejections data due to wrong identification of the test: LIS problem TABLE 5 

 
Name Of The Month 

 
Number of Sample rejected 

Number of samples accepted in 

that month 
Jan-23 8 16790 

Feb-23 5 17410 

Mar-23 6 19517 

Apr-23 4 17519 

May-23 7 18200 

0.16 

 0.14   0.14 0.14  

0.14 

 

0.12 0.11  

 0.08  

0.08 

  0.05  

 0.04 0.04 0.04 0.04  0.04 0.03  

 

0.02 

 
Result Bench Mark 
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Jun-23 5 19164 

Jul-23 (Sample Rejections after 
correction) 

0 20475 

Aug 23 (Sample Rejections after 

correction) 

 
0 

 
21823 

Sept 2023 (Sample Rejections after 

correction) 

 
0 

 
20951 

Oct 2023 (Sample Rejections after 

correction) 

 
0 

 
19560 

Nov 2023 (Sample Rejections after 

correction) 

 
0 

 
19937 

Dec 2023 (Sample Rejections after 

correction) 

 
0 

 
21958 

TOTAL 35 233304 

 

 

Graph 2 

 

Total number of samples rejected due to other causes (Table: 6, Graph: 3) 
 

Sample Rejections Data Due other causes 

 Number of sample 

rejected 

Number of samples 

accepted in that month 

Jan-23 16 16790 

Feb-23 14 17410 

Mar-23 11 19517 

Apr-23 20 17519 

May-23 18 18200 

Jun-23 10 19164 

0.06 

 0.05  

0.05 

 0.04  

0.04 

 0.03 0.03   0.03  

0.03 

 0.02  

0.02 

0.01 

 0.00 0.00 0.00 0.00 0.00 0.00  

0.00 

Jan/23   Feb/23   Mar/23   Apr/23 May/23   Jun/23   Jul/23   Aug/23   Sep/23   Oct/23   Nov/23   Dec/23 

Result Bench Mark 
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Jul-23(Sample Rejections after correction) 8 20475 

Aug 23(Sample Rejections after correction) 9 21823 

Sept 2023 (Sample Rejections after 
correction) 

6 20951 

Oct 2023(Sample Rejections after 
correction) 

10 19560 

Nov 2023(Sample Rejections after 
correction) 

8 19937 

Dec 2023(Sample Rejections after 

correction) 

9 21958 

 
TOTAL 

 

139 
 

2,33,304 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 3 

 

Summary of the Results: 
Before Failure Mode Effective Analysis (FMEA) 

Results in 2023: 

Overall Total Number sample rejections: 174 Samples. 

Total Number of Sample rejections due to LIS Problem: 

35 Samples. Total Number of Sample rejections due to 

Other Causes (Ex: Sample Lyse, Sample Clot, Low 

Volume, Etc): 89 Samples. After Failure Mode Effective 

Analysis (FMEA) Results in 2023: Total Number of 

Sample rejections due to LIS Problem: Nil. Total Number 

of Sample rejections due to Other Causes (Ex: Sample 

Lyse, Sample Clot, Low Volume, Etc): 50 Samples 

 

DISCUSSION:  

Proper sample collection is an important part of good 

laboratory practice and improper collection can lead to 

delays in reporting, unnecessary re-draws/retests, 

decreased customer satisfaction, increased costs, incorrect 

diagnosis / treatment, injury and occasionally death. 

Application of FMEA in preanalytical phase can 

eliminate and reduce the laboratory errors to maximum 

extent by right patient identification with the right test 

allows the laboratory to produce the right results in the 

right time. According to Elkington and Smallman [15], 

risk identification is the first step in identification and 

listing of all risks across the entire testing processes 

covering pre-examination, examination, post-

examination Hallikas et al. [16] also state that the 

identification phase is fundamental to implement risk 

management, as by recognizing sources of risk, future 
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uncertainties can be identified, and preventive measures 

can be taken. Plebani [17] defines risk management as 

the process by which risk is assessed and strategies are 

developed to manage it. The target of any risk 

management activity is to identify, evaluate, mitigate, 

and reduce the risk to an acceptable level. According to 

Dikmen et al. [18], risk management involves identifying 

sources of uncertainty (risk identification), assessing the 

consequences of uncertain events/conditions (risk 

analysis), thus creating response strategies based on 

expected results and, finally, based on the feedback 

received from the actual results and the emerging risk, 

the steps of identification, analysis and repetitive 

response events are performed throughout the life cycle 

of a project to ensure that the project objectives are 

achieved. Kang et al. [19], define risk management as an 

act of classification, analysis, and response to unforeseen 

risks, which are involved during the implementation of a 

project. 

 

CONCLUSION:  

Failure Modes and Effects Analysis (FMEA) is a 

systematic, proactive method which helps laboratory 

services in evaluating a process to identify where and 

how it might fail and to assess the relative impact of 

different failures. In identifying and rectifying the failure 

modes of the process can reduce the laboratory risks 

and errors. This affect the patient outcome/results and to 

develop in the continuous delivery of quality patient care 

in most effective processes. In estimates of risk, along 

with the „probability‟and ‟ severity‟, detectability has 

significance role. If detectability score is high we can 

eliminate lab errors. Thereby application of FMEA in 

preanalytical phase can eliminate and reduce the 

laboratory errors to maximum extent by right patient 

identification with the right test allows the laboratory to 

produce the right results in the right time. Limitation of 

the risk management is existence of residual risk which is 

still a challenge to the laboratory.Need to create 

innovation in all services and find the opportunities to 

eliminate the residual risk. 
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