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INTRODUCTION

Clinical laboratory is at the cornerstones for optimum 
patient care which mandates regular and continued 
improvement in the quality of  laboratory services. Pre-
analytical area still constitutes the source of  major errors 
in a laboratory despite all the measures that have been 
taken in the past years to improve it.1 Sample rejection 
is one of  the major pre-analytical errors commonly 
encountered in laboratory practice. There are various 
causes of  sample rejection. Causes such as clerical errors, 
illegible handwriting, and incomplete patient information 
have decreased due to introduction of  automation and 
bar coding; however, other factors such as hemolysis, 
insufficient quantity, lipemia, and sample in wrong vial still 
remain a major concern.

The sample rejection rates vary widely from 0.1% to 
3.49% described in international studies2-5 to 1.9–28% in 
laboratories in developing countries.6-9 This stark difference 
emphasizes the need for more stringent measures for 
quality improvement in the latter group. Lack of  resources 
and awareness is one of  the most important factors leading 
to this disparity.

The term six-sigma originally coined by Motorola engineer 
Bill smith in 1980’s is now considerably well known. It 
was initially implemented in manufacturing industries 
but following some scepticism, it has been increasingly 
incorporated in the health industry. In the recent years, 
six-sigma has been successfully employed to evaluate the 
quality of  different phases of  clinical laboratory from pre-
analytical and analytical to post-analytical areas.10-14
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Studies have been done to evaluate the rate of  sample 
rejection in biochemistry laboratory, but few discuss the 
improvement after implementation of  corrective measures 
and fewer have used six-sigma as a process improvement 
tool.

Aims and objectives
The aim of  our study was to follow define, measure, 
analyze, improve, and control (DMAIC) methodology 
of  six-sigma to evaluate the rate of  sample rejection 
in a year in a tertiary care hospital in North India and 
initiate corrective and preventive measures to improve 
the rejection rates.

The objectives were (1) to calculate the rate of  sample 
rejection in clinical Biochemistry Lab in a year, (2) to 
identify the causes of  sample rejection, (3) to initiate 
corrective and preventive measures to decrease the rate 
of  rejection, and (4) reassess the rejection rate after 
implementation of  corrective measures.

MATERIALS AND METHODS

This was a prospective before and after analysis of  sample 
rejection rates in clinical Biochemistry Laboratory of  a 
tertiary care hospital in North India after implementation 
of  DMAIC method of  six-sigma. Sample rejection rate for 
the year 2020 was calculated followed by implementation of  
measures to improve rejection rates. Reanalysis was done to 
check for improvements in the baseline measures. Ethical 
clearance for the study was taken from the Institutional 
Ethics Review Board.

Define phase
The samples rejected were classified based on the cause of  
rejection (hemolysis, lipemia, wrong vacutainer, insufficient 
quantity, missing patient details, wrong patient ID, and 
clotted sample) and patient location, through the manual 
entry log for rejected samples. The laboratory staff  
is trained to follow the pre-defined criteria of  sample 
rejection.

The tests included blood and urine samples for routine 
biochemistry, glycated hemoglobin, hormones, tumor 
markers, immunoassays, drugs of  abuse, and therapeutic 
drug monitoring.

Measure phase
The baseline measures of  the current rejection rates were 
recorded.

The rejection rate (Defects %) was calculated as number 
of  samples rejected/Total number of  samples * 100.

The defects per million opportunities (DPMO) were 
calculated as number of  defects/total number of  
opportunities * 10,00,000.

The yield and the sigma values were calculated using online 
calculator.15

Analyze phase
After looking at the causes of  sample rejection obtained in 
the measure phase, meetings were arranged with Clinical 
Biochemistry Laboratory staff  to go into the depth of  
causes. The following observations were made
1.	 Majority of  the samples rejected were from the 

inpatient department (IPD)
2.	 A list of  departments with maximum samples rejected 

was made in the decreasing order. It was observed 
that among the IPD, samples from the emergency 
department (ED) were most frequently rejected 
followed by medicine unit

3.	 Further, within each department, the subunits with 
more samples rejected were identified

4.	 At the laboratory level, it was found that the rejection 
log had missing entries. Furthermore, different 
abbreviations for different locations were used by 
different staff.

Improve phase
After the discussions, a multifaceted approach was followed 
to circumvent the issues found in the analyze phase 
(Figure 1).

Control phase
After the implementation of  the said recommendations, 
few months were given for the measures to take affect 
and reanalysis of  the baseline measures was done from 
September 2021 to April 2022 to look for changes.

Descriptive statistics were done using Microsoft Excel.

RESULTS

During the period of  1 year from January 2020 to December 
2020, a total of  407,845 samples were received in the clinical 
biochemistry laboratory. Out of  these, 4345 samples were 
rejected. The monthly sample no, samples rejected, and the 
rejection rates are shown in Figure 2. The average defects % 
for the year 2020 was 1.07% with a sigma value of  3.8. The 
average DPMO was 10653.55 and yield was 98.93 (Table 1).

The most common cause of  sample rejection was found 
to be hemolysis (4010) followed by clotted samples (257). 
Thirty-three samples were wrongly labeled. For 18 samples, 
the test request was there in the Hospital information 
system, but sample was not received by the laboratory 
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(lost in transportation). For 10  samples, the cause of  
rejection was missing in the sample rejection data entry 

log, 10 samples were quantity not sufficient, four samples 
were too thick to be analyzed, and one sample was sent 
twice as depicted in Table 2.

Rejected samples were received from all the departments; 
however, maximum samples that got rejected were from 
the ED (34%) followed by medicine unit (8.7%). In all the 
departments, the main cause of  rejection remained hemolysis. 
The ED also had the maximum number of  clotted samples.

For departments with multiple subunits, further 
scrutinization was done within departments to see which 
areas had more frequency of  rejected samples. Within 
departments, most of  the rejected samples came from 
corresponding intensive care unit (ICU)’s.

Following the recommendations decided on in the improve 
phase, reanalysis of  sample rejection rates was done for 
the period between September 2021 and April 2022 as 
depicted in Figure 3.

Figure 1: Steps taken to decrease sample rejection in improve phase of define, measure, analyze, improve, and control (DMAIC)

Figure 2: Total number of monthly samples received, samples rejected, 
and the percentage of monthly sample rejection for the year 2020 pre-
DMAIC intervention

Table 1: Monthly defects %, DPMO, yield, and sigma value for the year 2020, pre-DMAIC intervention
Month No of 

samples
Samples 
rejected

Defects % Defects per million 
opportunity DPMO

Sigma 
value

Yield

January 52,085 473 0.91 9081.30 3.86 99.09
February 52,153 470 0.90 9011.94 3.87 99.10
March 40,119 352 0.88 8773.89 3.88 99.12
April 16,486 134 0.81 8128.10 3.90 99.19
May 22,252 192 0.86 8628.43 3.88 99.14
June 27,837 206 0.74 7400.22 3.94 99.26
July 29,444 357 1.21 12124.73 3.75 98.79
August 25,692 318 1.24 12377.39 3.75 98.76
September 29,987 406 1.35 13539.20 3.71 98.65
October 36,591 456 1.25 12462.08 3.74 98.75
November 36,843 502 1.36 13625.38 3.71 98.64
December 38,356 479 1.25 12488.26 3.74 98.75
Total 407,845 4345 1.07 10653.55 3.80 98.93

DMAIC: Define, measure, analyze, improve, and control, DPMO: Defects per million opportunities
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It was observed that the sample rejection rates remained 
below 1% for all the months following intervention and 
the average rejection rate fell from 1.07% pre-DMAIC 
intervention to 0.49% post-intervention. The sigma value 
increased from 3.8 to 4.1 resulting in a fall of  DPMO from 
10653.55 to 4864.49. Table 3 describes the changes in these 
parameters for the months post-DMAIC.

The rejected samples were decreased among almost all 
categories of  rejection as shown in table. QNS sample 
% was more than baseline measure. In addition, the 
manual rejection log was being maintained with uniform 

abbreviations and data were not missing in most cases as 
shown in Table 4.

DISCUSSION

Quality laboratory services are the need of  the hour 
in today’s time when most of  the clinical decisions are 
dependent on accurate and timely laboratory results. 
Maintenance of  quality services requires frequent auditing 
of  the various processes (pre-analytical, analytical, and 
post-analytical). In this study, we focused on improving 
the rate of  sample rejection using six-sigma methodology.

Sample rejection was chosen as the area of  focus as it increases 
the cost due to repeated use of  consumables and causes delay 
in getting patient results as well as delay in reporting of  critical 
values thus severely affecting patient management. In addition, 
it also causes inconvenience to the staff  as well as patients as 
the samples must be drawn again. It causes increase in the 
turnaround time affecting the quality of  laboratory services. 
Some studies have also reported test abandonment rates of  
48.3%16 and 11.2%17 following sample rejection.

At the baseline, the overall sample rejection rate in our 
laboratory was found to be 1.07% for the year 2020 with 

Table 2: Frequency of causes of sample 
rejection pre-DMAIC intervention
Cause of rejection Samples 

rejected 
Percentage  

(total No 4345) (%)
Hemolyzed 4010 92.29
Clot 257 5.91
Wrong label 33 0.76 
Not received 18 0.41
No data 10 0.23
QNS 10 0.23
Thick fluid 4 0.09
Wrong vial 2 0.05
Double sample 1 0.02

DMAIC: Define, measure, analyze, improve, and control

Table 3: Rejection rates, DPMO, sigma value, and yield post-DMAIC intervention
Month No of 

samples
Sample 
rejection

Defects % Defects per million 
opportunity DPMO

Sigma 
value

Yield

September 46,417 294 0.63 6333.89 4.0 99.37
October 49,149 237 0.48 4822.07 4.1 99.52
November 47,919 304 0.63 6344.04 4.0 99.37
December 44,900 199 0.44 4432.07 4.1 99.56
January 37,927 181 0.47 4772.33 4.1 99.53
February 41,632 193 0.46 4635.86 4.1 99.54
March 47,048 164 0.34 3485.80 4.2 99.66
April 44,347 176 0.39 3968.70 4.2 99.61
Total 359,339 1748 0.49 4864.49 4.1 99.51

DMAIC: Define, measure, analyze, improve, and control, DPMO: Defects per million opportunities

Figure 3: Total number of monthly samples received, samples rejected, and the percentage of monthly sample rejection between September 
2021 and April 2022, post-DMAIC intervention
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an average sigma value of  3.8 and DPMO of  10653.55. 
Our rejection rates were closer to that seen in international 
studies (0.1–3.49%)2-5 and some studies in developing 
countries with rejection rate of  1.5%.9,12

The most common cause of  sample rejection was 
found to be hemolysis (92.29%). In vitro hemolysis can 
be a result of  various causes associated with sample 
collection, handling, or transportation such as incorrect 
needle size, improper sample mixing, incorrect filling of  
vacutainers, prolonged tourniquet, jarring transportation, 
extreme temperatures, delayed processing, or prolonged 
storage.18,19 Several studies have shown that hemolysis 
interferes with various analytical parameters.20-22 Other 
studies have also found hemolysis to be the primary cause 
of  sample rejection in their laboratories.4,23,24 Yet others 
have mentioned sample clot to be the more frequent 
cause of  sample rejection.5,16,25 We found clotted samples 
to be much less in frequency than hemolysis (5.91%). 
Since a major bulk of  our rejected samples were due to 
hemolysis and it is also corroborated by various other 
studies, we sensitized and trained the staff  involved in 
sample collection regarding the various causes of  in vitro 
hemolysis and methods to avoid these errors.

Although in small number, we also came across other 
causes of  rejection such as wrong label (0.76%), QNS 
(0.23%), and wrong vial (0.05%). Insufficient sample was 
found to be the most common cause of  sample rejection 
by Kulkarni et al. The causes could be pediatric samples, 
untrained phlebotomists, or too many investigations 
ordered from one sample.12 These are avoidable if  staff  
is adequately sensitized. The charts for “order of  draw of  
samples” were displayed in all wards and ED for ready 
reference.

In our study, maximum samples that were rejected were 
from the IPD especially the ED rather than outpatient 
department (OPD). Other studies have also reported higher 
rejection rates from IPD and EDs compared to OPD.4,5,25-28 

The reason for this could be that OPD samples are usually 
collected at dedicated sample collection centers; however, 
the staff  employed in IPD and ED works in shifts and 
keeps changing. Hence, more frequent training sessions in 
sample collection and transport were organized for IPD 
and emergency staff.

The departments with multiple sub-units were looked at to 
specifically target the areas that needed more supervision. 
We found that respective ICUs had more incidence of  
rejected samples. Dikmen et al.,25 also discusses more 
prevalence of  rejected samples within respective ICUs. We 
organized small group training sessions in these areas for 
a more focused approach.

Apart from the rejection rates, we found some disparities in 
the way the record was being maintained as the laboratory 
staff  used different abbreviations for the different patient 
locations and some fields were missing in the manual data 
entry log (0.23%) in certain cases making patient location 
difficult to identify and thus increase delay in reporting. 
Hence, DMAIC gave us a chance to look at the lacunae 
in our record keeping for sample rejection as well which 
has a direct bearing on the quality of  lab services. We 
standardized and documented the abbreviations to be used 
in laboratory and sensitized the laboratory staff  regarding 
the same in keeping with good clinical laboratory practices.

After implementation of  all these corrective and preventive 
measures, we re-evaluated the baseline characteristics. The 
average rate of  sample rejection fell to 0.49% from the 
previous 1.07%. The sigma value increased from 3.8 to 
4.1 and the average DPMO fell from 10653.55 to 4864.49. 
The errors with a sigma value of  ≥4 in pre-analytical 
area indicate a well-controlled process.12 All categories of  
sample rejection showed a decline post-DMAIC except 
QNS (increased from 0.23% to 0.8%). The reason was 
found to be a greater number of  pediatric samples during 
this time increasing the overall percentage.

Much has been studied about six-sigma and its role in 
healthcare in recent years. More than half  of  these studies 
have been done in the US.29 Very few hospitals in India have 
implemented six-sigma tools due to lack of  knowledge and 
availability of  resources.30

Limitations of the study
 This was a single center study from a private tertiary care 
hospital in North India. Medical and Laboratory facilities 
vary widely in our country. A multi-center study will provide 
a better insight into applicability of  DMAIC six-sigma for 
improving rejection rates in different hospital settings.  

Table 4: Causes of sample rejection post-DMAIC 
intervention
Cause of rejection Samples 

rejected 
Percentage  

(total no. 4345)
Hemolyzed 1606 91.88
Clot 102 5.84
Wrong Label 13 0.74
Not received 7 0.40
No data 3 0.17
QNS 14 0.80
Thick fluid 2 0.11
Wrong Vial 1 0.06
Double sample 0 0.00

DMAIC: Define, measure, analyze, improve, and control
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CONCLUSION

The results show that with some innovation, six-sigma 
can be an appropriate tool that can be beneficial in 
improving quality of  laboratory services in the still 
troublesome pre-analytical area even in a resource limited 
setting like India.
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