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ABSTRACT 
 

Aim: External Quality Assurance (EQA) is basic requirement of a medical laboratory to assess the 
quality assurance and achieve the accreditation. The available EQA schemes evaluate the 
analytical performances of the laboratory but neither evaluate pre analytical factors nor mimic 
actual laboratory process. PRE-EQC has combined both performances in single scheme and 
assisting the participant laboratories to take appropriate corrective action and interpretations. 
Design: Pre-Analytical monitoring evaluates transport condition, correlation of the stability of 
samples and temperature, storage condition and environment of the laboratory of the participants 
and its effect on the results. A sample is specially prepared to estimate haemolysis, lipemic and 
icteric index. 
Clinical Biochemistry: Serum, fluoride and biological fluid (CSF exempted) samples are pooled 
from the routine collection of specimens. Pooled fractions are homogenized in a rotary shaker for 
10 minutes. The clear samples are poured in individual double pack primary containers, which are 
placed between two gel packs in a “biohazard” labelled plastic bag. Temperature is recorded, kept 
in insulated thermocol box and sent to the destination. 
Urine Routine & Microalbumin, Creatinine Examination: Urine sample is stabilized using 
preservative. 
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Methods: The process of sample pool to result submission has been completed within 6 days as 
samples are without preservative. Stability mimicking the transport, homogeneity and validation of 
assigned values were done. 
Statistical Calculations: As per ISO 13528:2015. 
Results and Discussion: The SD of the assigned values showed better performance than 
existing schemes and within the range of CLIA recommended SD. 
Conclusion: The PRE-EQC sample from direct and microalbumin from direct specimen has 
achieved good reproducibility than lyophilized material. 
 

 
Keywords: EQA; PTP; PRE-EQC. 
 

1. INTRODUCTION 
 
External Quality Assessment (EQA) is a 
requirement of ISO15189:2012 as per clause 
5.6. Commercially available EQA samples are 
lyophilized samples with added preservative to 
enhance stability of samples for up to 2 years. 
Also, lyophilization facilitates supply in large 
quantity also. The awareness of proficiency 
testing (PT) should include both analytical 
performance and pre analytical assessments. In 
the year 2017, a study was done involving 769 
laboratories for non-waived testing as per CLIA 
regulation [1]. Varying proportion of respondents 
used PT to identify problems in the pre analytic 
(48%), analytic (86%) and post analytic (76%) 
phases. It may be concluded that as pre 
analytical factors are one of the prime factors 
there should be regular evaluation of the same. 
 
The lyophilized commercial controls do not 
exactly mimic the regular procedure of 
processing. The basic difference is that it is 
lyophilized, and regular samples are directly 
collected from human resources. In the 90s, it 
was observed that frozen stored pooled 
specimen of serum essentially produces identical 
apolipoprotein A-1&B when compared to the 
previous values before storage but after 
lyophilization approximately 30% deviation was 
observed [2]. The reason for such deviation has 
been clearly demonstrated by R. Rej [3]. The 
reasons include species origin, integrity of 
molecular species, matrix effect due to process 
such as lyophilization and addition of 
preservatives. The comparison of freeze dried, 
lyophilized and normal human samples showed 
differences in physical properties like Osmolality, 
density, surface tension, viscosity, pH at a 
particular temperature, particle size and 
absorbances at 600 nm in 1.0 cm cell [3]. 
 

Attempts were made to directly pool the sample 
and prepare aliquot and these samples were 
transported to participant laboratories and 

considered valid till 2019 by CLSI. The study was 
conducted to prepare secondary reference 
material for lipid and apolipoprotein 
measurements. The study showed potential 
reduction of inter method deviations [4,5]. The 
process is not only a validated method it is also 
inexpensive. The pool of samples for PT material 
may be from single/multiple donor. Pool from 
single donor is not ethically acceptable and if 
there is any interfering substance in the donor’s 
sample the commutability would be affected 
[6,7,8]. Multidonor samples may be pooled from 
residual samples of a diagnostic laboratory which 
would satisfy the criteria: 
 

1. Processing of sample follows the same 
manner of clinical sample. 

2. Excess collection of samples from a single 
donor is not recommended. 

3. If there’s interfering substance from a 
single donor it gets diluted. 

4. It is possible to get a higher range of 
values for all/a few analytes. 

 
Disadvantage is interaction of serum/urine 
proteins from multiple donors may cause 
aggregation/precipitation of proteins [6,7,8]. So, 
PTP decided to discard the total pool if turbidity 
is observed as reports are available that filter 
paper may adsorb albumin resulting in lowering 
of albumin values [9]. The PTP decided to run 
the program using the pooled sample to exactly 
mimic the analytical process and to standardize 
optimum time and temperature for such samples 
without stabilizer. To start with, the outsourcing 
module is currently followed and maximum time 
limit for releasing the results is 7 days. 
Accordingly, it was decided to limit the time of 
submission of results within 6 days, as the PTP 
needs one day for preparation of samples and 
collection of infective marker results. The 
monitoring of pre analytical factor would 
automatically be available if a chart for recording 
of time and temperature can be prepared. The 
module of Proposal of European Federation for 
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Clinical Chemistry and Laboratory Medicine has 
been taken up and it was found out to be 
successful after completion of 3 rounds [10]. The 
process made participants aware of pre 
analytical factors and accumulation of data about 
stability of samples during transport and extent of 
tolerance of temperature. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 

1. Pooled residual serum, fluoride plasma 
and biological fluid available in the 
diagnostic laboratory for routine testing. 

2.  Rotary shaker for homogenization. 
3.  Automated system and reagents for 

estimation of homogeneity and stability. 
4.  Dipsticks for urine analytes measurement. 

 

2.2 Methods 
 
2.2.1 Sample preparation 
 
Serum & Fluoride sample: The samples are 
prepared from excess sample of the laboratory 
obtained for routine diagnostic investigations. 
Pooled serum/fluoride sample fractions are 
collected in a sterile plastic container of 50 ml 
capacity. Total requirement of sample is 30 ml for 
serum and 15 ml for fluoride plasma. The sample 
containers are placed in rotary shaker at 300 rpm 
for 20 minutes. If the sample turns turbid it is 
rejected. Only clear sample is considered as an 
appropriate EQA sample. The sample is divided 
in two subsets for homogeneity and stability 
testing [1,6,7,11,12]. 
 
Biological Fluid: The preparation is same as 
serum sample. The matrix may be ascitic, 
pleural, pericardial, or may be a mixture of all 
available biological fluid [1,6,7,11,12]. 
 
Sample for haemolytic, lipemic, icteric index and 
clot detection: The sample is prepared by mixing 
such samples as per the availability in the 
laboratory. For haemolysis detection, sample to 
be placed in cell counter rotor mixer before 
processing. 
 

These four types of samples are directly 
transported to participants without addition of any 
preservative/stabilizer. 
 

Urine sample: The urine sample is prepared for 
microalbumin, creatinine, routine chemistry 
analytes and physical property measurements. 

The sample is prepared from excess urine 
sample of the patients within 2 hrs of collection. 
Pooled urine samples are homogenized in a 500 
ml sterile plastic container on a rotary shaker for 
10 minutes. Preservative is added to the sample 
to prevent growth. The sample is preserved in 
two subsets for homogeneity and stability testing 
[13]. 
 
2.2.2 Aliquot preparation 
 
Homogenized samples are aliquoted in 
respective double capped primary container for 
enrolled participants. Each participant receives 5 
samples in separate primary containers. The 
primary containers are Hemogard

TM
 containers to 

prevent splutter of samples and deposition of 
serum at the opening of the container. The 
Hemogard tubes are CLSI approved containers. 
Quantity and sample number is as follows: 
 
Sample 1: Serum; 1.5 ml 
 
Sample 2: Fluoride plasma; 0.5 ml 
 
Sample 3: Biological fluid; 1 ml 
 
Sample 4: Urine sample for microalbumin, 
creatinine and clinical pathology analytes such 
as glucose, protein, bilirubin, urobilinogen, 
ketone bodies etc.; 15 ml. 
 
Sample 5: Serum sample for detection of 
Haemolysis, Icterus, lipemia and clot detection; 
1.5 ml [14]. 
 
2.2.3 Packaging and transport [15] 
 
Each sample is wrapped with cotton. Then 
wrapped in small plastic wrapper. Total 5 number 
of samples are wrapped individually. The plastic 
“Biohazard’’ bag is taken, and two appropriately 
sized cool pack inserted in the bag. The wrapped 
primary sample containers are placed between 
two cool packs. The position of primary 
containers is such that their position is straight 
and no chance of getting tilted. Temperature is 
recorded. The Biohazard bag is tightly secured 
with a rubber band. Urine sample is poured in 30 
ml sterile urine container and packed separately 
in plastic wrapper and “Biohazard” bag. Both 
blood and urine sample packs are placed in an 
insulated thermocol box which is tightly sealed to 
assure insulation. The thermocol box is placed in 
an appropriately sized hard brown paper box. 
Label contains the information of sender (PT 
Provider), participant’s details, unique ID of the 
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participant of every round. Unique ID generation 
is necessary on every round to make the result 
available in the website from virtual clouds. 
Declaration for transport of biohazard material is 
prepared and submitted to courier service. Time 
of sending of samples and receipt is recorded. 
 

Time limit for submission of results: During 
enrolment it is taken into consideration that 
sample must reach the participant within day 4. 
By day 6 results are to be submitted. 
 
2.2.4 Homogeneity and stability testing 
 
The sample is divided in two subsets. 
Homogeneity is tested on day one i.e. the day of 
transport 10 tests from each subset (10*2). The 
list of tests consists of 35 analytes and number of 
rounds are 4 in a cycle. 9 analytes tested for 
homogeneity in every round covering all analytes 
in a cycle. Stability is tested from two subsets on 
day 1, each subset being tested twice. 
Arrangement is made with one of the participants 
who would receive three sets of samples, test 
and submit results from one set and return two 
sets on day 6 to mimic the transport process. On 
day 7, the stability of the received samples from 
participant is tested. If homogeneity and stability 
fail, the round is called off [16]. 
 
2.2.5 Tests performance 
 
In EM 200 System, Easylyte Electrolyte analyzer. 
Reagents and calibrators are system specific. 
 
2.2.6 Release of results 
 
In the website: www.pre-eqc.com 
 
2.2.7 User’s instruction 
 
Provided in the website. 
 
2.2.8 Disposal of samples 
 
As per local guideline. 
 
2.2.9 Test for infective markers 
 
HIV (I+II) Antibody & P24 antigen, Anti HCV 
antibody, HbSAg are tested and samples are 
only transported if the results are negative. 

 
2.2.10 Number of rounds 
 
4 times in a cycle. July, October, January and 
April. 

Calculations: 
 
Time and temperature calculation for pre 
analytical measurements: 
 

 Recording of time from completion of 
sample preparation to receipt by the 
participant. 

 Recording of time of transport from PTP to 
participant. 

 Time and temperature when received by 
the participant. 

 Preservation temperature and duration of 
preservation. 

 Time of keeping the sample at room 
temperature before performance of tests. 

 Time lag between two repeat tests. 
 

Statistical calculations: 
 
Assigned value: The assigned value is obtained 
from consensus of the participants performing 
the test by same method. Robust mean and 
Robust SD are calculated. Z-Score is reported 
for the analyte having ≥18 participants and prime 
z-score for <18 number of results. The PT 
Provider (PTP) calculates Standard Error Mean 
(SEM) also and provides the data of 95% and 
99% Confidence Interval (CI). The CI data is 
more stringent and being provided for continual 
improvement [17,18]. 
 

Reproducibility check: Every analyte is tested 
twice to check the reproducibility. Reproducibility 
is measured by % deviation. Deviation from 1st 
estimated value. 
 

Validation of assigned value: This is the record of 
PTP. The assigned value obtained from the 
participant’s consensus is compared with 
laboratory assigned value. The laboratory 
obtained the results by using calibrators 
traceable to international standard [19]. 
 

3. RESULTS 
 

The PTP completed 3 rounds of a cycle 
consisting of 4 rounds. The Robust SD (RSD) is 
compared with one internationally distributed 
(BIORAD) and one nationally distributed 
accredited lyophilized EQA (CMC Vellore). The 
SD of PRE-EQC was less compared to the two 
already running programs. Stability and 
homogeneity were passed in all rounds. 
 

The urine chemistry analysis is qualitative as 
quantitative analysis is still not popular. The 
reporting pattern is presented in Table 2. 
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Table 1. Clinical biochemistry 
 

Analyte SD, July 2019 
PRE-EQC 

SD, Oct. 2019, 
PRE-EQC 

SD, Jan 2020 
PRE-EQC 

SD Max 
BIORAD 

SD Max 
CMC Vellore 

Glucose 4 7.4 7.55 11.8 21.5 
Urea 1.07 0.98 2.35 11.4 14.9 
Creatinine 0.04 0.1 0.05 0.25 0.44 
TBil 0.06 0.09 0.11 0.61 0.67 
DBil 0.04 0.04 0.15 0.52 Not in the 

program 
T Protein 0.15 0.25 0.18 0.36 0.59 
Albumin 0.11 0.16 0.15 0.25 0.31 
ALP 12.5 7.55 12.5 60 41.8 
ALT 2.35 5.5 6 26.6 44.2 
AST 2.5 1.75 8.35 34.1 48.4 
T Cholesterol 4.25 4.75 4.83 21.5 13.8 
Triglycerides 3.2 8.5 6.15 11.3 34.4 
HDLC 2.3 4 2.95 4.63 5.62 
LDLC 3.2 4.75 6.3 21.4 Not in the 

program 
UA 0.1 0.18 0.25 0.63 1.09 
Na 1.31 2.5 2.45 4.95 8.13 
K 0.24 0.15 0.32 0.28 0.48 
Cl 3 7.5 2.95 5.94 7.43 
Amylase 8 7.5 8.05 120 45.5 
Lipase 4.65 12.31 5.5 14.5 Not in the 

program 
LDH 22.4 12.5 19.5 29.1 Not in the 

program 
CK 3 3.8 4.92 42.6 48.3 
GGT 1.75 1.65 0.6 31.2 Not in the 

program 
T. Calcium 0.3 0.35 0.18 0.5 1.07 
Phosphorus 0.07 0.16 0.52 0.33 Not in the 

program 
CO2 1.08 1.66 1.2 3.42 -do- 
Fe 4.1 4.88 3.9 31.4 -do- 
UIBC 20.5 10.05 41 15.3 -do- 
Glucose (Biological 
Fluid) 

2.75 6.74 5.5 Not in the 
program 

-do- 

T Protein (Biological 
Fluid) 

0.14 0.14 0.12 -do- -do- 

Albumin (Biological 
Fluid) 

0.06 0.15 0.06 -do- -do- 

LDH (Biological Fluid) 6.2 8.95 44.46 -do- -do- 
Microalbumin (Urine) 9 7.23 4.7  52.3 
Creatinine (Urine) 1.1 3.72 1.96  11 
CKMB 0.05 4.3 1.4   
 

4. DISCUSSION 
 

The VMax in Table 3 shows that PTP of PRE-EQC 
completed sample preparation to submission of 
results within 7 days (10080 minutes). Hence, as 
stated the transport to release of results took 
place within 6 days. Maximum time taken to 
reach the participant at a distant place is 7200 

minutes i.e. 5 days keeping the option for the 
participant to perform the tests within 1440 
minutes (1 day). So, geographical position and 
courier services availability is a concern for such 
a proficiency testing scheme. The PTP assures 
receipt of PT material within 4 days considering 
the necessary time lag for any unforeseen 
situation which may delay the process. 
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Table 2. Urine chemistry 
 

Analyte Remarks 
Colour Yellow/pale yellow/straw colour/colourless 
Appearance Clear/Hazy/Slightly hazy 
Deposit Present/Not present 
Protein Negative/trace/+/++/+++/++++ 
Glucose Negative/trace/+/++/+++/++++ 
pH 5.0-9.0 
Blood Negative/trace/+/++/+++/++++ 
Specific gravity 1.000-1.060 
Ketone bodies Negative/trace/+/++/+++/++++ 
Bilirubin Negative/trace/+/++/+++/++++ 
Urobilinogen Negative/trace/+/++/+++/++++ 
Nitrate Present/Not present 
Phosphate Present/Not present 

 
Table 3. Pre-analytical measurement outcome 

 
Analyte VMax 

July 2019 

VMax 

Oct 2019 
VMax 

Jan 2019 
Max value 
from 3 rounds 

Time interval of sample preparation and receipt 
(minutes) 

7200 10080 8490 10080 

Time interval from core lab to participant (minutes) 5760 7200 4320 7200 
Time interval from receipt to analysis (minutes) 1440 1440 1440 1440 
Temperature when received (°C) 19.05 34.5 28.8 34.5 
Preservation temperature (°C) 8 8 8 8 
Temperature during analysis (°C) 26 28 27 28 
Time lag between two performances (minutes) 300 300 240 300 
Haemolysis(g/dL) 0.2-0.22 1.6 2.42-2.52 2.52 
Icterus (mg/dL) 0.11-0.12 2.41-2.45 0.89-0.91 2.45 
Lipemia(mg/dL) 100-109 75-81 155-161 161 

VMax = Maximum value 

 

The insulated packing and gel pack cover cannot 
in practice maintain the temperature within 8°C. 
The need of outsourcing is growing day by day 
and the temperature of transported sample 
cannot remain constant throughout transport 
process. The PT preparation is without any 
added preservative, maximum temperature noted 
by the participant /participants is 34°C and time 5 
days. The maximum SD after the process of 
transport seemed to be less than established 
EQAS. It may be concluded that transport 
system and selection of location before 
enrolment are ideal. 
 
The number of participants is 20, for some of the 
analytes less than 18. In such situation the 
scheme cannot be both method and system 
specific. So, the participation is method specific. 
The SD was thought to be high as instrument 
bias is an important factor [19]. PRE-EQC has 
started with the idea of method specificity as 
specific analytical performances like method, 
instrument, commutability of calibrators varies 

widely resulting wide variation from one group of 
participants to other and basic need is uniformity 
of results irrespective of specific analytical 
performance. It was felt that EQA should have no 
bias attributable to the instrument as before 
launching it has passed through CLSI evaluation 
processes. A linear model was proposed. In ISO 
13528: 2015 the bias attributes are expressed by 
uncertainty [20]. 
 
If uncertainty criteria are satisfactory that proves 
the PT sample, process and method are 
appropriate. The uncertainty of three rounds 
showed satisfactory uncertainty proving 
commutability of PT specimen. 
 
Urine sample: Microalbumin and creatinine: It 
has been observed that result of microalbumin 
from lyophilized urine sample received by the 
participant as PT sample often varies widely 
(Table 1). The pooled urine sample of PRE-      
EQC has nicely sorted out the problem (SD, 
Table 1). 
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Clinical Pathology (CP): The recommendation of 
Indian Accreditation Body is inter laboratory 
comparison. PT is not essential for accreditation. 
During evaluation of CP it was observed a PT 
program would have been best option. The 
difference between qualitative and quantitative 
measurement is the quantitative estimation 
presents a data whereas qualitative is impression 
and observation-based result. Hence, one PT 
Scheme would have standardized the process 
[21]. 
 

HIL samples: The results of HIL in 3 rounds show 
that samples may not need to be rejected up to 
the index of 2.52,2.45 and 161. The range of 
results is showing consistency. The best method 
of judgement is the consistency of triglycerides 
result(L) as in homogeneity study triglycerides is 
considered as one of the prime markers [22]. 
 

5. CONCLUSION 
 

Any scientific endeavour has its merits and 
limitations. 
 

Advantages of PRE-EQC: 
 

 An inexpensive and simple process. 
 The scope of the program includes some 

uncommon tests along with the commonly 
available tests which are not available 
commercially. 

 The tests from other fluid matrix are 
evaluated. 

 Proved the necessity of EQA in CP instead 
of ILC. ILC is having limitation of becoming 
concentrated during transport from one lab 
to other and “on the table” time lag. 

 The provision of direct interaction with the 
PTP regarding corrective actions. 

 

Disadvantage: 
 

The project is difficult to commercialize. The 
organizer needs to consider geographical 
locations and transport availability within time 
frame. The disadvantage may be sorted out by 
preparing a team of four/five members who 
would independently run the program. Such 
members would perform one master proficiency 
program among themselves. The scheme is in 
budding state but to create an organogram and 
propagate such program is not impossible. 
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