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Study of specimen stability for biochemical parameters
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Abstract

Introduction: The blood sample is collected and transported to the laboratory for analysis, during this time the
samples bares many extra-analytical factors prior to analysis. Contact time of plasma or serum with the blood cells
is one of these factors because of ongoing cell metabolism as well as active and passive movement of analytes in
cellular compartments.

Aim and Objective: The aim of our study is to determine the stability of different seventeen biochemical
parameters in primary collection (without separation of serum/plasma) and Secondary collection (with separation
of serum/plasma) tube.

Materials and Methods: Hundred patients’ venous blood sample were collected in plain vacutainer and fluoride
vacutainer (primary tube), set of the seventeen biochemical analytes like sodium, potassium, ionized calcium,
chloride, glucose, creatinine, urea, uric acid, alkaline phosphatase, alanine aminotransferase, aspartate
aminotransferase, total protein, albumin, bilirubin, triglyceride, total cholesterol and HDL-cholesterol tests were
analysed. Once the tests were carried out from primary tube, approximately half serum was separated into two
aliquots (secondary collection tube). All tubes were stored at 2 to 8° C. After 24 hr and 48 hr again same sate of
tests were performed on the same equipment. Statistical analysis was done after that.

Results: Out of seventeen analytes most analytes remained stable in both primary and secondary tubes up to 48 hr
at 2 to 8° C, these includes chloride, creatinine, urea, uric acid, total bilirubin, total protein, albumin. alkaline
phosphatase (ALP), aspartate aminotransferase (AST) and alanine aminotransferase (ALT). Plasma glucose
decreased in both primary and secondary collection tube but concentration is within significant change limit
(SCL). While serum potassium is increase 28.84% at 24 hr and 75.58% at 48 hr; concentration is also out of SCL
range in primary collection tube even though samples stored at 2 - 8° C.

Conclusion: Most biochemical analytes will remain stable for 48 hr at 2 - 8° C, only few analytes like plasma
glucose and serum potassium requires stringent control before serum-clot separation.
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Introduction

Clinical laboratory tests are used by
clinicians for diagnosis, monitoring and to check
the prognosis in patients with different diseases.
A number of factors, primarily pre-analytical,
analytical and/or normal biological variations
affect the accuracy of test results. Pre-analytical
factors such as blood sample collection and
handling, diet, exercise and drug intake can
affect the test result. Test results can be biased
by prolonged contact of plasma or serum with
cells, because of ongoing metabolism as well as
active and passive movement of analytes
between the plasma or serum and cellular
compartments. The key characteristics of the test
are its bias and imprecision. Bias is primarily an
analytical characteristic, in which reported
results differ from the actual value. Imprecision
is due to both physiological and analytical
factors.! Bias and imprecision are well
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understood by manufacturers and laboratory
scientists. There are internationally accepted
protocols for establishment of their claims and
performance verification is done routinely in
clinical laboratories.

Stability, in contrast, has greater variability
in meaning for both manufacturers and users.
This is in large part because stability is not a
directly measured characteristic but rather is
understood as the capability for a product to
retain its stated composition, properties and
performance.

Generally, the laboratory receives the
specimen in the form of whole blood, from
which the serum is separated by centrifugation.
For reliable as well as clinically useful test

results, the time interval between blood
collection and serum separation must be
controlled. Ideally, the serum should be

separated as soon as possible after clot formation
is complete (usually 30 min) to avoid clot-
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induced changes in the concentration of serum
analytes. However, in practice very few routine
specimens can be processed within this time
interval as collection of blood samples from one
laboratories or collection centre and analyze it in
another centre has become latest trendy in
current years to decrease cost per test. Therefore,
the extra-analytical factors affecting the test
result such as prolonged storage of sample at
high or low temperature, inappropriate handling
(without frozen packs) are still area of interest.22
Although it is recommended to analyze freshly
drawn serum or plasma for test, but delay in
testing process or reuse of the samples for
missing results may cause false test result are
sometime inevitable.*®

In the Chu and MacLeod study of 26
analytes, the effects of a 72-hour contact time at
room temperature were determined. Many of the
analytes stable for 48-hour and retained stability
for an additional 24 hours. Analytes adversely
affected by 72-hour contact include: glucose
(decreased); potassium (increased); phosphorus
(increased); creatinine  (increased); folate
(decreased); and vitamin Bi» (increased).
Minimally affected analytes include: Lactate
Dehydrogenase (increased); chloride
(decreased); calcium  (decreased); ferritin
(increased); and sodium (increased).’

A study by Rehak and Chiang conducted to
determine stabilities of lipase, Thyroid Binding
globulin G and TSH in unseparated serum for 24
hours at seven different temperatures (3°C, 10°C,
15°C, 22°C, 25°C, 30°C and 38°C). Generally, 22
to 25°C is considered as room temperature and at
22°C, changes were observed for glucose
(decreased), potassium (increased),
phosphorus(increased), Alanine
aminotransferase(increased), Aspartate
aminotransferase (increased) and
creatinine(increased). Higher the temperature,
the more accentuated the alteration.® Another
time-temperature study (at 0°C, 23°C and 30°C)
substantiates the instability of many analytes at
temperatures above room temperature (30°C):
glucose (decreased by four hours); phosphorus
(increased by Six hours); Alanine
aminotransferase and Aspartate aminotransferase
(increased by eight hours); and potassium
(increased by 24 hours).® Study by Oliver TK et
al expected Potassium was significantly
increased at temperatures below 15°C.1° In a
study of selected analytes, ionized calcium in
unseparated serum was stable for only two hours
at 25°C, but stable for up to 96 hours at 4°C.%*

In Zhang and fellow investigators'?
evaluated the stabilities of 63 analytes, serum in
contact with cells for 24 hours. They determined

that serum should be separated from the clot
within three hours for glucose, potassium and
phosphorus, and within six hours for albumin,
bicarbonate,  chloride,  C-peptide, HDL-
cholesterol, iron, LDL-cholesterol and total
protein. All other analytes in their study were
stable for 24 hours without serum separated from
the clot.

It is recommended that serum or plasma be
physically separated from contact with cells as
soon as possible with a maximum time limit of
two hours from the time of collection, unless
conclusive evidence indicates that longer contact
times do not contribute to error of the results.
However, it is not done routinely in most of the
laboratories and also difficult to separate out
serum or plasma from contact with cells within 2
hours, also it is mandatory to make evidence to
do ad-on test or re-testing from stored sample
with acceptable variation in test result.
Therefore, it is felt significant to do a systematic
study of in-house specimen stability.

Material and Methods

This cross-sectional study was conducted at
Shree Krishna Hospital, Pramukhswami Medical
College, Karamsad from Jun to December 2013.
We have selected 100 blood samples randomly
from the rack once the analysis of the sample for
the requested tests is over at clinical
biochemistry laboratory of said institute during
study period. Once the requested test is carried
out the specimen is divided into two tubes, first
is primary collection tube (without separation of
serum from clot) and another in secondary
collection tube (with separated serum from cell
contact). Both these sample tubes were stored at
2 to 8°C in refrigerator. Direct exposure to
sunlight is avoided for stored specimens. sodium,
potassium, ionized calcium, chloride, glucose,
creatinine, urea, uric acid, total protein, albumin,
total bilirubin, total cholesterol, triglyceride,
HDL-cholesterol alkaline phosphatase, alanine
aminotransferase and aspartate aminotransferase
tests were performed from the specimen stored at
2 to 8°C after 24 hours & 48 hours. Refrigerated
sample were analyzed once it attains the room
temperature. We have analyzed all this
parameters in Cobas Integra 400 plus fully
automated biochemistry analyzer. Standard
reagent kits from Cobas were used for analysis
of sample.

This study will utilize specimen (Patient’s
serum) once the requested test is done. The study
result will not be intimated to patient or doctor
for patient management. For that reason, HRA
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committee has waved off
patient’s consent for this study.
Inclusion criteria:
1. Samples were

requirement of

randomly selected from

Statically Analysis
To establish time dependent changes in each
analyte, in plasma and serum with and without

samples  received for analysis in prolonged contact with cells the mean of all 100
biochemistry laboratory. specimen all analytes were obtained for 0.5 hr,

24 hr and 48 hr time interval. Statistical analysis

Exclusion criteria: of result was done by Students’ t-test. In this
1. Hemolysed sample are excluded as  analysis, variable showing P- value 0.05 or less

hemolysis may interfere with result.

were considered to be statistically significant.

2. Sample inadequate to perform all mentioned
seventeen parameters.

Result

Table 1: Mean (Standard Error)

Analytes Primary collection Secondary
(without collection (with
separation of separation of
serum/plasma) serum/plasma) tube
tube
5 9 5 o

AT
Potassium | 100 (g:ggg) (giggg) (76?1966) (é665>29) (04.67613) 0.08 | 43-48
aleiom 100 (01.62056) (01.6137) (01.61087) (01.60087) (01.3)078) 003 | 1.17-133
Chloride 100 (18.2503 (100383) (18.57% (109‘3‘é7) (1092'03) 240 | 976-1110
Glucose 100 3;2;; (186(3)70) 1(283? (186272) (186;,87) 288 | 156.7-172.9
Creatinine | 100 (00.66284) ((;).66286) (00.66295) (0966295) (0966286) 002 | 062-074
Urea 100 (cz).lé;) (g.zég) (cz).zég) (g.léé) (f2>.lé§) 0.60 | 200-234
Uric acid 100 (g:%) (gﬁg) (31‘113) (g:‘llg) (3:‘1‘2) 007 | 517-557
pootin 100 (0%25) (0.7622) (0.76?14) (0%9475) (07.605) 0.16 | 6.45-7.35
Albumin 100 (é 64413) ((;‘_ g‘f4) (é '04;‘2) (5‘_ '&22) (04.'6‘32) 008 | 4.19-463
;ci)ltiilubin 100 (gigg) (g:gg) (gigg) (8222) (%.S:Z) 0.02 | 0.51-063
Chalesterol | 190 | wen | @wen | wes) | wes | wen | 3% | 1694-1912
o | o | et |t e |
HDL-c 100 2‘17"55; E‘ff) (41@4'2) (‘1‘32) (ﬁg) 171 | 427-523
o w | g aE | e e | e
AST 100 (2122?) (ﬁ;g) 24 (1.30) (Zf:fg (21?'382?3 039 | 21.89-24.07
TR AT

USD = Usual Standard Deviation SCL = Significant Change Limit
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Table 2: Percent difference and P value

Analytes Primary collection Secondary collection
(without separation of serum/plasma) | (with separation of serum/plasma) tube
tube
24 hours 48 hours 24 hours 48 hours
% diff % diff % diff % diff
(P value) (P value) (P value) (P value)

Sodium -0.10 -0.94 1.43 2.06
(0.34) (0.00) (0.00) (0.00)

Potassium 28.84 75.58 2.74 4.74
(0.00) (0.00) (0.00) (0.00)
lonized Calcium -4.80 -5.60 - 13.60 -14.40
(0.00) (0.00) (0.00) (0.00)

Chloride -0.96 -1.44 0.38 0.96
(0.00) (0.00) (0.03) (0.00)

Glucose -291 -4.13 -1.58 -1.88
(0.00) (0.00) (0.02) (0.00)

Creatinine 0.00 1.47 1.47 0.00
(1.0 (0.03) (0.13) (0.03)

Urea 2.30 2.76 0.00 0.46
(0.00) (0.00) (0.87) (0.43)

Uric acid 0.19 0.56 1.49 2.23
(0.25) (0.00) (0.00) (0.00)

Total Protein 1.45 1.45 1.01 1.45
(0.00) (0.00) (0.00) (0.00)

Albumin 0.68 0.68 0.23 0.45
(0.00) (0.00) (0.75) (0.15)

Sl -1.75 -351 -1.75 0.00

Total Bilirubin (0.10) (0.02) (0.07) (0.05)

1.11 1.22 0.78 1.22

Total Cholesterol (0.00) (0.00) (0.00) (0.00)

Triglyceride 2.58 3.46 2.90 4.35
(0.00) (0.00) (0.00) (0.00)

HDL-c -1.26 -3.16 -3.37 -211
(0.00) (0.00) (0.00) (0.00)

0.71 0.66 0.47 -1.42

ALT (0.20) (0.27) (0.40) (0.21)

4.87 5.57 3.83 3.70

AST (0.00) (0.00) (0.00) (0.00)

ALP 1.00 1.20 1.32 2.48
(0.01) (0.00) (0.00) (0.00)

The mean value, standard error, usual
standard deviation and significant change limit
are shown in table 1. All analytes 0.5 hours mean
values are within analytes reference interval. All
analytes values for primary and secondary tube
at 24 and 48 hours are within significant change
limit except potassium and ionized calcium.
From mean values at different time point shows
upward trend in serum Total Cholesterol and
Triglyceride and downward trend in HDL-
Cholesterol and plasma Glucose.

Table 2 shows relative percent bias and p
value. Positive % bias is maximum in potassium
in primary tube after 48 hours also evident in
Graph No. 01. Similarly, maximum negative %
bias is maximum in serum ionized Calcium
followed by plasma Glucose in primary tube
after 48 hours also evident in Graph No.02. But
major difference in serum potassium and plasma

glucose is due to storage temperature; sample

were stored at 2 to 8 © C so hemolysis increases
which results in increase in potassium on other
hand glucose utilization decreases, because of
this maximum decrease in glucose were 4.13 %
only.

Effect of time of storage of primary and
secondary tube on test results were determined
by two tailed paired sample Student’s t test (p =
0.05), revealed significant difference in mean
values of all analytes between 0.5 hours and 24
hours as well as 0.5 hours and 48 hours values,
with or without serum-clot separation except for
urea analyte.

Discussion

Being a tertiary care center and an academic
institute, it is quite often that our clinical
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biochemistry department receive add-on test
request, re-do test request when results and
clinical findings are not correlate or rarely it
happen that test has to perform from sample
which were misplaced and found later on. In all
such scenario question of sample stability and
result reliability arise. Also the adverse effect on
laboratory results of prolonged contact between
cells and serum has long been recognized, and
immediate separation of serum from cells has
always been considered essential to accurate
laboratory  test  results.  The  current
recommendation of an acceptable time interval
between blood drawing and serum separation is
2 hours.®® This guideline is also recommended by
NABL (National Accreditation Board for Testing
and Calibration Laboratories). However, it’s
observed that many Indian laboratories are not
routinely practicing separation of serum from
clot within two hours. Therefore, it becomes
necessity to perform sample stability study at
local laboratory set up.

In this study, we found that our all analytes
except sodium, creatinine, urea, albumin and
ALT shows statistical significant difference when
comparing 0.5 hour sample with primary
collection and secondary collection tube stored at
2 to 8 ° C for 24 and 48 hours, our result differ
from previous studies. This might be due to a
range of studies applied different test for
comparing sample stability study e.g. repeated
measure ANOVA,** One way ANOVA®
Friedman test's and paired sample Student’s t-
test. As we want to find out difference between
0.5 hours to 24 hours and 0.5 hour to 48 hours
sample we had applied paired sample Student’s t-
test also verified with repeated measure
ANNOVA.

As we found that in our set up even after
separation of serum from clot within 2 hours and
stored at 2 to 8° C for 24 hours had statistical
significant difference, therefore we applied
concept of significant change limit (SCL)Y
which says even if statistical significant
differences exist how much analytical system
contributes to this difference.

In this study, we found that serum sodium
decreases when serum-clot is not separated and
increases when serum is separated and stored as
long as 48 hours. But these differences are within
SCL. Thus, our observation for serum sodium
was consistent with similar studies investigating
serum with prolonged contact with cells.”*?

All studies observed that serum potassium
drastically increases if serum is not separated
from clot within 2 hours and the rises in values is
more due to hemolysis even when sample is
stored at 2 to 8 °© C. We also found that serum

potassium is very high and out of SCL even at 24
hours storage results!®2° After 24 hours
potassium increases because diffusion of
potassium from intracellular to extracellular as a
consequence of failure of Na-K ATPase pump in
erythrocyte due to very low extracellular
glucose.?*

lonized calcium is decreased and it is more
pronounced in the serum sample without clot.
lonized calcium is out of significant change
limit. Serum chloride level remains stable in both

with  or without serum-clot separation
sample.” 822
Glucose concentrations decreases with

increasing serum-clot contact time in plain tube.
Concentration of glucose at 48 hours is lower in
compare to 24 hours and 0.5 hours, it also shows
a statistical significant difference. This decrease
in concentration was attributed to glycolytic
action of erythrocytes and leukocytes.??
However, we stored both tube at 2 to 8 ° C which
will minimize the rate of decreases in glucose
concentration.

We have not observed difference in
concentration of creatinine, urea, uric acid, total
bilirubin, total protein and albumin, it suggests
that these parameters are stable in both with or
without serum-clot separation tube if they are
stored at 2-8 © C.2 But Heinz et al reported
creatinine increased by 60 % in serum after 24 h,
which was probably attributable to interference
of pseudo-creatinines with the kinetic Jaffe
reaction.?

Cholesterol showed upward trend, the
change in concentration is more pronounced in
primary tube than serum-clot separating tube. A
similar trend was also noted in serum specimens,
the mechanism proposed was that cholesterol
was being continuously removed from blood
cells via lecithin:cholesterol acyl transferase.?
Triglyceride was stable over the 56-hours period
in other studies but in this study, we observed
upward trend in triglyceride and HDL-
cholesterol shows downward trend but both were
within significant change limit.?? In contrast to
Ono et al,® Murphy et at?®® and Dern et al® our
study shows AST, ALT and ALP within
significant change limit.>?2% In this study, AST
activity changed only a few units despite the
marked percentage biases and may not be
considered as clinically significant as long as 48-
hours of storage in all four groups. Heins et al.
also noted the stability of AST stayed until one
week at room temperature.?? Bobby L et al
observed that ALT was stable up to 40 hours,
then it lost 20% of activity at 48 and 56 hours
@4, Our result for AST and ALP is similar to
other studies.”%2
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Conclusion

In conclusion, only a few routine analytes
e.g. serum potassium, ionized calcium and
plasma glucose required stringent control before
serum-clot separation. Most routine tests can
tolerate fairly long delays in transportation
without changes in analyte concentration. And
when considering analytical variation result can
be given as long as 48 hours even without
serum-clot separation. However, our intent in
reporting this study is in no way to encourage
deviation from the standard practice of
separating the serum from the clot as soon as it is
practicable to do so. Rather, we hope that the
results we have presented will help assess which
of the constituents may be assayed in blood
stored for prolonged times under commonly
encountered storage conditions, when such
prolonged storage occurs inadvertently or is
unavoidable.
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