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A large degree of variability for batched analysis of serially collected microdialysis samples measured
with the CMA 600 analyser has been described. This study was designed to identify sources of variability
related to sample handling.

Standard concentrations of four solutes were placed in microdialysis vials and then stored and analysed
at intervals. Results were analysed for variability related to vial and cap type, duration and temperature
of storage, centrifugation and re-analysis.

f\(ﬁé ‘;‘g’;ﬁ;’sis The main results were that centrifugation of samples reduced variability. When a batch of 24 samples
CMA 600 was analysed, the use of crimp caps reduced evaporation. Samples in glass vials with crimp caps could be

stored in a refrigerator for up to 14 days without large variability in concentration compared to plastic vials
which demonstrated variability already when stored for more than 1 day. We conclude that variability in
microdialysis results can occur in relation to storage and analysis routines if routines are not optimised
concerning evaporation. Centrifugation before analyses, glass vials with crimp caps even during frozen
storage, and attention to minimal times for samples to be uncapped during analysis all contribute to
minimise variability in the handling and analysis of microdialysis samples.
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1. Introduction

Microdialysis is a mean of sampling substances from the body
to help clinicians determine well being or metabolic conditions by
providing serial biochemical samples from a catheter which lies
within the substance of an organ [1-3]. Microdialysis sampling
and analysis is very commonly employed for evaluation of phys-
iological and pharmacologic scientific questions [4-11] with 3895
responses to Medline search for microdialysis until 2007. Still, there
is uncertainty concerning variability in microdialysis results related
to sampling and sample handling.

Current commercial microdialysis systems are equipped for
sample collection, handling, and analysis of small molecules includ-
ing glucose, lactate, pyruvate and glycerol as markers of cell injury
or well being. Sample collection is based on passive diffusion
through a semi-permeable membrane placed at the end of a
catheter (in vivo) [1-3]. The CMA 600 analyser is a bedside analyser
often used in clinical research. The CMA 600 analyser uses enzy-
matic reagents and colorimetric measurements of the microdialysis
samples [12].
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In previous experimental studies in our own laboratory, we have
noted variability in results for microdialysis samples that were
analysed in standard batches using the CMA 600 analyser. Specific
aspects of sample handling and analysis routines may contribute
to variability or error in results, and in particular there is con-
cern about evaporation. Identification of sources of error and thus
new strategies for elimination or reduction or error related to sam-
pling would improve the precision and accuracy of microdialysis
results. Therefore, we have set out to identify sources of variabil-
ity in results related to sample storage, handling, and analysis. We
specifically aimed to do this by analysing standardised microdial-
ysis samples in batches related to vial type, capping and cap type
before and during analysis, centrifugation, re-analysis, and storage
conditions.

2. Materials and methods

Standardised solutions for glucose, lactate, pyruvate and glyc-
erol, all in ‘low’, ‘medium’ and ‘high’ concentrations (Fig. 1) were
used as ‘test’ samples. Each ‘batch’ comprised 24 samples (vials),
and each vial was prepared with 20 .l of the respective standard
solution. All samples were analysed in a CMA 600 analyser (CMA
Microdialsysis, Solna, Sweden). All samples (except when specifi-
cally noted, in the case of refrigeration) were stored in the same
freezer at —20°C.
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Fig. 1. Concentrations of different substances and how they were analysed, stored and re-analysed. Each batch contained 24 samples with 20 pl sample volume of low,
medium or high standard solution of glucose, lactate, pyruvate and glycerol, respectively.

2.1. Drift and re-analyses

All solutions were prepared in batches using plastic vials (CMA,
Microdialysis, Solna, Sweden) with same/single concentration in
each whole batch. Each test started with immediate analysis of
batch AO. After analysis, the samples were stored in a freezer for
3 days, and then re-analysed (A3). The same samples were then
stored in the freezer for 60 days, and then re-analysed (A60). The
same procedure was performed for the ‘low’. ‘medium’, and ‘high’
concentrations of each substance.

2.2. Storage at —20°C

Samples were placed in plastic vials without crimp caps. Two
batches of each solution were prepared in vials on Day 0 and then
stored in a freezer for 3 (B3, E3 and H3) or 60 days (C60, F60 and
160) before analysis. These results were compared with analyses on
Day 0 (A0, DO and GO).

2.3. Centrifugation

A group of samples prepared and handled in the same way as
batch B3 was centrifuged (Mini Galaxy, VWR, West Chester, PA,
USA) for 30s before analyses. These samples were restored in a
freezer for 60 days and then analysed again after centrifugation.
These results were compared with results for analyses of B3 and
B60.

2.4. Vial materials, different caps

One batch of ‘low’ concentration solution was prepared and
placed in plastic vials with crimp caps (Chromacol, CT, USA), glass
vials (Chromacol, CT, USA) with crimp caps, and microvials (CMA
Microdialysis, Solna, Sweden). The vials were centrifuged for 30s
before analysis. After analysis, they were stored in a freezer for 3
days and then re-analysed.

2.5. Storage with plastic or glass vials and crimp cap vs
microvials, freezer or refrigerator

Plastic vials and glass vials both with crimp caps (Fig. 2) were
stored in a refrigerator or a freezer. Microvials were stored only

in the freezer. Five batches containing ‘low’ concentration solution
were prepared in plastic and glass vials. One batch from plastic and
glass vials was analysed on Days 0, 1, 2, 3 and 14 after storage in a
refrigerator. All samples were centrifuged before analysis. Batches
with plastic vials, microvials, and glass vials were stored in a freezer
for 70 days and then centrifuged and analysed.

2.6. Calculations and statistics

To calculate the relation of time for samples in each batch
in the analysis machine to measured concentration (drift),
linear regression analysis was performed (Fig. 3A). An esti-
mation of the maximal time effect on concentration was
presented as the difference between the intercepts of the regres-
sion line at time 0 and time at 192 min. The concentration
change in percent (drift, %) was calculated as (absolute drift/Y-
intercept) x 100.

To calculate variation we subtracted each sample value from
the corresponding part of the regression line. We then added the
start value, Y-intercept, to each calculated difference; this was func-
tionally the same as placing the regression line, on the zero-level,
and then adding the start value (Fig. 3B). This was done for both
batches (Days 0 and 3) which enabled us to calculate the differ-
ence between mean concentrations for each batch (after correction
for drift). Calculations of standard deviation (S.D.) and coefficient
of variation (CV) for each batch were performed. Measured values
are presented as mean £ S.D. Independent samples t-test between
groups was used for testing for differences in mean concentra-
tion between two batches. A p value of less than 0.05 was used
for statistical significance. The analyses were performed with the
SPSS software package (version 14.0; SPSS, Inc., Chicago, IL, USA).
The one-sample Kolmogorov-Smirnov test was used to determine
normality in results distribution.

3. Results

All results presented are for samples with ‘low’ concentrations
of glucose, lactate, pyruvate and glycerol with the exception of the
first results section (drift and re-analyses) where there in addition
were analysis for ‘medium’ and ‘high’ concentrations. In total, 1248
separate measurements were performed and analysed. All results
demonstrated a normal distribution.



942 P. Abrahamsson et al. / Journal of Pharmaceutical and Biomedical Analysis 48 (2008) 940-945

o =
B E
vials: B .2
batch | XP[XG batch XP, YP, Q (plastic vials with crimp lid)
YP|YG batch XG, YG, U (glass vials with crimp lid)
QU] S batch § (human vials)
DAY 0 DAY 0 DAY 3 DAY 14 DAY 70
24 samples centrifuged
batch o |24 samples
XP[XG]| ANALYSIS
24 samples centrifuged
batch Refrigerator |24 samples
YP|YG| +6°C " |anaLysis
24 samples centrifuged
batch Refrigerator |24 samples
[YG] +6°C " |ANALYSIS
24 samples centrifuged
batch Freezer _ |24 samples
QJUTJ s | -20C " lanaLysis

Fig. 2. Concentrations of different substances and how they were analysed and stored. Each batch contained 24 samples with 20 .l sample volume of low standard solution

of glucose, lactate, pyruvate and glycerol, respectively.

3.1. Drift and re-analyses

The temperature inside the CMA 600 analyser was measured to
be 27 °C. Programmed batch analyses of 24 samples over 192 min
showed a difference in concentration (drift) of 12-25% for the four
substances (Table 1). Differences between mean concentrations
range from 18% to 25%, with significantly higher values on Day
3 compared to Day 0 when re-analysing the same samples. The
coefficient of variation (CV) between samples was higher for Day 3
compared to Day 0 for all substances. Similar results were obtained
when analysing ‘medium’ and ‘high’ concentrations of the sub-
stances but they are not presented in the interest of clarity and
brevity.

Table 1
Plastic vials without crimp cap (freezer 3 days).
Days in freezer Mean concentration CV (%) Drift (%)
0 3 0 3 1] 3
Plastic vials
Glucose (mM) 0.39 £ 0.01 048 +£0.02° 1.6 34 123 19.9
Lactate (mM) 0.89 £ 0.02 111 £ 0.04° 3.1 3.8 15.3 15.9
Pyruvate (M) 109 + 3.0 129 + 5.8 27 45 158 247
Glycerol (uM) 94 +29 111 £ 5.4 3.1 4.9 17.0 22,6

“p<0.05 using between groups t-test, mean + S.D., coefficient variation (CV, %) and
drift (%).

- (B) ;
(A) Original values Values corrected for drift
1.401 1.407
130 . 1301
Analysis day 3
g 1.20 _1.20
=
£ 1101 £ 1.107
2 o
£ 1 =
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Analysis day 0
0.804 0.80
0.70 T T T T T T 0.70 T T T T T T
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Sample Sample
Linear regression: day 0: Y=0.0073X + 1.098
day 3: Y=0.0056X +0.886
A day 0 day 3 B day 0 day 3 Conc-diff
slope: 0.0056 0.0073 Mean concentration: 0.886 1.098 0212 mM
drift: 0.135 0.174 mM SD: 0.027 0.050 mM
drift%: 15% 16% ev: 3.0 4.5 %

Fig. 3. Example of calculations made for each batch analysis of 24 samples, calculating the drift and spread of each batch and the difference in concentration between the

two batches.
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Fig. 4. This figure shows drift for one 24-vial batch of glucose (low concentration)
on Day 0 (A0, 12.3% drift) and on Day 60 (C60, 16.3% drift) after storage in a freezer.

3.2. Freezer storage (—20°C)

There was no difference in concentration observed for any of
the substances when the samples were stored in —20 °C for 60 days
compared to Day O (Fig. 4).

3.3. Centrifugation

Variation between samples in one batch was reduced with cen-
trifugation (Fig. 5). The CV for the samples without centrifugation
(B3) was 3.6% (glucose), 4.3% (lactate), 2.6% (pyruvate), and 3.6%
(glycerol), respectively. After centrifugation before the correspond-
ing analyses on Day 3, the CVs were reduced to 1.0, 1.2, 1.4, and 2.8%,
respectively.

3.4. Vial materials, different caps

Drift during batch analysis was the same between the different
vials on Day 0 (Table 2). After 3 days in the freezer, samples in plastic
vials with crimp cap and microvials had a larger change in concen-
tration in glucose and pyruvate compared to those stored in glass
vials with crimp cap. Also, there was an isolated change in lactate
concentration in microvials at 3 days, —20 °C. The main finding here

Plastic vials
—&—Day 0 ——Day 3
0.80 1
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0.60 1

0.50 1
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“eegnette ettt o 2000,

0.40
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0 4 8 12 16 20 24
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Plastic vials

—{—B3 —&— Centrifuge day 3

0.55 7
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0.45

0.40
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0.30 T T T T T T
0 4 8 12 16 20 24
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Fig.5. Samples with glucose that were centrifuged (centrifuged on Day 3) compared
to samples that were not centrifuged (B3).

Table 2

Plastic vials with crimp cap, microvials and glass vials with crimp cap (freezer 3
days)

Days in freezer Mean concentration CV (%) Drift (%)
0 3 0 3 0 3
Plastic vials
Glucose (mM) 0.42 £ 0.01 047 +0.04° 24 57 14 7.4
Lactate (mM) 1.04 + 0.03 128 £0.08° 32 59 -20 0.6
Pyruvate (M) 147 + 34 165 + 13.4° 23 8.1 2.8 11.0
Glycerol (uM) 132 +£19 157 £ 6.9° 14 44 3.9 44
Microvials
Glucose (mM) 0.39 £+ 0.004 0.50 + 0.02" 1.1 3.6 0.1 -11.4
Lactate (mM) 0.95 + 0.02 117 £ 0.04° 25 34 34 -11.7
Pyruvate (M) 142 +2.3 162 +5.8" 1.6 3.6 0.8 -11.9
Glycerol (M) 129 £ 19 139 + 5.2° 1.5 338 3.9 44
Glass vials
Glucose (mM) 0.44 + 0.01 046 +£001° 19 21 -02 49
Lactate (mM) 0.99 + 0.04 113 £0.02° 42 16 -06 2.5
Pyruvate (M) 147 + 2.5 161 +£35 1.7 22 -21 5.4
Glycerol (M) 121 £ 2.6 145 £ 517 2.1 3.5 0.3 -2.8

“Sign p<0.05 using between groups t-test, mean = S.D., coefficient variation (CV, %)
and drift (%).

Glass vials
—&—Day 0 —8—Day 14
0.80
0.70

0.60 4
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Fig. 6. Analyses of glucose. The left panel shows the results from samples analysed on Day 0 and samples stored in plastic vials in a refrigerator for 3 days. The right panel
shows the results from samples analysed on Day 0 and samples stored in glass vials in a refrigerator for 14 days.
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Table 3
Long- term freezer storage, plastic vials with crimp cap, microvials and glass vials
with crimp cap

Day Drift (%) Difference (%) CV (%)
70 0/70 70
Plastic vials
Glucose (mM) 31.0 88 33.7
Lactate (mM) 29.5 96 35.0
Pyruvate (M) 31.7 77 28.7
Glycerol (M) 31.9 94 313
Microvials
Glucose (mM) -1.5 11 7.6
Lactate (mM) -1.3 13 10.0
Pyruvate (M) -0.3 4 4.2
Glycerol (uM) -3.7 -6 5.9
Glass vials
Glucose (mM) -0.3 —6 2.5
Lactate (mM) -1.9 22 5.3
Pyruvate (M) -2.6 6 2.0
Glycerol (uM) -2.1 9 1.6

Coefficient variation (CV) (%).

was that re-analysis of all samples was associated with higher con-
centrations. The largest difference (30%) between samples analysed
on Day 0 and then re-analysed on Day 3 was for glucose stored in
microvials. The corresponding difference for glucose stored in glass
vials with crimp cap was only 5%. There was less drift in plastic vials
with crimp cap on Days 0 and 3 compared to the same vials with-
out crimp cap Days 0 and 3 (Table 1). Notably, there was apparent
minus drift (approximately 11%) for three of the four substances in
microvials suggesting dilution or water addition to the samples.

3.5. Storage with plastic or glass vials and crimp cap vs
microvials, freezer or refrigerator

Microdialysis samples in plastic vials with crimp cap demon-
strated large changes in concentrations when they were stored
for 3 days in a refrigerator (+4 to 6°C) (Fig. 6, left panel). Glucose
results are shown in Fig. 6 (right panel), and all four substances
were unchanged in concentration in glass vials with crimp cap for
up to 14 days in the refrigerator.

The results of freezer storage at —20°C for 70 days (Table 3)
showed that the variation was related to type of vial and cap.
Samples in plastic vials with crimp cap showed increases in mean
concentration of 77-96% after freezer storage. The corresponding
mean concentration difference for glass vials ranged from —6% to
22% and for microvials 6-13%. The size of the CV differed in rela-
tion to type of vials: plastic vials 29-35%, microvials 4.2-10.0%, and
glass vials 1.6-5.3%.

4. Discussion

Of the effects of sample handling and storage on the repro-
ducibility of microdialysis results, we found large differences in
measured sample concentrations related to specific steps in sam-
ple handling that were alarming. This is new information, and
improved understanding of systematic sources of error related to
sampling should help investigators using this method improve their
reproducibility and certainty concerning producing results. We
initiated this study due to concern particularly for sample distur-
bances related to storage of microdialysis samples, but the findings
were that storage in a freezer by itself did not affect the micro-
dialysate. Unexpectedly, we found that the main contributor to
variability in results occurred during longer batch analysis. With
this study design, analysis of one batch occurred over 192 min, and
the temperature in the analyser was 27 °C. These conditions are

likely to be common among investigators who employ microdialy-
sis methods.

Steps in the sample handling and analysis process which clearly
contributed to variability included plastic vials with crimp cap, caps
which have been penetrated for previous analysis for all vial types,
and absence of centrifugation. Of these, the prominent negative
influence of the drift on variability during batch analysis was most
unappreciated by us before the study.

The process which led to drift was evaporation. Evaporation is
perhaps unavoidable, but steps can be taken to minimise its effects
on microdialysis samples. Evaporation occurs in direct relation to
water exposure to air, temperature and the partial pressure of water
in the air. We presume evaporative processes here, though we have
not measured evaporation directly. Steps which limit evaporation
include restriction of contact of water with surrounding air, and
all aspects of the microdialysis sample environment are relevant.
Vial material probably is not a factor here when considering plas-
tic or glass vials, but, the degree of air-tight seal between the vial
and the cap is very relevant, as shown by results for plastic vials
and subjectively imperfect seals with crimp caps. Also, caps which
allow analysis by penetration of a needle in the analysis machine
but remain in place were demonstrated in our results to be not air
tight afterward.

A notable secondary finding was that there seemed to be
concentration decreases indicative of possible water capture for
samples place in the freezer. This finding warrants further inves-
tigation, but if true, then evaporation is not the only source of
variability related to water transit and microdialysis samples.
These preliminary results allow speculation that water vapour is
entrapped in the vials during freezing, leading to dilution at analy-
sis.

Alternative mechanisms include possible alteration of total
amounts of measured substances in solute during sample handling.
This study was not designed to identify specific mechanisms of con-
centration changes, and another study design would be needed to
confirm or refute these, and one area of focus could be to follow
amounts of water as well as solutes through the sample handling
process.

There are very few published results for reproducibility in
microdialysis related to sample handling and storage. In an earlier
investigation of microdialysis results variability performed in our
lab, it was noted that 48 min analysis time (for glucose) for a batchin
the same apparatus produced results with minimal variability [12].
Drift during analysis occurred for 192 min batches, and where sig-
nificantdrift may begin to occur had not been defined by our results.
The manufacturer has issued some guidance concerning sample
handling. The product description for the CMA Microdialysis sys-
tem recommends that microdialysis samples should be stored in a
—70°C freezer. This recommendation is based on the observation
that pyruvate concentrations in microvials already after 40 days
in a —20°C freezer were reduced by 15%. However, in our study
when samples were stored in a —20°C freezer for 70 days, pyru-
vate samples concentration in microvials and glass vials with caps
were 4% and 6% higher compared to values on Day 0 (shown in
Table 3), which is expected if a small amount of evaporation occurs.
Our findings suggest that pyruvate sample integrity can be main-
tained in a —20 °C freezer for over months as long as they are stored
in microvials or glass vials with crimp cap. At the same time, we
observed increases in concentrations in lactate both in microvials
and glass vials with crimp cap after 70 days in the freezer.

Concerning study design and limitation we chose standardised
start concentrations as a surrogate for assessment of evaporation
rather than sample weight. This was because we judged weight
measurement in frozen microdialysis vials to be too imprecise as
a specific assessment of sample volume. In future studies, weight
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might provide additional support for assessment of evaporative
events, and should be considered as a supplementary method. Con-
cerning vial materials and matching of vials and caps, we did not
test plastic vials with plastic caps. This was because we limited our
study to vials and caps which could be placed directly into the anal-
yser. Plastic caps must be changed to another cap (crimp cap, if a
cap is to be used) before larger batch analysis. We noted benefi-
cial results for centrifugation, and presume that this was related to
reduction of microbubbles in the solutions. Presence of microbub-
bles in samples was not tested directly, and this mechanism for
benefit needs to be confirmed.

Our findings have clinical implications which have led us change
our routines concerning microdialysis sample handling and analy-
sis with the CMA 600 analyser. Implications are that optimisation of
storage with minimal dehydration related to storage time or tem-
perature and minimising of evaporation during the analysis process
are needed for all applications of microdialysis where evaporation
can occur. Other implications based on our findings include the
following. All samples that are stored before analysis should be
centrifuged. Glass vials with crimp cap should be used as often
as possible (non-clinical settings) since they are more robust in
resisting evaporative processes. Samples collected in glass vials
with crimp cap are considered “consumed” after analyses because
significant evaporation occurs later if the crimp caps have been

penetrated. 70 days storage at —20°C as well as glass vial with
crimp cap storage for 14 days at 4-6°C do not by themselves lead
to significant evaporation. Finally, all microdialysis samples in any
specific study should be handled and analysed in a standardised
way.

References

[1] U.Ungerstedet, J. Intern. Med. 230 (1991) 365-373.
[2] CS. Chaurasia, Biomed. Chromatogr. 13 (1999) 317-332.
[3] M. Stahl, R. Bouw, A. Jackson, V. Pay, Curr. Pharm. Biotechnol. 3 (2002) 165-
178.
[4] G.Wikstrom, M. Kavianipour, G. Ronqusit, A. Waldenstrom, Acta Physiol. Scand.
173 (2001) 185-194.
[5] M. Kavianipour, G. Wikstrom, G. Ronquist, A. Waldenstrom, Acta Physiol. Scand.
179 (2003) 61-65.
[6] R.Frojse,S.Lehtipalo, U. Bergstrand, B. Biber, O. Winso, G. Johansson, C. Arnerlov,
Shock 21 (2004) 241-247.
[7] ]. Claesson, S. Lehtipalo, G. Johansson, P. Abrahamsson, R. Plamqvist, B. Biber, O.
Winso, Shock 29 (2008) 98-103.
[8] L. Rosendal, A.K. Blangsted, J. Kristiansen, K. Sogaard, H. Langberg, G. Sjogaard,
M. Kjaer, Acta Physiol. Scand. 182 (2004) 379-388.
[9] G.M. Flodgren, A.G. Crenshaw, H. Alfredsson, M. Fahlstrom, F.B. Hellstrom, L.
Bronemo, M. Djupsjobacka, Eur. J. Pain 9 (2005) 511-515.
[10] M. Ashina, B. Stallknecht, L. Bendtsen, ].F. Pedersen, H. Galbo, P. Dalgaard, J.
Olsen, Brain 125 (2005) 320-326.
[11] G.M.Flodgren, E.B. Hellstrom, M. Fahlstrom, A.G. Crenshaw, Eur. J. Appl. Physiol.
97 (2006) 557-565.
[12] P. Abrahamsson, O. Winso, J. Pharm. Biomed. Anal. 39 (2005) 730-734.



	Optimised sample handling in association with use of the CMA 600 analyser
	Introduction
	Materials and methods
	Drift and re-analyses
	Storage at -20°C
	Centrifugation
	Vial materials, different caps
	Storage with plastic or glass vials and crimp cap vs microvials, freezer or refrigerator
	Calculations and statistics

	Results
	Drift and re-analyses
	Freezer storage (-20°C)
	Centrifugation
	Vial materials, different caps
	Storage with plastic or glass vials and crimp cap vs microvials, freezer or refrigerator

	Discussion
	References


