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Effects of Long Distance Transportation of Specimens on Test Results
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Background: Accuracy of laboratory test results is an important issue. New guidelines for specimen delivery systems are needed for appropriate

pretreatment of specimens and accuracy of results.

Methods: We evaluated various laboratory profiles, comparing the effects of specimen rack holders and coolants within transport containers. The
hematology profiles (complete blood cell count [CBC], erythrocyte sedimentation rate [ESR]), chemistry profiles (aspartate aminotransaminase
[AST], alanine aminotransaminase [ALT], gamma-glutamyl transferase [y-GT], electrolytes [ Na, K, Cl], glucose, lactate dehydrogenase [LD], cre-
atinine kinase [CK]), and coagulation profiles (prothrombin time [PT], activated partial thromboplastin time [aPTT], fibrinogen level). We also in-
vestigated the effects of transportation time including the presence or absence of hemolyzation. We received from 9 different university hospital

laboratories using conventional transporation methods.

Results: Hemolytic features were seen in short drawn specimens. Fewer result variations were observed in specimens transported with coolants.
Average specimen transportation time was 11.3 hours, and average temperatures of container was 10.9°C with coolant and 25.0°C without cool-
ants. Non-centrifuged specimens transported with coolants showed increased serum K levels than centrifuged specimens. Coagulation tests showed
less than a 10% differences. Centrifuged specimen prior to transportation showed no hemolyzation and no differences in results.

Conclusions: Appropriate temperatures for each analyte should be defined to ensure the accuracy of results. To reduce hemolyzation, appropri-
ate temperature and rack holder should be used. Temperature of the transport container should be monitored in objectively. Coagulation tests should
be added as referral tests, if appropriate specimen transport monitoring system for time and temperature could be adopted.
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Table 1. Complete blood cell count results according to transportation time (hours)

Test Item Coolant Salilple 0 2 4 6 8 10 12
Volume(mL)
WBC (10°/L) With 3 7.1 7.2 7.0 7.1 70 7.0 7.7
15 9.7 10.1 100 10.6 10.6 10.5 10.4
Without 3 103 106 103 103 103 102 102
15 73 78 7.6 78 7.6 73 75
RBC (10%/uL) With 3 5.1 5.1 5.1 50 50 50 5.1
1.5 54 53 54 54 54 54 54
Without 3 54 54 54 54 54 54 54
1.5 5.1 5.1 52 5.1 5.1 5.1 5.1
Hb (g/dL) With 3 156 154 153 153 153, 15.1 154
15 159 15.6 15.6 15.9 159 15.8 15.8
Without 3 16.0 15.7 15.7 15.6 15.7 15.6 15.7
15 15.1 15.6 15.6 15.6 15.7 15.6 154
Het (96) With 3 455 461 459 461 458 449 465
15 464 465 465 465 465 463 469
Without 3 469 4638 474 473 474 472 478
15 455 470 4638 470 474 475 471
PLT (10°/uL) With 3 228 239 239 226 237 228 240
15 287 294 277 297 297 292 298
Without 3 297 300 293 295 299 289 297
15 228 238 235 240 239 235 244
Plasma Hb (%) With 3 89 100 35 48 67 10 69
15 273 216 206 162 235 238 432
Without 3 46 23 23 23 17 11 14
15 209 64 13 90 90 71 82

Abbreviations: WBC, white blood cell Count; Hb, hemoglobin; Het, hematocrit; PLT, platelet.
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Table 2. Chemistry test results according to transportation time (hour)

Sample Volume

Test Item Coolant 0 2 4 6 8 10 12
(mb)
AST (IU/D) With 8 22 20 21 21 20 20 21
4 19 20 19 21 20 20 26
Without 8 16 16 15 16 16 15 15
4 19 21 18 20 19 19 18
ALT (IU/L) With 8 17 17 15 16 15 15 14
4 20 19 19 19 18 17 19
Without 8 15 15 15 16 14 14 14
4 20 19 19 19 18 18 18
y-GT (VL) With 8 38 38 37 37 38 37 37
4 20 23 23 23 24 23 24
Without 8 23 23 23 23 25 24 24
4 20 23 24 24 25 25 25
Na (mmol/L) With 8 142 143 142 141 143 143 142
4 142 141 141 141 142 142 140
Without 8 141 141 141 143 153 143 143
4 142 142 142 142 143 144 144
K (mmol/L) With 8 4 45 46 49 52 58 6.5
4 44 50 5.1 56 59 6.2 6.5
Without 8 39 39 3.4 35 33 3.4 35
4 44 46 45 43 40 39 38
Cl (mmol/L) With 8 102 100 101 101 101 101 101
4 105 103 103 104 104 104 103
Without 8 100 100 100 100 100 99 99
4 105 104 104 103 103 102 102
Glucose (mg/dL) With 8 104 100 96 94 91 88 86
4 96 92 88 84 82 78 76
Without 8 85 85 79 66 62 50 45
4 96 87 81 69 60 55 47
LD (U/L) With 8 367 364 362 406 361 405 415
4 338 383 364 442 446 480 653
Without 8 310 310 315 319 343 343 349
4 338 422 371 393 414 404 405
CK(IU/Y) With 8 66 64 63 62 65 65 64
4 86 90 88 94 92 93 95
Without 8 102 102 100 100 100 96 95
4 86 90 86 91 90 90 88
Plasma Hb (%) With 8 44 2.2 2.2 13 22 48 1.1
4 54 283 8.6 200 200 235 484
Without 8 3.1 26 15 17 1.1 20 NT*
4 00 102 09 6.1 78 54 4.1

*NT= Not tested.
Abbreviations: AST, aspartate aminotransaminase; ALT, alanine aminotransaminase; y-GT, gamma-glutamy! transaminase; Na, sodium; K, potassium; Cl, chloride; LD, lactate
dehydrogenase; CK, creatine kinase.
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Table 3. Coagulation test results according to transportation time (hours)
Test Item Coolant S ST 0 2 4 6 8 10 12
(mL)
PT (sec) With 1.5 11.20 11.05 10.70 11.30 11.55 11.30 11.30
Without 15 11.20 11.15 11.30 11.10 10.85 10.65 10.70
INR With 1.5 099 097 093 1.00 1.03 1.00 1.00
Without 1.5 099 098 1.00 0.98 0.95 0.92 0.93
aPTT (sec) With 1.5 24.63 23.63 23.03 25.70 24.63 2583 25.76
Without 1.5 24.63 24.16 26.23 2543 23.16 23.63 2463
Fibrinogen (mg/dL) With 1.5 216.32 230.29 221.57 219.87 21927 223.87 203.27
Without 1.5 216.32 2345 224.78 22793 209.81 224.90 221.27
Plasma Hb (00) With 1.5 0.00 0.00 0.00 0.31 0.00 0.00 0.00
Without 1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Abbreviations: PT, prothrombin time; INR, international normalized ratio; aPTT, activated partial thromboplastin time.
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Fig. 1. Serum K Levels (mmol/L) changed according to transportation
time elapsed
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Table 4. Temperature changes (‘C) observed according to transporta-
tion time and external temperature of the transport vehicle

) ) External Temperature of
Time elapsed Trip meter Tenparile specimen container
i i) of Vehicle (C)  with coolant ~ Without coolant
0 0 25 20 22
1 6 28 15 23
2 12 28 16 26
8 0 29 15 26
4 28 32 15 27
5 16 35 20 32
6 14 34 19 28
7 16 32 16 28
8 10 32 21 28
9 6 32 18 28
10 10 31 18 28
il 5 30 18] 28
12 5 30 22 29

Table 5. Average transport time (hours) between participating labora-
tories and the central laboratory of reference laboratory

Participants Cf)?l z;?;* Sample Send* Rii;?\felz * Total
1 52 3.7 170 258
2 13 1.5 96.0 98.8
3 7.3 3.7 16.0 270
4 2.1 2.1 8.8 13.0
5 2.2 40 140 202
6 Bi5 515 (5%5 242
7 4.7 38 13.7 223
8 30 0.6 42 7.8
9 20 45 1.3 7.8
Average BI5 33 20.7 275

*Time elapsed between collection of blood sample from patient and transfer to the
transporter;' Time elapsed between hospital laboratory and regional office of ref-
erence laboratory; Time elapsed between regional office and central laboratory of
reference laboratory.
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Table 6. Average temperature (‘C) of sample transport container

Participants Without Coolant* With Coolant*
1 238 13.1
2 220 32
3 282 180
4 253 9.0
5 217 6.7
6 238 6.3
7 27.2 159
8 282 17.3
9 272 14.4
Average 250 109

*Average temperature measured from sample drawn through whole transportation
process.

Table 7. Average CBC &t ESR result differences (%) of between partici-
pants' and reference laboratories

With Coolant Without Coolant
Test Item
Using Rack No Rack Using Rack No Rack

CBC-WBC -3.02 0.15 0.10 -0.15
RBC -0.94 -0.89 -1.12 -1.23
Hb -1.17 -1.08 -1.24 -0.59
Het 3.12 3.04 4.06 3.88
PLT -1.92 -2.52 -2.15 -1.89
ESR -9.09 -16.33 -18.26 -15.80

Abbreviations: WBC white blood cell count; Hb, hemoglobin; Het, hematocrit; PLT,
platelet; ESR, erythrocyte sedimentation rate.
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Table 8. Average blood chemistry (SST) test result differences (%) be-
tween participants' and reference laboratories

With Coolant Without Coolant
Test Item
Using Rack No Rack Using Rack No Rack

AST 1.88 1.71 1.09 0.51
ALT -5.53 -5.67 -592 -6.03
GGT 28.74 27.14 43.45 28.29
Na 039 0.38 0.43 0.49
K 4.40 4.84 -0.55 -0.24
Cl -2.30 -0.09 -0.16 -0.11
Glucose 17.21 -2.48 -2.69 -592
LD 15.21 1523 16.95 15.84
CK -1.27 -1.24 0.29 -0.77

Abbreviations: AST, aspartate aminotransaminase; ALT, alanine aminotransami-
nase; y-GT, gamma-glutamyl transaminase; Na, sodium; K, potassium; Cl, chloride;
LD, lactate dehydrogenase; CK, creatine kinase.

Table 9. Average blood chemistry (plain tube) test result differences
(%) between participants' and reference laboratories

With Coolant Without Coolant
Test Item
Using Rack No Rack Using Rack No Rack

AST 3.80 3.26 0.12 0N
ALT -9.82 -9.44 -9.79 -9.02
y-GT 9.85 9.26 1.70 12.56
Na -1.86 -2.02 -2.71 -0.84
K 80.17 63.12 21.17 72.50
Cl -290 20.16 -450 -5.46
Glucose -18.40 -17.20 -34.13 -34.67
LD 43.87 32.07 28.53 34.22
CK -547 -495 -1.47 -8.16

Abbreviations: AST, aspartate aminotransaminase; ALT, alanine aminotransami-
nase; y-GT, gamma-glutamyl transaminase; Na, sodium; K, potassium; Cl, chloride;
LD, lactate dehydrogenase; CK, creatine kinase.
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Table 10. Average coagulation test result differences (%) between
participants' and reference laboratories

With Coolant Without Coolant
Test Items
Using Rack No Rack Using Rack No Rack
PT -3.17 -3.27 -3.20 -2.04
INR 8.24 803 8.72 10.68
aPTT 5.62 4.38 2.69 2.15
Fibrinogen 892 8.22 8.45 1091

Abbreviations: PT, prothrombin time; INR, international normalized ratio; aPTT, ac-
tivated partial thromboplastin time.

glof rAket Aakgkel 2po7t Q= A0 = LR TH(Table 10).
(2) 2dl 2& ™ EdEa| ool WE 2t st

Plain A|@2HS AH83E Al &6 AR E S e 2
AR AA o] §E= olslo] K, LDO] ATZES 80%7H4] S5t wt
H, ALT, @Y, A, CKO| Al 34%71A] gt A5 2o
= tH(Table 9).

o F

APl M ] 7= AL AL AL T AR U
o & = ek A 207 AP AFEsk 2 HAR U]
AN} Blo] obyef wheh AL 5 ] Sl U7t AR
A AstE A9 e ksl wheh AAF A 9 A $- o 8
ol disto] & 7HA7] AIZFSEAEHS, 6]

ofgPlae] o2 QIste] e} Amol JlojA HAM S| A
Bl OB HAPA 0 2 SR AL ik FAbe] 8 FA2 A
gt HAETE Raste 24 QAT SRS He AEsHA
sl Amdh o Qs Eofat= g she Aojot ey
zo] Aol HARdol glof AAIE AR e =7
2 23 gl Aol AAe] Az 9 Azlegol HArE
ol B& FF& mA= Aol iste] Hets] of= Zlo] S8
202 YZHETTL

EEER

s
)
5%
Y
alr
rlo
o
)
1o
(o]
=
=2
a=s
rTr

A QA5
S efsto] 7
el A2 3
wsple] g

2} hetsof

A
2l

1:1_1_,
>
)
of oX
oSt
tlo
N
rlr

Skof K skaL QIeh7). %
bﬂ;d oz ﬂigo% 014_

o EIE
>,
ol
o)
r.l
o_>d L
J
J&
=k

r:i
ach
ﬁi
¥ g o
0 ro
2|
r-lN
*%

st
e
ofy
N}
e TS
_u.. r_'_,
i
i)
yo O
=l

Hoilm

[e]

lo
fru
ﬂif

A UCHTL

et 9
S

o

o

o

A

ol

ni

N
)

ot ol
o

il
4>
Wi
°5r
o
10

2,

o
mlo

19

Ir
POy
o

fru
&
B
%0,
41

ox,
m

v
o 2
o>
Shi
ofl,
N
N
N
N
olr
<)
o,
o
2
rir
g

>
juie)
r o)
i3
2
4o
rlI.
QL
rlr
pads
flo
fo
H
rE
i‘(i .
€ 5
r
411
i
)
e g
=2
r

i,

=

rE
£
il
_‘-ﬁn‘

B
fa
e
4
x0
ix)
fr o
T

i-J
;

=9 EHS] A ol ot

78 www.labmedonilne.org

A A SFE Aol R e =A 1A A 4
5] shaL, A Hak 9l eRk 2= 20-25CE A, A2
oM<} Al BeAE o] flstol sk 22k AAlE A
st e A AA B ARES 6ARES AlRtskE Weko] Al

=) Ao 24 AL AR 477 28
1 ko LpEpgon, AAt Setle] 2]

i
>,
o
rlo
o,
r:u
U} U
\J\

AP ARSI 3 6740200] 856 fensen )
71291 6AIZHE ZasH 210 2 ek Q571204 453t
B AARLI Y 0 F2 ko] A3t AA Ao] o] ol
21 70,2 Wk B4Rl A S5AeIA 15 BakE 5 glo
B2 SER R/ HE S ol that theH L A oJEie
of o] reiFolo} & A0 = Az

EAHOR AR Lkl Tl 10T ofstel W 4
7 AP A Ao sl ol 478 53
sollA WAl mlx%)
SO 100 ol4g0.2 £} AEo] 0515 5ich 8] £
SARO] S A} 3 oS P F, AAM mAY
o £EZ 71834 st glont olo] tig Akael Hrh
ol HeAA Gik ol FFAE AAATY 05 E &

3} 2= 9Jo] oFASt HA| L2 olato] AMA el Lryte] A
F-%o] sk olo] thak Aol B} o] mAElolof &
Ao ke et o 4 BS99
o] ket 2, A e
e, W OHAH s} el Motel ) .8 A0 ek
o]z AT o] EAfeH EE-2E Ho] ofst AumA
Ao A o] o) Fol BAAO R ol 35 o 2
B Atol Kpol7} glelort WAk Alejel Az o]
Aelo] % W 2F At A Uersdeha & 4 ok Eat
phin A AT UG LA e Hel2 BAS

£ &

_l

g

1o

b}
offl
o
ox

EZ 50| oste] Fo] o] gHER AVJ‘%} 7 mg/dLA do] st
= Aoz dEA 10 FAA o = theFet A& o=}
= A @9 AR /\}%—E]— sodium fluoride (NaF) ]%4
= AHESHA] AL glom,

syringe-tube 2} =2 %—7]
o} 74 S
o2 ASHE AU St B H 79
5 AR 2 WE o) AAE A 20| ujet e
AR SRS RIS $istol A WO 24 s
of Aol WaTh AATE Ao 2 Sapto A Ak} AT
o] QPAS Tt 4 9l A0 A,

ﬁd
oZi
o rSL'

DOI 10.3343/tlm0.2011.1.2.2



e o Izl A 250] HAZDl 0|x|= gt

MO

N
N,
o
>
o
i
113
N

= AR ROl o] whE Apols HEEA o
AGEER 2 fARLoA AR 2, sl 71l A
AP 9121 10% ool 1710l o18 AAREH

HES a7} glof oo Hiet HE= vl

R
o
Enﬁ
2N,

i)

Mo ob fo 32
oo 3R rle
o2 Ry
D o >
—|>—: - o
T =
:Jd i
fr ko
=
0
31;

(H8 EEBE A4l Ao oA okl Yol

2 o & Jepdt) Fhe T A
e 9] 75k Rack A ool 12 2ol ol
¢t} o]+ National Committee for Clinical Laboratory Standards
(NCCLS)oflA] A|2FgE 7ho] =aielofAl = 22 EFRIATf AR5
© A= AE S 244170 ool AR oo sl A Hake- 18-
24TE frAIsk=s HAskaL QIeHI. whef 2-4Cof| Hake A2t
T VIL-ga1RIAke] 298k PT Aol FaFS vlzital &4 9l
o B qlolA] AR R ES A Avke S8Ee] 9.4 U]
ol 82 Shelelsizs] ol 7] B4R o] £17) 1502
SAB 1ol olalz AT} Lhe o2 24k v BpEs
ol AT DS P 2T 52

-

= S
g 7ol AE = 1Azt 0114101] Jél-l% 0}04 e &5t
=% AR e
AT FFS A= o7k 89 5 HA| B 2= Y
S-S AR F S o o] AR Atk
A= RE=A] rack holdero] lOW Sl

2 o

HHZ: A Ake] Aehd2 o] ekt 2] =) 0101 2q3} o

7k EaL ek Al 58 Sl didt A EEkal dAr
Aol Ayt AX A=je] 5o =g Alo] thalo] 7\,\]_0} At

HiH: Az S5k QJo]A] AA rack holder AFE oJH.0} S-2=Ak2)

o] Wl g-5of| w2 AAL Anjo] o] o] 5E Holst HAKEH

=& CBC, ESR), YAF}sl HAKAST, ALT, GGT, A2V EE, 2

DOI 10.3343/lm0.2011.1.2.2

2], Glucose, LD, CK), M1 HAAHZ ZEZHIA|7} HE
EEE—E]—/\E]A]7}‘ Aead) L gate 2 2SI w35t
AAES A 2847 P—% ZAFS}AL o] EPE 74*}7%} 98

94

9 AR P ] £ 59E o8 St
Hok: Aol FET AP o] o ol BaEon,

Sl AP W RIS 2t o)} o Ae Ao

I A—

2 Hpol2 Ho] ergjek
FE: A Arke] AL o] $lstel AA 2 A %
Boll A3 LES HASHES. LAk Bk ARl SEL
Zol7] Slste] s L= §A19} rack holderE o} 5te] 73]
| 2598 Sebk sl S544 £ ol AR B
=S Stofof st WA 84 AW Ll
o St ] AV Sieh Bl A ekl

o]l o] HHE AT FAT HFH 02 Hoa] F41 2
= S, Al Al

1. Berg B, Estborn B, Tryding N. Stability of serum and blood constituents
during mail transport. Scand J Clin Lab Invest 1981;41:425-30.

2. Jensen EA, Stahl M, Brandslund I, Grinsted P. Stability of heparin blood
samples during transport based on defined pre-analytical quality goals.
Clin Chem Lab Med 2008;46:225-34.

3. Sinclair D, Briston P, Young R, Pepin N. Seasonal pseudohyperkalae-
mia. J Clin Pathol 2003;56:385-8.

4. Lewis SM, Bain BJ, eds. Practical haematology. 9th ed. Philadelphia:
Churchill Livingstone, 2001.

5. Plebani M. Errors in clinical laboratories or errors in laboratory medi-

www.labmedonilne.org 79



MO

Yl gH 250 ZAZ| 0jxl= S

cine? Clin Chem Lab Med 2006;44:750-9.

6. Stroobants AK, Goldschmidt HM, Plebani M. Error budget calculations
in laboratory medicine: linking the concepts of biological variations
and allowable medical errors. Clin Chim Acta 2003;333:169-76.

7. Lippi G, Guidi GC, Mattituzzi C, Plebani M. Preanalytical variability: the
dark side of the moon in laboratory testing. Clin Chem Lab Med 2000;
44:358-65.

8. Seamark D, Backhouse S, Barber P, Hichens J, Salzmann M, Powell R.

80 www.labmedonilne.org

Transport and temperature effects on measurement of serum and pla-
sma potassium. J R Soc Med 1999;92:339-41.

9. Clinical and Laboratory Standards Institute. Collection, transport, and
processing of blood specimens for testing plasma-based coagulation
assays; approved guideline, 4th ed. CLSI document H21-A4. Wayne,
PA: Clinical and Laboratory Standards Institute, 2003.

10. Weissman M and Klein B. Evaluation of glucose determinations in un-

treated serum samples. Clin Chem 1958;4:420-2.

DOI 10.3343/tlm0.2011.1.2.2



