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Abstract

Introduction: Tourniquet due venous stasis can alter both concentration and/or activity of several blood analytes, but is rarely regarded as an issue
of laboratory variability. To overcome the problem transillumination devices (TD) have been proposed for a stasis-free phlebotomy. In this paper the
use of a TD in place of tourniquet during blood collection has been evaluated.

Materials and methods: Blood was collected from 250 volunteers divided in five homogenous groups of tourniquet times (G1: 30 sec, G2: 60 sec,
G3: 90 sec, G4: 120 sec, G5: 180 sec) and compared to blood obtained using TD. All samples were analyzed for glucose (GLU), total protein (TP), albu-
min (ALB), triglycerides (TRIG), potassium (K), sodium (NA), phosphate (PHOS), calcium (CA), alkaline phosphatase (ALKP) and magnesium (MG).

Results: In respect of TD, G1 did not show statistically significant increases in all clinical chemistry tests; G2 showed increases for GLU, TP, ALB, TRIG, K,
(A, MG and ALKP. G3 and G4, showed no significant increase only for PHOS. G5 showed significant increases in all the tests evaluated. Moreover, clinically
significant variations were observed for TP, ALB, K and CA in G2 to G5; for NA in G3 to G5; for MG in G4 and G5; for GLU, TRIG, ALKP only in G5.

Conclusions: These results support the application of TD in blood collection for routine clinical chemistry laboratory tests, suggesting its use should
be more diffused.
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Introduction

Several lines of evidences attest that the pre ana-
lytical phase is responsible for more than two thir-
ds of all errors arising from the total testing proce-
ss (1-4). There are only few routine procedures for
the detection of non-conformities in this field of
activity (5,6). In this phase the procedures involvi-
ng phlebotomy, critical to the obtainment of diag-
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nostic blood specimens, are poorly studied as re-
gards the major sources of errors and the procedu-
res related to quality control process (7,8). Despite
significant improvements in blood sampling
equipments and procedures during the last two
decades (e.g. positive patient identification, va-
cuum tubes for blood sampling, improved need-
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les for phlebotomy and operator safety, among ot-
hers), it is still important to emphasize that proce-
dures of phlebotomy need attention and a more
careful and systematic supervision in order to pre-
vent errors (9). The collection of diagnostic blood
specimens for clinical biochemistry tests is tradi-
tionally performed by phlebotomists using a tour-
niquet for evidencing veins (10). The Clinical and
Laboratory Standards Institute (CLSI), formerly
known as National Committee for Clinical Labora-
tory Standards (NCCLS), recommends the use of
the tourniquet for localizing suitable veins and the
tourniquet time can not in any case be extended
over 60 seconds. When performing specimen col-
lection for diagnostic purposes such an interval of
time is considered suitable for both easing locali-
zation of vein paths and concomitantly circumven-
ting possible problems due to venous stasis (11,12).
As such, although the venous stasis can influence
the concentration and/or the activity of several
blood analytes, the tourniquet time is rarely regar-
ded as a potential source of laboratory variability
(13-17). Standard procedures notwithstanding, the
mean tourniquet application time by phlebotomi-
st reportedly was 98 sec in public laboratories and
70 sec in private laboratories respectively, thus ari-
sing some issues about proper specimen collec-
tion (18). The use of transillumination devices (TD),
based on cold near infrared light-emitting diodes
(LEDs) whose light is absorbed by intra-erythro-
cyte haemoglobin flowing along the veins, has
been formerly proposed in order to ease the vein
puncture in children (19). The efficacy of palm tran-
sillumination for establishing venous access in
small infants has already been assessed (20). Mo-
reover, the transillumination has been proposed
for mapping veins to be cannulated prior to am-
bulatory phlebotomy, because it would allow a
more accurate visualization of the vein course (21).
With the aim to improve the quality management
in preanalytical phase of the clinical biochemistry
laboratory, we evaluated whether TD could advan-
tageously replace the tourniquet during the pro-
cedure for collection of diagnostic blood specime-
ns and thereby completely eliminate the risk of
bias in laboratory testing due to venous stasis.

Materials and methods

Study design

250 outpatient adults of both genders, volunteers
for this study, from Dante Pazzanese Cardiology
Institute, Sao Paulo city, Brazil, were evaluated. This
study was submitted to the Internal Review Board
and approved by the local Human Research Ethics
Committee. All volunteers signed an informed
consent.

Collection of diagnostic blood specimens

The collection of diagnostic blood specimens was
accomplished by a single, expert phlebotomist,
following the international standard from CLSI
(11,12). First, we studied 50 patients (G1). All patien-
ts, after 12-hours fasting, were maintained seated
during 15 minutes to eliminate possible interferen-
ces of blood distribution due to different posture
(22). After this interval, a vein was located on the
left forearm by a subcutaneous tissue TD (Venos-
copio IV, Duan do Brasil, Brazil), and the diagnostic
blood sample was collected using a 20 G straight
needle (BD Vacuntainer®, Becton Dickinson Diag-
nostics, Franklin Lakes, NJ, USA), directly into 5 mL
SST Il Advance® vacuum tubes with clot activator
and acrylic gel separator, (BD Vacuntainer®, Becton
Dickinson Diagnostics, Franklin Lakes, NJ, USA). All
the tubes used in this study were of the same lot.
In sequence, a tourniquet was applied on the right
forearm during 30 sec (11,12), and another sample
was collected into the same type of vacuum tube.
The time interval between TD and tourniquet
blood drawing was standardized to 60 + 10 sec.
The study was then continued by evaluating the
other 4 groups (G2, G3, G4 and G5) of 50 different
volunteers each, and the same methodology for
diagnostic blood sample collection was applied,
but the tourniquet time varied as follows: in G2 the
tourniquet was applied for 60 sec (accepted stan-
dard time for tourniquet applied) (11,12), in G3 for
90 sec, in G4 for 120 sec and in G5 for 180 sec.

Processing of diagnostic blood specimens

All the sample tubes were left in upright position
for 45 min at room temperature (20 °C) to allow
complete blood clotting before centrifugation (11).
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After centrifugation at 1500 x g for 10 min at room
temperature (according to the instructions of the
manufacturer), serum was separated, stored in
aliquots and kept frozen at -70 °C until measure-
ment. All samples did not show any sign of hae-
molysis by visual inspection. No specimen was di-
scarded due to unsatisfactory attempts, difficulty
in locating venous access, missing veins, manifest
haemolysis or lipaemia.

Laboratory testing

All serum aliquots were thawed in same time. The
routine clinical biochemistry tests were performed
in duplicate immediately after thawing on the sa-
me instrument VITROS 5,1 FS Chemistry System
(Ortho-Clinical Diagnostics), according to the ma-
nufacturer’s specifications and using proprietary
reagents. The panel of tests included the followi-
ng: glucose (GLU), total protein (TP), albumin (ALB),
triglycerides (TRIG), potassium (K), sodium (NA),
phosphate (PHOS), calcium (CA), alkaline phospha-
tase (ALKP) and magnesium (MG). The instrument
was calibrated against appropriate proprietary re-
ference standard material and verified with the
use of proprietary quality controls. A multicenter
evaluation of the within-run precision of the VIT-
ROS® 5,1 FS Chemistry System showed coefficients
of variation ranging from 1.2% to 1.5% for GLU, from
1.2% to 2.0% for TP, from 0.9% to 1.7% for ALB, from
0.9% to 1.4% for TRIG, from 1.21% to 1.25% for K,
from 0.61% to 0.65% for NA, from 1.5% to 2.4% for
PHOS, from 1.4% to 1.6% for CA, from 2.1% to 2.4%
for ALKP, from 1.5% to 2.9% for MG (23).

Statistical analysis

The significance of the differences between sam-
ples, taking the values from samples collected usi-
ng the subcutaneous tissue transilluminator devi-
ce as the reference ones, was assessed by paired
Student’s t-test after checking for normality using
licensed statistical software (GraphPad Prism® ver-
sion 5.01). The level of statistical significance was
set at P < 0.05. Finally, the biases from G1, G2, G3,
G4 and G5 were compared with the current desi-
rable quality specifications for bias (B), derived from
biological variation according to the formula B <
0.25 (CV, 2 + CV,?)"> where CV,, and CV,, are within-
and between-subject coefficients of variations (24)
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Results

The results of the study are shown in Table 1.

Compared with TD, in G1 no significant increases
were observed for clinical chemistry tests evalua-
ted after 30 sec of the tourniquet application. In
G2 (i.e., after 60 sec of tourniquet), significant in-
creases were observed for GLU, TP, ALB, TRIG, K,
CA, MG and ALKP. In G3 and G4, significant increa-
ses were observed for all the parameters tested
except PHOS. Finally, in G5 (after 180 sec tour-
niquet application) significant increases were ob-
served in all the clinical chemistry tests evaluated.
Clinically significant variations, as compared with
the current desirable quality specifications (24),
were however observed for TP, ALB, K and CA after
60, 90, 120 and 180 sec of stasis (Group 2, 3, 4 and
5); for NA after 90, 120 and 180 sec of stasis (Group
3, 4 and 5); for MG after 90 and 180 sec of stasis
(Group 4 and 5); for GLU, TRIG and ALKP only after
180 sec of stasis (Group 5).

Discussion

A superficial knowledge of the importance of de-
tails such as a) adequate fasting time before blood
collection (25); b) use of appropriate tubes (26-28)
and additives (29); c) factors closely associated wi-
th the specimen collection, such as lack of fulfilling
the rigorous criteria of correct blood drawing, use
of tubes containing different additive pro-coagu-
lants, incomplete filling or inadequate mixing of
the tubes (30-32); d) temperature and time before
centrifugation (33); e) lack of conformity to the re-
commendations regarding tourniquet time (15-
17,34) are able by themselves either singularly or
collectively to strongly influence many laboratory
results and thereby affect the diagnostic outcome,
the follow-up or even the treatment of the patien-
ts (35). The clinical laboratory results are an essen-
tial part of the healthcare delivery. It has been esti-
mated that 60 up to 70% of medical decisions and
procedures, such as drug prescriptions, assessmen-
ts prior to and in the course of further investigatio-
ns or dialysis, are strongly dependent upon labo-
ratory data (36). As reported, seldom the expert
phlebotomist concludes the collection of diagnos-
tic blood specimens within sixty seconds of tour-
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TasLE 1. Concentration of tested biochemical parameters in subgroups according to different type of phlebotomy (transillumination

device vs. tourniquet)
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niquet application or even more (18). Several con-
current causes might contribute to lengthen the
tourniquet time even over 3 minutes, such as a dif-
ficult location of an appropriate venous access, the
selection of the most suited blood collection sys-
tem, the insertion of the needle into the vein, the
collection of many tubes, etc (3,5,6,10,15-17).

From a practical point of view, the tourniquet-in-
duced venous stasis promotes the exit of water,
diffusible ions and low molecular weight substan-
ces from the vessel thereby increasing the concen-
tration of various blood analytes at the punctured
site thus potentially influencing the laboratory re-
sults interpretation. More so, when the vascular
microenvironment is subjected to both hypoxia
and concurrent stasis, accumulation of some biop-
roducts ensues such as protons that have the po-
tential to promote changes in laboratory parame-
ters (37). Thus, the use of tourniquet has the po-
tential to generate false positive results and pros-
pectively induce the caring physicians to adopt
undue treatments. On the contrary, TD is able to
eliminate or greatly reduce these risks on hemato-
logical (38) and coagulation (39) laboratory tests.
In order to deal with some of the above issues, the
quality laboratory manager should devise and
adopt improved blood collection procedures cha-
racterized by the least possible venous stasis, e.g.,
by implementing TDs after accurate re-evaluation
of the whole blood collection procedures carried
out by phlebotomists (7). Moreover studies
showed that procedures related with phlebotomy
have different quality performance in private and
public hospitals (9) or laboratories (18) respective-
ly. Our results showed that TD assisted phleboto-
my can positively act on these health care related
issues by both improving the phlebotomy proce-
dures and promoting patient and operator safety.
To better illustrate the above statements, we ana-
lyzed glucose, a molecule very soluble in water
and with low molecular weight, and protein struc-
tures of different molecular weight such as albu-
min, total protein and alkaline phosphatase. Mo-
reover either triglyceride levels were evaluated in
order to monitor the effect of tourniquet on sub-
stances carried by large particles such as lipopro-
tein VLDL (very low density lipoprotein) or electro-
lytes with different degrees of interaction with
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proteins such as total calcium, magnesium, so-
dium, potassium and phosphate. As shown in Tab-
le 1, the concentration of glucose in the samples
collected with tourniquet was significantly higher
when compared to transillumination device from
G2 to G4. Only in group G5 a reversal of this effect
was observed and clinically significant differences
were apparent. We hypothesized that glucose un-
dergoes two simultaneous and antagonistic effec-
ts in response to venous stasis. When venous stasis
had short duration, as recommended by CLSI (< 60
sec) (12), glucose increased slightly in response to
local hemoconcentration. During ischemia, as the
artificial one due to prolonged tourniquet time,
glucose uptake and cell glycolysis are prevalent
mechanisms (40-42). When the time of tourniquet
application is prolonged (G5), glycolysis domina-
tes, thus promoting a significant reduction in the
concentration of this analyte, able to affect clinical
interpretation. This finding is in agreement with
the study by Lippi et al. (15) who also observed a
clinically significant reduction in blood glucose af-
ter 3 minutes of tourniquet application. High mo-
lecular weight molecules like proteins, represen-
ted in our study by albumin, total protein and alka-
line phosphatase showed the expected perfor-
mance (increased concentration, proportionally to
the venous stasis time). All of these biomarkers in-
creased significantly and progressively among G2
to G5 in samples obtained using tourniquet. Starti-
ng from G2, the clinical significance for total pro-
tein and albumin appears different. Alkaline phos-
phatase shows similar change only in G5. The abo-
ve divergence could be explained by the higher
biological variability of alkaline phosphatase in
respect of total protein and albumin, which produ-
ces a large variation in results. Our results are com-
parable with those of Lippi et al. (15) for albumin
and the behavior of ALT enzyme studied by these
authors is similar to our data on alkaline phospha-
tase. Similar studies have shown that plasma fibri-
nogen (39), and hemoglobin (38) concentration in
whole blood had a similar response, such as that
observed for total protein and albumin.

Serum levels of triglycerides, showed a progressi-
ve and significant increase with increasing time of
tourniquet from G2 to G4; this is the expected be-
havior for a molecule associated mainly with a large
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particle of VLDL. The high biological variability of
this analyte (CVw 28.2%) (43) may explain the abse-
nce of clinically significant changes in these groups.

Unexpectedly, in the G5 triglyceride concentration
significantly was reduced in samples subjected to
prolonged venous stasis with a clinically significa-
nt effect. Our hypothesis is that the complex mi-
lieu created by prolonged venous stasis, hypoxia
and acidosis was able to stimulate the rapid degra-
dation of triglycerides that were mobilized to pro-
vide energy to the tissue in response to reduced
synthesis of ATP from glucose oxidation. Studies of
serum triglycerides in response to moderate hy-
poxia ischemia point to the same direction (44,45).

For total cholesterol, transported in plasma mainly
by LDL, a particle significantly smaller than VLDL,
Lippi et al. (15) observed a significant increase only
after 3 minutes of tourniquet.

The cations, calcium and magnesium, are strongly
associated with proteins, which may explain the
trend to increase during tourniquet application si-
milar to total protein and albumin, and clinically
significant from G2 to G5. The behavior of calcium
observed is similar to that described by Lippi et al.
(15) for tourniquet time application during 60 sec
and 180 sec. The behavior of serum sodium and
potassium compared to venous stasis observed in
this study diverged from the report by Lippi et al.
(15). We suggest that the increase of potassium
due to venous stasis is related to local acidosis re-
sulting from this process, the proton being inter-
nalized into the cell and replaced by potassium,
which would increase its plasma levels (37). Amo-
ng the parameters that presented the highest sta-
bility against venous stasis was the serum phos-
phate concentration. Only after three minutes
tourniquet were elevated concentrations of phos-
phate identified. There is not a causal explanation
at present for the performance of this analyte. So-
me of the above effects of venous stasis appear
controversial among different studies. Moreover
the performance and coefficients of analytical va-
riation of different analytical instrument can diffe-

rently influence the variability of parameters such
as triglycerides that appear responsible for the
above differences observed between our study
and Lippi et al. (15).

On the other hand it is clear the effect of tour-
niquet on laboratory parameters with different
structural characteristics and physico-chemical
properties. The possibility of eliminating this sour-
ce of variation through location of veins by transil-
luminator device shows the potential to eliminate
this source of error. In summary, our results show
that venous stasis created by the use of tourniquet
affects routine tests and that transilluminator devi-
ce handling can be an effective method to elimi-
nate this source of preanalytical variation.

The above results do obviously apply only to our
experimental design, even though they could rep-
resent a viable basis for the governance of the
preanalytical variability related to sample stasis.
Further studies are needed in order to validate the
use of TD as for possible aid in reducing the hae-
molytic specimens. Moreover an evaluation of TD
use in patients with clinical conditions able to affe-
ct vein access should be devised.
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Novi nacini suocavanja s poznatim prijeanalitickim pitanjima: primjena transiluminatora
umjesto podveze za laksi pristup veni i uklanjanje staze krvi u klinickoj biokemiji

Sazetak

Uvod: Primjena podveze moze zbog nastajanja venske staze promijeniti koncentracije i/ili aktivnosti nekoliko analita u krvi, no vrlo se rijetko smatra
jednim od uzroka laboratorijske varijabilnosti. Kako bi se to prevladalo, predlaze se primjena transiluminatora (engl. transillumination devices, TD) kod
vadenja krvi za sprecavanje nastanka venske staze. U ovom smo clanku ispitali primjenu transiluminatora umjesto podveze tijekom vadenja krvi.
Materijali i metode: Uzorci krvi prikupljeni su od 250 dobrovoljaca podijeljenih u pet homogenih skupina prema tome koliko su dugo imali
podvezu na ruci (G1: 30 sekundi, G2: 60 sekundi, G3: 90 sekundi, G4: 120 sekundi, G5: 180 sekundi) te su usporedeni s uzorcima dobivenim prim-
jenom TD. U svakom je uzorku odredena koncentracija glukoze, ukupnih proteina, albumina, triglicerida, kalija, natrija, fosfata, kalcija, magnezija
i aktivnost alkalne fosfataze.

Rezultati: Izmedu uzoraka prikupljenih nakon primjene TD i skupine G1 nije nadena statisticki znacajna razlika niti kod jednog klinickog testa;
kod skupine G2 je koncentracija glukoze, ukupnih proteina, albumina, triglicerida, kalija, kalcija, magnezija i aktivnost alkalne fosfataze bila po-
viSena. Kod skupina G3 i G4 nije nadeno statisticki znacajno povisenje koncentracije osim kod koncentracije fosfata. Kod skupine G5 nadeno je
statisticki znacajno povisenje koncentracije/aktivnosti kod svih ispitanih analita. Nadalje, kod skupina G2, G3, G4 i G5 primijecene su klinicki zna-
cajne varijacije za koncentraciju uhupnih proteina, albumina, kalija i kalcija; u skupinama G3, G4 i G5 za koncentraciju natrija; u skupinama G4 i G5
za koncentraciju magnezija te u skupini G5 za koncentracije glukoze i triglicerida te aktivnost alkalne fosfataze.

Zakljucak: Dobiveni rezultati govore u korist primjene TD prilikom vadenja krvi za rutinske biokemijske laboratorijske testove te predlazu njego-
vu ucestaliju primjenu.

Kljucne rijeci: flebotomija i prikupljanje uzoraka krvi; prijeanaliticka faza; sustav upravljanja kvalitetom u klinickom laboratoriju; transilumina-
Cija; venska staza
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