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Technical report
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Abstract. We have recently demonstrated that the use of a tourniquet to locate the vein prior to blood sampling may affect red
blood cell (RBC) deformability and aggregation, even if the tourniquet is quickly removed after insertion of the needle into
the vein. However, in clinical practice, the tourniquet is usually kept in place until blood sampling is completed. The present
study tested the effects of tourniquet application during the blood sampling period on RBC deformability and aggregation. We
compared blood samples obtained at 5, 30, 60 and 90 seconds following the tourniquet application; a control blood sample
was obtained without applying a tourniquet. RBC deformability was slightly increased at 5 seconds (7.6% mean, 1–5 Pa)
and at 60 seconds (5.9% mean, 1–30 Pa) but not at 30 or 90 seconds, with the increase inversely related to shear stress. The
RBC aggregation index was slightly but significantly decreased at 5, 30 and 60 seconds, with no changes observed for either
amplitude or half-time of aggregation. These very modest yet significant effects of tourniquet application on hemorheological
parameters may not be meaningful in terms of pathophysiology, but may become important in data interpretation or for specific
subjects.
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1. Introduction
In 1986 an Expert Committee on Blood Rheology set international guidelines for measuring blood
viscosity and red blood cell (RBC) deformability [3]. However, many technical aspects and devices
have been developed since the publication of that report, and thus there is now a need to revise these
previous guidelines. Therefore, a new expert panel has been formed for this purpose [1] and several
experimental studies have been carried out to determine the best laboratory practice in hemorheology.
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One aspect of the guidelines deals with blood sampling for hemorheological measurements. The previous guidelines stated that: “a tourniquet should be used only to allow localization of the vein and
insertion of the needle and the tourniquet must be removed for at least five seconds prior to actual blood
withdrawal” [3]. However, in a recent study, it has been observed that the effect of tourniquet application for the localization of vein and insertion of the needle may continue for several minutes after the
removal of tourniquet [4]. In brief, both RBC deformability and aggregation were found to be affected
in samples obtained during the 90 s period after the tourniquet removal, suggesting that the removal
of the tourniquet just before sampling might cause spurious results. Obviously, an alternative to this
practice is to keep the tourniquet in place until the blood sampling is completed [8]. The present study
tested the effects of tourniquet application during the blood sampling period on RBC deformability and
aggregation.

2. Materials and methods
2.1. Study design
The study was conducted with 10 healthy, male volunteers, all of whom gave written informed consent.
A tourniquet was applied to the left arm to locate the antecubital veins and insert the needle. The time
between the application of the tourniquet and the insertion of the needle into the vein was 15 s. Blood
samples were obtained into four 5 ml vacuum tubes containing ethylendiaminetetraaceticacid (EDTA;
1.5 mg/ml) at 5, 30, 60 and 90 s following insertion of the needle. The tourniquet was kept in place
during the entire period of blood sampling. Another sample which served as a control was obtained
from an antecubital vein on the other arm without applying a tourniquet. All subjects were sampled
while quietly sitting and all venipunctures were done by one experienced technician.
2.2. Hematological/hemorheological measurements
All measurements were performed using the tubes in random order.
Mean corpuscular volume (MCV) and mean corpuscular hemoglobin concentration (MCHC) were
measured using an electronic hematology analyzer (Max M-Retic, Coulter, USA). RBC deformability,
as an Elongation Index (EI), was measured at 37◦ C and various fluid shear stresses by laser diffraction
analysis using an ektacytometer (LORCA, RR Mechatronics, Hoorn, The Netherlands) [7]. EI values
were determined at nine shear stresses ranging from 0.30 to 30 Pa, with two methods utilized to report
results: (1) tabular for each shear stress; (2) use of a Lineweaver–Burk approach for linerizing EI-stress
data to determine the shear stress required for half-maximal deformation (SS1/2 ) and the theoretical
maximum EI at infinite shear stress (EImax ) [2]. Note that increased SS1/2 values indicate decreased RBC
deformability and, since all nine stress levels are used, provide an overall appreciation of experimental
results. The reproducibility of the deformability method, as indexed by the coefficient of variation (CV)
for 10 measures, ranges between 0.2% and 3.3% at high and low shear stress.
The LORCA was also used to determine various indices of RBC aggregation: (1) RBC aggregation
index (AI; CV = 2.5%); (2) minimal shear rate to prevent aggregation (γ Tmin ); (3) amplitude of signal
change during aggregation (AMP; CV = 4.2%); (4) half-time for aggregation (CV = 4.1%) [5,7].
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2.3. Statistical analyses
Values are presented as mean ± standard deviation. For EI data, a two way ANOVA for repeated
measures (shear stress × time) was used for statistical comparisons. A one way analysis of variance
(ANOVA) for repeated measures was used for comparisons of the other parameters; the Tukey posthoc test was used as necessary. Statistical significance was established at p < 0.05. All analyses were
conducted using Statistica (v. 5.5, Statsoft, USA).

3. Results
3.1. Hematology
Hematocrit, MCV and MCHC did not significantly differ from control at any sampling time point
(data not shown).
3.2. RBC deformability
As shown in Table 1, EI was mainly affected at 5 and 60 s after tourniquet application, with no effect
noted at 30 s. All significant changes of EI were increased above control, and ranged from 12% at
0.95 Pa to 4% at 30 Pa. At 90 s of tourniquet application, EI was altered only at the highest shear stress.
Neither SS1/2 (Fig. 1(A)) nor EImax (Fig. 1(B)) were significantly altered for any samples obtained during
tourniquet application.
3.3. RBC aggregation
The aggregation index AI was slightly but significantly decreased for the samples obtained at 5, 30
and 60 s after the tourniquet application (Fig. 2). No significant changes were observed for the amplitude
of RBC aggregation (AMP), the half-time for RBC aggregation or the disaggregation shear rate (γ Tmin )
(data not shown).
Table 1
Comparisons of Elongation Index (EI) for control versus 5–90 s after venipuncture with tourniquet kept in place
SS (Pa)
0.3
0.53
0.95
1.69
3
5.33
9.48
16.91
30

Control
0.035 ± 0.013
0.076 ± 0.018
0.159 ± 0.025
0.256 ± 0.026
0.358 ± 0.031
0.446 ± 0.029
0.507 ± 0.019
0.551 ± 0.015
0.582 ± 0.018

5s
0.039 ± 0.014
0.090 ± 0.022
0.178 ± 0.026∗
0.277 ± 0.027∗
0.381 ± 0.026∗
0.466 ± 0.023∗
0.549 ± 0.020
0.566 ± 0.022
0.596 ± 0.027

Notes: Values are means ± SD, SS = shear stress.
∗
Difference from control (p < 0.05).

30 s
0.031 ± 0.008
0.084 ± 0.017
0.173 ± 0.026
0.272 ± 0.029
0.376 ± 0.032
0.463 ± 0.029
0.522 ± 0.022
0.563 ± 0.021
0.593 ± 0.026

60 s
0.038 ± 0.017
0.092 ± 0.022
0.178 ± 0.027∗
0.277 ± 0.027∗
0.378 ± 0.027∗
0.465 ± 0.024∗
0.527 ± 0.018∗
0.571 ± 0.015∗
0.605 ± 0.013∗

90 s
0.036 ± 0.011
0.088 ± 0.015
0.175 ± 0.017
0.274 ± 0.017
0.375 ± 0.020
0.463 ± 0.018
0.524 ± 0.012
0.569 ± 0.009
0.602 ± 0.011∗
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(A)

(B)
Fig. 1. (A) Shear stress required for half-maximal RBC deformation (SS1/2 ), (B) theoretical maximum EI at infinite shear stress
(EImax ) for control and for samples obtained at times after venipuncture with tourniquet applied.
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Fig. 2. Aggregation index (AI) for control and for samples obtained at times after venipuncture with tourniquet applied.
∗
Significant difference from control, p < 0.05.

4. Discussion
Our results indicate that both RBC aggregation and deformability can be affected by the application
of tourniquet during blood sampling. Significant increases of RBC deformability were observed at three
time points and at several levels of shear stress, with more marked changes at 60 s (Table 1). However,
four aspects of these results merit attention: (1) the increases were, in general, small (4–12%) with the
greatest differences noted at the lower stress levels; (2) no changes of deformability were noted for
samples drawn at 30 s; (3) neither SS1/2 nor EImax were significantly affected by the duration between
tourniquet application and blood sampling; (4) the changes observed herein are quite similar to those
observed when the tourniquet was removed just prior to sampling [4]. In addition, the significant changes
of RBC aggregation were also modest (5–8%) as in the previous study [4], with the greatest difference
observed at 5 s.
The practice of removing the tourniquet before the sampling is not a universal procedure in clinical
medicine. Rather, it is very common to leave the tourniquet in place until the phlebotomy is completed
[8], even though this approach can induce changes in the sampled blood. Lippi et al. [9,10] demonstrated
that tourniquet time (1 min versus 3 min) may strongly affect the values of routine hematological and
coagulation parameters. In addition, it has been demonstrated that prolonged application (>3 min) of a
tourniquet during sampling may affect plasma viscosity [11] and blood viscosity [6].
In conclusion, there is evidence for very modest yet significant effects of tourniquet application on
hemorheological parameters. These effects occur regardless of whether the tourniquet is removed prior
to the blood sampling or it is left in place, and are observed at different time points for each tourniquet
procedure. While the alterations may not be meaningful in terms of pathophysiology, they are statisti-
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cally significant changes that may become important in data interpretation. Further, it should be noted
that the effect of tourniquet application may be different in specific groups of patients (e.g., sickle cell
disease) in which the response of RBC to brief hypoxia might be different from normal subjects.
In summary, it is strongly recommended that the selected blood sampling procedure (with/without
tourniquet application, with/without removal prior to sampling, timing of samples) should be carefully
described and that this procedure should be utilized for all subjects.
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