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Abstract
BACKGROUND—A randomized controlled trial was conducted to test the effects of hydration and
applied muscle tensing on presyncopal reactions to blood donation. Both interventions are designed
to prevent the decreases in blood pressure that can contribute to such reactions, but due to the distinct
physiological mechanisms underlying their pressor responses it was hypothesized that a combined
intervention would yield the greatest benefit.

STUDY DESIGN AND METHODS—Prior to blood donation, first- and second-time blood donors
(Mean Age = 20.2 years, SD = 4.9) were randomly assigned to: 1) standard donation, 2) placebo (leg
exercise prior to venipuncture), 3) pre-donation water, or 4) pre-donation water and leg exercise
during donation.

RESULTS—Main effects of group were observed for phlebotomist classification of vasovagal
reactions, X2 (3) = 8.38, p<0.05, and donor reports of presyncopal reactions, X2 (3) = 13.16, p <
0.01. Follow-up analyses of phlebotomist classifications revealed fewer reactions in the pre-donation
water and pre-donation water and leg exercise groups relative to placebo but not standard donation.
Follow-up analyses of self-reported reactions revealed that women, but not men, had lower scores
in both the pre-donation water and pre-donation water and leg exercise groups relative to both placebo
and standard donation.

CONCLUSION—Pre-donation hydration and a combination of hydration and leg exercise may help
attenuate presyncopal reactions in relatively novice donors, although future studies with larger
samples are required to confirm this effect.
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Introduction
In 2006, 9.6 million donors, or just 3.2% of the US population, provided the nearly 15 million
units of blood needed for transfusions.1 Although the blood supply is adequate to meet the
need much of the time, shortages are common due to seasonal variation in donation behavior,
fluctuations in regional demand, and limited availability of certain blood types. The biggest
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concern, however, is the future. Because individuals aged 69 and older account for 50% of all
transfusions, our progressively aging society is facing a steadily increasing annual demand for
blood for use in surgeries and cancer treatments.2,3

A crucial component of the effort to meet the growing demand for blood is the recruitment and
retention of young novice donors. Ideally, these new recruits would become lifelong donors,
contributing up to six times per year and hundreds of units of blood in a lifetime. In reality,
most young donors do not go on to donate on a regular basis.4–7 Syncopal and presyncopal
reactions (e.g., fainting, dizziness, and nausea), which are most common in younger and novice
donors, are primary deterrents to both recruitment and retention.8–12 In a one-year prospective
study of 89,587 donors of all ages, we demonstrated a return rate of 64% for those who did not
react versus 40% for those who did.13 Similarly, in a recent large-scale study of 16 year-old
high school donors, Eder and colleagues revealed a 21% difference in the rate of return among
those who experienced a reaction versus those who did not (52% versus 73%, OR = 0.40, 95%
CI = 0.36–0.44).12 Accordingly, an intervention that can allay concerns about reactions and
reduce their likelihood has the potential to dramatically enhance recruitment and retention of
the next generation of blood donors.

Two interventions that have received empirical support as potential methods to avert or
attenuate presyncopal reactions in young donors are acute water loading14,15 and applied
muscle tension.16–20 Based on prior evidence of the ability of acute water loading to delay the
onset of presyncopal responses to head-up tilt testing,21 the potential benefit of pre-donation
water loading was first examined in a small randomized controlled trial of college men and
women donating for the first time. Results indicated that donors who consumed 500 ml of
water 30 minutes before donating reported significantly fewer presyncopal reactions when
compared to donors who did not receive water.14 This finding was later confirmed in a larger
study of almost 9000 high school donors,15 which also demonstrated that the salutary effects
of hydration increased as the interval between water loading and phlebotomy decreased. The
applied muscle tensing technique, which involves repeated contraction of major muscle groups,
has been well-studied as a non-pharmacological treatment for syncope.22–26 Because this
technique has obvious practical implications for preventing blood donation reactions, in a series
of studies we recruited prospective donors at local blood drives and randomly assigned them
to either: (1) receive pre-donation instruction in the use of applied muscle tension during
donation, (2) placebo, or (3) donation-as-usual control group.16–20 On the whole, these studies
demonstrated that donors who used the muscle tensing technique reported lower levels of
negative reactions, were less likely to have their donation chair reclined by the phlebotomist,
and expressed greater confidence that they would donate blood again in the future.

The present study was conducted as a randomized controlled trial of the combined effect of
pre-donation hydration and repeated muscle tension on the experience of presyncopal reactions
to blood donation. Although both interventions are designed to prevent presyncopal reactions
by attenuating blood pressure reductions, the physiological mechanisms underlying their
pressor responses are distinct. Specifically, the pressor effects of acute water loading have been
associated with increases in sympathetic nervous system activity and total peripheral
resistance.21,27–34 In contrast, physical maneuvers such as tensing of the muscles of the arms
and legs are designed to influence blood pressure by promoting increases in venous return and
cardiac output.26,35–38 Accordingly, hydration and muscle tensing may reduce the risk of
vasovagal reactions during blood donation by helping to maintain blood pressure levels through
vascular and cardiac mechanisms, respectively. In the present study it was hypothesized that
a combined intervention would yield the greatest benefit.
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Materials and Methods
Participants

The final sample included 414 adults (215 women, 199 men) with a mean age of 20.2 years
(SD = 4.9); 60.9% were first-time donors and 39.1% were donating blood for the second time.
Participants in the sample self-identified as Caucasian (76.3%), African-American (18.1%),
Asian-American (2.9%), or chose another category or multiple categories to describe their race
(2.7%).

Materials
State Anxiety Inventory—Anxiety was assessed using a version of the State Anxiety
Inventory (STAI-Y),39 which is a 20-item scale designed to allow for self-report of state anxiety
levels, with total scores ranging from 20 to 80. An example item, rated from 1 (not at all) to 4
(very much), is “I am tense.” In previous studies using this scale, high levels of internal
consistency (Cronbach’s α = 0.95) and test-retest reliability (r=0.80 to 0.87) have been
demonstrated.40,41

Blood Donation Reactions Inventory—The Blood Donation Reactions Inventory42 asks
the donor to rate 11 subjective physiological reactions associated with blood donation on a 0
(not at all) to 5 (to an extreme degree) scale, with total scores ranging from 0 to 55. The eleven
items include 1) faintness (as if about to faint or become unconscious), 2) dizziness, 3)
weakness, 4) facial flush, 5) visual disturbance (such as blurred vision or tunnel vision), 6)
difficulty hearing, 7) lightheadedness, 8) rapid or pounding heartbeat, 9) sweating, 10) rapid
or difficult breathing, and 11) nausea or upset stomach. Scores from these 11 items have a high
level of internal consistency and have been found to significantly correspond to phlebotomist
classification of donor reactions.42,43 High scores on this scale are associated with a decreased
likelihood of future donation.9

Blood Donation Satisfaction Survey—A five-item scale to assess satisfaction with the
blood donation process includes items relating to satisfaction with staff explanations of
procedures, length of time required for donation, staff efforts to make the donor comfortable,
treatment by staff, and level of privacy. Level of satisfaction with each area is rated from 0
(not at all) to 5 (extremely), with total scores ranging from 0 to 25. Previous research using
this scale has demonstrated good internal consistency for this measure (α = 0.90).44

Muscle Soreness Scale—Potential soreness as a consequence of the muscle tensing
technique was assessed by having the subjects rate the level of pain or soreness in their legs
on a scale from 0 (no pain) to 10 (worst pain imaginable) for three activities: sitting, standing,
and walking. Total scores range from 0 to 30. Muscle soreness was assessed prior to donation
and as part of the 24-hour follow-up.

Fatigue Scale—The Fatigue Scale of the Profile of Mood States45 was included to assess
the level of fatigue following donation. Donors rated seven descriptors relating to fatigue (e.g.,
worn-out, exhausted, sluggish) on a scale from 0 (not at all) to 4 (extremely). Total scores range
from 0 to 28. A baseline assessment was made prior to donation, and the scale was re-
administered as part of the 24-hour follow-up.

Study Design and Treatments
All participants were tested at mobile blood collection sites in central and southeast Ohio, with
the majority of the testing sites located on college campuses. Donors who met the study’s
inclusion criteria (i.e., first- or second-time blood donors, eligible to donate, at least 18 years
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of age) were invited to participate in the study as part of the donation process, although this
was not a requirement for donating.

Figure 1 illustrates the flow of participants through each stage of the protocol. Prior to donation,
but after the donor health history screening, eligible participants completed informed consent
procedures and were randomly assigned to one of four groups: 1) standard donation, 2) placebo
control (leg exercise prior to venipuncture), 3) pre-donation water (500 mL of bottled water
consumed 30 minutes before donating), and 4) pre-donation water combined with leg exercise
during donation. The second group is considered a “placebo” as the donor is taught the same
technique and hence should have the same expectancy of benefit from the intervention.
However, because only a very small proportion of reactions occur prior to needle insertion, the
potential benefits of this intervention are no longer present during the period of greatest risk.
Randomized assignment was accomplished by having participants select a slip of paper from
an envelope containing an equal number of slips for each treatment group. Male and female
donors selected from different envelopes to help ensure a relatively equal gender distribution
across the four groups.

Next, participants were assigned an anonymous identification code to be used on all materials
and presented with an envelope containing specific directions for their group and a series of
questionnaires. Directions for participants in the water conditions indicated that they would be
asked to drink 500 ml of bottled water before they could proceed to the donation chair.
Participants in the leg exercise conditions received written and visual descriptions of the simple
leg lifting exercise, which instructed that every ten seconds they were to lift one leg
approximately 12 inches above the donation bed and then immediately return the leg to the
resting position. They were further instructed to alternate between their left and right leg for
each trial. Participants in the placebo control condition were instructed to begin the leg lifting
exercise when they were first seated in the donation chair and continue until just before the
donation needle was inserted. Participants in the water and leg exercise condition were
instructed to begin the leg lifting exercise once the donation needle was inserted and continue
until the needle was removed.

After participants read and understood the directions and completed the pre-donation
questionnaires (demographic information and measures of state anxiety, muscle soreness, and
fatigue), the experimenter returned the questionnaires to the envelope and retained the envelope
to be reassigned to the participant after donation. Participants in groups one and two were then
escorted to an area to wait for the next available donation chair. Donors in groups three and
four were provided with 500 ml of bottled water and asked to drink the water as soon as possible.
Once they had consumed the water they were asked to wait for 20–25 minutes to allow for
significant cardiovascular changes, including increases in vascular constriction and blood
pressure, that peak approximately 30 minutes after consuming 500 ml of water and can persist
for up to one hour.29,30,33,46–48 They were then escorted to an area to wait for the next available
donation chair. Once seated in the donation chair, participants in the leg lifting conditions
received a small box with a single red light that blinked at 10 second intervals to help them to
time their leg lifting. In addition, a 25 gram accelerometer (Vernier, model ACC-BTA) was
attached to their leg with a Velcro strap, and connected to a personal computer and Logger Lite
software to monitor their performance. These recordings were used to confirm that participants
performed the leg lifting exercise exclusively within their assigned interval (i.e., during pre-
donation for the placebo control group and during blood draw for the combined intervention
group).

All participants donated according to standard American Red Cross procedures and then
proceeded to a post-donation canteen area. At the canteen each participant completed the Blood
Donation Reactions Inventory and the Blood Donation Satisfaction Survey and provided a

France et al. Page 4

Transfusion. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



rating of venipuncture pain (from 0 = not at all painful to 5 = extremely painful). Before leaving
the testing session, participants were reminded that they would receive an email in 24 hours
with a final series of questions concerning their donation experience. This questionnaire
included the Muscle Soreness Scale, the Fatigue Scale, and the Blood Donation Reactions
Inventory. Donors were asked to complete these questionnaires with respect to how they had
felt during the 24 hours after leaving the donation site. Finally, phlebotomist classifications of
donor complications, based on the American Red Cross standardized classification system,49

were subsequently collected from donor database records.

The study protocol was approved by the Institutional Review Boards of Ohio University and
the American Red Cross, and was pre-registered with www.clinicaltrials.gov
(#NCT00302900).

Statistics
Statistical analyses were performed using SPSS software, Version 17.0 (SPSS Inc., IL, USA).
Analyses of Variance (ANOVA) were conducted to compare the groups on continuous,
normally-distributed variables (i.e., age, body mass index, pre-donation anxiety), non-
parametric Kruskal-Wallis tests were conducted for variables that were not normally
distributed (i.e., Blood Donation Reactions Inventory, donor satisfaction, venipuncture pain),
and chi-square analyses were conducted for categorical variables (i.e., gender, race, proportion
of first-time donors, phlebotomist classification of complications). Follow-up analyses were
conducted using Mann-Whitney and Fisher’s exact tests with p-values less than 0.05, one-
tailed considered significant. Additional analyses were conducted to examine sex and group
differences in pre-donation anxiety, venipuncture pain, and donor satisfaction measured
immediately after donation. Finally, to assess donor experiences in the 24 hours after they left
the donation clinic, analyses were conducted on retrospective measures of presyncopal
reactions, leg muscle soreness, and overall fatigue for those who returned completed post-
donation surveys.

Results
Table 1 provides descriptive characteristics of participants in the study. Comparisons across
the four groups revealed no significant differences with respect to age, body mass index,
proportion of first-time donors, or gender and race distributions.

Donor Adherence to Interventions
Donors in the water ingestion conditions all consumed 500 ml of water before proceeding to
donation. The mean (± SEM) lag time between water consumption and venipuncture was not
significantly different between the water loading (31.8 ± 1.3) and water loading combined with
leg exercise (32.5 ± 1.2) groups, F = 0.19, p= 0.66. Further, lag time was not significantly
correlated with either Blood Donation Reactions Inventory scores (Spearman’s rho = 0.08, p
= 0.23) or the proportion of donors identified as having a vasovagal reaction by the
phlebotomist (Spearman’s rho = 0.03, p = 0.63).

Adherence to the leg exercise instructions was high for both the placebo group (102/106 or
96.2%) and the combined group (103/106 or 97.2%), and in all cases where the participant
failed to comply with instructions it was because they used the tensing procedure both before
and during the blood draw. Donors who did not adhere to the instructions were eliminated from
the analyses.
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Phlebotomist Classification of Donor Complications
As seen in Table 2, most donors in the present study were classified as having had no
complications (n = 343/414; 82.9%). Among the 71 donors classified as having a complication,
there were 56 vasovagal reactions including 54 presyncopal reactions (13.0%) and 2 episodes
of loss of consciousness for less than one minute (0.5%). The remaining complications were
phlebotomy-related and included 14 small hematoma (3.4%) and 1 arterial puncture (0.2%).

Analyses of vasovagal complications revealed a significant main effect of group, X2 (3) = 8.38,
p<.05. Follow-up analyses revealed that, relative to the placebo group, donors had significantly
fewer vasovagal reactions in the water loading and water loading combined with leg exercise
groups. Similar comparisons to the standard donation group were not significant for the water
loading group, but were marginally significant (p=.08, one-tailed) for the water loading
combined with leg exercise group.

There was no difference in the frequency of phlebotomist-reported vasovagal reactions
between male and female donors, X2 (1) = 1.30, p = 0.25.

Donor Reaction Ratings
Analysis of donor ratings of presyncopal reactions on the Blood Donation Reactions Inventory
revealed a significant main effect of study group, X2 (3) = 13.16, p < 0.01. However, because
ratings were significantly higher for female versus male donors, X2 (1) = 6.50, p < 0.05,
analyses of group differences were conducted separately for male and female donors and
revealed a significant main effect of group for women, X2 (3) = 10.74, p < 0.05, but not men,
X2 (3) = 3.72, p = 0.29. As can be seen in Table 3, follow-up analyses within female donors
revealed significantly lower presyncopal reaction scores in the water loading and water loading
combined with leg exercise groups as compared to either standard donation or placebo (all p
< 0.05, one-tailed).

Across all donors, scores on the Blood Donation Reactions Inventory were positively correlated
with phlebotomist classification of vasovagal reaction (Spearman’s rho = 0.51, p < 0.001).

Donor Anxiety, Venipuncture Pain, Satisfaction, and Post-donation Experience
Means and standard deviations for donor ratings of pre-donation anxiety, venipuncture pain,
and post-donation satisfaction, muscle soreness and fatigue are provided in Table 4. Although
there were no significant differences between the groups in pre-donation anxiety, F = 0.67, p=
0.57, or venipuncture pain ratings, X2 (3) = 0.84, p = 0.84, sex differences were observed for
both measures. Specifically, relative to male donors, women reported higher pre-donation
anxiety, F = 5.67, p < 0.05, and more venipuncture pain, X2 (1) = 19.1, p < 0.001. On the whole
donors were highly satisfied with their donation experience, and there were no significant group
differences, X2 (3) = 1.52, p = 0.67, or sex differences, X2 (1) = 0.10, p = 0.74, on the post-
donation satisfaction scale. However, across all participants there was a significant inverse
relationship between Blood Donation Reactions Inventory ratings and donor satisfaction
ratings, with more presyncopal reaction symptoms associated with lower satisfaction scores
(Spearman’s rho = −0.20, p < 0.001).

The 24-hr follow-up questionnaires were completed by 82.6% (342/414) of participants.
Analyses of these 24-hr post-donation measures of presyncopal reactions, leg muscle soreness,
and overall fatigue failed to reveal any sex or group differences.
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Discussion
The results of the present study provide mixed support for the beneficial effects of water loading
and muscle exercise as methods of attenuating presyncopal reactions. Specifically, our findings
indicate that the benefit of the interventions varied as a function of both the source of vasovagal
ratings (i.e., donor versus phlebotomist) as well as the sex of the donor.

From the donor’s perspective, the pre-donation hydration and the hydration plus muscle
exercise groups were associated with significantly lower ratings of vasovagal reactions as
compared to either the standard donation or placebo control groups. However, this effect was
restricted to female donors. Although this contrasts with prior reports of beneficial effects of
water loading 14,15 and muscle tensing 16,17,20 in both male and female donors, it is consistent
with one of the largest studies to date in which the beneficial effects of muscle tensing were
restricted to female donors.19 Differential effectiveness of these interventions in women versus
men may reflect the greater likelihood of such reactions among female donors. This sex
difference has been attributed, at least in part, to smaller average body size in women and hence
a greater proportional blood volume loss during a standard 500 mL donation. Alternatively,
given that there was no significant difference in phlebotomist classifications of vasovagal
reactions between men and women in the present study, failure to observe intervention effects
on subjective ratings among male donors may reflect their general reluctance to report
symptoms.

From the perspective of the phlebotomist, there was a significant overall difference between
the groups with regard to the proportion of donors who experienced a vasovagal reaction.
Follow-up analyses revealed that the pre-donation water loading group had significantly fewer
reactions than the placebo control group, and that the water loading and muscle exercise group
had significantly fewer reactions than placebo and marginally fewer reactions than standard
donation. Failure to observe significant differences in comparison to standard donation argues
against the ability of these interventions to reduce outward signs of donor distress. On the other
hand, it is important to note that the combined intervention was associated with marginally
fewer reactions and that the failure to show statistical significance should be considered in the
context of the sample size and associated statistical power. If similar proportions of reactions
were noted in a sample that was 50% larger, then the observed effect would indeed be
significant. As a result, rather than relying exclusively on statistical significance, consideration
of the absolute proportion of vasovagal reactions to no reactions in each group (e.g., 18.3% in
standard donation versus 8.8% in water loading and muscle exercise) is justified when
considering the potential of these interventions to alleviate donor distress.

Whereas the present findings do not demonstrate an additive benefit of combining muscle
exercise with hydration, it must be noted that the nature of the current design does not provide
a test of the independent effect of muscle exercise alone and therefore is not directly comparable
to existing evidence of the benefits of applied muscle tensing during donation.16–20 Because
hydration and muscle exercise promote blood pressure increases through different
physiological mechanisms,26,28 it is possible that either intervention alone can elicit a sufficient
pressor response to maintain blood pressure at or above normal resting levels and in so doing
help to avert presyncopal reactions. Accordingly, ultimate resolution of the potential benefit
of a combined intervention will require a full factorial design wherein donors who receive
either intervention alone are directly compared to donors receiving a combined intervention.
Further, because there may be individual differences in responsivity to the interventions, a
repeated measures design that compares the effects of the interventions across multiple
donations within individuals may be particularly valuable. Given recent evidence that ingestion
of water closer to the time of actual donation may be more effective at preventing syncopal
reactions,15,27 it would also be helpful to manipulate this variable in a systematic fashion to
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determine the optimum interval for water loading with and without concomitant muscle
tensing. Notwithstanding this call for further research, results from the current tightly-
controlled study support the idea that it is possible to produce clinically meaningful reductions
in reactions with simple, non-pharmacologic techniques.

Strengths of the current study include a relatively homogeneous sample of first- and second-
time donors, careful administration and monitoring of interventions, and multiple measures of
donor experience. It must be noted, however, that the current sample was restricted to only a
few hundred, young adult donors recruited primarily from college campuses. Although these
first- and second-time donors are at greater risk of reactions than the general donor pool, it is
conceivable that stronger and more consistent effects would be evident if the interventions
were tested on larger samples of those at highest risk such as female, first-time, high school
donors. Further, while the present report provides some additional support for the potential
benefit of donor interventions, an important issue that remains is whether such efforts are
associated with increased donor retention. To address this issue we are continuing to follow
the current participants to determine their rate of repeat donation during the two years following
their index donation.
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Figure 1.
Flow of participants through each stage of the study protocol.
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Table 2

Number of donors in each group classified as having either no complication, a vasovagal complication (i.e.,
syncopal or presyncopal), or a phlebotomy-related complication (i.e., small hematoma or arterial puncture).
Significantly fewer vasovagal complications were observed in the “water only” and “water + leg exercise” groups
versus the “placebo control” group, and marginally fewer vasovagal complications were observed in the “water
+ leg exercise” group relative to “standard donation”.

Complication Type Standard Donation (n = 103) Placebo Control (n = 102) Water Only (n = 106)
Water + Leg Exercise (n =

103)

None 82 76 94 91

Vasovagal 15 21 12 8

Phlebotomy 6 5 0 4
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Table 3

Blood Donation Reactions Inventory ratings for female donors in each group. Significantly lower ratings were
reported in the “water only” and “water + leg exercise” groups versus both the “standard donation” and the
“placebo control” groups.

Statistic Standard Donation (n = 53) Placebo Control (n = 53) Water Only (n = 55) Water +Leg Exercise (n = 54)

Mean 10.3 10.6 6.4 5.3

Median 4 5 2 2

SD 14.3 13.1 10.0 7.9

Range 0–55 0–51 0–38 0–37
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