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Factors associated with vasovagal
reactions in apheresis plasma and
whole blood donors:

a statistical-epidemiological study in
a European donor cohort

TO THE EDITOR: The whole blood (WB) and apheresis plas-
ma donations are generally well tolerated but they are not
completely without risk. While the majority of complica-
tions are mild and self-limiting, they can cause significant
donor discomfort and negative impact on donor satisfaction
and return rates [1]. Vasovagal reactions (VVRs) are among
the most common complications of WB and apheresis plasma
donations. VVRs result from reduced cerebral perfusion
and may be triggered by unpleasant or painful stimuli during
the donation process, including the sight of blood, lack
of sleep, dehydration, hypovolemia and hunger. Recent esti-

mates for donor VVR rates range from 0.01-12.5% for WB
donations [2-4] and 0.16-4.17% for apheresis collections
[5, 6]. Studies comparing VVR rates between WB and aphe-
resis plasma donations have reported conflicting results:
Crocco et al. found similar VVR rates between WB donors
(0.19%) and apheresis plasma donors (0.16%), while
Burkhardt et al. reported lower rates of circulatory associated
events (0.30%) in WB donors compared to apheresis plasma
donors (0.49%) [3, 5]. There is strong evidence for association
between higher VVR rates and first-time donor status,
younger age, lower weight, and female gender [7-10]. The
level of evidence for other etiological factors, such as
pre-donation anxiety, low blood pressure, collection vol-
ume, menstrual status, history of VVRs, longer waiting time,
time since last meal, temperature/season, donor fatigue, don-
ation site, duration of phlebotomy and staff inter-
personal/technical skill is weak to moderate [11-14]. The
aim of this retrospective registry-based study was to de-
termine the factors related to VVRs in a Danish cohort
of WB and apheresis plasma donors.

Table 1. Demographics and donor parameters related to all donations with and without VVR.

Whole blood Apheresis plasma P
Total N of donation 30,868 23,674
N of individual donors® 11,912 4,840
Median (IQR) N of donations per donor 2 (1-3) 4 (2-6) <0.001
Male : Female (%) 53:47 64 : 36 <0.001
Age, median (IQR) 37 (25-50) 41 (28-52) <0.001
N of VVRs (% of all donations) 108 (0.35) 245 (1.03) <0.001
N of donors with VVRs (% of all donors)b) 106 (0.89) 233 (4.81) <0.001
VVR rate by gender, ratio (%)
Male (%) 54/16,454 (0.33) 114/15,151 (0.75) <0.001
Female (%) 54/14,414 (0.37) 131/8,523 (1.54) <0.001
P 0.490 <0.001
VVR rate by age, ratio (%)
1720 yr 21/1,415 (1.48) 3/385 (0.78) 0.285
20-29 yr 62/9,931 (0.62) 108/6,299 (1.71) <0.001
30-39 yr 14/5,509 (0.25) 27/4,422 (0.61) 0.006
40-49 yr 8/5,873 (0.14) 52/5,079 (1.02) <0.001
50-59 yr 2/5,353 (0.04) 41/4,702 (0.87) <0.001
60-66 yr 1/2,787 (0.04) 14/2,787 (0.50) 0.001
VVR rate by season, ratio (%)
Spring (Mar-May) 18/5,591 (0.32) 54/5,023 (1.08) <0.001
Summer (Jun-Aug) 38/8,308 (0.46) 80/6,854 (1.17) <0.001
Autumn (Sep-Nov) 31/9,382 (0.33) 62/6,077 (1.02) <0.001
Winter (Dec-Feb) 21/7,587 (0.28) 49/5,720 (0.86) <0.001
P 0.052 0.199
Re-donation rate, ratio (%)
Donors without VVR 7,773/11,806 (65.8) 3,726/4,607 (80.9) <0.001
Donors with VVR 23/106 (21.7) 89/233 (38.2) 0.003
P <0.001 <0.001

“There were 4,164 donors who donated both whole blood and apheresis plasma. ”Three donors who donated both whole blood and apheresis
plasma donations experienced VVRs with both donation types. “These P-values compare the VVR rates between male and female whole blood
donors, and male and female apheresis plasma donors. “These P-values compare the rates of VVRs during summer versus the other three
seasons combined for whole blood and apheresis plasma donations. ®These P-values compare the re-donation rates between whole blood and

apheresis plasma donors donors with and without VVRs.
Abbreviations: VVR, vasovagal reaction; IQR, interquartile range.
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Volunteer donors fulfilling current Danish eligibility cri-
teria underwent WB and/or plasmapheresis donations at
the main hospital donor site, while whole blood donations
were also collected at a five-bed satellite facility of the
hospital. Pre-donation vital signs were recorded by the same
donor center staff, who supervised plasma and WB donations
at both sites. Apheresis plasma donations were collected
using the PCS2 plasma collection system (Haemonetics
Corporation, Braintree, MA, USA); 700 mL of plasma were
collected if the donor’s body weight was greater than 70
kg and 600 mL if the weight was between 60-70 kg. The
minimum body weight for WB donors was 50 kg. Donor
demographics, details of the collection procedure and com-
plications related to the collection procedure from January
2, 2014 to August 10, 2016 at the Odense University Hospital
were reviewed from the donation database (ProSang,
Databyran AB, Stockholm, Sweden). Tests of normality were
performed for continuous variables and the appropriate de-
scriptive statistics were calculated. The Chi-squared test
was used to compare the differences between dichotomous
variables, a Wilcoxon rank-sum test was used to compare
the mean rank between groups for non-normally distributed
continuous variables and a two-sample test of proportions
was used to compare re-donation rates amongst donors with
or without the experience of VVR. A multivariate logistic
regression, clustered by unique donor, was performed using
VVRs as the dependent variable and age group, gender,
donation type, donation site, donation number, season and
donation volume as independent variables (Stata version
14, StataCorp, TX, USA).

There were 54,542 donations (56.6% WB and 43.4% aphe-
resis plasma donations) during the study period from 11,912
individual WB donors and 4,840 individual apheresis plasma
donors (4,164 donors donated both WB and apheresis plas-
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ma). Donor demographics are shown in Table 1. During
the study period there were 353 VVRs in 336 unique donors
of which three donors who donated both WB and apheresis
plasma experienced VVRs with both donation types. Two
‘WB donors experienced two VVRs and 12 apheresis plasma
donors experienced two VVRs. Although quite low overall,
the VVR rate was almost 3 times higher in the apheresis
plasma donor group compared to WB donors, perhaps due
to the longer procedure time and extra-corporeal volume
or fluid shifts during apheresis (Table 1).

Analysis of the demographics for WB donors showed
that the VVR rate was not different between male and
female donors (P=0.490) but there was a trend towards
a higher rate of VVRs in male donors less than 30 years
of age (P=0.192) and female donors greater than 30 years
of age (P=0.147), as shown in Fig. 1. The rate of VVRs
was highest in WB donors at 17 - 20 years of age compared
to other age groups (Table 1); the median age of the WB
donors without VVR was 37 years (IQR: 25-50) compared
to 23 years (IQR: 20-285) in the WB donors without experi-
ence of VVR (P<0.001).

Analysis of the demographics for apheresis plasma donors
showed that female donors experienced twice the rate of
VVRs compared to male donors (mean VVR rates of 1.54%
vs. 0.75%, respectively, £<0.001) and the trend was con-
sistent across all age groups (Fig. 1). There was a bimodal
age distribution of VVRs in apheresis plasma donors, with
the highest rates observed in 20-29 year age group and
4049 year age group (Table 1); the median age of the aphe-
resis plasma donors without VVR was 41 (IQR: 28-52) years
compared to 34 (IQR: 24-49) years in the apheresis plasma
donors who experienced a VVR (P<0.001).

In terms of environmental factors, the VVR rate for WB
donations was low but was significantly higher at the satel-
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Fig. 1. Vasovagal reaction (VVR) rate stratified by donation type, age group and gender. The average VVR rate was not different between males and
females for whole blood donations (£=0.490), but there was a trend towards a higher rate of VVRs in male whole blood donors less than 30 years
of age (43/5,030 for males vs. 40/6,233 for females, P=0.192) and female donors greater than 30 years of age (11/11,370 for males vs. 14/8,127
for females, P=0.147). Female apheresis plasma donors experienced a mean VVR rate that was twice as high compared to male plasma donors (P
<0.001) and the trend towards higher VVR rates in females was consistent across all age groups.
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Fig. 2. Number and rate of vasovagal reactions (VVRs) stratified by donation number. The solid bars represent the number of VVRs that occurred
on each donation number. The dashed line represents the rate of VVRs expressed by donation number for all donors; for example, the rate of VVRs
on the first donation recorded for all donors in the registry was 0.6% for whole blood and 2.1% for apheresis plasma donations. The majority of VVRs
occurred during the first two donations in the whole blood group and during the first three donations in the apheresis plasma group. No VVR

occurred after donation number five in the whole blood group, whereas 33
apheresis plasma group.

lite facility compared to the main hospital site (0.57% vs.
0.30%, P=0.003), possibly due to temperature, ventilation
or phlebotomy space or characteristics of the donors who
visited this site. There was also a trend towards higher
VVR rates for both WB and apheresis plasma donations
during the summer versus other seasons combined, but this
did not reach statistical significance likely due to the low
number of events (Table 1).

Comparing donation volume, the VVR rate was 11% in
WB donations with a volume less than 405 mL, possibly
due to the adverse event during the process, compared to
0.07% in donations with a volume between 405-495 mL
(P<0.001). For apheresis plasma donations, there was a
lower VVR rate associated with the donation volume of
650-750 mL compared to volume of 550-650 mL (0.48%
vs. 0.72%, P=0.037). In fact the VVR rate for apheresis
plasma donations with a volume less than 550 mL was sig-
nificantly higher at 11.1% (£P<0.001 vs. a volume of =550
mL), due to the premature termination of the collection
caused by occurrence of VVR.

Almost 90% of all VVRs occurred during the first two
donations for WB donors and almost 75% of VVRs occurred
during the first three apheresis plasma donations. Fig. 2
shows that the VVR rate was the highest on donation num-
ber one for both WB and apheresis plasma donations (dashed
lines). The re-donation rate was three-fold lower in WB
donors (21.7% vs. 65.8%) and two-fold lower (38.2% vs.
80.9%) in apheresis plasma donors with experience of VVR
compared to donors without VVR (P<0.001 for both com-
parisons) (Table 1).

The results of the clustered multivariate regression model
are shown in Table 2. Apheresis plasma donors had higher
odds ratio for experiencing a VVR compared to WB donors.
Female donors also had a higher likelihood of experiencing

VVRs occurred during donation numbers six and twenty-one in the

Table 2. Summary of logistic regression analysis for variables
predicting a vasovagal reaction”.

95% confidence

Parameter Odds ratio .
interval

Age group

1720 1.00

2029 0.71 0.46-1.10

30-39 0.29 0.17-0.50

40-49 0.39 0.24-0.64

50-59 0.32 0.19-0.54

60-66 0.22 0.11-0.43
Gender

Male 1.00

Female 1.35 1.07-1.70
Donation type

Whole blood 1.00

Apheresis plasma 5.38 4.12-7.02
Donation site

Satellite facility 1.00

Main facility 0.48 0.31-0.74
Donation number

1 1.00

2 0.53 0.40-0.70

3 0.48 0.34-0.67

4 0.32 0.20-0.51

5 0.29 0.17-0.50

>5 0.23 0.16-0.35
Season

Spring 1.00

Summer 1.30 0.97-1.76

Autumn 1.15 0.83-1.58

Winter 0.83 0.59-1.17
Constant, ¢ 0.02 0.01-0.03

?in 54,542 whole blood and apheresis plasma donations from
11,912 individual whole blood donors and 4,840 individual
apheresis plasma donors (4,164 donors donated both whole
blood and apheresis plasma). The Wald y* for the model was
369.29 with 16 degrees of freedom (£<0.001).
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a VVR compared to male donors. The odds ratio for experi-
encing a VVR decreased with increasing age and with higher
donation numbers. The main hospital donation site was
associated with a lower odds ratio for having a VVR com-
pared to the satellite collection facility but the odds ratio
for a seasonal effect was not significant.

The analysis performed in this study was limited to the
variables captured in the donation registry, and as such,
the inability to account for the effect of factors such as
donor weight, ethnicity, first-time donation status, history
of VVRs, waiting time, time since last meal and pre-donation
psychometric variables is potentially a limitation. Additio-
nally, not all of the donation-related parameters were avail-
able for all the donations included in the study. Nonetheless,
this study confirms the findings of prior studies that younger
age and female gender are associated with a higher rate
of VVR, regardless of the donation type. The majority of
VVRs occurred on the first documented donation in the
study period and there was a significantly lower redonation
rate after a VVR event for both WB and apheresis plasma
donors. The unexpected finding of a higher VVR rate asso-
ciated with an apheresis donation volume of 550-650 mL
versus 650750 mL is likely because the volume collected
for apheresis donations was based on donor weight and
donors with lower weight have a higher reported rate of
VVRs, and/or that the occurrence of a VVR caused the
premature termination of the collection [15]. These findings
highlight the importance of identifying risk factors for donor
VVRs in order to take steps to mitigate these reactions
and thereby encourage re- donations. Donors identified to
be at risk of VVR should be monitored more closely in
order to improve the donor experience. Donor hemovigi-
lance registries should collect data on additional parameters
potentially associated with VVRs.
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