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BLOOD DONORS AND BLOOD COLLECTION

Vasovagal reactions in high school students: findings relative
to race, risk factor synergism, female sex, and
non-high school particpants

B.H. Newman

BACKGROURND: High schoot (HS) studenis have a
high incidence of vasovagal reactions and are a good
population for the study of vasovagal reactions.
STUDY DESIGN AND METHODS: Data from 1076
Caucasian students, 226 African-American students,
and 157 nonstudents from HS blood drives in 2001
were entered into a database, Race, high-risk-factor
synergism, the phenomenon of “survivorship,” and fe-
male sex were evaluated, In addition, non-HS student
participants were described.

RESULTS: Vasovagal reactions were 84 percent lower -

in African-American HS students than in Caucasian HS
students (3 of 226 vs. 88 of 1076; 1.3 vs. 8.2 percent;
p = 0.0001; relative risk, 6.2). In Caucasian HS siu-
dents, first-time donor status increased the vasovagal
reaction raie 1o 9.4 percent {vs. 3.6% in repeat donors,
p < 0.004). Low weight (= 130 Ib) increased the reac-
tion rate to 13.6 percent (vs. 3.3% in weight > 81.2 kg,
p < 0,001). Together iney increased the reaction rate to
16.0 percent (vs. 3.2%, p < 0.0001). Females had more
reactions than males (11.3 vs. 4.8%, p < 0.001), but the
reaction rates equalized when donors undey 150 1b
were excluded (5.7 vs. 4.6%, p = 0.66),
CONCLUSION: African-American HS students had a
significantly lower vasovagal reaction rale than Cauca-
sian HS students. There was synergy among high-risk
factors in Caucasian HS students. Female and male
vasovagal reaction rates were similar when low-weight
donors were excluded.

igh school (HS) blood donors are young, fre-
quently donate for the first time, and have a
high incidence of vasovagal reactions. The
high vasovagal reaction rate, which ranges
from .8 percent to 11 percent,’ makes them a unique
population in which to study vasovagal reactions.

The following issues or questions were addressed in
the present study. 1} Past studies have alluded to the
possibility that African-American blood donors have
fewer vasovagal reactions than Caucasians,>® This study
quantified the risk of a vasovagal reaction in Caucasian
and African-American HS students. 2) Several measur-
able risk factors such as youth, low weight, and first-time
donation status are associated with an increase in vaso-
vagal reactions.*? This study measured these risks and
evalnated the degree to which they are additive. 3) Two re-
cent studies reached different conclusions as to whether
female sex increased the vasovagal reaction rate. One
study found that confounding factors such as lower
weight explained the higher vasovagal reaction rate in
fernales,” while another study, although unpublished,
found that female sex by itself was a risk factor (N.R.
Haley, written communication, September 2000), This
study addressed this question by evaluating female and
male vasovagal reactions in four weight groups, which in
a stepwise fashion eliminated lower weight donors. In
addition to addressing these issues or gquestions, the
study also evaluated non-HS participants to determine
the extent of their participation, their demographics, and
their vasovagal reaction rate.

ABBREVIATIONS: HS = high school; RR(s) = relative risk(s).
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Region, Detroit, Michigan.
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MATERIALS AND METHODS

Phlebotomy

HS blood donations were collected on-site at Detroit
metropolitan high schools. The donors were screened us-
ing a 40-guestion questionneire, a mini-physical exam
consisting mainly of vital signs, and a Hb-screening test.
Accepted blood donors were subjected to a whole blood
phlebotomy and collection of additional blood samples,
which together did not exceed 535 mlL. Bloed donors
rested on the donor bed after donation and were advised

to spend 10 minutes at the refreshment site. All vasovagal

reactions were recorded on the bivod donor record, and
an additional report was submitted if syncope occurred.

Data collection

Data from 1076 Caucasian HS students, 226 African-
American HS students, and 157 nonstudent participants
taken from randomly chosen Caucasian and Alrican-
American HS blood drives in 2001 were entered into a
database (Excel 1997; Microsoft Corporation, Seattle,
WA). The data entered consisted of the donor's age, race,
sex, self-reported weight, blood donation status (first-
time or repeat donation), a unique unit whele blood
number, and’the donor's reaction status. In addition,
biood pressure results from 100 randomly selected Cau-
casian students were compared with 100 randomly se-
lected African-American students.

Statistical analysis

Two-by-two contingency tables and a two-tailed Fisher
Exact test were used to determine p values and relative
risks (RRs) with 95 percent Cls. p < 0.05 was considered to
be significant.

RESULTS

Demographics

Table 1 identilies the demographics of Caucasian and
African-American HS students and nonstudent partici-
pants. Caucasian and African-American HS students
were similar for mean donor age, percentage of females,
percentage of first-time donors, and percentage of do-
nors who weighed no more than 130 Ib, but African-
American HS students weighed slightly more (166 vs. 157
1b).

Nonstudent participants were 10.8 percent of the
total number of participants. In comparison to HS stu-
dents, they were significantly older (mean age, 44 vs. 17
years), had a lower first-time donor rate (9 vs. 79%-82%),
weighed significantly more (180 vs. 157-166 b}, and had
a lower percentage of donors under who weighed no
more than 130 Ib (10 vs. 22%-24%).

Comparison of vasovagal reaction rates .
The vasovagal reaction rate was 8.2 percent {88 of 1076}
in Caucasian HS students versus 1.3 percent (3 of 226) in
African-American HS students (p = 0.0001; HR, 6.2;
95 percent Cl, 2.0-19.3) versus 1.3 percent (2 of 157} in
nonstudent participants (p < 0.0004). Eight syncopal re-
actions occurred in the Caucasian HS students, and none
occurred in the other two groups (p = 0.34 with Alfrican-
American students). Blood pressure results in Caucasian
and African-American HS students were compared as a
potential cause for the vasovagal reaction rate difference
between the two groups. Table 2 shows a comparison of
blood pressures in 100 randomly selected Caucasian FS
students and 100 randomly selected African-American
HS students. The differences were not significant.

Additive effects of high-risk factors in Caucasian
HS students

The additive effects of risk factors could only be evaluated
in the Caucasian S students because the other
two groups had very few reactions. Table 3 shows the
elfect of different risk factors. A first-time donor had a
vasovagal reaction rate of 9.4 versus 3.8 percent in a re-
peat donor (p < 0.002; RR, 2.6). A low-weight donor
(= 130 1b) had a 13.6 percent vasovagal reaction rate ver-
sus 3.3 percent in a high-weight donor (= 180 Ib)
(p < 0.0001; RR, 4.0). Adding both risk factors together
increased the reaction rate to'16.0 versus 3.2 percent in
doners who lacked these factors (p < 0.004; RR, 5.0}, Since
45 percent of the Caucasian females weighed no more
than 130 Ib and only 5 percent of the males weighed no
more than 130 lb, female sex was added last because
of the confounding factor of low weight. The four fac-
tors increased the reaction percentage to 16.4 versus
3.8 percent in those who lacked these factors (p < 0.01;
RR, 5.0).

TABLE 1. Blood donor demographics in Caucasian, African-American, and nonstudent participants

Mean age Fernales First-time Mean weight  Percentage weighing no
Popuiation Number (years) percentage donor percentage (o) more than 130 (b
Caucasian HS students 1076 17 49 79 157 (150} 24
African-American HS students 226 17 47 B3 166 (160) 22
Nonstudent participants 157 44 52 g 180 (180} 10

* Number in parentheses is median.
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VASOVAGAL REACTIONS IN HIGH SCHOOL STUDENTS

Repeat Caucasian donations

(the “survival” phenomenon)

Repeat donors weighed more than first-time donors (163
vs. 155 Ib), but the percentage of males and the percent-
age of females weighing no more than 59.0 kg in the two
groups were statistically the same. Eighty-four percent of
the repeat donors donated their second lifetime unit and
16 percent donated their third lifetime unit, based on a
random sample of 56 HS blood donors. Repeat donors
had a 60 percent reduction (3.8 vs. 9.4%) in their vasova-
gal reaction rate, but there was no synergistic benefit
when additional factors such as “high weight” (weight =
81.7 kg) or “male sex” or “both” were added to repeat
donor status.

Vasovagal reactions in females

Table 4 shows the vasovagal reaction rate in Caucasian
girls and boys at four different weight scenarios. Vasova-
gal reactions were higher in females than males when all
donors were included (11.3 vs. 4.8%, p = 0.002) or when
donors under 130 1b were excluded (5.4 vs. 5.0%,
p = 0.018). Vasovagal reactions in females and males were
similar when donors under 150 ib were excluded (5.7 vs.
4.6%, p = 0.66).

Thus, Caucasian HS students represent an excellent
population in which to study vasovagal reactions.

Two studies provided some evidence that African-
Americans might have a lower predisposition for blood
donation-related vasovagal reactions than Caucasians.2®
The present study is the first to quantify and compare
the risk in two relatively equal groups of Caucasian and
African-American HS students. African-American HS
students have a vasovagal donor reaction that is 84 per-
cent lower than Caucasian HS students (1.3 vs. 8.2%,
p < 0.0001}, and none of the eight syncopal vasovagal
reactions occurred in the African-Arnerican group (0 vs.
0.74%, p = 0.34), although the differences in syncope be-
tween the two groups did not reach significance. Several
studies have shown that elevated systolic blood pressure’
is protective against vasovagal reactions.®-” This potential
explanation was studied but did not account for the dif-
ferences between African-American and Caucasian vaso-
vagal reaction rates (see Table 2).

Several studies have also demonstrated synergy
among risk factors.257 Graham? studied 352 Caucasian
blood donors in 1957 (published 1961) in a hospital set-
ting. The risk of a vasovagal reaction in his setting was

DISCUSSION TABLE 2, Comparison of blood pressures in randomly selected
. d hi Caucasian and African-American HS students
C_aucas.la:n HS students have a high p re- Caucasian African-American
disposition toward bleod donation- students ' siudents p value*
related vasovagal reactions because of Number 100 100 ] NA
their youth, high percentage of first- Male percentage 61 52 0.2538
R d tions. and lower weight 47 Firs\-lime percentage 73 85 0.0554
time donations, ian elght.” Mean BPT 115.6/71.3 117.4/71.6 0.36/0.84
Other studies have also shown that his- Median BP 114/70 117/70 NA
tory of syncope and psychological fac- | Systolic BP =100 (%) 18 15 1.000
y YT]’ pe anc psycho g] Systolic BP =140 (%) 7 13 0.2381
tors can also increase vasovagal synco- Diastolic BP =60 (%) 16 15 1.000
pal reaction rates The percentage of Diasiolic BP =80 (%) 24 28 0.5269
vasovagal reactions in frst-ime, mainly Mean BP {females) 111.2/69.5 11671.2 0.24/0.46
- Mean BP {males} 118.4/72.5 119.6/72.5 0.62/0.71
Caucasian HS donors has been re- YT r———
Lot . * p < 0.05 is clinically significant.
. ported tobe as .h]gh as 8.7 tdmes greater + BP = blood pressure,
than in experienced blood donors.!
TABLE 3. Additive effects of risk factors in Caucasian HS students
Vasovagal reaction AR
Risk factor(s} rate (%) p value® {95% CIl}
HS student . 88/1076 (B.2) N
HS student; FTt donor (A1) 80/853 (9.4) 0.002 2.6(1.3-5.3)
HS student; weight =130 Ik (B1) 36/264 (13.6) <0.0001 4.1(1.9-8.6)
HS student; FT donar; weight =130 Ib (C1) 351219 (16.0) «0.004 5.0 (1.2-20.4)
HS sludent; FT doner; weight =130 Ib; female (D1) 32/195 (16.4) <0.01 4.3{1.1-17.5)
HS sludent; repeat donor (AZ) 8/223 (3.8)
HS student, weight =180 tb (82) 81239 (3.3)
HS student; repeat donor; weight =180 th (C2) 2/63 (3.2)
HS student; repeat donor; weight =180 Ib, male (D2} 2/53 (3.8)
* Comparisons were made between A1 and A2, B1 and B2, efc.
1 FT = first-ime.
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One limitation In this study was the

TABLE 4. Comparison of vasovagal reaction rates for females and males low number of repeat donors. This in-
for four different weight groups . . .
fluenced the RR ratios by increasing.
Females” Males* p valuet PR . .-

T varability and decreasing precision. A
All i 51/523 {11.3) 27/553 (4.8) 0.002 second limitation was the size of the Af-
First-time : 55/422 (13.0) 25/433 (5.8} 0.0004 rican-American population- studied. It
:_E%Pﬁaa‘ 4/101 (4.0) 21120 (1.7) 1.000 was too small to evaluate the causes of

Al 32/341 (9.4) 27/537 (5.0) c.018 vasovagal reactions in the population.
First-time 29266 (10.9) 231417 (5.5) D.011 In summary, this study showed
. TH;(’)PI?‘ 3075 (4.0) 41120 (3.3) 1.000 that African-American MS students
Al 81141 (5.7) 19/415 {4.6) 0.660 have a significantly lower vasovagal re-
First-time 7/109 (6.4} 16/323 (5.0) 0.633 action rate than Caucasian HS stu-
aﬁa%pﬁ:at 132 (3.1) 92 (1.6) 1.000 dents. There is synergy among high-risk
All 1144 (2.3) 7191 (3.7) 1.0 factors and low weight is a more signifi-
First-lime o 134(2.9) 5/138 (3.6) 1.0 cant risk factor than first-time donor
Repeal 0/10 (0) 2/53 (3.8) 1.000 status. Although females have more va-
; Da:ao %gsi:ﬁm;i [n (%). sovagal reactions than males, this is
p=t ) mainly due to Jower weight, and the dif-

quite high (15%), and a combination of factors increased
the risk to 35 percent to 71 percent in some scenarios.
Tomasulo et al.® and Kasprisin et al.® in blood center
studies showed much lower risks. The risks in those two
studies did not exceed 6.4 percent, evernr when risks were
combined. The present study evaluated low-weight
(= 59.0 kg and first-time donation status in Caucasian
“HIS students and found that Jow weight was a more sig-
nificant factor than first-time donation status based on
RRs (4.0 vs. 2.6) (see Table 3). Trouern-Trend et al.? found
the same pattern in a study of vasovagal syncopal reac-
tions. When low-weight and first-time donation status
were combined, the risk was even greater (RR, 5.0). How-
ever, female sex barely affected the risk, when it was
added as a fourth “risk” factor (RR, 4.3) because most of
the “low-weight” individuals {< 130 lb) had already been
excluded. ,

Repeat blood donors had a 60 percent decrease in
vasovagal reactions (3.8 vs. 9.5%, p < 0.004) and adding
other positive factors such as “high weight,” “male,” or
“both” did not provide any additional benefit. Thus, re-
peat blood donation status alone is a good predictor for a
low vasovagal reaction rate in HS students.

" Femuale sex as a risk factor was evaluated by observ-
ing the vasovagal reaction rate in a stepwise fashion as
lower weight donors were removed. The pattern clearly
showed that lower weight (= 130 Ib), which is much more
common in females than in males (45 vs. 5%), was a
major factor for increased vasovagal reactions in females.
However, when donors under 150 1b were excluded, there
were no differences between female and male vasovagal
reaction rates. Thus, low weight is the main factor that
causes a high reaction rate in females.

1560 TRANSFUSION Volume 42, December 2002

ferences disappeared when donors un-

der 150 lb were excluded. Repeat FIS
blood donors have 60 percent fewer vasovagal reactions,
and a successful first-time donation is a good predictor of
future success.
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BLOOD DONORS AND BLOOD COLLECTION

Donor reactions in high-school donors: the effects of sex, weight,
and collection volume

B.H. Newman, S.L. Satz, N.M. Janowicz, and B.A. Siegfried

BACKGROUND: The high incidence of donor reactions
in first-time, 17-year-old Caucasian whole-blood donors
makes this group ideal for the study of donor reactions.
STUDY DESIGN AND METHODS: Donor reaction rates
were retrospectively evaluated in 7274 first-time, 17-year-
old Caucasian whole-blood donors based on ohserva-
tions recorded at the collection sites. The effect of sex and
weight on donor reactions was deterrined. In addition, a
model was developed to estimate how different blood
" collection volumes would affect donor reaction rates.
RESULTS: The donor reaction rate was 12.0 percent
(870/7274). Female donors overall had a higher donor
reaction rate than male donors (16.7% vs. 7.3%) and also
had a higher donor reaction rate than male donors at each
20-Ib weight intervai in the range from 110 to 189 1. A
model suggesled that a change in the blocd-unit volume |
from 450 to 500 mL would increase donor reaction rates
by 18 percent in either female or male donors, whereas
a reduction in the blood-unit volume from 500 1o 400 mL
" would decrease donor reaction rates by 29 and

27 percent in female and male donors, respectively.
CONCLUSION: First-time, 17-year-old Caucasian female
_donors had a higher donor reaction rate than male donors
overall and at equivaient donor weighls. In the range of
present US blood-unit volumes, a change in collection of
as little as 50 mL could have a significant impact on blood
donor reaction rates in high-school students,
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linical studies have evaluated the incidence of

blood donor reactions’ and have studied the

correlation of donor characteristics such as

weight,*® age,® first-time or repeat donor sta-
tus,> ¥ race,® and sex®*® to donor reaction rates. This study
evaluated first-time, 17-year-old, Caucasian high-school
students because these donors Have a very high donor
reaction rate of approximately 9 to 11 percent,® which is
seven to nine times higher than the donor reaction rate in
an experienced, general donor population.> We evaluated
two nonfixed variables (sex, weight), but three variables
(donor status, age, race) were fixed. We also developed a
model for donor reaction rates as a function of sex and the
ratio of whole-blood collection volume per donor weight,
which alivwed us to estimate the effects of various whole-
blood collection volumes.

MATERIALS AND METHODS

Blood donor suijtability and phlebotomy

High-school blood donors met acceptability criteria
before being subjected to phlebotomy. The donors then
lay in a supine position, and a 525-mL phlebolomy was
performed in the antecubital fossa of the arm with a 18-
gauge needle. The blood collection volume inciuded
481 mL in a whole-blood unit, 33 mL in tubes for post-
donation tests, and 11 mL trapped in the plasti¢ tubing,
Blood donor reactions observed at the collection site were
recorded. A-“donor reaction” was defined as the presence
of any of the following symptoms or signs during or
shortly after whole-blood donation: dizziness, diaphoresis
(sweating), sudden weakness, hypotension, bradycardia,
and syncope (faint). Approximately 97 percent of the reac-

tions were nonsyncopal reactions.

26

Blood donor selection and data analysis

All high-school blood drive donor history records from 77
blood drives between October 1, 2003, and March 23,
2004, were reviewed. Donor selection was lirnited to 17-
year-old, first-time, Caucasian donors who successfilly
donated a whole-blood unit. Studies have showin that Afri-
can-American donors have a ¢onsiderably lower donor



rate than Cancasian donors, so African-American donors
were excluded from the study® The decision to use
successful donations and exclude unsuccessful donations

- was an arbitrary one. A iotal of 7274 donor history records
were deemed suitable for evaluation.

Statistical analysis

Confidence intervals (Cis) for reaction rates were calcu-
lated as minimum-length intervals by integration of the
Bayesian posterior with diffuse priors'® with the assistance
of computer software (the Solver tool in Microsoft Excel
2002, Microsoft Corp., Redmond, WA}. Logistic regression
was performed with Epi info.* Proportion comparisons
were done with the Fisher Exact test. .

RESULTS

Donor weight distribution

Figure 1 shows a bell-shaped curve for male donors, with

some skewing toward higher weights. In contrast, the
curve for female donors appears truncated, suggesting
that many Caucasian high-school female donors weighed
less than 110 b and could not donate blood.

Donor reaction rates in 17-year-old, first-time
Caucasian blood donors

Table 1 shows the donor reaction rate for the total popu-
lation and for each sexin 20-Ib incremental weight groups.
The donor reaction rate for the total population was
12.0 percent. Female donors had a 2.3-fold higher donor
reaction rate than male donors, 16.7 percent versus

DONOR REACTIONS IN HIGH-SCHOOL STUDENTS

7.3 percent, and female donors had higher donor reaction
rates within equivalent weight groups. Female donor reac-
tion rates were 61 to 149 percent greater than male donor
reaction rates, depending on the weight group. Figure 2
shows the donor reaction rates versus weight for female
and male donors. Donor reaction rates appeared to
decrease asymptotically as donor weights increased. Thus,
logistic regression of reaction rate against a linear function
of coded sex, reciprocal weight, and the product of coded
sex and reciprocal weight—representing an interaction
between sex and weight—was performed. The model was

In(L)=a+bs+£+Es-,
1 w

(1)

where r is proportion of donors of coded sex s and weight
w having a reaction; s=0 if donor is male or 1 if donor {s
female; w is donor weight (lb); and a, b, ¢, and d are
constants. _

The coefficient d of the term representing sex~weight
interaction was not signilicantly different from zero
(p=0.09 by a two-tailed test), so this term was omitted
from the model. The remaining constants were found to
have the following values: a=-4.2941, b=0.6120, -and
c=284.1776, Al were significantly different from zero
{p < 0.0001 by a two-tailed test). These constants yield the
following formulas, which are plotted in Fig. 2.

In(l—r—) ——4.2941+

284.1776

formaledonors {2)

In(—l—-{—-) =-3.6821+ for femaledonors. (3}

-T

2841776
w

These formulas were used to give estimates of donor reac-
tion rates at infinite weight, which were 2.5 percent for
female donors and 1.3 percent for male
donors. In a more practical context, the

800 estimated donor reaction rates at 300 Ib
700 1 -f] were 6.1 percent for female donors and
ko 1
3.4 percent for male donors.
soo | 4
i
2 st -{ - .
3 1 L Model for the effect of different
5 400 4 blood-unit volumes on blood donor
2 reaction rates
£ . 4 o
3% _ There is evidence that lower blood col-
200 HLEdL lection volumes are asspciated with
lower reaclion rates (see Discussion). .
100 i |-- . -y . 4 We propose a unifying hypothesis that,
i ] _El J AR for 17-year-old, first-time Caucasian
pgiiN_LN1R.IR |8 - . B el P Mﬂ'—“—-m . . P
E§§§‘3§§§§§§§§E§§§E§ g%ﬁ%gﬁ donors, the donor reaction rate is a
Ss 52 g2sgsss2dssds3ddddddd:  function of sex and the ratio of whole-
rY2TEEFEEZRANR E ARSI A EREBLaR &R blood collectio volume to do
Waight {ib) cuon nor

Fig. 1. Weights of first-time Caucasian high-school donors. ({J) Female donors; (M)

male donoss.
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weight. Using the fact that Equations
2 and 3 were based on data obtained
using a collection volume of 525 ml,

Volume 48, February 2006 TRANSFUSION 285



NEWMAN ET AL.

TABLE 1. Donor reaction rates in firét-time, Caucasian high-school students

Weight (Ib)
Danar sex 110-129 130-149 150-169 170-189 190-209 210+ Tatal
Female . :
Number of reactions/number of donations 248/1187 206/1278 90/602 36/298 12124 10/116 602/3605
Percent reactions 20.9 16.1 15.0 1241 8.7 86 16,7
Male
Number of reactions/number of donations 191164 73754 103/1108 39/768 15/386 19/488 268/3669
Percent reactions 116 9.7 83 5.1 38 2.8 73
Total
MNumber of reactions/number of donations 26711381 279/2032 19371710 7511066 27/510 29/605 870/7274
Percent reactions 19.8 13.7 1.3 7.0 5.3 4.8 2.0
W%
X ] TABLE 2, Expected donor reaction rates at other
L N collection volumes (reactions.per 100 collections)
25% x b "
- Blood-unit volume (mL)

B

*
R

L

Reaction rate (%)
&
¥

¢

110 120 15¢ 10 193 210 230 200 2
Welght {Ib)

Fig. 2. Donor reaction rates in lirst-time Caveasian high-school
students. Collections for each sex were grouped into 20-th
weight intervals for donor weights from 110 through 229 1h and
a single interval for weights of 230 Ib or more. The X coordinate
of each group is the median weight, and they coordinate is the
reaction rate and its 95 percent CI Curves were derivell by
logistic regression, as deseribed under Materials and Methods.
(#) 95 percent Cl, female donors; (M) 95 percent, male donors;
(~-) model, female donors; (—) modcl, male donors.

these equations were generalized to be consistent with the
hypothesis

ln(l—l-r—-) =—4 .2941-»-.0.5412907l for maledonors (4)
w

—~r

]n(l—r—)=-3.6821+0.541290772- for female donors, (5)

where v is the blood collection volume in mL. When
v=525, Equations 4 and 5 are simplified to Equations2
and 3, respectively.

The collection volume is the blood-unit volume plus
the volume of blood in collection-set tubing and samples
for testing. As previously stated, the latter is estimated to
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Sex 500 481 450 400 350 30D 250
Female 17.8 16.7 1541 12.7 10.7. 838 7.4
. Male 7.8 7.3 6.6 57 48 4.1 3.5

TABLE 3. Expected effects of blood-unit volume
changes on donor reaction rates”

Blood-unit volume change (mL)

Sex 450 to 500 500 to 400 500 fo 250

Female +2.7 (+17.9%} 5.1 (~28.7%) ~10.4 (-58.4%)

Male +1.2 (+18.2%) -2.1 (~26.9%) -4.3 {-55.1%)

* Absolute change in reactions per 100 colleclions {relative
change).

be 44 mL. Table 2 uses this estimate, the above model, and
this study’s donor weight distribution o give expected
donor reaction rates at various blood-unit volumes.
Table3 compares the expected rates at different blood-
unit volumes. The model suggests that an increase in the
whole-blood unit volume from 450 to 500 mL would cause
a 1.2-2.7 percent absolute increase in the donor reaction
rate and a 17.9 (o 18.2 percent relative increase in the
donor reaction rate in first-time, Caucasian, high-scheol
donors. Female donors had a greater absolute increase in
the donor reaction rate (2.7 reactions per 100 collections
vs. 1.2), but both sexes had similar relative increases of
approximately 18 percent. A decrease in the whole-blood
collection volume from 500 to 400 mL would decrease the
donor reaction rate by 27 to 29 percent. Female donors
would have a greater absolttte decrease in the donor reac-
tion rate (5.1% vs. 2.1%), but female and male donors
would have a similar relative decrease (29% vs. 27%).

DISCUSSION

Donor reactions are common. In a recent study,
7.0 percent of 1000 randomly selected interviewed whole-



blood donors had a donor reaction? The rate was
2.5 percent based on observation at the collection site, but
an additional 4.5 percent were found after a donor inter-
view 3weeks later. Approximately 97 percent of the
donors had mild reactions, meaning that the donors had
symptoms and signs such as dizziness, dlaphoresis, pallor,
and sudden weakness but did not faint. A 1-year follow-
up showed that donors who had a reaction were
34 percent less likely than asymptomatic donors to return
and donate again within a 1-year period.” Studies show
that the blood donation return rates are even lower when
donors had syncope.''® Therefore, it is clear that a non-
syncopal donor reaction decreases a donor’s xeturn rate,
and syncope further decreases the return rate. Donor
reactions are also a donor safety issue. One study showed
a 14 percent injury rate in donors who pregressed to syn-
cope.'® These injuries were often to the head and were
generally minor, but lacerations and fractures occasion-
ally oceur. Serious injuries such as a closed-head injury
are very rare but possible, ‘

Three key factors associated with the probability of a
donor reaction are wejght,*® age,>® and first-time or repeat
donor status®® Weight and age are the most important
factors, and first-time or repeat donor status has marginal
importance.”” High weight, high age, and repeat status all
protect donors against donor reactions, Caucasian donors
have more risk for a donor reaction than African-Ameri-
can donors have.®® Several studies have shown that female
donors have more donor reactions than male donors,3*¢
but this was thought to be due to the female donor's
smaller size because when female and male high-school
donors over 1491b were compared, the donor reaction
rates were the same.? In addition, in 850 first-time, Cauca-
sian donors from the same study, there were no differ-
ences in donor reaction rates when female and male
donorsin equivalent 20-Ib weight groups were compared.®
This study evaluated 8.6-fold more donors (7274 vs. 850)
and detected large differences between reaction rates of
female and male first-time Caucasian donors of similar
weight.

Based on safety data for a 500 mL collection volumme
from a Jarge blood center™ and from the American Red
Cross, most blood centers increased their whole-blood
unit volume from 450 mL to a higher value. The American
Red Cross collects 481 mL in each unit but 525 mL in total
volume. This volume can be collected in any donor—even
a donor with the Jowest allowable weight, 110 Ib (50 kg)—
because it meets the AABB siandard for a maximum
whale-blood collection volume of 10.5 mL per kg of body
weight.” Other blood centers collect two different whole-
blocd units—a 450-mL unit for low-weight donors and a
500-mL unit for donors weighing over approximately
1201b.

A large blood center compared donor reaction rates
in 282,000 donors who donated 450-mL whole-blood
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units and 547,000 donors who donated 500-mL whole-
blood units.” The center did not detect a difference in
donor reaction rates, which were 1.36 and 1.28 percent,
respectively. But the subjects were from the general donor
population, approximately 80 percent of whom were
repeat donors and were much older and heavier than
high-school students. A more sensitive study would have
compared equivalent groups of very-high-risk donors
such as the lower-weight female donors in this study, but
this would have required entry of donor weight into the
blood center’s database, which is often not done.

In the donors studied here, the effect of two variables,

. sex and weight, on the reaction risk were determined.

29

Three other variables, age, race, and first-time donor sta-
tus, were fixed. It is probable but unproven that the bulk
of the reactions in this group were caused by these five risk
factors. Future studies could measure other factors that
are thought to be associated with reactions such as a his-
tory of a donor reaction or being in the environment of a
“sroup reaction.” One could determine if there was an
independent contribution from each variable by use of a
logistics regression analysis, and such analysis could also
quzmtify the contribution.

The model in this study, which relates the donor reac-
tion rate in first-time, Caucasian high-school students to
sex and the ratio of blood collection volume to donor
weight, suggests that a 50-mL increase in whole-blood
collection volume increased donor reaction rates by
18 percent. The model also suggests that a decrease in the
blood-unit volume from 500 to 400 mL would decrease
donor reaction rates by 29 percent in female donors and
27 percent in male donors, which is a very significant
improvement. These lower rates are supported by Japa-
nese data. The Japanese collect 400-mL (70% of collec-
tions) and 200-mL (30% of collections) units. They report
a donor reaction rate of 0.6 to 0.7 percent based on
3.3 million whole-blood donations (H. Ikeda, Japanese
Red Cross Society Ceniral Blood Center, Japan; and
M. Satake, Tokyo Red Cross Blood Center, Japan; written
communications, 2003). Our data and model indicate that
collecting 400-mL whole-blood units might be particu-
larly effeciive in reducing donor reaction rates in young,
low-weight, and first-time donors. :

One limitation in this study was the lack of high-
weight female donors, This made it difficult to show sex-
related differences at high weights. A second limitation
was that the data were based solely on observation of
doners. Im another study, a postdonation interview
increased the number of reactions detected in a general
donor population 2.3-fold, from 2.5 to 7.0 percent.? We do
not believe that limiting the study to successful donations
had an effect, The rate of unsuccessful donations in 4340
high-school students in the fall and winter of 2004 in our
center was 5.0 percent (219/4340). It was 4.0 percent (21/
525} in donors with a reaction and 5.2 percent (138/3815)
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in donors with no reaction {p =0.21). These data also chal-
lenge the perception that donor reactions are associated
with more unsuccessful donations.

In conclusion, first-time, female Caucasian high-
school students have a much higher donor reaction rate
than male donors of equivalent weight. A model suggested
that a change in the blood-unit volume from 450 to
500 mL would increase the donor reaction rate in this
group by approxirnately 18 percent, and a decrease in the
blood-unit volume from 500 to 400 ml would decrease
the donor reaction rate by 27 to 29 percent. This kind of
decrease in donor reaction rates would have g significant
positive impact on safety and bleed donor retention
rates—particularly in first-time, lower-weight, high-
school donors and other donors at high risk.
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BLOOD DONORS AND BLOOD COLLECTION

The American Red Cross donor hemovigilance program:
complications of blood donation reported in 2006

Anne E Eder, Beth A. Dy, Jean M. Kennedy, Edward P Notari IV, Annie Strupp, Mary Ellen Wissel,
Ramakrishna Reddy, Joan Gibble, Marcia D. Haimowitz, Bruce H. Newman, Linda A. Chambers
Christopher D, Hillyer, and Richard J. Benjamin

BACKGROUND: The American Red Cross {ARC) initi-
ated a camprehensive doner hemovigilance program in
2003. We provide an overview of reported complica-
tions after whole blood (WB), apheresis platelet (PLT),
or automated red cell (R2) donation and analyze factors
contributing to the variability in reported complication
rates in our national program.

STUDY DESIGN AND METHODS: Complicalions
recorded at the colleclion site or reported atter alloge-
neic WB, apheresis PLT, and R2 donation procedures
in 36 regional blood centers in 2006 were analyzed by
univariale and multivariate logistic regression.
RESULTS: Complications after 6,014,472 WB, 448,594
PLT, and 228,183 R2 procedures totaled 209,815,
25,966, and 12,282 (348.9, 577.5, and 538.3 per
10,000 donalions), respectively, the vast majority of
which were minor presyncopal reactions and small
hematomas. Regional center, donor age, sex, and
donation stalus were independently associated with
camplication rates after WB, PLT, and R2 donation.
Seasonal variability in complicalions rates after WB and
R2 donation correlated with the proportion of donors
under 20 years old. Excluding farge hematomas, the
overall rate of major complications was 7.4, 5.2, and
3.3 per 10,000 collections for WB, PLT, and R2 proce-
dures, respectively. Outside medical care was recorded
at similar rates for both WB and avlomaied collections
(3.2 vs. 2.9 per 10,000 donations, respectively).
CONCLUSION: The ARC data describe the current
risks of blood donation in a model muliicenler hemavigi-
lance system using standardized definitions and report-
ing protocols. Reported reaction rales varied by
regional center independently of donor demographics,
limiting direct comparison of different regional blood -
centers.
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lood donation by healthy volunteers assures the

availability of blood components for transfu-

sion, which is a central tenet of modern health

care, Accrediting and regulatory agencies (e.g.,
Joint Commission on Accreditation of Healthcare Organi-
zations, Food and Drug Administrativn [FDAD identify
blood transfusion as a core functien essental to quality
medical care and promulgate specific requirements for
appropriate use of blood components. Scientific efforts to
improve blood safety have duly focused on the patient-
recipient of blood transfusion and have substantally
reduced the risk of infectious disease transmission.
Similar scrutiny has not been applied to reducing the risk
of blood donation, even though the infrequent occurrence
of serious injury after blood donation may arguably now
rival the residual risk of transfusion- transmitted infection.

ABBREVIATIONS: ARC = American Red Cross; LOC =]Joss of
consciousness; R2 = automated red cell (donation). ’
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The bloed supply depends entirely on the daily com-
mitment of attruistic volunteers, who ostensibly gain little
personal benefit from blood donation but are exposed to
potential risk of discomfort, complications, and in rare
cases, injury resulting from the collection procedure.
Approximately 2 to 6 percent of all presenting donors
experience a complication, most of which previously have
been classified as light, mild, or minor reactions that
resolve promptly but are still unpleasant for the donor.!®
Serious injury occurs infrequently, but typically results
from a loss of consciousness (LOC), either at the donation
site or after leaving the premises. Donor characteristics
that correlate with higher syncopal complication rates
after whole blood (WB) donation include young age, first-
time donation status, low weight or total blood volume,
female sex, and Caucasian race, although these may not
all be independent predictors of reactions.®" Changing
population and donor demographics during the period
1996 through 2005 revealed that blood collection from

- young donors, aged 16 to 19 years, was increasing whereas
blood donation rates by older individuals was declining.!!

In light of these demographic trends, blood centers
should continuously strive to improve the donation expe-
rience for all donors and should have an effective and
comprehensive program to monitor donor complications
as the keystone of a donor safety program. The impor-
tance of donor adverse reactions has been highlighted in
.the recent efforts by the AABB to initiate a US biovigilance
program.'? Our experience now provides a mode} system
to assess the advantages and limitations of a natienal
donor hemovigilance program. .

Each year, the American Red Cross (ARC) has nearly
7 million encounters with individuals who present to
donate WB or apheresis components to provide more than
40 percent of the US blood supply. The ARC established a
national hemovigilance program to systematically analyze
donor complications at its 36 blood regions, We describe
annual hemovigilance data from 2006 and analyze lactors
contributing to variability in reported overall reaction
rates in our system, which may serve as a basis for further
improvements in hemovigilance efforts to protect healthy,
volunteer blood donors.

MATERIALS AND METHODS

In 2003, ARC initiated a comprehensive hemovigilance
program that prospectively collects data on events that
occur at the time of donation, or that are reported later,
including reports of donors receiving outside medical
care. In mid-2005, the event definitions (Table 1) were
modified to include citrate reactions for automated col-
lections and the national reporting system was updated
and fully implemented. This report describes data gath-
ered in the first full calendar year of the modified
program.
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Collection site procedures

The 36 regional blood regions follow standard procedures
for WB and automated collections from volunteer, alloge-
neic donors. WB is collected into 500-mL collection sets
{Fenwal, Inc., Round Lake, IL; Pall Medical, Inc., East Hills,
NY). The mean volume of collection is 517 * 10 mL with
trip scales and 524 = 10 mL with electronic scales. Apher-
esis platelets (PLTs) are collected with one of three apher-
esis devices: Amicus (Baxter Healthcare, Round Lake, IL},
Spectra (Gambro BCT, Lakewood, CO), or Trima (Gambro
BCT). Automated red cell {R2) procedures for 2-unit red
ceil (RBC) collections are performed with Alyx (Fenwal,
Inc}, Trima (Gambre BCT), or Haemonetics MCS+ 8150
(Haemonetics, Braintree, MA) systems. PLT procedures
included plateletpheresis and plateletpheresis with
infrequent plasma collection. PLT/plasma/RBC collec-
tions, plasma/RBC collections, and automated plasma
and plasma/RBC collections were excluded from the
analysis.

All adverse reactions occurring at the collection site
are managed by collection stafl, documented on the blood
donation record according to the classification scheme
(Table 1), and captured in a central electronic database.
All doners are also instructed to contact the regional blood
center if they experience problems or have concerns
about their health after donation. Donor reactions or inju-
ries reported by the donor or third parties afler the dona-
tion event are managed by standard procedures, reviewed
by a facility physician, and reported to the national
hemovigilance program.

Classification scheme for donor complications

The standardized classification sysiem for donor com-
plications defines 15 reaction categories (Table 1). The
scheme incorporates a severity rating (minor, major) for
reaction types in most categories, and every category is
further divided into whether or not the donor received
outside medical care. Minor complications typically
resolve within a short period of time {e.g., 30 min}, and the
donor recovers completely at the donation site and/or is
managed solely by giving the donor instructions for care
after an injury {(e.g,, hematoma) occurs. Major reactions
typically require follow-up with the donor and review by
ARC staff, either because they may be medically more
serious or they may be more of a concern to donors (e.g;
loss of bowel or bladder control during a short LOC), even
if the reaction is not more medically significant than a
minor complication. Presyncope defines a variety of
symptoms (e.g., pallor, lightheadedness, dizziness,
nausea) that may be related to vasovagal reactions, hypo-
volemia, or anxiety but de not progress to LOC. The small
and large hematornas include true hernatomas (e.g., a pal-
pable rass}, bruises, and infiltration at the venipuncture
site. Reactions classified as “other” comprise a variety of
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TABLE 1. Definitions of donor complications® —|
Brief descriplion
Complication Mingr category . Major category
Systemic (syncopal-type): :
Symptomatic (presyncopal, prefaint) Pallor, weakness, light-headsdness,
dizziness, diaphoresis, nauseafvomiting,
no LOC. . ’

LOC Short LOG: lasting less than T min. Long LOC: lasting 1 min or more or
camplicated by seizures or convulsions
or loss of bladder or bowel control..

Presyncopal or LOC with injury Injury (e.9., head injury, fraciures,
abrasions, lacerations) associated with
symptoms of prefaint or LOC.

Prolonged recovery Symptoms of prefaint or LOC or other

’ reaction that do not resalve within
approx. 30 min.
Phlebotomy-relaled

Hematoma Small: involved arga measures 2% 2 in. or . Large: involved area measures mare than

fess. 2x2in.

Nerve irritation Suggested by pain, tingling, numbness, or
sham shaoting pains afler phiebatomy.

Suspecied arerial puncture Suggested by rapid (<3 min) bleed time,

) pulsatile flow, and/or bright red blood.,
Syslemic (other)
Citrate (automaled procedures only) Citrale reactions hat persist despite Symptoms of minor citrale plus prolonged
intervention or are accompanied by or exaggerated muscle spasm (letany},
additional symptoms such as nausea, vomiling, chest tightness.

muscle tightness, or cramping. Citrate
reactions that involve perioral or
peripheral tingling or numbness that
resolves with reduced flow rate or
calcium are not captured.
Allergic Hives, itching, rash, or redness of skin. Symptoms of minar allergic reactions, plus

Other reaclion Symptom profile different from established Symplorn profile different from established
categories (e.g., anxiousness, categories (e.g., chest pain,
hyperventilation, headache}. thrombophlebitis).

swelling of the face, neck, or throatl;
wheezing; or respiratory difficulty.

further subclassitied with respect to the need for outside medical care.

* Donor complicalions are classified according o type and severily {minor, major);, cases in each miner and major complication calegory are

reactions or symptoms that do not otherwise fit into the
established categories, including suspected thrombophle-
bitis and chest pain as major, other reactions. For every
complication category, ouiside medical care is defined as
medical advice or treatment provided by someone other
than ARC staff (e.g, emergency medical services, a
primary health care physician or specialist, or any health
care professional), whether sought independently by the
donor or at the advice of ARC staff. Donors may seck
outside medical care for reactions that are common and
self-limiting (e.g., large hematomas), as well as those that
are medically more relevant to their well-being (e.g.,
syncope-related injuries).

National hemovigilance program

Every month, the hemovigilance program at the ARC
National Headquarters Medical Office compiles and ana-
lyzes data on donor complications following WB and
automated procedures that are either documented by
collections staff at the time of donation or reported by

the donor or a third party after the donation event,
including cases that receive outside medical care. All
major reactions (Table 1) that oceur at the donation site
and all reactions that are reported to the blood center
after the donor leaves the site are captured on a standard
case report form, investigated, and reviewed by the blood
center physician and reported in a tally on a monthly
basis to the National Medical Office. If a donor is referred
for outside medical care by staff or later reports that he
or she sought or received care from any outside health
care provider, the complete blood donation record is
reviewed by the National Medical Office and is main-
tained in a separate database. In this report, the actual
medical care provided is not further differentiated and
varies considerably {rom simple reassurance or advice to
apply warm packs for the resolution of hematoma to
administration of intravenous fluids and hospitalization.
_ Comptications associated with allogeneic WB, apher-
esis PLT, and R2 procedures in 36 regions from January 1, -
2006, to December 31, 2006, were analyzed; autologous
and therapeutic collections were exciuded. The analysis
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also excluded 49 WB collection events in which a citrate
reaction was recorded because these records most likely
represent miscoding or misclassification of complications
after WB donation, as wel! as'43 PLT donations and 45 R2
donations recorded for 16-year-old donors. Donor age
was not recorded for 94 WB and 2 PLT donations.

Complications experienced by donors before the
donation process or unrelated to phlebotomy {e.g., inju-
1ies caused by other accidents at the site) or experienced
by individuals who did not donate blood (e.g., canteen
volunteers} were excluded from the analysis. The denomi-
nator for the number of donations of each procedure type
was the number of satisfactory collections plus the
number of incomplete ("quantity not sufficient”) collec-
tions. Denor complication rates were calculated per
10,000 collections for minor and major complications and
for cases receiving outside medical care for different
donor age groups.

Statistical analysis

Complication rates for different procedure types and
among different age groups were compared by calculating
odds ratios (ORs) and 95 percent confidence intervals
(Cls; Instat, GraphPad, Inc., San Diego, CA). Linear regres-
sion and analysis of variance for the correlation between
the proportion of young donors and monthly complica-
tions rates was performed with compuier software (SAS
Version 9.1.3, SAS Institute, Inc., Cary, NC).

A multivariate logistic regression analysis was per-
formed to identify demographic variables that were inde-
pendently associated with complications alter WB, R2, or
PLT donations using software (SAS STAT, SAS Institute,
Inc.). There was an inverse and nonlinear relatonship
between donor age and the rate of complications, and

complications were disproportionately represented in .

donors under age 20 and fairly constant above age 20.
Consequently, the mulijvariate analysis considered the
donors in the age groups as 16-year-olds, 17-year-olds,
young adults (18--and 19-year-clds), and adults in each
subsequent decade (e.g., 20-29, 30-35, up to 80+). A“STEP-
WISE” selection method was used to determine which
effects entered the logistic regression model and also
which effects remained in the model, A significance level
of not greater than 0.05 was necessary for an effect to enter
into the model and a significance level of not greater than
0.05 was necessary for an effect to remain in the model at
any iteration step. The regression analyses for WB, PLT,
and R2 procedures evaluated the independent variables
(regional blood center, donor age, sex, donation status)
and the dependent outcome (any complication). Qutlier
regions that performed fewer than 150 procedures in 2006
were not reported (three regions) in the R2 model. The
ARC Institutional Review Board determined that the
research was exempt under 45CFR46, 21CFR50.
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RESULTS

Donations and donor complications at regional
blood centers

In 2006, the donor hemovigilance program analyzed a
total of 6,014,472 WB, 449,594 PLT, and 228,183 R2 collec-
tions, which were associated with 209,815, 25,966, and
12,282 adverse reactions (348.9, 577.5, and 538.3 per
10,000 donation), respectively. Minor symptomatic
{presyncopal)} reactions accounted for the majority of
complications (258.3 per 10,000 collections) for WB, and
small hematomas, for PLT and R2 donations (377.0 and
217.9 per 10,000 collections, respectively; Table 2). Exclud-
ing large hematomas, the overall rates of major complica-
tions were.7.4, 5.2, and 3.3 per 10,000 collections for WB,
PLT, and R2 procedures, respectively {Table 2).

Regional and menthly variability in complications
after WB donation

The complication rates observed for WB donation in
the 36 regions demonstrated considerable regional
and monthly variability; the systemwide mean was
348.9 * 140.7 (range, 145.9-679.5) complications per
10,000 donations (Fig. 1). The overall WB complication
rates in the 36 regions were normally distributed and 24°
regions were within 1 standard deviation (8D} of the
mean, and 34 regions were within 2 SDs of the mean (data
not shown). For adverse reactions recorded by collection
staff, mean monthly rates of reactions at the donation site
varied over a wider range for the small- and medium-sized
regions (approx. 57,000-207,000 WB collections per year}
compared to the largest regions (with >208,000 WB collec-
tions per year).

Complication rates across the system demonstrated
seasonal variation that was most pronounced for WB
donalion and strongly correlated with donor age. Specifi-
cally the rates of systemic (syncopal-type) complications
(i.e., presyncope, LOG, injury, prolonged recovery) and the
proportion of young donors (16-19 years old) for WB and
R2 donations were higher in the spring and autumn com-
pared to the winter and summer, whereas the rates of

" phlebotomy-related complications remained constant
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throughout the year (Fig. 2A). Systemic (syncopal-type)
complications after WB donation correlated strongly with
the proportion of donors less than 20 years old (R* = 0.96)
and logistic regression demonstrated that the model
explains a significant portion of the variation in the data
(F =248.00; p <0.0001). Monthly variation was substan-
tially less pronounced for systemic {syncopal-type) com-
plications after automated collections (Fig. 2B) and did
not correlate as strongly with the proportion of donors less
than 20 years old as observed for WB (R? = 0.58; p = 0.004};
no cerrelation was observed for PLT donations (R? = 0.03;
p = 0.58).
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TABLE 2. Rates of complications after WB and automated collections per 10,000 donations
Complications . WB (6,014,472) Apheresis PLTs (449,594) R2 (228,183}
Systemic (syncopal-type) complications
Presyncopal (symptomatic, prefaint) 258.3 61.3 195.2
Short LOC 7.9 2.1 8.5
Major )
Long LOC 1.8 0.5 0.8
Prolonged recovery 2.4 0.8 1.0
Injury 11 Q3 0.1
Systemic (other) complications
Citrate
Minor 121.4 112.8
Major 22 04
Allergic (minor, major) 0.1 0.4 0.2
Other (minor, major) 0.6 1.0 1.0
Al systemic
Rale 2721 190.1 317.9
Number of events 163,663 8,546 7,255
OR* (95% CI} 1.00 0.69 (0.68-0.71} 1.47 (1.15-1.20)
Phiebotomy-related complications
Small hematoma 74.5 377.0 217.9
Major
Large hematoma 0.4 9.4 1.9
Suspecied nerve irritation 0.7 0.8 0.1
Suspected arterial punciure 1.1 0.2 0.4
Phlebotomy-related .
Rale 76.7 3875 220.3
Number of events 46,152 17,420 5,027
OR (95% Cl) 1.00 5.21 (5.12-5.31) 2.91 {2.83-3.00)
Al reaclions .
Rate 3489 577.5 538.3
Number of events 209,815 25,966 12,282
OR (95% Ci) 1.00 1,70 {1.67-1.72) 1,57 {1.54-1.80)
Major reactions
Ratet 7.4 52 33
Number of events 4,443 232 76
OR (95% CI) 1.00 0.70 (0.61-0.80) 0.45 (0.36-0.57)
Qutside medical care
‘Rale 3.2 2.9 29
Number of events 1,903 132 68
OR (95% Cl} 1.00 0.83 (0.78-1.11) 0.91 {0.72-1.17)
* ORs shown for univariate analyses compared to the rale for WB collections.
1+ Excluding large hemaloma: univariate comparison of donation types.

Allogeneic WB donation and complications
The most common complications associated with alloge-
neic WB collections were systernic (syncopal-type) reac-
tions (272.1 per 10,000 donations), most of which were
mild symptomatic (presyncopal, prefaint) reactions that
occurred at an overall rate of 258.3 per 10,000 donations
(2.5%; Tabie 2). Of the major reaction categories, the most
frequently reported was prolonged recovery (2.4 per
10,000 donations} or LOC for more than 1 minute (1.8 per
10,000 donations). The overall complication rate
decreased with increasing donor age (Fig. 3) for both first-
time and repeat donors (data not shown). _
Young donors (<20 years old) accounted for 874,922
(14.5%) WB donations in 2006 and had a significantly
higher reaction rate than older donors (Fig. 3). An analy-
sis of complications in these young donors is presented
elsewhere.)® Multivariate analysis confirmed that
regional blood center, age, sex, and first-time donation

35

status are independent correlates for adverse events
(Table 3). Donor age was the strongest independent
predictor of complications; the effect of age eectively
leveled off above age 40, although the differences
between age groups was still significant. Other variables,
including donor race, height, and weight, were not
available on all donations for inclusion in this analysis.
The overall complication rate was lower but the propor-
tion of small hematomas was higher in the older age
group (>80 years) compared to younger age groups
(Fig. 3).

Overall, 1,903 WB donors had outside medical care
documented after a complication, for a raie of 3.2 per
10,000 collections. Forty-six of these donors reported hos-
pitalization after donation. The observed rate of reporied
outside medical care after WB donation was higher after
first-time (5.7 per 10,000) compared to repeat (2.6 per
10,000} donations (OR, 2.2; 95% CI, 2.0-2.4). Major
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syncopal-type reactions (long LOC, LOC or presyncope
with injury, prolonged recovery) accounted for approxi-
mately half (46%) of all reactions associated with outside
medical care (Fig. 6A).

Automated collection procedures and
donor complications

The most common complications associated with PLT
and R2 donations were hematomas, followed by systemic
citrate and syncopal-type reactions (Table 2). The rate of
systemic reactions was lower for PLT donations (OR, 0.69;
95% CI, 0.68-0.71} and slightly but significantly higher for
R2 donations {OR, 1.17; 95% CI, 1.15-1.20) compared to
WB collections in a pairwise, univariate analysis (Table 2).
The rate of major reactions, however, was significantly
lower for both PLT (OR, 0.70; 95% CI, 0.61-0.80) and R2
(OR, 0.45; 95% Cl, 0.36-0.57) collections. The rate of
outside medical care was not significantly different for PLT,
and R2 (2.9 per 10,000) collections compared to WB (3.2
per 10,000 collections (Table 2. '

As with WB donation, younger donors were more
likely to expedence complications after PLT (Fig. 4) and R2
(Fig. 5) collection, but the influence of age on the rate of
donor complications was considerably less pronounced.
Multivariate anpalysis confirmed that regional blood
center, age, seX, and first-time donation status are inde-
pendent correlates for adverse events (Table 3). Age was a
strong independent predictor of complications, but there
were no differences in complication rates in age groups
above age 50 for R2 and above age 30 for PLT donation.
Significant differences were observed among regional
blood centers, '

The observed rate of reported outside medical care
was not different for WB (3.2 per 10,000) compared to
automated procedures (2.9 per 10,000), but the composi-
tion of reaction types differed, Phiebotomy-related com-
plications (large hematoma, possible nerve irritation)
accounted for 39 percent of outside medical care reported
after automated collections (Fig. 6B). Eight of these 198
donors reported hospitalization after donation,

DISCUSSION

A safe and adequate blood supply encampasses efforts to
minimize the risk to the blood donor as well as the trans-
fusion recipient. The present analysis represents the first
report of the comprehensive ARC donor hemovigilance
program. The data confirm the overall safety of blood
donation and provide an estimate of risk currently associ-
ated with allogeneic WB and automated collection proce-
dures. We have used the data internaily for program and
procedure development and have shared the data exter-
nally with various organizations to evaluate the impact
of regulatory guidance and inform public policy. For
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example, the lower rates of serious -reactions with auto-
mated PLT collections compared to WB collections served
as the basis for a response to the FDA draft guidance on
collection of PLTs by automated methods® to demon-
strate that additional requirements for medical supervi-
sion at the collection site were unwarranted and would
_unnecessarily restrict PIT collection and availability.
These data support the conclusions reached by others
that plateletpheresis is associated with the lowest rate
of systemic reactions compared to other collection
procedures. .

The AABB has proposed the establishment of a
national biovigilance program that would include a donor
adverse reaction’ component.’? The national coliection of
donor complication data is currently constrained by the
different definitions of reactions and data collection pro-
cedures in use by blood centers in the United States,
which prevents difect comparisons between the compli-
cation rates reported by various blood collection agen-
cies. We now demonstrate that even in a large multicenter
system utilizing standardized protocols, considerable
variability is apparent in reported reaction rates among
different regional blood centers. Reaction rates are known
to vary with donor age, gender, race, weight, and first-
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time donation status.>'® A major source of the variability
we observed between regions relates to donor demo-
graphics, as evident by the strong correlation of higher
reaction rates with the higher proportion of young donors
in spring and fall compared to sunumner and winter. Nev-
ertheless, we show that the biood region was aiso inde-
pendently associated with complications separate from
donor characteristics (age, donation status, and sex), sug-
gesting that regional practices may affect the likelihood of
reactions or the recognition and reporting of those reac-
tions. Regional variability likely cannot be eliminated
because of the inherent subjectivity in evaluating and
recording donor complications. Any comparison of com-
plication rates between different regional centers, for
example, to evaluate staff performance or compare col-
lection eguipment, eould be misleading. Despite the vari-
ability among regions, data from an individual region or a
small subset of regions in a more controlled operational
trial have proven useful to evaluate donor complications
associated with implementation of new collection proce-
dures or new equipment (data not shown}. Further analy-
sis of the regional variability may provide insight into
practices consistently associated with lower complication
rates.
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TABLE 3. Multivariate logistic regression analysis of donor complications
wB R2 Apheresis PLTs

Effect Point estimate 95% Wald Cl Point estimate 95% Wald Cl Point eslimate 95% Wald C|

Age (years)
16 3.42 3.14-3.73 MNA NA NA
17 3.33 3.07-3.62 2,94 1.56-5.55 1.77 1.37-2.28
18-19 3.1 2.87-3.37 3.02 1.60-5.70 1.69 1.37-2.08
20-29 2.25 2.07-2.44 2.83 1.50-5.33 1.30 1.08-1.56
30-38 1.33 1.22-1.44 2.30 1.22-4.33 1.06 0.88-1.28*
40-49 0.95 0.88-1.03" 1.95 1.04-3.67 0.90 0.75-1.08*
50-59 0.84 0.78-0.92 1.84 0.98-3.46 0.92 0.77-1.11*
80-69 0.80 0.73-0.87 " 1.8t 0.96-3.41" 0.95 0.79-1.14"
70-79 0.80 0.73-0.87 1.69 0.89-3.23* 0.84 0.70-1.02*
B0+ 1.00 (referent) " 1.00 (referent} 1.00 {referent)

Sex :
Male 0.56 0.55-0.56 0.64 0.60-0.68 0.53 0.52-0.55
Female 1.00 {referent) 1.00 {referent) 1.00 (referent)

Donation slatus :
First 2.00 1.98-2.02 1.33 1.25-1.40 2.04 1.83-2.28
Repeat 1.00 {referent) 1.00 (referent) 1.00 (referent) '

Region
A 0.90 0.86-0.94 '3.61 2.72-480 1.99 1.75-2.26
B 2.00 1.90-2.10 1.18 0.16-8.83* 228 1.94-2,62
c 0.90 0.86-0.95 0.88 0.65-1.19* 0.98 0.85-1.13*
D 1,11 1.06-1.16 1.80 1.42-2.55 1.52 1.34-1.72
E 0.82 0.78-0.86 1.18 (.88-1.54" 1.83 1.61-2.08
F 212 2.01-2.24 5.34 3.72-7 68 1.58 1.34-1.85
G 2.46 2.35-2,58 3.52 2.60-4.77 2.48 2.18-2.83 .
H 0.84 0.80-0.88 1.00 0.72-1.38" 1.54 1.35-1.76
| 0.54 0.51-0.57 0.89 0.66-1.19" 212 1.87-2.40
J . 0.85 0.81-0.90 1.18 0.87-1.60* 2.72 2.34-3.15
K 1.96 1.87-2.06 1.56 1.16-2.09 2,54 2.20-2,92
L 1.25 1.19-1.31 1.68 1.25-2.26 3.15 2.77-3.58
M 1.10 ¢ 1,05-1.16 115 0.82-1.83* 1.68 1.45-1.95
N 0.44 * 0.42-0.47 0.26 0.18-0.36 213 1.B2-2.48
(o] 0.82 0.78-0.86 NA 0.75 0.64-0.88
P 1.40 1.33-1.46 NA 1.37 1.20-1.57
Q 0.59 0.56-0.62 0.44 0.32-0.60 1.35 1.17-1.55
R 1.20 1.14-1.26 2.80 2.04-3.83 247 2.14-2.84
S 0.79 0.74-0.84 0.46 0.29-0.72 0.09 0.04-0.20
T 0.93 0.89-0.98 276 2.07-3.69 0.64 0.54-0.77
u 1.39 1.32-1.46 1.70 1.25-2.32 0.13 0.10-0.19
v 0.94 0.89-1.00 0.74 0.52-1.04* 2.98 2.55-3.48
w 1.98 1.89-2.07 2.00 1.48-2.67 1.84 1.61-2.10
X 0.62 0.59-0.66 0.24 0.16-0.37 2.29 1.95-2.68
Y 2.39 2.27-2.52 4.13 3.07-5.54 2.22 1.91-2.56
z 1.24 1.17-1.30 .01 1.39-2.63 0.81 0.70-0.94
AA 1.36 1.29-1.43 1.39 1.03-1.87 222 1.83-255 °
BB 1.33 1.27-1.40 4.53 3.37-6.08 2.68 2.35-3.09
cC 1.10 1.04-1.17 0.83 0.57-1.19" 0.44 0.34-0.56
DD 1.64 1.56-1.71 1.77 1.32-2.39 2.08 1.79-2.38
EE 1.30 1.24-1.37 1.01 0.70-1.45" 1.01 0.86-1.19*
FF 1.05 0.99-1.12" 1.24 0.91-1.70* 0.03 0.01-0.07
GG 1.10 1.05-1.15 1.81 1.35-2.43 1.44 1.26-1.63
HH 2.15 2.04-2.26 NA 1.07 0.86-1.35
i 0.69 0.65-0.73 0.42 0.28-0.65 0.55 0.46-0.65
M 1.00 (referent) 1.00 (referent) 1.00 (referent)

= Mot significant.

Our experience also delineates the limitations of a
national hemovigilance program and identifies opportu-
nities for future improvement that may be tracked by the
program. The approach to classify the type of complica-
tion rather than to capture specific signs or symptoms
simplifies data collection, but we recognize that our defi-
nitions of donor complications are not mutually exclusive;

.
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for example, donors in the prolonged recovery category
may also have had LOC as a feature of their reaction. This
redundancy Jeads to having more than one code that can
be used to describe a reaction; in addition, more than one
type of reaction is possible. In both circumstances, staff
is instructed to record the reaction based on the most
severe symptoms. This subjectivity in evalvation and
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