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Abstract

BACKGROUND—Whole blood donation in the United States is restricted in volume to 10.5

mL/kg or less in an effort to prevent hypovolemic reactions, but still may exceed more than 15%

of a donor’s estimated blood volume (EBV). We analyzed the association of EBV with prefaint

and systemic vasovagal reactions (SVRs) among whole blood donors and the potential impact of

an EBV-based deferral policy.

STUDY DESIGN AND METHODS—Independent predictors for prefaint reactions and SVRs

were assessed by multivariate logistic regression analysis on 591,177 unique donors participating

in the Retrovirus Epidemiology Donor Study-II study.

RESULTS—Young age (16 years old odds ratio [OR], 3.70; 95% confidence interval [CI],

2.78-4.94), low EBV (<3.5 L OR, 3.30; 95% CI, 2.57-4.23), and first-time donation status (OR,

2.33; 95% CI, 2.03-2.67) were the strongest predictors for SVRs, with similar trends seen for

prefaint reactions. Sex, height, race, blood center, and donation site were weakly associated

predictors. A total of 5.6% of all donors had an EBV of less than 3.5 L and experienced 12.5% of

all prefaint reactions and 14.5% of SVRs. The highest reaction rates were seen in donors less than

23 years old with an EBV of less than 3.5 L who comprised 2.7% of all donors, who were mostly

female (99.9%), and who experienced 8.8% of prefaint reactions and 11.0% of SVRs.

CONCLUSION—Young age, low EBV, and first-time donation status are the major correlates of

prefaint reactions and SVRs, suggesting that high school and college donors are at particular risk.

Deferral of donors with low EBV who are less than 23 years old may offer a rational approach to

protecting donors at greater risk of reactions without jeopardizing the adequacy of the blood

supply.
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To increase the number of blood components available for distribution, blood collection

agencies have expanded the use of donor incentives to attract new donors, encouraged

current or lapsed donors to give more frequently, increased the collection of multiple

components by apheresis from individual donors, aggressively pursued donation by high

school and college donors, and supported state legislation to decrease the minimum age for a

blood donation to 16 years of age.1 Of concern, however, is whether any of these steps,

particularly collecting from young donors, results in increased risk of adverse events for the

individual donor. Blood collection facilities have the dual obligation to make the donation

process as safe as possible for the donor and to provide an adequate blood supply to the

community; consequently, they should design measures to minimize risk to donors as they

strive to increase the number of blood components available for transfusion.2,3

Blood donation is generally well tolerated by most individuals; however, some people will

experience adverse events after the collection of whole blood by manual methods. The most

common complications are small hematomas and prefaint (presyncope) reactions, occurring

in up to 16 and 5% of donors, respectively.4 Potentially more significant adverse events

range from vasovagal syncope (loss of consciousness) with occasional injuries from falling

or accidents, phlebotomy-related reactions such as hematomas, nerve irritation/injuries,

arterial punctures, phlebitis, and thrombosis and skin infections to rare systemic reactions,

allergy/anaphylaxis, and myocardial infarction. A voluntary blood donation has not been

causally implicated in a donor’s death, based on reports to the US Food and Drug

Administration.5

Prefaint reactions and loss of consciousness after donation are of particular concern, because

they may lead to falls, injuries, and accidents and reduce the likelihood that a donor will

return to donate again.1,6 Many studies have highlighted young age, first-time donation

status, female sex, low weight, and Caucasian race as important risk factors for reactions,

and high school students are at particular risk.1,3,7,8 Eder and colleagues1 reported that

donors aged 16 and 17 years have higher rates of vasovagal reactions than older donors and

that high school–age donors experiencing adverse reactions are less likely to donate blood in

the future. Younger donors also had significantly higher rates of donor reactions needing

additional medical care than adult donors (5.8 reactions/ 10,000 collections for donors age

16-17 years vs. 2.9 reactions/10,000 collections for donors aged ≥ 20 years).

Wiltbank and coworkers3 also reported the risk factors for vasovagal reactions in donors 17

years or older and showed that estimated blood volume (EBV) and body mass index are risk

factors for mild (pallor, sweating, anxiety, or reactions lasting < 15 min), moderate

(vomiting, loss of consciousness, hypotension, or reactions lasting 10-30 min), and severe

(chest pain, incontinence, convulsions, delayed recovery, or reactions lasting > 30 min)

donor reactions among whole blood donors. Donors with an EBV of less than 3.5 L had an

odds ratio (OR) for prefaint and faint reactions of 2.88 (95% confidence interval [CI],

2.57-3.23).3 A low body mass index (<18.5) was also associated with a high risk for prefaint

and faint reactions (OR, 2.51; 95% CI, 1.99-3.15). These authors noted that donors with an

EBV of less than 3.5 L are at risk of the loss of more than 15% of their blood volume with

the donation of a standard unit of blood under current AABB Standards that limit blood loss

to 10.5 mL/kg (525 mL from a 50-kg [110-lb] donor). This study led the authors to
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implement additional donor eligibility criteria requiring that male and female donors ages 16

to 22 years have a total blood volume of 3.5 L or more.9

With this background, we conducted a study of the relationship of risk factors such as

weight, height, and EBV, with prefaint and systemic vasovagal reactions (SVRs) among

donors of allogeneic whole blood as young as 16 years old, in two American Red Cross

(ARC) regions participating in the NIH-sponsored Retrovirus Epidemiology Donor Study-II

(REDS-II). The study focused on the potential benefit and impact of implementing donor

restrictions based on EBV.

MATERIALS AND METHODS

Study design, population, and sites

This was a cross-sectional study of prefaint and SVRs among 591,177 whole blood donors

who made allogeneic whole blood donations during 2006 through 2007 at the Southern

(Atlanta, GA; SARC) and New England (Dedham, MA; NEARC) Regions of ARC Blood

Services. The two ARC centers are participating in the National Heart, Lung, and Blood

Institute REDS-II, a multicenter study designed to research blood safety and availability

issues in the United States. These blood centers were selected for the study among the six

blood centers participating in the REDS-II because they are the only two REDS-II blood

centers that share a uniform blood donation reaction classification scheme. A proportion of

the data collected in 2006 has been included in prior reports.1,2 The study protocol was

approved by the institutional review board at each participating blood center and the central

coordinating center, Westat, Inc. (Rockville, MD).

Data collection

Information on demographic characteristics (age, sex and race/ethnicity, body weight and

height, first-time or repeat donor status) and blood drive site has been collected by the

REDS-II program continuously since January 2006. The height and weight are self-reported

by the donors at the time of donation and are not measured by staff. The blood centers

routinely send their donation data with encrypted donor identification to Westat, Inc., where

they are compiled for analysis. Informed consent was obtained from all donors at the time of

blood collection and parental permission for donation was obtained for all 16-year-old

donors.

Manual blood collection

Using 500-mL blood collection bags (Fenwal, Inc., Lake Zurich, IL; Pall Corp., East Hills,

NY), the acceptable volume of whole blood is 500 mL ± 10% (450-550 mL); however,

collection scales are calibrated and set so that the calculated maximum volume of all blood

collected from a donor, which includes the collection bag, sample tubes, and collection set

tubing, does not exceed 525 mL. The minimum donor weight for whole blood donations is

110 lb (50 kg), so that the maximum calculated blood loss does not exceed 10.5 mL/kg, in

keeping with AABB Standards.10 The removal of 525 mL of blood represents 15% of blood

volume from a donor with an EBV of 3.5 L and 13% of a donor with an EBV of 4.0 L.
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Donor reaction classification

All blood donor reactions were classified by the ARC blood center staff using standard

protocols as previously described.2 The classification scheme for donation reactions did not

change during the study period. This analysis focused on systemic (vasovagal-type) donor

reactions and the selected categories were organized as prefaint and “systemic vasovagal

reactions” (short loss of consciousness [lasting less than 1 min], long loss of consciousness

[lasting 1 min or more], loss of consciousness or prefaint with injury, or prolonged recovery;

see Table 1.) Because donors could only be coded for a single adverse reaction category,

those that suffered other adverse reactions (e.g., phlebotomy-related reactions) were not at

risk of being attributed a prefaint reaction or SVR and were excluded from further analysis.

Statistical analysis

In this study, each donor is represented only once in the analytical data set, even if they

made multiple donations. In other words, only the first allogeneic whole blood donation of

each donor during the 2-year period at the two ARC blood centers was included. First-time

versus repeat donor status was ascertained using donor self-report, as well as retrospective

examination of the blood center database for previous donations and/or infectious disease

test results relating to the same person.

The following factors for predicting prefaint reactions and SVRs were analyzed: 1) sex

(male and female); 2) age (16, 17, 18, 19-22, 23-69, and ≥70 years, where 16-18 years

approximates the ages of high school students and 19-22 years reflects the ages of college

students); 3) donor status (first-time and repeat); 4) race/ethnicity (Asian, black, Hispanic,

white, and other); 5) region (NEARC and SARC); 6) blood drive sites (high school, college,

and all others); 7) weight (110-119, 120-129, 130-139, 140-149, 150-174, 175-199, and

≥200 lb); 8) height (<60 inch, 60-61, 62-63, 64-65, and ≥66); and 9) EBV calculated using

weight, height, and sex (<3.5, 3.5 to <4.0, 4.0 to <4.5, 4.5 to <5.0, and ≥5.0 L) according to

the formula of Nadler and colleagues.11,12 Some of the 18-year-old donors could have been

enrolled at a college at their time of their donation and some of the young donors could have

donated blood at sites other than schools, colleges, or universities.

Overall donor reaction rates by reaction category were calculated. Stratified SVR and

prefaint reaction rates by EBV, body weight, height, age, sex, race/ethnicity, first-time/

repeat donor status, region, and blood drive type were computed. An m × n chi-square test

was used to assess the overall difference of the frequency distribution of reactions among

subgroups.

To measure the independent effect of each of these nine factors, adjusted ORs were derived

from multivariate logistic regression (Figs. 1 and 2). The binary dependent variables were

prefaint versus no reaction and SVR versus no reaction.

Approximately 14.4% of the donors did not provide their body weight and/or height due to

either their refusal to provide all the requested demographic information or their specific

refusal to provide body weight and/or height. To avoid losing important information, these

donors were retained in the multivariate logistic regression model by including them in a

“missing” category for body weight and height as well as the derived variable, EBV (Table
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2). Computer software (SAS/STAT, Version 9.1.2; SAS Institute, Inc., Cary, NC) was used

for the data analysis in this study.

RESULTS

Characteristics of all donors

During the period from January 2006 to December 2007, a total of 591,177 unique donors

made whole blood donations to the SARC and NEARC. On the day of their first donation

during this study period, the majority of donors (95.15%; Table 1) did not experience a

reaction. The most commonly recorded adverse events were prefaint reactions (3.79%

donors), small hematoma (0.77%), and loss of consciousness, less than 1 minute (0.14%).

Overall, a SVR occurred in 0.22% of donors, while phlebotomy-related (0.04%) and other

reactions (0.01%) were rare.

Characteristics of donors with prefaint reactions, SVRs, or no reactions

We focused our analysis on prefaint reactions and SVRs as the most frequent events that

likely correlate with donor characteristics amenable to avoidance through EBV-related

donor deferral policies, especially in high school (mostly 16-18 years old) or college-age

(19-22 years old) donors. The focused analysis included 586,246 donors with no reactions,

prefaint reactions, or SVRs and excluded donors who experienced other reactions; the result

of the focused analysis indicates that 3.83% of the donors in the focused analysis had

prefaint reactions and 0.24% of the donors in the same analysis experienced SVRs (Table 2).

These donors were more likely to be female (53.6% vs. 46.4%), white (82.5%), and repeat

donors (57.3%). A total of 112,664 (19.2%) donors were 16 to 18 years old, while 59,761

(10.2%) were 19 to 22 years old. A total of 28,173 (4.8%) donors had an EBV of less than

3.5 L. EBV could not be calculated for 84,572 (14.4%) donors due to missing height or

weight data, such that donors with an EBV of less than 3.5 L comprised 5.6% of the

evaluable donors for which EBV could be calculated.

Frequency of prefaint reactions and SVRs by donor and site characteristics

Analysis of the incidence of prefaint reactions and SVRs using the chi-square test revealed

that prefaint reactions and SVRs were unevenly distributed among subgroups of sex, age,

race/ethnicity, donor status, blood drive sites, height, weight, and EBV (p < 0.0001, data not

shown). The NEARC blood services region had higher rate of SVRs (p < 0.0001), but not

prefaint reactions (p = 0.07, data not shown) than the SARC.

For example, Table 2 shows that 9.32% of the donors weighing 110 to 119 lb had a prefaint

reaction compared to 1.87% of the donors weighing 200 lb or more. Younger donors had

higher rates of prefaint reactions than older donors (9.12% in donor age 16 years old vs.

2.39% in donors 23-69 years old). Male donors had lower prefaint rates than female donors

(2.65% vs. 4.84%). Hispanic donors had the highest reaction rates (4.82%) compared to

donors of any racial or ethnic group; nevertheless, information on the race / ethnicity was

not available from 2.32% of donors, 5.53% of whom experienced prefaint reactions and

0.44% SVRs. It is unclear why the reaction rate should be high in this group. First-time

donors had more prefaint reactions than repeat donors (6.06% vs. 2.22%). Donors giving at
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college drives (6.72%) and at high schools (6.67%) had more prefaint reactions than other

collection sites (2.78%). Donors with low EBVs of less than 3.5 L had the highest prefaint

reaction rates (8.68%) when compared to donors with EBVs of 5.0 L or more (2.22%). In

general, the SVR rates mirrored the prefaint rates but occurred at approximately 10- to 20-

fold lower rates.

Association between donor characteristics and prefaint reactions and SVRs

A multivariate logistic regression model was constructed using weight, height, age, sex,

race, donor status, blood center, and blood drive sites as independent variables for prefaint

reactions and SVRs. Table 2 indicates that prefaint reactions and SVRs are more common in

female versus male donors, first-time versus repeat donors, Hispanic and white versus black

donors, and donors who weigh close to the minimum acceptable donor weight in the United

States (110 lb). There was a clear monotonic decrease in both prefaint reaction and SVR

rates with increasing body weight and increasing age, and a significant difference was seen

in both prefaint reaction and SVR rates reported in the New England and Southern regions.

For the risk-adjusted analysis, reference groups were chosen based on unadjusted ORs as

follows: donors age 23 to 69 years old, donors weighing 200 lb or more, male donors, repeat

donors, donors with a height of 66 in. or more, white donors, NEARC donors, and donors

donating at sites other than high schools or colleges (see Figs. 1 and 2).

After controlling for each factor associated with prefaint reactions, adjusted ORs show that

ages below 23 years were the strongest risk factors (Fig. 1), with 16-year-olds having the

greatest risk (OR, 2.69; 95% CI, 2.50- 2.90), weight below 130 lb (<120 lb OR, 2.15; 95%

CI, 2.00-2.32; <130-120 lb OR, 2.05; 95% CI, 1.92-2.18), and first-time donation status

(OR, 1.94; 95% CI, 1.88-2.01) as the next highest risk factors. Height (<60 in. OR, 1.51;

95% CI, 1.32-1.72) and female sex (OR, 1.40; 95% CI, 1.35-1.45) were both positively

associated with prefaint reactions while black donors were least affected (OR, 0.32; 95% CI,

0.30-0.35). The NEARC was more likely to record a prefaint reaction (OR, 1.16; 95% CI,

1.13-1.20) than the SARC, and these reactions were more likely to be seen at college drives

(OR, 1.13; 95% CI, 1.08-1.18) than high school drives (OR, 0.85; 95% CI, 0.81-0.89).

In this analysis, SVRs showed trends similar to those of prefaint reactions (Fig. 1), with the

age of 16 years (OR, 3.58; 95% CI, 2.68-4.78); weight of 110 to 119 lb (OR, 3.13; 95% CI,

2.36-4.14); age of 17, 18, and 19 to 22 years (OR, 2.95-2.47); weight of 120 to 129 lb (OR,

2.36; 95% CI, 1.82-3.05); and first-time donors (OR, 2.31; 95% CI, 2.01-2.65) at highest

risk. Black (OR, 0.26; 95% CI, 0.18-0.38) and Hispanic (OR, 0.64; 95% CI, 0.48-0.87)

donors had the lowest risk in the race category while the drive site was not a significant risk

factor. Height (60-61 in. OR, 1.43; 95% CI, 1.11-1.84) and female sex (OR, 1.16; 95% CI,

1.01-1.34) were significant but less important risk factors. Finally, the SARC recorded fewer

SVRs than the NEARC (OR, 0.60; 95% CI, 0.52-0.68).

A separate multivariate logistic regression analysis was performed using the calculated EBV

variable, with the exclusion of height and weight (Fig. 2), because EBV is dependent on

these variables. The EBV reference group was an EBV of 5.0 L or more; the reference

groups for the rest of the variables were the same with the first model. In this analysis, age

16 years, EBV of less than 3.5 L, and first-time donation status were the major risk factors
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for prefaint (16 years old OR, 2.76; 95% CI, 2.57-2.97; EBV < 3.5 L OR, 2.45; 95% CI,

2.29-2.61; first-time status OR, 1.95; 95% CI, 1.89-2.02) and SVR events (16 years old OR,

3.70; 95% CI, 2.78-4.94; EBV < 3.5 L OR, 3.30. 95% CI, 2.57-4.23; first-time donor OR,

2.33; 95% CI, 2.03-2.67). Black race was protective for prefaint reactions (OR, 0.32; 95%

CI, 0.30-0.34) and SVRs (OR, 0.26; 95% CI, 0.18-0.37). Of interest is that prefaint appears

to be at a linearly increasing risk as EBV decreases below 5 L (Fig. 2), while a dramatically

increased risk for SVR is seen for donors below 4.0 L EBV (<3.5 L OR, 3.30; 95% CI,

2.57-4.23; 3.5 to <4.0 L OR, 2.32; 95% CI, 1.86-2.89). Female sex remains a minor risk

factor for prefaint reactions (OR, 1.28; 95% CI, 1.23-1.33) but is not significant for SVR

(OR, 1.03; 95% CI, 0.87-1.22).

Potential impact of donor deferrals based on EBV and age

Our analyses demonstrate that age, EBV, weight, first-time donation status, and race are the

most important predictors of prefaint reactions and SVRs. These data support the strategy of

developing deferral criteria that selectively reduce the incidence of reactions, especially in

high school and college drives where young, first-time, and low-EBV donors are most likely

to donate. Broad-based deferral criteria based on age, first-time donation status, and race are

not practical because such measures might indiscriminately eliminate an unacceptable

number of donors and impair the sustainability of the blood supply. We therefore explored

the possibility of restrictions based on both EBV and age in a stratified analysis of reactions.

Figure 3 shows the non–risk-adjusted rates of prefaint reactions and SVRs by EBV group

and confirms that the highest risk of prefaint reactions is seen with 16- (13.7%), 17-

(13.7%), and 18- (12.5%) year-old donors with an EBV of less than 3.5 L, while donors

have the highest rates of SVRs in the 18- (1.24%) and 19- to 22- (0.99%) year-old age

groups.

Of note is that donors with an EBV of 3.5 to less than 4.0 L also show substantial rates of

prefaint reactions in the 16- to 18-year-old groups (9.5%-10.6%) and for SVRs in the 17- to

18-year-old groups (0.81%-0.87%). In contrast, donors 23 years and older had substantially

lower rates of prefaint reactions and SVRs in all EBV groups, suggesting that restriction of

an EBV-based donor deferral to donors less than 23 years old would prevent the reactions

occurring at the highest rates while minimizing donor loss.

Donor deferral criteria based on EBV (<3.5 L) in all age groups would lead to deferral of

5.6% of currently presenting donors, with a potential avoidance of 14.5% of SVRs and

12.5% of all prefaint reactions (Table 3). In contrast, restriction of EBV-based deferral to

donors less than 23 years of age and an EBV of less than 3.5 L would prevent donation by

2.7% of otherwise acceptable donors and avoid 8.8% of all prefaint reactions and 11.0% of

all SVRs. A total of 99.9% (13,580/13,588) of the donors with an EBV of less than 3.5 L

and an age of less than 23 years old prevented from donation would be female; these donors

would represent 9.1% of all evaluable donors less than 23 years old and 16.5% of evaluable

females less than 23 years old. The more effective strategy at reducing adverse events would

be a restriction on all donors less than 23 years of age with an EBV of less than 4.0 L, which

would avoid 31.9% of SVRs and 26.7% of prefaint reactions; however, 9.7% of presenting

donors would become ineligible to donate (Table 3).
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DISCUSSION

Young donors (16-22 years old) contribute an increasing proportion of the overall US blood

supply as the post–World War II generation ages and are unable to donate, blood drives in

industrial and manufacturing settings diminish, and an increasing number of states allow

donation by both 16- and 17-year-old donors.1,13 Blood donation is promoted at high

schools and colleges as an important vehicle to increase voluntary service and contribute to

the community, with the rationale that students given multiple opportunities to donate at an

early age may be more likely to mature into lifelong blood donors. The dilemma raised by

recruiting high school students is that, while most donors in every age group have a

satisfactory experience and feel good about donating, the youngest age groups are well

documented to be the most likely to suffer adverse events related to donation that threaten

their well-being and reduce their likelihood of returning. Eder and colleagues1 documented a

higher rate of adverse events in 16- to 17-year-olds compared to donors 20 years and older,

including SVRs and phlebotomy-related injuries such as hematomas, nerve irritation, and

arterial punctures. Most concerning was the rare occurrence (5.9 per 10,000 donations), but

14.5-fold higher rate (OR, 14.5; 95% CI, 10.4-20.0) of injuries after falls or accidents related

to prefaint or loss of consciousness reactions in 16- to 17-year-olds compared to adults.

Donors who suffer either minor or major adverse events were significantly less likely to

return to donate again.1,2 In this setting, substantial effort has been expended to devise

programs to protect donors and reduce risks. The measures to improve safety for young

donors were summarized by an ad hoc AABB work group14 and fall into distinct categories

addressing education before and after donation and control of the drive environment and

adequate staffing and specific interventions, such as modified selection criteria for whole

blood donation.9,14-19

Herein we explore the possibility that risk may be moderated by judicious restrictions on

donor eligibility based on predictors of reactions identified by multivariate logistic

regression modeling. Analysis of 591,177 donations in two ARC blood centers participating

in the REDS-II program that use the same standardized classification scheme for adverse

reactions reveals young age, low weight, low EBV, first-time donation status, and Caucasian

race as the strongest predictors of prefaint and SVRs. Sex, height, blood center, and site of

donation were less important predictors. The combination of age and EBV (Fig. 3), in

particular, provides a powerful means to identify those donors at highest risk. Donors 23

years and older had the lowest rates of prefaint reactions and SVRs, while younger donors

with low EBV (<3.5 L) had the highest rates, with 13.7% of 16- and 17-year-olds

experiencing prefaint reactions and 1.24% of 18-year-olds experiencing SVRs.

Our findings corroborate those recently reported by Wiltbank and coworkers3 using a

different adverse reaction classification scheme in a separate blood donation program and

extend the analysis to demonstrate the particular susceptibility of 16-year-old donors with

low EBV to donation-related vasovagal-type reactions. We also examined only the first

donation in our study period, to reduce the bias that repeat donation by donors who may be

less likely to incur adverse reactions could introduce into the analysis. Nevertheless,

together our data raise the question whether US donor qualifications sufficiently protect

young donor with low blood volumes.
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The EBV of an adult can be calculated with a simple body weight formula that assumes that

an adult has approximately 70 mL/kg11 of blood or with a more accurate formula that

accounts for the height, weight, and sex of the donors such as proposed by Nadler and

colleagues.12 Since data on the weight and height of the study subjects were available to us,

we used Nadler’s formula. Applying this formula to our donor population reveals that as

many as 5.6% of donors, almost all of whom are female (>99.9%), have an EBV of less than

3.5 L.12 Indeed, a female donor weighing 110 lb and 4 ft 10 in. height has an EBV of 2980

mL and a 525-mL donation represents 17.6% of her EBV. Furthermore, more recent

measurements that take into account the gradually increasing body mass index of the US

population over time suggests that the Nadler formula may overestimate blood volume by as

much as 12%.20 If so, then more than 5.6% of donors are at risk for donating more than 15%

of their blood volume and the smallest donors may lose 20% of their EBV (525 mL from a

donor with an EBV of 2625 mL).

The AABB Standards for Blood Banks and Transfusion Services limit the total amount of

whole blood collected per donation to 10.5 mL/kg.10 Combining the minimum weight

requirement of 110 lb (50 kg) for blood donations and blood volume requirements results in

a maximum blood loss per donation of 525 mL for a 50-kg donor. The AABB Standards are

based on the general assumption that an average adult in the United States has an EBV of 70

mL/kg,11 so that 10.5 mL/kg represents 15% or less of the EBV of the smallest eligible

donor (525 mL from a donor with an EBV of 3500 mL). In the past decade, US blood

collection agencies have increased the size of the bags used for blood collections (from 450-

to 500-mL bags) with intent to increase the amount of plasma that can be harvested for

further manufacturing purposes and to compensate for the loss of red blood cells retained by

leukoreduction filters. However, collectors have to account for an additional 40- to 60-mL

blood loss in samples taken for viral marker testing and in tubing attached to the bag. These

constraints allow the maximum collection of approximately 465 to 485 mL of blood in the

bag with in a total blood loss that is very close to the allowable blood loss of 525 mL per

donation. It is notable that the European Commission21 requires member countries to

enforce a minimum donor weight of 50 kg and a maximum volume of blood donation of

13% EBV, based on height, weight, and sex.22 In our analysis, a 13% blood loss restriction

for a 525-mL donation roughly equates to a lower limit of EBV of 4.0 L (525 mL is 13.1%

of an EBV of 4.0 L).

Possible interventions to prevent donors from donating an excessive proportion of their EBV

include preventing whole blood donation by donors with an EBV below a predetermined

limit for a given volume of collection (525 mL) or reducing the amount of whole blood

collected in each donation.

We present the analysis of the impact of an EBV-based deferral and show that such limits

are only necessary for young donors less than 23 years of age. In the two blood centers

studied, a deferral policy based on age less than 23 years and EBV of less than 3.5 L

identifies 2.7% of the presenting donors, of which 99.9% are female. These donors account

for 8.8% of prefaint reactions and 11.0% of SVRs in the overall evaluable donor pool. The

more stringent restriction based on deferral of donors less than 23 years old with an EBV of

less than 4.0 L would defer 9.7% of current donors while preventing 26.7% of prefaint
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reactions and 31.9% of SVRs (Table 3). This can be compared to the potential impact of the

European standard (<13% of the EBV of donors of all ages) which would require an EBV of

more than 4.0 L and the deferral of 24.6% of current donors, potentially avoiding 41.7% of

prefaint reactions and 44.9% of SVRs (Table 3). Again, our data suggest that there is little

need for such a draconian restriction in donors more than 23 years old. One limitation of our

proposed EBV-based donor deferral policy for both first-time and repeat donors is that it

could result in the deferral of repeat donors with a low EBV who had never experienced a

prefaint reaction or a SVR; however, our data suggest that these donors (repeat donors with

an EBV of ≤3.5 L) are still at a higher risk of adverse events that repeat donors with an EBV

of more than 3.5 L.

An alternative approach would be to reduce the volume of blood collected from each US

blood donor of less than 23 years of age. Collecting no more than 450 mL from the smallest

female donor would ensure that 15% of EBV is not exceeded, according to the formula of

Nadler and coworkers12 (assuming a 110-lb female with a height of 4 ft 10 in. with an EBV

of 2980 mL) and no EBV-based donor restriction would be necessary. Furthermore, every

donor would lose approximately 14% less blood than is the current practice, which may

reduce the overall risk of reactions, although our data cannot predict the magnitude of this

effect. The introduction of a two-tiered blood volume collection system with the collection

of lower blood volumes from high school and college-aged students is amenable to study

and should be considered as an intervention to protect these most vulnerable donors.

Our study has a number of potential weaknesses. As in previous reports, we rely on self-

reported donor weights and there may be pressure on young, first-time donors to exaggerate

their weight to qualify for donation. A second issue is the presence of missing data. A total

of 14.4% of donors in our study failed to provide sufficient height and/or weight data to

allow calculation of an EBV and this was not evenly distributed: 33.1% (5173/15,647) of

16-year-olds and 10.9% to 11.9% of 17-, 18-, and 19- to 22-year-olds failed to provide

complete data. Nevertheless, we do not believe that the results of the study are affected by

selection bias since the donors provided their demographic information before the time

when the majority of donation reactions take place—during phlebotomy. In our multivariate

analyses we included a “missing” category to account for these donors. Nevertheless, the

disproportionate number of 16-year-olds with missing data suggests that our analysis may

misestimate the potential benefit of a deferral of donors with an EBV of less than 3.5 L and

proportion of donors that would be deferred based on a 3.5-L EBV deferral criterion.

The actual volume of whole blood collected from each donor was not recorded, and a direct

correlation between EBV and blood volume loss was not established. For donors with an

EBV of less than 3.5 L, however, the standard blood draw is likely to exceed 15% of their

total blood volume. Whether a smaller proportionate blood loss in a susceptible donor can

account for most of the reactions remains undetermined.

EBV was calculated using a formula that accounts for the sex, height, and weight of the

donors. Therefore, the effects of EBV on prefaint reactions and SVRs are somewhat

dependent on the influence of sex on the calculation of EBV. Nevertheless, our multivariate

analysis revealed that sex remains as an independent predictor of prefaint reactions, but not
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SVRs. The effect on sex on prefaint reactions (when adjusting for EBV, age, race, donor

status, blood center, and sponsor) is small compared to the effect of an EBV less than 3.5 L

(with donors with an EBV of ≥5.0 L as the reference group).

In this study of blood donation reactions, we only used the donor’s first donation to calculate

the rates and risks for donation reactions. It is possible for the same donor to have

experienced more than one reaction during the 2-year study period and that a subsequent

reaction was not accounted for. Furthermore, the study was limited to allogeneic donations,

and the results cannot be generalized to the autologous donations since these donations have

different eligibility requirements. The study was conducted using data from two ARC blood

centers located in the Northeast and Southeast regions of the United States and differences

in reaction rates between the two centers were observed. For example, the OR for SVR

among blood donors from the New England Region was higher than the OR for the same

type of reaction from donors from the Southern Region. This difference in OR for SVR

among these two blood centers could be partially explained by the inherent subjectivity in

the recognition and reporting of blood donor reactions.2 It could be that a similar study of

risk factors for prefaint reactions and SVRs at another blood collection agency will reveal

different rates for the factors associated with donor reactions, although our overall

conclusions are in line with those reported by others.3

Finally, this study corroborates the findings of Wiltbank and coworkers3 of a strong

relationship between prefaint reactions and SVRs with low EBV and the risk of physiologic

hypovolemic symptoms after donation. We found that prefaint reactions and SVRs are

strongly associated with younger-age first-time donors with low EBV who tend to be

Caucasian and female. No single value for age, weight, or EBV can be identified that would

allow selective and definitive reduction in the risk through selective deferral of at-risk

donors. Nevertheless, we propose that blood centers consider interventions to protect young

donors (<23 years old) with low EBV (<3.5 L), the most vulnerable members of an

important group of future blood donors.
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Fig. 1.
Multivariate logistic regression analysis of risk factors to predict prefaint reactions and

SVRs incorporating weight and height. Adjusted OR and 95% CI, shown for each variable.

(■) OR = 1 of control group for each variable.
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Fig. 2.
Multivariate logistic regression analysis of risk factors to predict prefaint and SVRs

replacing weight and height with EBV. Adjusted OR and 95% CI, shown for each variable.

(■) OR = 1 of control group for each variable.
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Fig. 3.
Non–risk-adjusted rates of prefaint reactions and SVRs broken down by age and EBV.
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TABLE 1

Donor reaction classification and incidence in this study

Complication Number Proportion of donors (%)

No reaction 562,529 95.15

Minor discomforts

 Prefaint 22,385 3.79

 Hematoma, small (≤2 × 2 in.) 4,578 0.77

 Subtotal 26,963 4.56

Systemic vasovagal

 Loss of consciousness, short (<1 min) 856 0.14

 Loss of consciousness, long (≥1 min) 136 0.02

 Prolonged recovery (≥30 min) 232 0.04

 Prefaint/loss of consciousness with injury 108 0.02

 Subtotal 1,332 0.22

Major phlebotomy-related

 Nerve injury 119 0.02

 Arterial puncture 86 0.01

 Hematoma, large (>2 ×2 in.) 62 0.01

 Subtotal 267 0.04

Other reactions

 Other, minor reaction 35 0.01

 Citrate, minor reaction 20 0.00

 Allergic, minor reaction 17 0.00

 Other, major reaction 10 0.00

 Allergic, major reaction 3 0.00

 Citrate, major reaction 1 0.00

 Subtotal 86 0.01

Total 591,177 100
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