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Safety of 400-ml whole-blood collection in 17-year-old Japanese male donors
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Kimihiro Kanemitsu", Tetsu Yamamoto®, Tadashi Kamiya®, Hirotoshi Shibata”,
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Background: To overcome the shortage of blood and blood products, it is necessary to increase the total volume of
blood collected from donors. This requires modifying the current standard of 200-m! whole-blood collection for young
people (16-17 year-old), which is specified by the Departmental Regulation No.22 (Kouseishou-rei dai-22 gou). The ob-
jectives of this study were to evaluate the safety of 400-mI whole-blood collection in 17-year-old males.

Methods: A total of 322 male volunteers aged 17 years and 363 aged 18 or 19 years were recruited for blood collection
through advertisements at schools and blood center donation sites. Blood collected from the 17-year-old males was
not used for transfusion, whereas that collected from the 18-19 year-olds was used for transfusion as normal To evalu-
ate the safety of 400-mI whole-blood collection in the 17-year-old males, Fisher’'s exact test was used to compare
vasovagal reaction (VVR) occurrence rates between the two groups by using a two-by-two contingency table. Signifi-
cance was defined as P<0.05.

Results: Among the 17-year-old males, six side effects (1.86%)—five cases of VVR and one of subcutaneous hemor-
rhage—were observed at the blood collection site. Among the 18-19 year-olds, eight cases of VVR (2.22%) were re-
ported. As for late-onset donor reaction, 56 (17.7%) were reported in the 17-year-old males and 35 (10.0%) in the 18-19
year-olds as assessed by post donation questionnaire. No difference was observed in the recovery rate of biochemical
data (plasma components) between the two groups.

Conclusion: In terms of the VVR occurrence rate, there was no significant difference between the two groups (P=
0.7935; P>0.05). The recovery rate of cell counts and plasma components to the original level was similar between the

two groups. We conclude that 400-mI whole-blood collection can be performed safely in 17-year-old males in Japan.
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INTRODUCTION ture, and a further acceleration of this trend is ex-
The number of blood donors in Japan decreased to pected?.

4.99 million in 2006 from the recent maximum of 6.30 The total volume of donated blood was 1.84 million I,

million in 1995 due to a change in the population struc- which is a decrease of 0.6% from the previous year"?.
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The insufficiency in the supply of blood and blood
products is a cause for concern, particularly in a society
with a low birthrate coupled with increasing longevity,
since many blood products will be required to meet the
demands of an aging population and the diseases asso-
ciated with it¥”. It is therefore proposed that 400-m!
whole-blood collection in young people (aged 16-17
years) should be adopted in place of the 200-m/ whole-
blood collection currently set as the standard volume
of blood collected from donors as regulated by a minis-
terial decree (Kouseishou-rei dai-22 gou) of the Ministry
of Health, Labour and Welfare (MHLW). However, the
safety of 400-m! whole-blood collection in young blood
donors in Japan has not been evaluated yet. Fainting at
the blood donation site may cause serious injury to
blood donors®. This fainting is often associated with
vasovagal reaction (VVR), which is caused by blood ves-
sel dilation due to an increase in vagal tone. The central
autonomic pathways, precipitated by emotional factors
and hyperventilation, play a critical role. Hypo perfu-
sion of the reticular activating system and cerebral cor-
tex is the final common pathway for the majority of epi-
sodes”. As for the definition of VVR in this study, we
used the diagnostic criteria described in the MHLW
guideline” concerning compensation damage to the
health of blood. Diagnosis is performed based on obser-
vation at the time of occurrence at the blood collection
site. VVRs that occur late after donation on the same
day are in principle defined as delayed VVR. Further,
we define other symptoms, such as fatigue, sweating
and vomiting, occurring within several days as late-
onset donor reactions in this paper.

We examined the safety of 400-mI whole-blood col-
lection in 17-year-old males in this study. In a previous
study on the safety of blood donation in young people,
it was reported that giddiness and fainting were
mainly caused by side effects such as VVR at the time
of blood withdrawal. The study reported that factors
associated with a high incidence rate of side effects in-
cluded low body weight, young age, or first-time dona-
tion® ™", The rate of VVR occurrence in normal blood
donors has been reported as approximately 1% * .
The occurrence rate of VVR in Japan is also approxi-
mately 1% .

METHODS
Before the trial, we informed the voluntary partici-

pants (17-year-old males) and their parents of the con-
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tents of this study and obtained the written consent of
both child and a parent. 400-m/ whole-blood collection
was then carried out after a medical check. Similar in-
formed consent was obtained prior to 400-ml/ whole-
blood collection from another group consisting of 18-19-
year-old male. All participants were recruited through
advertisements at high schools and blood centers. The
number of 17-year-old and 18-19-year-old males who
participated in the trial was 322 and 363, respectively.
Data were collected at nine institutions in seven re-
gions across the country (Japanese Red Cross Blood
Centers in Hokkaido, Miyagi, Tokyo, Aichi, Osaka,
Okayama, and Fukuoka). The study period was from
April 1, 2005 to September 30, 2005. Three months
later, a follow-up survey was conducted on the same
donors. This follow-up survey was conducted from July
1, 2005 to December 30, 2005. Further, a pre-donation
interview recorded the following information: age,
number of times of blood donation (donor status), total
amount of donated blood annually, amount of collected
blood, height, body weight, circulatory blood volume
(CBV) and blood withdrawal time. CBV was estimated
by the following equation proposed by Ogawa et al'?,
which has been shown to be the most suitable for Japa-
nese people.

CBV=0.168H’ +0.050W + 0.444 *H: height (m), W: body
weight (kg)

The ratio of the amount of blood collected to the total
CBV was also computed. Further, changes in hemato-
logical, biochemical and other laboratory data (blood
cell counts, plasma components and so on) before and
after the 400-mI whole-blood collection were com-
pared. The following data were recorded in the follow-
up survey (three months after collection): systolic BP
(mmHg), diastolic BP (mmHg), pulse rate, erythrocyte
count, leukocyte count, platelet count, hematocrit (Ht),
hemoglobin concentration (Hb), mean corpuscular vol-
ume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC),
serum iron, total iron-binding capacity (TIBC), ferritin,
and alkaline phosphatase (ALP). Table 1 shows the
background characteristics of participants in the two
groups. The number of subjects, average value, and
standard deviation were calculated for every item, and
a two-sample t-test was carried out.

To evaluate the safety of 400-m/ whole-blood collec-
tion in the 17-year-old male group, Fisher’s exact test

was used to examine two-by-two contingency tables of
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Table 1 Background subject characteristics of 17 year-old and 18-19-year-old males

17-year-old males

18-19-year-old males

Background category P
N Average = SD N Average +SD
Age 322 176+0.3 363 19£05 —
Number of donations 322 1.8+16 362 1.8+28 0.896
Donation times (/year) 322 151 362 09+16 —
Height (cm) 322 171154 363 171756 0.146
Body weight (Kg) 322 64.8+10.2 363 64.6 8.7 0.9156
CBV (ml) 322 4,526 +549.0 363 4,529.4+466.9 0.8909
Collected volume (ml) 322 398.7+19.2 363 399.2+139 0.7074
Collection time (min) 154 78+29 172 73+25 0.1126
Collected volume/CBV (%) 322 89+10 363 89+09 0.7423
systolic BP (mmHg) 322 1205+12.1 363 1216124 0.105
diastolic BP (mmHg) 322 65.1 8.8 363 64+86 0.4839
pulse PRD (min) 321 726*12.1 363 724+11.6 0.0951
erythrocyte count (X 10'/mm3) 303 503+32.1 318 504.8+30.2 0.4803
leukocyte count (X 10?/mm3) 303 59.6+133 318 60.2+14.5 0.5652
platelet count (X 10'/mm3) 303 24547 318 24146 0.3157
Ht (%) 303 449+25 318 453+23 0.0318
Hb (g/dl) 303 152+09 318 154+0.38 0.0011
MCV (fl) 303 89.3+£32 318 89.8+3.6 0.0618
MCH (pg) 303 30112 318 30514 0.0005
MCHC (%) 303 337+07 318 339+08 0.0004
serum iron (ug/dl) 303 106.9+37.8 318 1104+389 0.2178
TIBC (ug/dl) 303 3233+379 318 3144+372 0.003
ferritin (ng/ml) 303 39.7+205 318 586+ 35.8 < .0001
ALP (u) 303 3484 +103.6 318 283+97.9 <0001
SD: standard deviation
Table 2 VVR occurrence and donor age after 400-ml/ RESULTS

whole-blood collection

Response
Age Group Total
Non AEs AEs
17-year-old males 316 (98.1%) 6 (1.9%) 322
18-19-year-old males 354 (97.8%) 8 (2.2%) 362
Total 670 14 684

AE s: adverse events P =0.7935

“age versus side effects” and “age versus late-onset do-
nor reaction” in the post donation (one week after blood
collection) questionnaire.

For the 17-year-old male group, a logistic linear re-
gression analysis was used to evaluate relationships
between side effects and sleep duration, and between
side effects and the period of the last meal and needle
placement. Fisher’s exact test was also used to com-
pare continuous variables. Significance was defined as
P<0.05. SAS 9.1.3 for Windows and SPSS 12.0] for Win-
dows were used for statistical analysis.

Ethics

This survey was approved by the Ethics Committee
of Tokyo Medical and Dental University.

Table 1 shows background characteristics of the
trial participants. Statistically significant differences
were observed between groups before blood collection
with regard to variables such as Ht, MCHC, ferritin, and
ALP level. Baseline ferritin values were originally
lower in the 17-year-old than 18-19-year-old male group.

(D Safety of 400-mI whole-blood collection in 17-
year-old males

The number of VVR episodes was five (1.51%) in 17-
year-old and eight (2.22%) in the 18-19-year-old male
groups. One subcutaneous hemorrhage (0.3%) was ob-
served in the 17-year-old male group. Table 2 is the
two-by-two contingency table showing the relationship
between age and side effects; no statistical significance
was observed using Fisher’s exact test(P=0.793; P>0.05).
In fact, more episodes of VVR were observed in the 18-
19-year-old male group, mainly among first-time do-
nors. Six of eight donors who experienced VVR at site
were first-time donors. Among first-time donors, the
number of VVR episodes was 1 of 14 (7.14%) in the 17-
year-old male group, and 4 of 122 (3.28%) in the 18-19-
year-old male group. Among the repeated donors, how-
ever, the number of VVR episodes was 4 of 308 (1.25%)
in the former and 2 of 241 (0.83%) in the latter. It thus
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appears that repeated donors have a lower tendency to
VVR symptoms than inexperienced donors.

Table 3 shows the relationship between age and late
onset donor reaction. The post donation questionnaire
was completed one week after collection. A greater
number of instances of late-onset donor reaction was
observed among volunteers in the 17-year-old male
group than in the 18-19-year-old male group and a sig-
nificant statistical difference was observed between
the two groups with Fisher’s exact test (P=0.0047; P<
0.05). The reported number of cases of late-onset donor
reaction in the 17-year-old male group was 2.23 times
greater than that in the 18-19-year-old male group.

(@Recovery of hematological and biochemical mark-
ers

The follow-up survey was conducted three months
after collection. Overall, no significant difference was
observed between the 17-year-old and 18-19-year-old
groups. Table 4 shows the recovery rate of hematologi-
cal and biochemical markers. The figures before collec-
tion were defined as 100%. The recovery rates of eryth-
rocyte coun; Hb and Ht in the 17-year-old males were
102.3%, 100.8% and 101.4% respectively in three

Table 3 Late-onset donor reaction within one week af-
ter and donor age after 400-m! whole-blood collection

Post donation questionnaire

Age Group Total
Non-LDR LDR
17-year-old males 261 (82.3%) 56 (17.7%) 317
18-19-year-old males 314 (90.0%) 35 (10.0%) 349
Total 575 91 666
LDR: Late-onset donor reaction P =0.0047

Japanese Journal of Transfusion and Cell Therapy, Vol. 55. No. 1

months, which exceeded their original levels. Further,
other hematological values recovered to the original or
near-original level. The recovery rate of ferritin in the
17-year-old males was 77.1% and 69.0% in 18-19-year-
old group.

(3 Other analysis

To further analyze the safety of 400-m! whole-blood
collection, factors such as sleeping time, interval be-
tween a meal and needle placement, side effects, and
late-onset donor reaction in the 17-year-old male group
were analyzed. The first logistic linear regression
analysis was conducted using sleeping duration (odds
ratio: 1.36) and the interval of time between a meal and
needle placement (odds ratio: 1.00) as the explanatory
variables. However, results showed no significant cor-
relation between these factors. Although it is generally
believed that VVRs are associated with the interval of
time from the last meal to needle placement and sleep-
ing duration®, no significant correlations were ob-

served in this study.

DISCUSSION

The VVR occurrence rate was not significantly dif-
ferent between the 17-year-old and 18-19-year-old male
groups. The incidence of VVR in the 17-years-old males
was low, with one exception of brief unconsciousness.
Other donors with VVR (n=4) recovered within 1h with
supine rest, and no special treatment was required. As
to VVR, the safety of 400-mI whole-blood collection in
the 17-year-old male donors was not different to that in
the 18-19-year-old male donors, therefore, confirming

the safety of this procedure in these donors. Since first-

Table 4 Recovery rate of blood count and plasma components in the two

groups

Blood count and
plasma components

17-year-old male group
Recovery rate (%)

18-19-year-old male group
Recovery rate (%)

308
leukocyte count 103.6 +23.0
erythrocyte count 102.3+17.3
Hb 1008 +5.0
Ht 1014 +56
MCV 99.2+20
MCH 98.6+23
MCHC 995+22
platelet count 1026 +138
serum iron 108.1 +52.0
TIBC 108.0+9.2
ferritin 771407

ALP 105.3 +24.1

318

NS 1035+30.8 NS
P <001 1008 +4.3 P <005
P <0.05 100245 NS
P <001 99.8 +4.6 NS
P <001 99.0+1.7 P <001
P <001 994£21 P <001
P <001 1004=24 P <005
P <001 104.0+3.7 P <001

NS 1049+50.8 NS
P <001 1092£75 P <001
P <001 69.0x42.2 P <001
P <005 994 +137 NS
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Table 5 Relationship between CBV ratio and adverse effects

17-year-old males 18-19-year-old males

CBYV ratio (%) number of donors adverse effects number of donors adverse effects

(ill health) (%) (ill health) (%)
less than 8 45 5(11.1) 42 6 (14.3)
8.0-89 100 15 (15.0) 127 12 (94)
9.09.9 118 25 (21.2) 143 12 (8.4)
more than 10 53 11 (20.8) 37 5(135)
total 316 56 (17.7) 349 35 (10.0)

time donors were more prone to adverse events, the
mental aspects of donors, rather than the blood volume
collected, appear more related to the adverse events.
Close attention should be paid to the psychological as-
pects of donors, such as pain control for young donors,
on the basis of a report that younger first-time donors
with low body weight are generally at high risk'’. It is
also reported that the interpersonal skill of the phle-
botomist also affects the occurrence rate of donor reac-

% For young blood donors, opera-

tions among donors
tional consideration, such as an education program to
the phlebotomists to reduce the biased barrier of pain,
and the provision of sufficient space to rest after collec-
tion, should be implemented at all blood collection cen-
ters.

Instances of late-onset donor reaction, such as dizzi-
ness, sweats, sudden weakness, or unconsciousness
were reported quite often in the 17-year-old male
group in the post donation questionnaire (within a
week after blood collection). Generally, most symptoms
were for unspecific complaints, such as oppression and
lightheadedness. It is reported that minor sickness af-
ter blood collection is observed in about 10% of donors
in general® and that the volume of blood collection is ir-
relevant. Such late-onset donor reactions are not spe-
cific to 17-year-old males in this regard. Although no as-
sociated factors could be identified there is a general
tendency toward severe delayed VVR symptoms after
400-m! whole-blood collection regardless of age'”'?. It is
suggested that restriction of physical activity and ade-
quate rest immediately after blood withdrawal is es-
sential to avoiding delayed VVR or late-onset donor re-
action. Donors should act on their own judgment imme-
diately after blood donation. In addition, it is also recom-
mended that sufficient space for donors to rest after
collection is required at a fixed site, especially for high
risk groups, such as young blood donors.

The relation between the CBV ratio (percentage of
collected blood volume to total CBV)and signs of ill

health after blood collection is shown in Table 5. In 17-
year-old males, ill health ratio was 11.1% if CBV ratio
was less than 8.0%, while in the 18-19-year-old group
the ill-health ratio was 20.8% if CBV ratio was more
than 10.0%. The ill health occurring after blood collec-
tion appeared to be associated with CBV ratio in the 17-
year-old male group. Donor body weight is the only
screening criterion in the present blood-collecting stan-
dard, and this variable surely also reflects the amount
of CBV. It is desirable to consider additional criteria in
estimating CBV for decision-making on blood collection
volume. A shorter donor will have a lower CBV than a
taller person who has the same body weight.

The recovery rates of biochemical markers were
satisfactorily close to the original levels. However, fer-
ritin value in the 17-year-old males was slightly lower
compared with that in the 18-19-year-old males before
blood collection. A recovery delay in other plasma com-
ponents, such as ALP, was observed in the 18-19-year-
old male group but was not significant. These data indi-
cate that male teenagers, namely puberty is usually
considered around 11-15 years boys, are still in the mid-
dle of bone growth' .

With regard to blood donation age in other countries,
the U.S universal standard of donor age is shown in the
“AABB Standards for Blood Bank and Transfusion
Services 24th edition; BBTS™, in which the standard
age of blood donation is set at the age of 16 or the age
established under applicable state law. Further, most
states allow 450/500-mI whole-blood collection from 16-
year-olds. Further, in Australia, 470-m] whole-blood col-
lection is performed in 16-year-olds. Currently, 470-m!
whole-blood collection is similarly carried out from 17-
year-olds in Britain, and 450-m! whole-blood collection

23)

is conducted in Canada®. Thus, blood donation age
may tend to be lower in other developed countries in
the future.

According to blood donation data in the 2006 fiscal

year of the Japanese Red Cross Society, the total num-
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ber of the 17-year-old male blood donors (200-m! whole
blood collection) was 34,816, and the total number be-
sides deferred donors was 24,629. On trial calculation,
the amount of blood donation by 17-year-old males at
400-m! whole-blood, is estimated to increase to 4,925 I,
which would provide 0.55% of overall donation. More-
over, if similarly carried out in the 17-year-old girls, the
total number besides the deferred donors is 14,490 and
the increase in the amount of blood donation is esti-
mated as 2,898 1 (0.79%). Overall, the total volume of
blood donation will increase to 7,823 1. This means a to-
tal increase in 0.61% of 400-m! whole-blood donation.
However, with regards to blood donation by young fe-
males, the FDA report also highlights the problem of
iron deficiency anemia®. It is therefore necessary to
carefully examine the annual amount of total collection
and the annual number of times of blood donation.
Further, one report stated that more blood donation
experience at the time of youth contributes to a
greater subsequent promotion of blood donation there-
after®, while other showed evidence that 400-ml
whole-blood first-time donors would have fewer side ef-
fects at second blood collection than 200-m! whole-
blood first-time donors®. These findings suggest that
carrying out 400-m/ whole-blood collection in 17 year-
olds can be considered as future contributing to a sub-

sequent increase in the amount of blood donation.

CONCLUSION

This study found no significant difference between
17- and 18-19-year-old males with regard to side effects
at the time of 400-m/ whole-blood collection. However,
young blood donors are still a high risk population
group compared to general blood donors. Implementa-
tion of 400-m/ whole-blood collection in 17-year-old
males will therefore require sufficient consideration
and observation of the donors, even with regard to post
donation status, especially in terms of controlling water
hydration and physical activity after blood donation to
avoid late-onset donor reaction. The results of this
study suggest the possibility that a low CBV was re-
lated to the incidence of late-onset donor reaction.
Therefore, hydration by infusion or oral ingestion is
critical when the ratio of collected blood volume to an
amount of CBV is high.

As VVR incidence in a previous study tended to be
higher with smaller CBV, especially in female donors®,
CBYV should be considered in addition to body weight
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for use as a new screening criterion in the donor selec-
tion process.

With regard to further study, the safety of 400-m!
whole-blood collection in young females (16 and 17
year-old) should be examined to ensure a stable supply
of blood products in the future. The upper limit of age
was assessed in a previous study, which showed rela-
tively few donor reactions among aged people®. The
upper limit of donor age for blood donation in Japanese
should also be examined to ensure a stable supply of
donated blood and blood products for the future blood
program.
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17 mBMHED 400m/ 2MRMOZEE(CRT DAZ

A wa” A @ s —%Y EN EEY ot A
A R 1 o BY SR BMEY fhar BEE Lk HEEY
el A7 W AEY R ARY

VRO R B R R R A BEBOR R 40 B

PAbHEE AR T e v 5 —

YRR I v 5 —

VANt v & —

Vb E AR AR e v S —

EHIRAR T e v 7 —

DRBFFAR A T v 5 —

VAL KB+ e v 5 —

VR IR i v 5 —

O R AR v 7 —

5.

[HY] S%EBE&S 12 kRO B R M EAEROBE DS, BUTOA S TED 2 RIMLETTTON TV L
EH (167%, 175%) © 200ml EMRMIZOWTRIE L 2479 LB 5. REFFETIE 17 mBH BEH) 12 400
ml AMRIM 24T, FEICBIEOREETTLI TS 18 KL U8 19 Bk Cof FREE) 123 400m! AXHLERIL % 7\,
WO %2 Lz LT, 17 @B %o 400ml Bl oZ &I oW TlEr %2 L.

[5i:] FRIMZ4E 7 #Hid 9 figk Tiibhsz. &Kl ¥ — X DEEENL 1T RBHRS V5714 7123224
8B EHEMNERT V7 4 TIE 3634 TH o7z, RIMANIZBZ 217, FRILFEICBIZATV VVR FORITEH O
FiLz2FX, JRIMBICEOBROEFAOARR 7 L2 B CTHA L7 F 728900 & $RINE O Ml 51 A B 7 —
¥ DEALE 3 A AR OBIFRAE T 72, 400m] 4 MERI D24 & RO BER T, BIVEH OS54 & ok
RERIZ, ThEhoFTcoru AR 2ER L, Fisher ®IEMRE %17 -72. (P<0.05)

[FE3] SRk OB ARNIE 17 B E0BE T3 6 6 (1.81%) T, 561k VVR (MEXEMEKE) TH
0, 1PN FHINLTH 7. 18R 19 EBMEOSEIE, VVR 2386 (222%) ARoh7:. F/-MBHEICL 58
PR O R TIX, 17 mBYETIZ 56 #1 (17.70%), 18 K O° 19 BT 35 #1 (10.00%) 12, HEKR7E5 34
O SHPDEFAARRZFRZ D EEoHERR SN/ S 5ICMEFAN AR OR B CIX, RO F)# ek
CREREIRON o7,

(#5351 MR X ZIRIMICPES VVR OFAICE LT, 17 B 18 ML 0T 19 mB MR L o<k, B
FAERDUAT S 2ZIE RSN h o7z, FBHRAEORKETIRIMEFNAER T — 7 oRES, WML TIIFE
RLTHBZEDbh ol Lo TRUFZETIL, FROEIMH ALY BRI A O e MR 2 R T 572012, B
ATORIMAEREZ BB L, 17 B M4 400m] FRIME4TH 2 21, RETH DV EFMIZHMELNWZ Ebho7:.

F—O—R:
17 YRR, VVR (M REMRERIE), SRR, 400m! 4R, MYEH5
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