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Blood Flow(x); x=f(t)

Cumulative mean blood flow: 2 f(t)/k (1)

1

Average blood flow at time k: Zk ft)/n ()

n seconds period t=ken

Slope of the wave (Sx) at time k:  Sx=(2) / (1)

Fig. 1 Formula for standardization

Blood flow is a time-dependent value, and each donor
had different baseline values. Therefore, a formula for
standardization was necessary to compare all donors.
Initially, (1) cumulative mean blood flow and (2) average
blood flow at time k for n seconds were calculated. Fi-
nally, the slope of the wave Sx at time k was obtained
by dividing average blood flow by cumulative mean
blood flow. The value represents the angle of the slope.
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Fig. 2 Time course of a typical case of VVR

The grey line indicates heart rate (bpm) and the black line indicates peripheral blood flow volume (ml/min/g tissue). In
the removal phase of apheresis, blood flow decreased and heart rate increased to compensate. In the return phase, each
line reversed. In the third cycle, these physiological reactions showed a completely different pattern from the preceding

two cycles. Both heart rate and blood flow rapidly decreased in a synchronized manner, which suggests collapse of regular

physiological response. A few minutes later, the phlebotomist noticed VVR.
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Fig. 3 Histogram of maximum DBF (A) and maximum DHR (B)
Maximum DBF values in the non-VVR group produced a nearly bell-shaped curve, but there were unnaturally high val-
ues on the right shoulder for some donors. Maximum DBF values in the VVR group were low, but a similar shape to that
in the non-VVR group was observed on the right side of the curve. The groups overlapped at 30% to 70% of maximum
DBF. Maximum DHR values produced a bell-shaped curve in the non-VVR group but not in the VVR group. The groups
overlapped at 15% to 40% of maximum DHR and there was no boundary.

L—3 a3 ViR (Fig 4-2) Tl 7 — 2194 T DBF
OANZ VVR OFEIEE L DRI Do 725 DD, 45%
IET LR E B TH o 72720, FHITE do
LR Sz & — R 47 TIXERE#IC DBF ©%
ARSI, 45% IE L2720 EN b0, #
OBIE D WAL ZSE T L7272, ke G-l S
7z.

DBF |2 X % VVR FHE T H D720 D5k % DBF
45% A5 40%, 35% & FiF7¥i4 (Table 1), JSHifk
DORETWER D313 404 +4.35 5755 874+ 1153 50 %
TEESND SO0, SRk bW L, FEHAEE X 56.8%
5 289% 12 F T T 9 % 720 FE ik #1& DBF45%
ETHDONWMRNEEZ SN T O TR D54
(Fig.5) & 5% &, 5HUk#E% DBF45% & L7=¥i4,
30 Bl VVR 1 % & 22 61 (73.3%) 122\ T 1 5578
DORFREHAH Y, VVR FHi D720 DBk %2 i# L %
[ TP EAWAR: 3/ N (AT 1ox < ¥ Ll Y
72304, PRI 5 5 D EBUL B FHBI AN 5

bOD, BRI EIERE % 5 B VARIEWS & OFEH %
1 7 PINFSIEFBI DB T AL e dp o 72.

z =

BATERIMIC 5175 VVRFEHED Y A7 777 ¥ —& L
T, &, BAE, RRE, kRS X OV VVR 3HE
BEAE 2 ED SN TV 575, AR OWFE CTld R il L
REI 23 60 23 DL L BEE TR S N/ B L DNA ) A7k
MHZNFRE L7z, L= — s & 2655 LT ik
T AERAMF O N7 /MUK 73 BRI (& 354 44°C, €0
ILBPMET8H B1%), KHET224 (111%), &6t
30 %4 (85%) 12 VVR DFHE % 788, e DI/ MUK 55
FRILICBUO 2B X ) VVR ZEFRICA S .

VVR FHE % Fai Fills % Hk & LT, $RIMATIC
HEALERER F AT DB N 7 SR BRENE ISR S
725 DR T BRI D SNTWBED, VVR OF
WEFOBY A7 HEZHEETE S D00, FiRiic
X BFIET IR TH 2 2 LAVRENT WD,



722 Japanese Journal of Transfusion and Cell Therapy, Vol. 64. No. 6

{predicted cases>
(DBF) -\, case 5(VVR)

100%
80%
60%
40%
20%
0%
-20%
-40%
-60%
-80%
-100%

(DBF) ——DBF ===VVR emmmmalarm case 122 (VVR)

PEN VVR
100% (- \l _____________

80% alarm (predicted) =~ - E

(minutes)

60%
40%
20%
0% e mf Yy e Sy 3 o oy ot AN N S 1 7020 70 10701\ o 0 o 9 0 4 0 A P AP e e o o
-20%
-40%
-60%
-80%
-100%

(minutes)

——DBF ===VVR emmmm3ilarm

Fig. 4-1 Simulation of VVR alert on DBF time course (predicted cases)
Time course of DBF shows a large change on 40-45 minutes from the beginning of apheresis. The DBF value exceeded 45%
in the period and alerted for 30 seconds ( wm ). 2 or 3 minutes later, phlebotomist noticed VVR (===). Alert was succeeded
to predict VVR in case 5. Two large changes were observed on case 122. The DBF value exceeded the limit and alerted, but
actually VVR did not occurred in the first change. In the second change VVR was noticed before DBF reached to 45%.
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Fig. 4-2 Simulation of VVR alert on DBF time course (not predicted cases)
DBF change is observed on 45-55minutes. The DBF value exceeded the limit and alerted but after phlebotomist noticed
VVR. The alert did not succeeded in predicting VVR in case 194. In case 47 (non-VVR), the value of DBF exceeded the limit
and alerted but VVR did not occurred through the apheresis.
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Table 1 Three DBF alert levels for predicting VVR
Three DBF alert points for predicting VVR were studied. When
the alert point was set at 45%, alerts were issued for 44 donors.
Of these, 19 were false positives and 25 were VVR. At this alert
level, VVR alerts were issued nearly 4 minutes before onset with
56.8% accuracy. When the three alert points were compared, de-

creasing the alert level prolonged the time from alert to VVR on-

set, but decreased the accuracy of alerts.

Alert point DBF =45% DBF =40% DBF =35%
Alert (+) (=) (+) (=) (+) (=)
VVR (n=30) 25 5 26 4 26 4
non-VVR (n=324) 19 305 37 287 64 264
Alert case 44 63 90
Sensitivity 833 % 86.7 % 86.7 %
Specificity 94.1 % 88.6 % 80.2 %
Accuracy 932 % 884 % 80.8 %
Alert incidence 124 % 178 % 254 %
True alert (VVR) 56.8 % 41.3 % 28.9 %
Time to VVR (min) 404+4.35 501+471 8.74+1153

(cases) Alert points

12 DADDBFz=45%
"2DBFz=40%

10 B 3DBF=35%

(N=30)

(seconds)

Fig. 5 Time to VVR from the alert
Large difference of the average time appeared to be derived from the numbers of cases more than 5 minutes.

Considering the number of not predicted and predicted but within 1 minutes, total of these cases were not differ-

ent in three alert levels. 73.3% of all VVR (a) were alerted with more than 1 minute spare.
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STUDIES ON PREDICTION OF VASOVAGAL REACTIONS USING LASER DOPPLER
FLOWMETRY ON BLOOD DONATION

Hiromi Sanyoshi", Ayumi Araki", Hiromi Kanai", Tetsu Yamamoto", Hiroya Kikuch®,
Katsushi Tsukada® and Kazuhide Mure”

"Hokkaido Red Cross Blood Center

“Japanese Red Cross Hokkaido Block Blood Center

Abstract:

Effective measures for preventing Vasovagal reaction (VVR) have not yet been developed on apheresis dona-
tions.

This study investigated the potential to predict VVR from fluctuations in peripheral blood flow measured by la-
ser Doppler flowmetry. Data were collected from 354 individuals who donated platelets. To calculate the level for issu-
ing VVR alert, the percent decrease in blood flow (DBF) was calculated. The time from alert to VVR was estimated
for three DBF levels, and the detection performance of each alert level was calculated.

Mean maximum DBF in the VVR group was 64.7 +13.7%, which was significantly higher than the 256+11.7% in
the non-VVR group. At a maximum DBF threshold of 45%, sensitivity for discriminating between VVR and non-VVR
donors was 93.3% and accuracy was 94.4%. When 45% DBF was used as the alert level, alerts were issued for 44 do-
nors, including 25 in the VVR group. Mean time from alert to diagnosis in the VVR group was 4.04 =4.35 minutes, and
accuracy of the alert was 56.8%.

We found that it is possible to predict VVR early enough before onset to intervene by monitoring DBF in real

time during blood collection using laser Doppler flowmetry.

Keywords:
Blood Donation, Platelet Apheresis, Vasovagal Reaction, Laser Doppler Flowmetry
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