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Background: In a previous multicenter study, the absence of the swirling phenom-
enon correlated well with platelet disc-to-sphere transformation, a morphology fea-
ture associated in the past with poor platelet viability.

Study Design and Methods: In 13 centers, 5366 platelet concentrates (PCs) were
prepared and stored under routine conditions and evaluated for the presence of swirl-
ing. PCs found not to have swirling were evaluated for pH and platelet and white
cell counts in parallel with an equal number of PCs with swirling that were studied
as controls.

Resuits: In 13 participating centers, swirling was reported to be absent after 3 and
5 days of storage in 0 to 3.8 percent and in 0 to 18 percent of PCs, respectively. In
94 percent of units with swirling, pH was 6.7 to 7.5; this is a range of values associ-
ated with adequate in vivo survival. In 69 percent of PCs without swirling, pH was
lower than 6.4 or higher than 7.6; these values are associated with reduced platelet
viability. Three-quarters of the cases in which the absence of swirling was associ-
ated with pH values between 6.7 and 7.5 were reported from 2 out of the 13 partici-
pating centers.

Conclusion: In PCs prepared and stored under routine conditions, the presence of
swirling correlated well with pH values associated with adequate platelet in vivo vi-
ability. In about 20 percent of PCs without swirling, this was not due to a low or high
pH value, and it would be useful to investigate whether this lack of swirling is asso-
ciated with poor platelet viability. These data support the possibility that the evalua-
tion of swirling by visual inspection might replace invasive and more cumbersome
assays currently used for routine PC quality control.

Abbreviations: BC = buffy coat; PC(s) = platelet concentrate(s); PRP = platelet-rich

plasma.

QUALITY CONTROL OF platelet concentrates (PCs) in-
cludes invasive evaluations such as monitoring of pH and
of platelet number, size, morphology, and response to
hypotonic stress and aggregating agents.' Platelet discoid
morphology is known 1o correlate well with the in vivo
viability of platelets, and factors affecting discoid mor-
phology (pH drop to 6.7 or less, exposure to cold, stor-
age lesion) are also known to affect platelet viability.>
Discoid platelets, exposed to a light source, reflect that
light, producing the “swirling” phenomenon that can be
easily evaluated by examining a PC against a light source
while gently rotating the container or gently squeezing
the PC with one thumb. In a previous article,'® we de-
scribed a multicenter evaluation of the reproducibility of
swirling in PCs and concluded that the inspection of
swirling could be a promising tool for quality control. In
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fact, PCs containing spherical platelets, obtained by add-
ing refrigerated platelets to fresh PCs, were reported to
have extensive swirling (i.e., they were said to be swirl-
ing-positive), some swirling (swirling-intermediate), and
no swirling (swirling-negative) in 5, 27, and 68 percent
of cases, respectively. When standard PCs were examined,
positive, intermediate, and negative swirling was shown
in 83, 15, and 2 percent of 1-day-old PCs versus 65, 24,
and [ 1 percent of 5-day-old PCs, respectively. Results in
PCs containing a known proportion of spherical (cold)
platelets were intermediate between those in completely
spherical and regular, fresh PCs. In these studies, most
PCs containing 20 mL of regular platelets and 40 mL of
spherical platelets were reported to have intermediate
swirling, whereas most PCs containing 40 mL of regular
platelets and 20 mL of spherical platelets were reported
to be swirling-positive. Moreover, concordance in the
swirling evaluation performed by two technicians was
good.

Notwithstanding these good premises, data collected
in the previous study were not representative of actual
routine conditions, as all PCs evaluated were selected to
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have a pH ranging from 6.8 to 7.6 and to be free of ag-
gregates, lipemia, or reddish plasma. Moreover, data were
collected by inspection of PCs prepared by only one of
the different methods currently used for PC preparation,
that is, by using platelet-rich-plasma (PRP). The present
study was aimed at investigating in routine practice the
percentage of nonswirling PCs stored in blood centers of
different countries and at evaluating whether a drop in
pH is the main reason for the absence of swirling. Accu-
mulation of lactate due to glycolysis occurs at a rate of
2.5 mM per day in PCs, but lactate production is six to
seven times higher when oxygen supply is not adequate.’
Hydrogen ions generated by this source can reduce the
pH of PCs to values below 6.8 and can cause platelet
swelling’ and loss of discoid shape.®? When the pH ranges
from 6.4 to 6.7, these changes seem to be reversible, but
when the pH falls below 6.1 to 6.3, a return to the origi-
nal shape is not possible.'"'? In this context, we were
interested in evaluating in routine practice whether swirl-
ing was present in PCs with pH values in the range cor-
relating with good viability (6.7-7.5), moderate platelet
lesion (6.4-6.6), or severe (<6.3) platelet lesion. In the
previous study of the Biomedical Excellence for Safer
Transfusion (BEST) Working Party of the International
Society of Blood Transfusion,'® swirling was scored as
extensive (positive), moderate (intermediate), or absent
(negative), and it was correlated with platelet morphol-
ogy. This study was aimed at monitoring swirling as a
marker of an adequate pH value, and swirling was re-
ported only as present (positive) or absent (negative). Data
were collected by monitoring different types of PCs, in-
cluding single- and multiple-donor PCs and PRP- and
buffy coat (BC)-derived multiple-donor PCs.

Materials and Methods

A total of 13 centers participated in the study, and principal
investigators are listed in Table 1.

Training for swirling evaluation

In centers without extensive experience in swirling evalua-
tion, the staff in charge of this inspection was trained by evalu-
ating swirling in PCs exposed to cold (swirling-negative con-
trol) and in 1-day-old PCs (swirling-positive control). Fresh PCs
used as negative controls were stored at 4°C for 18 to 24 hours,
stored at 22°C for 1 hour without agitation, resuspended at 22°C
in an agitator for 1 hour, and checked for complete resuspension.
Technician(s) in training evaluated swirling by examining the
PC bag against a 50- to 100-W white light at a distance of 30 to
70 cm from the light. If there was swirling, it was obtained by
gently rotating the bag or gently squeezing it with one thumb.
Each technician in charge of swirling evaluation determined
swirling in three negative controls and in three positive con-
trols (1-day-old, routinely prepared PCs) for 5 consecutive days
over a 2-week period.

Swirling evaluation

After the training period, technicians evaluated swirling, as
reported above, in routinely produced PCs. Different types of
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Table 1. Principal investigators (in alphabetical order)
Principal investigator Center

M.A. Blajchman McMaster University Medical Center,
Hamilton, ON, Canada

D. Ciavarella Hudson Valley Blood Service, Vathalla, NY

T.J. Greenwalt Hoxworth Blood Center, Cincinnati, OH

C. Hégman University Hospital, Uppsala, Sweden

M. Masse Centre Regional de Transfusion Sanguine,
Besangon, France

L. Messeter University Hospital, Lund, Sweden

N. Mdller University Hospital, Essen, Germany

S. Murphy Penn-Jersey Red Cross, Philadelphia, PA

G. Myllyla Finnish Red Cross, Helsinki, Finland

R.N.I. Pietersz Red Cross Blood Bank,
Amsterdam, the Netherlands

S. Sekiguchi Hokkaido Red Cross Blood Center,
Sapporo, Japan

G. Sirchia Centro Trasfusionale e di Immunologia

dei Trapianti, Milan, Italy
Red Cross Blood Bank,
Groningen, the Netherlands

C.Th. Smit Sibinga

PCs suitable for the study included random-donor, PRP-derived
PCs (volume, 40-70 mL); random-donor, BC-derived PCs (vol-
ume, 40-70 mL); random-donor, PRP-derived PCs stored as a
pool (volume, 300-400 mL); random-donor, BC-derived PCs
prepared and stored as a pool (volume, 300-400 mL); and single-
donor apheresis PCs (volume, 300-500 mL). PCs were stored
at 22°C in a tumbler rotator or a reciprocator. Swirling was
evaluated on Day 3 of storage (i.e., 49-72 hours after blood
donation), and the result was reported as positive or negative.
When a PC was found to be swirling-negative, a sterile PC
sample of 2 to 3 mL was obtained for automated measurement
of platelet and white cell counts and pH at 22°C. If pH was
determined at 37°C, the 22°C value was computed by the fol-
lowing formula:

pH at 22°C = pH at 37°C + 0.22

Platelet and white cell automated counts and pH at 22°C were
also determined in a similar number of positive controls. For
every negative PC, the positive PC that immediately followed
in the daily routine production was evaluated. If the PC evalu-
ated on Day 3 was still available in the blood center on Day 5
of storage (i.e., 97-120 hours after blood donation), swirling was
evaluated again. For each PC evaluated on Day 5, a 5-day-old
swirling-positive PC was monitored as a control.

Statistical analysis

We performed statistical analysis by using statistical analy-
sis software (SAS Institute, Cary, NC). The Wilcoxon's signed
rank sum test was used to evaluate differences in the platelet
and white cell counts and pH values in swirling-positive and
swirling-negative PCs."?

Results

A total of 5366 PCs were evaluated on Day 3, and 2751 of
the same series of PCs were evaluated on Day 5. As reported
in Table 2, which also lists centers where technologists received
the specific training in swirling evaluation described in Mate-
rials and Methods, 0 to 3.8 percent of PCs evaluated on Day 3
of storage were reported as swirling-negative, while 0 to 18
percent of PCs evaluated on Day 5 of storage were reported as
swirling-negative. Overall, no correlation was found between
the presence or absence of swirling and platelet or white cell
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Table 2. The pH values and percentage of swirling-positive (n = 132) and swirling-negative (n = 146) PCs

Center Number (%) pH
number* PC type Day Number swirling negative Swirling-negative control Swirling-positive control
1t PRP-PC 3 522 0
5 46 2(4.3) 7.24+01 7.28+0.12
2 PRP-PC 3 599 9(1.5) 6.4+06 7.3x0.1
5 106 15(14) 6.2+0.4 7.1+0.2
3t PRP-PC 3 942 5(0.5) 6.56 +0.89 7.38+0.04
5 493 9(1.9) 5.97+0.92 7.28+0.20
4 PRP-PC 3 621 1(0.16) 7.15 7.20
5 231 2(0.86) 6.65+0.36 6.92+0.03
5 PRP-PC 3 522 8(1.5) 7.93+0.26 7.68+0.23
5 522 17 (3.2) 7.17+£093 7.44 £0.31
6t PRP-PC 3 400 0
5 400 2(0.5) 5.9+0.1 71+01
7 BC-PC 3 332 5(1.5) 7.35+0.05 7.37 £0.08
(random) 5 405 8(1.9) 7.03+0.31 7.33+0.13
8 BC-PC 3 569 3(0.5) 6.8+0.6 7.0+£0.1
(random) 5 153 28(18) 7.00+0.35 7.05+0.18
9 BC-PC 3 106 1(0.9) 6.4 6.7
(pool) 5 174 16 (9.1) 6.37 £0.08 6.52+0.14
10 BC-PC 3 105 1(0.9) 6.25 6.55
(pool) 5 52 3(5.7) 6.42+0.02 6.84 +0.01
1 BC-PC 3 194 0
(pool) 5 67 3(4.4) 6.3+ 0.1 7402
12 Apheresis 3 77 3(3.8) 6.03+0.20 6.8
5 7 0
13 Apheresis 3 305 0
5 76 0
8 Apheresis 3 Al 0
5 29 5(17) 6.58+0.29 7.0810.08

* Not correlated with the alphabetical order of investigators in Table 1.
1 Centers where specific training in swirling evaluation was conducted because of limited or no experience with the method.

count. In Center 5, the pH was found to be slightly, albeit not platelets). The pH of PCs reported as swirling-negative or
significantly, higher than that in other centers. It is interesting -positive is shown in Fig. 1, which presents data from the 13
that, in that center, there was a significant difference in the centers participating in the study.
platelet counts in the swirling-negative PRP-PCs (45 + 24 x The number of swirling-negative PCs evaluated (146) was
10° platelets) and the swirling-positive PRP-PCs (82 + 35 x 10° slightly higher than the number of swirling-positive control PCs
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Fig. 1. Distribution of pH values in PCs reported as swirling-negative (left) or swirling-positive (right) in 13 centers participating in the study. The
number of swirling-negative PCs evaluated (146) was slightly higher than the number of swirling-positive control PCs evaluated (132), because in some
centers 5-day-old swirling-positive BC-PCs or apheresis PCs were not always available. The pH of swirling-negative PCs differs significantly from that of
swirling-positive PCs (p<0.001). However, pH values in swirling-negative PCs were more scattered than those in swirling-positive PCs.
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evaluated (132), because in some centers a 5-day-old swirling-
positive BC-PC or apheresis PC was not always available. The
presence of swirling was associated in 94 percent of cases with
a pH value in the range of 6.7 to 7.5; this is a range of values
associated with adequate in vivo survival.233 Although data
from Center 9 indicated that the pH in swirling-negative PCs
was significantly lower than that in swirling-positive PCs (6.37
£ 0.08 vs. 6.52 + 0.14), these 17 outliers were not presented in
Fig. 1. In fact, these BC-PCs were stored in a synthetic medium
lacking a buffer for lactic acid. At Center 9, in vitro measure-
ments reflecting platelet morphology, metabolism, and function
(possibly correlating with swirling) were still under evaluation.
The pH values of PCs reported as swirling-negative were more
scattered than those of swirling-positive PCs. However, the pH
values in swirling-negative PCs differed significantly from those
in swirling-positive PCs (p<0.001). It could be noted from Fig.
| that 48 percent of swirling-negative PCs had a pH lower than
6.4 or higher than 7.5; these values are associated with poor
platelet viability. However, it must be considered that 74 per-
cent of PCs reported as swirling-negative and found to have an
adequate pH (in the range of 6.7-7.5) came from just 2 of the
13 participating centers. Isolated data from these two centers
indicate that swirling-positive and swirling-negative PCs had
a similar pH (7.0 + 0.2). If data from these two centers were
removed from the cumulative data analysis, the pH would be
6.7 to 7.5 in less than 21 percent of swirling-negative PCs.

Discussion

In this multicenter study, we determined pH values in
PCs prepared and stored in routine conditions in 13 cen-
ters in nine different countries. More than 5000 PCs were
evaluated for the presence of swirling. In 132 swirling-
positive PCs, the pH was measured, and, in less than 6
percent of those PCs, it was in a range associated with
poor in vivo viability of platelets. These data indicate that
the presence of swirling in PCs is informative, because it
is highly effective in predicting a pH value in an adequate
range. The absence of swirling was apparently less in-
formative, because more than one-third of the PCs re-
ported as swirling-negative had an adequate pH. How-
ever, 2 of the 13 participating centers reported 74 percent
of the cases in which the absence of swirling failed to
identify a PC with a pH value correlated to poor platelet
viability. This suggests that training of personnel in swirl-
ing evaluation could be critical to the correct identifica-
tion of swirling-negative units. This training could be
done with PCs containing known proportions of spheri-
cal platelets obtained by the addition of refrigerated plate-
lets to fresh PCs.'? In this regard, it should be mentioned
that a number of devices for the automated evaluation of
swirling have been proposed,'*!? but these instruments
have not been extensively studied in routine practice.

As has been demonstrated in the previous study,'® the
evaluation of swirling offers some advantages over other
measurements of platelet quality and has promise for re-
placing invasive and more cumbersome assays in large-
scale PC quality control. Evaluation of swirling is a
simple and reproducible measurement reflecting platelet
discoid morphology: it does not require invasive sampling
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procedures or dedicated devices, and PCs can easily be
checked for the presence of swirling before they are pooled
or issued to the clinical ward. Moreover, other studies
including in vivo data obtained by the transfusion of au-
tologous PRP-PCs showed 1) that the absence of swirl-
ing correlates with a drop in pH, poor morphology, re-
duced hypotonic shock response, and reduced shape
change with ADP and 2) that swirling-negative PCs with
a good pH had less in vivo viability than did swirling-
positive PCs with pH values in the same range'® (Holme
et al., unpublished observations, 1994).

In the present study, in at least 20 percent of swirling-
negative PCs, the absence of swirling was not due to a
low or high pH. Whether this lack of swirling is associ-
ated with poor platelet viability in platelet recipients re-
mains to be demonstrated. Future investigations should
include in vivo evaluation of swirling-positive and swirl-
ing-negative PCs. In the meantime, because previous and
current!? studies indicate a correlation between lack of
swirling and falling pH or increasing spherical morphol-
ogy, and because swirling could be absent in PCs exposed
to cold or inadequate or inappropriate agitation,'® we
suggest the use of swirling inspection as first-line, non-
invasive PC quality control. In this context, swirling-
negative PCs should be investigated further for pH and
discarded if they fail to meet the current standard of pH
>6.0. In the present study, 2.7 percent of 5366 evaluated
PCs were found to be swirling-negative, and more than
12 percent of these swirling-negative PCs had pH <6.0,
while none of the swirling-positive PCs had pH values
lower than 6.4.
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