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Abstract

The purpose of this study was to determine the reliability of test results dependent upon blood and plasma sample stability when
shipped by airfreight courier for reference laboratory assessment. Of particular interest was evaluation of von Willebrand profile
assays and platelet dense granule storage pool analysis. Peripheral venous blood was obtained from healthy volunteers. von
Willebrand factor (VWF) activity, VWEF antigen, and factor VIII coagulant activity assays were performed immediately following
venipuncture with additional aliquots of plasma frozen and stored at —70°C for subsequent analysis 48 hours later. One frozen
aliquot was shipped via airfreight for analysis 48 hours later, with another frozen aliquot that remained on-site. Blood was also
collected to enumerate platelet dense granules to determine whether shipment would affect results. Statistical analysis of all test
results demonstrated significant correlation between immediately assayed samples and samples that were stored for 48 hours at
—70°C (P <.0001), or frozen and shipped on dry ice (P < .0001) for analysis upon return to our laboratory. No difference was
found in the mean number of platelet dense granules between samples retained in our laboratory or samples analyzed upon return

of shipment (P = .751).
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Introduction

von Willebrand disease (VWD) is regarded as the most com-
mon bleeding disorder with a reported incidence of 1% of the
population; it is a quantitative or qualitative von Willebrand
factor (VWF) protein defect and laboratory diagnosis of VWD
is not always straightforward, not well standardized, and may
be prone to error.'” Patients suspected of having VWD usually
present with nonspecific symptoms of mucocutaneous bleed-
ing, including epistaxis, easy bruising, gum bleeding associated
with teeth brushing, and heavy menstrual bleeding.*> These
identical symptoms are seen in patients with platelet 6 granule
storage pool deficiency (5-SPD).*” Patients exhibiting clinical
symptoms of a potential platelet disorder should be queried for
a complete medical history including evaluation of liver and
renal function, medication history, and hemostatic challenges
such as assessment of menstruation, surgical procedures,
trauma, and especially for bleeding symptoms in family mem-
bers. In conjunction with the medical history, a bleeding assess-
ment tool may be utilized to screen for a potential inherited
bleeding diatheses.®>'° Subsequently, laboratory evaluation
with general hemostasis screening tests, including a complete

blood cell count that includes a platelet count with the mean
platelet volume, a prothrombin time (PT), activated partial
thromboplastin time (aPTT), and a platelet function screening
test (PFA100), is essential. These tests may reveal the under-
lying etiology of the mucocutaneous bleeding symptoms. If a
platelet disorder is suspected, a VWD profile should be
employed to determine VWF activity, VWF antigen concen-
tration, and factor VIII coagulant activity.” In addition, evalua-
tion of the platelet storage pool should also be considered. We
have previously reported a significant association of 6-SPD
with heavy menstrual bleeding in a cohort study of young girls
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in which only 1 was diagnosed with VWD.'' Not all hospital
laboratories have the equipment and facilities required to per-
form VWD-specific testing and even fewer laboratories have
the ability to assess platelet dense granules by electron micro-
scopy (EM). As a result, many laboratories utilize reference
laboratories for VWD-specific testing, often requiring air-
freight transportation.

There are concerns regarding potential false-positive VWD
profile results due to cold storage of citrated plasma, potentially
due to cold-induced activation of platelets or degradation of
VWE.'>'* While reference laboratories are usually proficient
in VWD testing, transport of samples at cold temperatures may
lead to false identification of the disease.'*'> There are issues
and controversies related to VWD diagnosis including labora-
tory error, insufficient assays utilized, and most often, incorrect
interpretation of test results.'®'® A recent report described a
significant effect of freezing of plasma for values of PT, aPTT,
factors V, VIII, and antithrombin activity when compared to
fresh sample analysis, but determined not to be of clinical sig-
nificance.'” It has been reported that the stability of frozen
plasma for reliable VWD profile testing lasts for months,*® but
such studies are limited in the literature. The aim of our study
was to evaluate the stability of VWF activity factor, VWF
antigen, and factor VIII coagulant activity in thawed plasma
that had been frozen at —70°C for 48 hours, with samples
retained in our laboratory that had been assayed soon after
venipuncture or frozen, thawed, and assayed 48 hours later.
We also wanted to evaluate the effect of air transport upon the
platelet dense granule storage pool. Similarly, we compared the
mean number of platelet dense granule in whole blood samples;
also, we shipped via airfreight courier at ambient temperature,
with blood retained in our laboratory and processed within
hours of venipuncture or processed 48 hours later when the
shipped samples had been received. Our hypothesis was that
freezing and/or transport by airfreight would not induce a sig-
nificant difference in VWD profile results or platelet dense
granule numbers compared with assay results of aliquots of
fresh plasma or platelets analyzed soon after venipuncture in
our laboratory.

Methods
Sample Collection

We obtained institutional review board approval according to
the Helsinki agreement for human research protocols to solicit
blood samples for study. We had no study exclusions nor did
we collect any identifying information or medical history from
volunteer participants. Blood was obtained from 35 healthy
student volunteers, all in their 20s with a balance of both sexes.
This was a single acquisition of blood with no possibility of
volunteer follow-up if individuals with low VWD profile
results actually had VWD. Samples were obtained using stan-
dard phlebotomy techniques using four 3.0 mL light-blue-top
3.2% sodium citrate vacutainer tubes (Becton Dickinson [BD],

Franklin Lakes, New Jersey) and two 10 mL yellow-top solu-
tion A, acid dextrose citrate vacutainer tubes (BD).

Sample Processing

Platelet-free plasma (PFP) for VWD profile testing was
obtained using the 4 sodium citrate tubes via centrifugation
at 3500 rpm for 10 minutes within 1 hour of venipuncture.
Plasma from each tube was combined and centrifuged again
at 3500 rpm for an additional 10 minutes. Each double-
centrifuged plasma sample was immediately divided into three
1.5 mL aliquots for analysis. Our VWD profile consisted of a
VWEF activity assay, a VWF antigen assay, and a factor VIII
coagulant activity assay.

Experimental design. One aliquot was analyzed immediately
following the final centrifugation. The other aliquots were
immediately frozen at —70°C, with one sample stored
on-site for analysis 48 hours postvenipuncture and another
one shipped airfreight to Kansas City, Missouri, overnight
with a sufficient amount of dry ice to last 72 hours in transit.
Each shipment (each containing 5-7 samples and 1 shipment
per week) was immediately reshipped to our laboratory for
analysis. Thus, triplicate samples of PFP were analyzed with 1
fresh and ambient temperature aliquot assayed immediately
the day of venipuncture and the 2 aliquots that were frozen
48 hours later. Frozen aliquots were warmed to 37°C and were
adequately mixed before the VWD profile assays were per-
formed at ambient temperature.'® Our study was intended
solely to evaluate the stability of frozen plasma shipped via
air transport on dry ice for assay at reference laboratories for
comparison with samples assayed under ideal and immediate
processing postvenipuncture or plasma stored on-site in a
freezer; we did not evaluate different storage temperatures
on-site as variance in temperature could not be controlled for
samples shipped on dry ice.

Factor VIl coagulant activity assay. A Stago STA R Analyzer was
also utilized to assess FVIII coagulant activity. The method
employed STA-deficient VIII plasma (Cat. No. 0725), as sub-
strate, to determine percent activity from the standard curves
prepared with appropriate control plasma (PTT Automate 5,
Cat. No. 0480; STA-ImmunoDef VIII, Cat. No. 0728). Our
normal reference range for FVIII coagulant activity is 60% to
140% activity.

von Willebrand factor antigen (VWF: Ag) assay. von Willebrand
factor antigen was determined using an immunoturbidimetric
assay. A Stago STA-R Analyzer (Diagnostica Stago, Inc, Par-
sippany, New Jersey) was employed using a STA Liatest VWF
Kit (Cat. No. 0518), with appropriate controls. Our laboratory
normal range is 50% to 140%.

von Willebrand factor activity assay. The assay measures the abil-
ity of a patient’s plasma to agglutinate formalin-fixed platelets
in the presence of ristocetin. The rate of ristocetin-induced
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agglutination is related to the concentration of VWF and risto-
cetin cofactor activity. Helena lyophilized platelets (Helena
Laboratories, Beaumont, Texas; Helena Ristocetin cofactor
assay kit, Cat. No. 5370) were reconstituted in Tris-buffered
saline for use in a Helena AggRAM Platelet Aggregometer to
assess VWF activity at 2 different dilutions for comparison to
standard curves of both ristocetin cofactor control plasma
and abnormal control plasma. Our laboratory normal range is
55% to 185%.

Electron microscopy. Acid citrate dextrose (ACD) tubes of blood
were obtained to evaluate platelet dense granule numbers by
EM.?! One tube was processed immediately for a whole mount
preparation of air-dried platelets; the second vial was shipped
with the frozen PFP aliquots but packaged to ensure these vials
remained at ambient temperature and subsequently processed
for EM 48 hours postvenipuncture. Preparations of platelet
whole mounts required low-speed centrifugation to obtain
platelet-rich plasma, which was subsequently incubated upon
EM support films for 5 minutes followed by a brief distilled
water wash and then air-dried.”” Enumeration of d-granules
using a Philips CM 10 electron microscope was performed; the
average number of d-granules was determined by counting the
total number of 100 platelets contiguously observed, excluding
platelets that were obscured by debris or partially overlaying
grid bars.?

Sample Transport

The experiment was designed to simulate the process that many
hospitals utilize to ship samples to reference laboratories for
analysis. Our first shipment of 6 samples was intended to be
shipped via airfreight for overnight delivery back to our labora-
tory; however, the package was returned via ground delivery
the following day due to zip code proximity sorting. We were
unable to identify a carrier, including commercial airlines that
would ship our samples to a national sorting facility for return
to our laboratory the following day. Therefore, all subsequent
shipments were transported by airfreight to a relative of one of
the authors living in Kansas City who immediately returned
each package to our laboratory for analysis within 48 hours
of venipuncture.

Statistical Analysis

Statistical analysis of both VWD profile test results and plate-
let dense granule number determination was evaluated using
SPSS (v4.5) descriptive statistics. Using the Shapiro-Wilk
test, our data did not have a normal distribution. Therefore,
we utilized a logarithmic transformation to determine correla-
tions among fresh and ambient temperature aliquot assayed
immediately the day of venipuncture and the 2 frozen aliquots
that were assayed 48 hours later for each of the VWD profile
assays. The platelet dense granule results did not have a nor-
mal distribution as well and were therefore evaluated using a
Mann-Whitney rank sum test.
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Figure |. Comparison of von Willebrand profile test results obtained
in fresh plasma samples assayed immediately postvenipuncture with

results obtained in frozen plasma samples stored on-site or shipped

and assayed 48 hours later.

Results
von Willebrand Disease Profile

To determine whether freezing and/or transport significantly
affected vWD profile, we completed a correlation study for
each of the 3 assays aliquoted for each volunteer’s blood
plasma. Thus, 3 samples for each participants were compared
for each of the 3 VWD profile assays: a FVIII coagulant activ-
ity, a VWF antigen assay, and a VWF activity assay.

Factor VIl Coagulant Activity Assay

Factor VIII coagulant activity for frozen aliquots, shipped via
airfreight or remaining on-site in a —70°C freezer, was essen-
tially identical with plasma processed and assessed immedi-
ately (Figure 1) for each volunteer (n = 35). For samples
assessed immediately postvenipuncture, the average FVIII coa-
gulant activity was 135.6% + 16.4% activity, whereas aliquots
frozen and stored at —70°C in our laboratory and processed
48 hours postvenipuncture had a mean activity of 138.7% +
19.1%, and the frozen sample (48S) sent through airfreight and
assayed with the stored sample had a mean of 142.0% + 7.2%
activity (n = 31, 1 package thawed due to insufficient dry ice
[-78.5 °C)]. The correlation coefficient between groups
2 hours and 48 hours was 0.93 with a confidence interval
(CI) from 0.86 to 0.97, the coefficient between frozen plasma
groups 48 hours and 48S hours was 0.474 (CI: 0.14-0.71), and
between 2 hours and 48S hours was 0.574 (CI: 0.28-0.77).
While the individual correlation between the frozen groups
of samples (48 hours and 48S hours) and the immediately
analyzed and frozen shipped samples (2 hours and 48S hour)
was lower, the overall coefficient indicated correlation between
the 3 groups. The intraclass correlation coefficient of average
measures was 0.799, with a 95% CI of 0.63 to 0.88. There was
no statistical difference observed between the 3 groups as the
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correlation P value of <.0001 indicates significant agreement
for the FVIII coagulant activity groups.

von Willebrand Factor Antigen (VWF:Ag) Assay

The mean of all aliquots assayed to determine VWF:Ag was
essentially identical with samples assessed immediately fol-
lowing venipuncture at 92.4% + 6.6% (n = 35) and the frozen
samples assayed 48 hours later at 90.1% + 7.4% (n = 35) and
89.5% =+ 6.4% (n = 31), respectively (Figure 1). There was a
correlation coefficient of 0.97 (CI: 0.95-0.99) between groups
2 hours and 48 hours, a coefficient of 0.97 (CI: 0.94-0.99)
between groups 48 hours and 48Shours, and a coefficient of
0.94 (CI: 0.87-0.97) between groups 2 hours and 48S hours.
The intraclass correlation coefficient of average measures was
0.979, with a 95% CI from 0.97 to 0.99. There was significant
correlation for the 3 VWF:Ag groups (correlation P < .0001
indicates significant agreement).

von Willebrand Factor Activity Assay

The VWF activity was determined for each aliquot within
hours or venipuncture and again 48 hours postvenipuncture
using frozen PFP, with one sample having been shipped air-
freight and the second frozen sample stored in a —70°C freezer
in our laboratory. The mean VWF activity for samples pro-
cessed and assayed immediately was 103.7% + 6.2% (n =
35), whereas the frozen samples processed and analyzed
48 hours postvenipuncture were 90.8% + 8.1% (n = 35,
on-site at —70°C) and 95.3% =+ 5.9% (n = 31, shipped on dry
ice at —78.5°C; Figure 1). The VWF activity assay also demon-
strated correlation. The correlation coefficient between groups
2 hours and 48 hours was 0.962 (CI: 0.92-0.98), between
groups 48 hours and 48S hours was 0.484 (CI: 0.16-0.72), and
between groups 2 hours and 48S hours was 0.378 (CI: 0.03-
0.65). The intraclass correlation coefficient of average mea-
sures was 0.71, with a 95% CI of 0.5 to 0.84. Again, despite
low individual correlation between the frozen groups (48 hours
and 48S hour) and the fresh and frozen shipped group (2 hour
and 48 S hours), the overall coefficient between the 3 VWF
activity assay groups had significant correlation (P < .0001).

von Willebrand Factor Activity/Antigen Ratios

Ratios for VWF activity and VWF antigen were calculated
for each of the 3 different assay sample groups. The VWF,
activity/VWF, and Ag were found to be 1.12, 1.01, and 1.06,
respectively.

Electron Microscopy

We also evaluated stability of the number of dense granules per
platelet (DG/PL) determined by EM with processing and
assessment on the day of venipuncture for comparison with
samples that were shipped and then returned to the laboratory
48 hours later. The mean number of dense granules per platelet
for samples processed within hours of venipuncture was

Dense Granules per Platelet
N
° 0}7

48 Hours

Time of Analysis
(Hours Post Venipuncture)

4 Hours

Figure 2. Comparison of the mean number of platelet dense granules
in platelets evaluated by electron microscopy immediately following
venipuncture with whole blood shipped via airfreight carrier and
subsequently processed and platelet dense granules evaluated

48 hours postvenipuncture.

44 + 0.2 DG/PL (n = 35), whereas the samples processed
and assessed 48 hours postvenipuncture had 4.3 + 0.2 DG/PL
(n = 35; Figure 2). The minimum mean number of DG/PL was
found to be 2.4 DG/PL (same day processing and analysis) or
1.8 DG/PL (processed and analyzed 48 hours postvenipunc-
ture), and the maximum mean number of DG/PL was
6.7 DG/PL or 6.5 DG/PL. As the groups were not normally dis-
tributed by the Shapiro-Wilk normality test, a Mann-Whitney
rank sum test was used. There was no significant difference
between dense granule number in samples assessed at the day
of venipuncture compared with blood that was shipped and
analyzed 48 hours postvenipuncture (P = .751).

Discussion

The diagnosis of VWD is challenging due to the necessity of
complex testing methods required, variability in techniques,
lack of standardization of cutoff values, sample acquisition,
shipping and transport of samples, and interpretation of test
results.>*>7'2!8 There have been limited reports regarding the
stability of coagulation testing of frozen plasma, a requirement
of sample processing for shipment to reference labora-
tories.'”** The aim of our study was to evaluate the stability
of frozen plasma for VWD profile assays compared with results
obtained in our laboratory for aliquots of fresh plasma pro-
cessed within 2 hours of venipuncture. Our volunteers were all
healthy adults, which might be considered a limitation of the
study since no one included was known to have a bleeding
diathesis. Therefore, we did not assess any participant known
to have VWD; the project was intended only to evaluate blood
sample stability and not to compare normal values with indi-
viduals with VWD. We also sought to investigate the stability
of the platelet dense granule storage pool in peripheral blood
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shipped via airfreight compared with the results of whole-
mount platelet EM determined from preparations made within
hours of venipuncture. To our knowledge, there is no report in
the literature describing the stability of the dense granule con-
tent of platelets sent to a reference laboratory via airfreight. Our
hypothesis was that shipping of frozen plasma for VWD profile
testing and the dense granule content of platelets would not be
affected by airfreight shipment. Plasma samples transported for
VWD profile analysis are usually frozen at —70 or —80°C and
shipped when necessary on dry ice (—78.5°C) for no more than
3 days. Whole blood collected in ACD vacutainer tubes and
shipped at ambient temperature is usually prepared for analysis
within 24 to 48 hours of venipuncture.

As we hypothesized, we did not find a statistically signifi-
cant difference between our groups of plasma tested for VWD
parameters, indicating little effect from the freezing and trans-
port of the samples. The greatest correlation was observed
between the samples analyzed 2 hours after venipuncture and
those frozen and left on-site for 48 hours. The lower degree of
correlation between 48-hour frozen samples and 48-hour fro-
zen shipped samples suggests that transport may play a role in
decreased correlation of assay results. However, this decrease
was not statistically significant and likely would also not be
clinically significant. These results indicate that storage and
transport of samples at —78.5°C and within 48 hours, respec-
tively, are adequate for the stability of VWD profile results.

Similarly, we found no difference between the number of
dense granules determined from samples prepared immediately
postvenipuncture and those shipped via airfreight and pro-
cessed 48 hours postvenipuncture. Our data confirm our
hypothesis that platelets obtained from whole blood and
shipped to our laboratory within 48 hours are stable for the
assessment of the dense granule storage pool.

Conclusion

Transport of plasma samples for von Willebrand profile anal-
ysis to specialized reference laboratories is often necessary due
to lack of on-site resources at many hospitals. The reliability of
coagulation testing has often been questioned in the literature
due to a variety of concerns including the effect of freezing
plasma and shipment, although literature that demonstrated the
stability of some coagulation proteins for weeks to months does
exist. We report that samples collected at our institution, pro-
cessed immediately and aliquoted for VWD profile analysis,
were stable if frozen for 48 hours when compared to fresh
samples assayed within hours of venipuncture. Our volunteers
were all considered healthy participants; thus, our results
reflect stability of normal test values only. We also report that
platelets shipped via airfreight may be reliably assayed for the
dense granule storage pool within 48 hours of venipuncture.

Authors’ Note

Denise Bichuyen Mai performed the research, analyzed the data, and
wrote the paper. Mary R. Smith performed the research and contrib-
uted essential reagents and tools. William T. Gunning III designed the

research study, performed the research, analyzed the data, and wrote
the paper. The authors take responsibility for all aspects of the relia-
bility and freedom from bias of the data presented and their discussed
interpretation.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

William T. Gunning III & http://orcid.org/0000-0002-4190-2479

References

1. Adcock DM, Bethel M, Valcour A. Diagnosing von Willebrand
disease: a large reference laboratory’s perspective. Semin Thromb
Hemost. 2006;32(5):472-479.

2. Bolton-Maggs PH, Favaloro EJ, Hillarp A, Jennings I, Kohler HP.
Difficulties and pitfalls in the laboratory diagnosis of bleeding
disorders. Haemophilia. 2012;18(Suppl 4):66-72.

3. Flood VH. Perils, problems, and progress in laboratory diagnosis
of von Willebrand disease. Semin Thromb Hemost. 2014;40(1):
41-48.

4. Tosetto A, Castaman G, Rodeghiero F. Assessing bleeding in von
Willebrand disease with bleeding score. Blood Rev. 2007;21(2):
89-97.

5. Ng C, Motto DG, Di Paola J. Diagnostic approach to von Will-
ebrand disease. Blood. 2015;125(13):2029-2037.

6. Woods GM, Kudron EL, Davis K, Stanek J, Kerlin BA, O’Brien
SH. Light transmission aggregometry does not correlate with the
severity of delta-granule platelet storage pool deficiency.
J Pediatr Hematol Oncol. 2016;38(7):525-528.

7. Israels SJ. Laboratory testing for platelet function disorders. /nt J
Lab Hematol. 2015;37(suppl 1):18-24.

8. Lavin M, Aguila S, Schneppenheim S, et al. Novel insights into
the clinical phenotype and pathophysiology underlying low VWF
levels. Blood. 2017;130(21):2344-2353.

9. Palla R, Siboni SM, Menegatti M, Musallam KM, Peyvandi F;
European Network of Rare Bleeding Disorders (EN-RBD) Group.
Establishment of a bleeding score as a diagnostic tool for patients
with rare bleeding disorders. Thromb Res. 2016;148:128-134.

10. Rodeghiero F, Tosetto A, Abshire T, et al; ISTH/SSC Joint VWF
and Perinatal/Pediatric Hemostasis Subcommittees Working
Group. ISTH/SSC bleeding assessment tool: a standardized ques-
tionnaire and a proposal for a new bleeding score for inherited
bleeding disorders. J Thromb Haemost. 2010;8(9):2063-2065.

11. Amesse LS, Pfaff-Amesse T, Gunning WT, Duffy N, French JA
II. Clinical and laboratory characteristics of adolescents with pla-
telet function disorders and heavy menstrual bleeding. Exp Hema-
tol Oncol. 2013;2(1):3.

12. Bohm M, Taschner S, Kretzschmar E, Gerlach R, Favaloro EJ,
Scharrer I. Cold storage of citrated whole blood induces drastic
time-dependent losses in factor VIII and von Willebrand factor:


http://orcid.org/0000-0002-4190-2479
http://orcid.org/0000-0002-4190-2479
http://orcid.org/0000-0002-4190-2479

1266

Clinical and Applied Thrombosis/Hemostasis 24(8)

13.

14.

15.

16.

17.

18.

potential for misdiagnosis of haemophilia and von Willebrand
disease. Blood Coagul Fibrinolysis. 2006;17(1):39-45.

Favaloro EJ, Nair SC, Forsyth CJ. Collection and transport of
samples for laboratory testing in von Willebrand’s disease
(VWD): time for a reappraisal? Thromb Haemost. 2001;86(6):
1589-1590.

Favaloro EJ, Soltani S, McDonald J. Potential laboratory misdiag-
nosis of hemophilia and von Willebrand disorder owing to cold
activation of blood samples for testing. Am J Clin Pathol. 2004;
122(5):686-692.

Favaloro EJ, Bonar R, Sioufi J, et al; RCPA Quality Assurance
Program in Haematology Haemostasis Committee. Laboratory
diagnosis of von Willebrand disorder. Current practice in the
southern hemisphere. Am J Clin Pathol. 2003;119(6):882-893.
Favaloro EJ. Diagnosing von Willebrand disease: a short history
of laboratory milestones and innovations, plus current status,
challenges, and solutions. Semin Thromb Hemost. 2014;40(5):
551-570.

Favaloro EJ, Bonar RA, Meiring M, et al. Evaluating errors in the
laboratory identification of von Willebrand disease in the real
world. Thromb Res. 2014;134(2):393-403.

Favaloro EJ, Oliver S, Mohammed S, et al. Potential misdiag-
nosis of von Willebrand disease and haemophilia caused by

20.

21.

22.

23.

24.

ineffective mixing of thawed plasma. Haemophilia. 2017;
23(5):e436-e443.

. Gosselin RC, Dwyre DW. Determining the effect of freezing on

coagulation testing: comparison of results between fresh and once
frozen-thawed plasma. Blood Coagul Fibrinolysis. 2015;26(1):
69-74.

Woodhams B, Girardot O, Blanco MJ, Colesse G, Gourmelin Y.
Stability of coagulation proteins in frozen plasma. Blood Coagul
Fibrinolysis. 2001;12(4):229-236.

Hayward CP, Moffat KA, Spitzer E, et al; NASCOLA Working
Group on Platelet Dense Granule Deficiency. Results of an exter-
nal proficiency testing exercise on platelet dense-granule defi-
ciency testing by whole mount electron microscopy. Am J Clin
Pathol. 2009;131(5):671-675.

White JG. The dense bodies of human platelets: inherent electron
opacity of the serotonin storage particles. Blood. 1969;33(4):
598-606.

Costa JL, Reese TS, Murphy DL. Serotonin storage in platelets: esti-
mation of storage-packet size. Science. 1974;183(4124):537-538.
Alesci S, Borggrefe M, Dempfle CE. Effect of freezing method
and storage at —20 degrees C and —70 degrees C on prothrombin
time, aPTT, and plasma fibrinogen levels. Thromb Res. 2009;
124(1):121-126.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


