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Abstract

Objective

According to the international guidelines, fresh frozen plasma (FFP) is unanimously used
to treat coagulation disorders. The quality of FFP is critical for the clinical transfusion. Till
now, few studies have integratedly evaluated the differences of FFP from blood donors at
between high altitude (HA) and low altitude (LA). Besides, there were no special quality
standards for HA FFP in China.

Materials and methods

Up to 41 HA (Lhasa, 3700 m) and 46 LA (Chengdu, 500 m) blood donors were included in
our study to estimate the differences of FFP from HA and LA blood donors. The concentra-
tion of total plasma proteins, prothrombin time (PT), activated partial thromboplastin time
(aPTT), thrombin time (TT), fibrinogen (Fbg), factor (F) II, FV, FVII, FVIII, FIX, FX, FXI, FXII,
D-dimer, protein C (PC), protein S (PS), antithrombin 11l (ATIIl) and von Willebrand factor
antigen (VWF:Ag) were determined, respectively.

Results

As compared with FFP of LA blood donors, the total protein content of HA blood donors
showed a significant decrease (65.2+8.9 vs.57.2+6.3 g/L; p<0.001); PT, aPTT, TT were
significantly increased (p<0.001); the levels of FIl, FV, FVII, FVIII, FIX, FX, FXI, FXIl and
vWF:Ag were notably decreased (all p<0.05), whereas Fbg and D-dimer were dramaticly
increased (p = 0.038). Additionly, in HA blood donors, vWF: Ag and FVIII:C of O-group was
significantly lower (p<0.05) than that of non-O-group. It should be noted that FVIII:C of HA
blood donors (0.64+0.10 IU/mL) was lower than the current Chinese quality requirements
for FFP (> 0.7 IU/ml). No significant differences were observed in PC, PS and ATIII.

Conclusion

In general, our findings showed that the quality of FFP was significantly different between
HA and LA blood donors, and the current Chinese quality requirements of FFP are not
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suitable for HA FFP. Therefore, setting up a special quality requirement for HA is quite nec-
essary and meaningful.

Introduction

Low ambient temperature and hypobaric hypoxia are two challenges to life at high altitude
(HA) [1]. Extended stay at HA may be a risk factor for development of symptomatic portal sys-
tem thrombosis [2]. As compared with low altitude (LA) residents, people who stay at HA
were found with prolonged clotting time, decreased FVIII activities, increased protein C (PC)
levels and significantly changed D-Dimer, von Willebrand factor (vWF) activity [3-5]. All of
these reports indicate that HA may influence the quality of blood products.

Fresh Frozen Plasma (FFP), which contains normal levels of stable clotting factors, protease
inhibitors, immunoglobulins and albumin, is always used for hereditary and acquired coagula-
tion disorders, thrombotic thrombocytopenic purpura, disseminated intravascular coagula-
tion, warfarin reversal, massive transfusion, and so on [6-9]. The quality of FFP directly affects
the efficacy of clinical transfusion. In China, there is no special quality standard for HA FFP.
Despite the fact that there is quality requirements for FFP in China (the activity of factor (F)
VIII is at least 0.70 IU/mL and the content of total plasma protein is at least 50 g/L [10]), how-
ever, no one knows whether the quality requirement is suitable for HA areas.

In order to verify whether the current FFP quality requirement is suitable for HA blood
donors, the present study was conducted to investigate the differences of the levels of total
plasma proteins and clotting factors in FFP of blood donors at between 3,700 m (Lhasa, HA)
and 500 m (Chengdu, LA). Furthermore, vWF antigen (VWF: Ag) and FVIIL:C in HA blood
donors of different genders and blood types were also analyzed. Based on the observed results,
additional data could be provided for transfusion services at HA and help clinicians to use FFP
more rationally and effectively.

Materials and methods
Ethics statement

The study was approved by the Ethics Committee of the Institute of Blood Transfusion. All
procedures concerning the experiments with human plasma had been given prior approval by
the Department of Public Health of Sichuan Province. All participants gave verbal informed
consent, and the copy of the informed consent was left with the participant.

Study design and sample preparation

Forty-one HA and forty-six LA residents were enrolled in this study. HA blood donors were
recruited from Lhasa, Tibet (3,700 m) who reported no visit to LA areas and LA blood donors
were enrolled from Chengdu, Sichuan (500 m) who reported no visits to HA in the six months
prior to this study. Inclusion criterias were that all volunteers were > 18 years, healthy and
unrelated. Individuals who had prior history of thrombus or hemorrhage, usage of oral antic-
oagulation therapy, hepatic disease, HIV infection, pregnancy, diabetes, renal insufficiency
and others were excluded from this study by standardized questionnaire according to the
“whole blood and component donor selection requirements” [11]. The basic information of
blood donors were shown in Table 1.
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Table 1. Demographics of blood donors in this study.*

n
HA donors 4
LA donors 46

* Data are presented as mean + SD.

https://doi.org/10.1371/journal.pone.0176390.t001

Age Gender Blood group
male female A B AB (o}
32.3+9.7 23 18 5 13 6 17
35.9+8.0 22 24 14 16 7 9

According to the Chinese quality requirements for whole blood and blood components
[10], blood samples were collected by venipuncture. The whole blood, within 6 hours after
donation, was centrifuged at 4,000 x g for 20 min to obtain the plasma. Then, the fresh plasma
was stored at -70°C until they were shipped to the laboratory at Chengdu in dry ice type envi-
ronment. Upon arrival to the laboratory facility, the samples were immediately stored at -70°C
until analysis. All samples were measured in laboratory at Chengdu. Samples showing evi-
dences of hemolysis and/or clot formation were discarded.

Laboratory analysis

Hematological parameters (i.e., red blood cell (RBC) counts and platelet counts) were assessed
by using an automated hematology analyser (Sysmex XE 2100, Kobe, Japan). Total plasma pro-
tein content was determined by the method of Bradford using coomassie blue G250 as the
staining agent. PC (Hyphen BioMed, Neuville-sur-oise, France) and antithrombin III (AT III)
(Sekisui Diagnostics, LLC, Stamford, USA) were measured with chromogenic substrate assays,
and VWF:Ag was performed by using an enzyme-linked immunosobent assay (Hyphen
BioMed, Neuville-sur-oise, France) with SpectraMax M2° (Molecular Devices, Sunnyvale, CA,
USA). All other assays were performed according to manufacturer’s instructions on a CA-
1500 automated coagulation analyzer (Sysmex Corporation, Kobe, Japan). FIL, FV, FVII,
FVIIIL, FIX, FX, FXI, FXII, D-dimer and protein S (PS) reagents were purchased from Siemens
Healthcare Diagnostics Products GmbH (Marburg, Germany). Prothrombin time (PT), acti-
vated partial thromboplastin time (aPTT), thrombin time (TT) and fibrinogen (Fbg) reagents
were from Chengdu Union Biotechnology Co., Ltd. (Chengdu, China).

Statistical analysis

Kolmogorov-Smirnov test was used for the normal distribution of all data, and values were
expressed as means and standard deviation (SD). Results of HA blood donors were compared
to that of LA blood donors by means of independent sample Student’s ¢-test. A robust analysis
of total plasma protein and FVIII was given by receiver operating characteristic (ROC) curve.
Statistical significance was defined as p<0.05 and the software used for the statistical analyses
was SPSS statistics software, version 17.0 (SPSS Inc., Chicago, USA).

Results
Counts of red blood cells and platelets

RBC counts showed a significant increase in HA participants, as compared with the values
measured in LA volunteers (Table 2). However, platelet counts were lower (p = 0.017) in HA
than LA blood donors (Table 2).
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Table 2. Counts of red blood cells and platelets.$

Analytes LA HA p-value*
RBC (10"2/L) 4.61(10IN 5.26(10IN <0.0001
PLT* (10%L) 198.98018.55 181.31011.23 0.017

SAll data are presented as mean + SD;
*PLT, platelets;
*LA blood donors compared with HA blood donors using independent sample student’s t-test.

https://doi.org/10.1371/journal.pone.0176390.t002

Total plasma protein content and basic coagulation tests

The results of total plasma protein content and basic coagulation tests (PT, aPTT, and TT)
were displayed in Table 3. Compared with LA blood donors, the total protein content of HA
blood donors was significantly decreased (p<0.001), whereas PT, aPTT,TT were significantly
increased (p<0.001).

Coagulation factors of different altitude blood donors

The results of coagulation factors (i.e. FII, FV, FVII, FVIIIL, FIX, FX, FXI, FXII, Fbg, D-dimer
and vWEF: Ag) were summarized in Fig 1. As represented in Fig 1A and 1C, vWF:Ag and all
coagulation factors were significantly higher in LA than in HA blood donors (p<0.05),
whereas Fbg and D-dimers significantly increased in HA blood donors (p<0.05; Fig 1B and
1D). FVIILC of LA blood donors was significantly higher than that of HA donors (0.87+0.21
vs. 0.64£0.10 g/L; p<0.001).

Anticoagulant factors of different altitude blood donors

Table 4 displayed results of anticoagulant factors (i.e. PC, PS and ATIII) of different altitude
blood donors. PC, PS and ATIII showed no significant changes (p>>0.05 for all comparisons).

VWEF: Ag and FVIII:C of HA blood donors

The results of vVWF: Ag and FVIII:C in HA blood donors with different genders and blood
types were reported in Fig 2. The well-known distinctions in VWF: Ag and FVIIIL:C between
non-O and O blood types were also observed in HA blood donors, with significantly higher
levels in non-O than in O individuals. In HA blood donors, vVWF: Ag was approximately 26%
higher in non-O-group than in O-group (1.07+0.21 IU/mL vs. 0.79+0.25 IU/mL; p<0.001),
and FVIII:C was about 9% higher in non-O-group than in O-group (0.68+0.09 IU/mL vs. 0.62
+0.09 IU/mL; p = 0.037). Nevertheless, no significant difference in vWF:Ag and FVIIL:C levels
was observed between male and female (Fig 2B).

Table 3. The total plasma protein content and basic coagulation tests results of different altitude blood donors.$

Analytes Reference range LA HA p-value*
total plasma protein (g/L) >50 65.2+8.9 57.2+6.3 <0.001
PT (sec) 10-15 12.6+1.5 14.741.4 <0.001
APTT (sec) 22-38 30.414.2 39.45.9 <0.001
TT (sec) 16-18 16.0+1.4 17.9+1.5 <0.001

SAll data are presented as mean + SD.
*LA blood donors compared with HA blood donors using independent sample student’s t-test.

https://doi.org/10.1371/journal.pone.0176390.t003
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Fig 1. The results coagulation factors of different altitude blood donors. LA, blood donors reside at low

altitude (500 m); HA, blood donors reside at high altitude (3,700 m). Values are mean + SD. LA, n =46; HA,

n=41. **p<0.001, *p<0.05, when compared LA blood donors and HA blood donors using independent
sample Student’s t-tests.

https://doi.org/10.1371/journal.pone.0176390.g001

Table 4. Anticoagulant factors of different altitude blood donors$.

Analytes Reference range LA HA p-value*
PC (%) 70-140 106.1+24.1 100.7+20.6 0.244
PS (%) 60-130 88.1+21.2 81.8+24.5 0.382
ATII (IU/mL) 0.8-1.2 1.01+0.26 0.98+0.17 0.215

SAll data are presented as mean + SD.
*LA blood donors compared to HA blood donors using independent sample student’s t-test.

https://doi.org/10.1371/journal.pone.0176390.t004
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Fig 2. Levels of vWF: Ag and FVIII in HA blood donors with different genders and blood types. Values are mean + SD. Non-O-
group, n = 24; O-group, n=17; Female, n = 18; male, n =23.

https://doi.org/10.1371/journal.pone.0176390.9002

Discussion

During continuous stay at HA, people may develop several physiological responses to make it
possible to live in a low O, environment, such as increasing in RBC (Table 2) and hemoglobin
concentration !'*~"*), rising in platelet aggregation count and fibrinogen levels ' '), and
changes in coagulation factors [ * '] All of these could bring about changes in blood com-
position. In this study, we investigated the influences of HA on FFP quality and evaluated
whether the current quality requirement of FFP is suitable for HA blood donors.

In China, FVIII:C and the content of total plasma proteins are the two most important indi-
cators mentioned in the current quality requirement of FFP. In order to fully understand the
influence of HA on the quality of FFP, we evaluated the content of total plasma proteins and
the levels of clotting factors in FFP of different altitude blood donors. Total plasma protein
and FVIII were robust analyzed by ROC curve (S1 Fig and S1 Table). When compared with
LA blood donors, the total protein content of HA blood donor was significantly decreased
(65.2+8.9 g/L vs. 57.2+6.3 g/L; p<0.001), although it still met the current Chinese quality
requirement of FFP (> 50 g/L). We found that the screening test measurements (PT, aPTT
and TT) of coagulation system were significantly higher in HA than in LA blood donors
(Table 3). Similar results have been confirmed by Singh and colleagues, which showed that PT
and TT significantly prolonged in HA subjects. In addition, Pichler Hefti et al. found PT and
aPTT revealed a small-magnitude but no significant increase with increasing altitude [5]. By
contrast, Kotwal and colleagues showed aPTT reduced in HA volunteers [14].

Our study also showed that most of the coagulation factors (including FII, FV, FVII, FVIII,
FIX, FX, FXI and FXII) displayed significant decreases in HA blood donors, whereas Fbg and
D-dimers statistically increased (p < 0.05). To the best of our knowledge, we are unaware of
any similar published results. Singh et al. showed that the levels of FV and FVIII increased
with increasing altitude, while FXII decreased [15]. It must be pointed out that the mean
FVIII:C in HA blood donors was only 0.64+0.10 IU/mL, which was approximately 8.6% lower
than that of current Chinese quality requirement (> 0.70 IU/mL). In our study, FVIIL:C of 11
LA blood donors (23.9%) were < 0.70 IU/mL, whereas up to 70.7% of the HA blood donors
(29 of 41 HA blood donors) didn’t meet the current quality requirement.

It seems to be contradictory to that HA is a risk factor for thrombosis, since we found most
of the coagulation factors dramaticly decreased, and PT and aPTT notably prolonged in HA
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FFP. One possible mechanism for increased thrombosis at HA is hypercoagulability [16-18].
Consistent with other reports, we found red blood cells significantly increased in HA blood.
More red blood cells lead to hyperviscosity and lower blood flow velocity. Although the num-
ber of platelets decreased, yet aggregation and adhesion of platelets significantly increase at
HA. As a consequence, HA residents are in a relatively hypercoagulable state. The increasing
TT and D-dimers (Table 3 and Fig 1D) implied the activation of the fibrinolytic system which
contributed further to the decrease of coagulation factors since plasminogen digests FV and
FVIIL Therefore, the decrease of coagulation factors may be a compensatory mechanism as a
result of hypoxia at HA.

Consistent with previous reports [14], we also confirmed that anticoagulant factors (PC, PS
and ATIII) showed no significant changes (p>0.05).

Furthermore, numerous studies generally reported that plasma vWF and FVIII levels were
significantly lower in O-group than non-O-group individuals [19-21].Similarly, our study
showed vWEF: Ag and FVIIIL:C were significantly lower in O-group than in non-O-group in
HA blood donors (p<0.05). In another large-scale study on LA blood donors, we also found
the levels of vVWF and FVIII were significantly lower in O-group than non-O-group [22]. This
could also provide reference for FFP preparation. Otherwise, Conlan et al. [23] reported that
FVIII and vWF levels are significantly higher in females than in males, but our study showed
there were no gender differences in FVIII and vWF among HA blood donors (Fig 2B).

Naturally, some limitations of the study should be considered. One potential limitation was
that the sample sizes of LA and HA blood donors were small (46 LA and 41 HA blood donors)
in the current study. It was quite difficult to recruit HA volunteers. Because of the national
belief, almost no Tibetans would like to donate blood. However, numerous similar studies
were also conducted with a small sample size (less than 100).

In conclusion, this study evaluated the content of total plasma protein and the levels of
coagulation and anticoagulation factors in FFP of HA and LA blood donors. Our study clearly
suggested that altitude significantly influenced the quality of FFP. The content of total plasma
protein was significantly lower in HA than LA blood donors. Except Fbg and D-dimers, all
other coagulation factors (i.e. FII, FV, FVII, FVIII, FIX, FX, FXI, FXII, and vWF: Ag) observ-
ably decreased with increasing altitude. It should be pointed out that FVIII:C of 29 HA blood
donors (70.7%) were less 0.7 IU/ml which didn’t meet the current Chinese quality requirement
for FFP. And there were no significant changes in the anticoagulation factors (PC, PS and
ATITIT) between HA and LA blood donors. In HA blood donors, vVWE: Ag and FVIIL:C were
significant higher in non-O-group than in O-group. Taken together, this study suggested that
the altitude could significantly influence the quality of FFP and the current Chinese quality
requirement of FFP may not be suitable for HA. Further studies should expand the sample size
to validate the findings and set up a special quality requirement for HA FFP, which will help to
improve HA blood transfusion efficiency.

Supporting information

S1 Fig. ROC curve for total protein content and FVIII:C.
(TIF)

S1 Table. ROC curve analysis.
(DOC)
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