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PATIENT PLASMA ON HEALTHY PLATELET AGGREGATION
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Roland J. Bainton*¥, Rachael A. Callcut”, Lucy Z. Kornblith”

*Department of Surgery, University of California, San Francisco
TDepartment of Epidemiology and Biostatistics, University of California, San Francisco
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Abstract

Background: Altered postinjury platelet behavior is recognized in the pathophysiology of
trauma-induced coagulopathy (TIC), but the mechanisms remain largely undefined. Studies
suggest that soluble factors released by injury may inhibit signaling pathways and induce
structural changes in circulating platelets. Given this, we sought to examine the impact of treating
healthy. platelets with plasma from injured patients. We hypothesized that healthy platelets treated
ex-vivo with plasma from injured patients with shock would impair platelet aggregation, while
treatment with plasma from injured patients with significant injury burden, but without shock,
would enhance platelet aggregation.

Methods: Plasma samples were isolated from injured patients (pretransfusion) and healthy
donors at a Level | trauma center and stored at —80°C. Plasma samples from four separate

patients in each of the following stratified clinical groups were used: mild injury/no shock (injury
severity score [ISS] 2-15, base excess [BE]>-6), mild injury/with shock (ISS 2-15, BE<-6),
severe injury/no shock (ISS>25, BE>-6), severe injury/with shock (1SS>25, BE<-6), minimal
injury (1SS 0/1, BE>-6), and healthy. Platelets were isolated from three healthy adult males and
were treated with plasma for 30 min. Aggregation was stimulated with a thrombin receptor agonist
and measured via multiple-electrode platelet aggregometry. Data were normalized to HEPES
Tyrode’s (HT) buffer-only treated platelets. Associations of plasma treatment groups with platelet
aggregation measures were tested with Mann-Whitney {U'tests.

Results: Platelets treated with plasma from patients with shock (regardless of degree of injury)
had significantly impaired thrombin-stimulated aggregation compared with platelets treated with
plasma from patients without shock (P=0.002). Conversely, platelets treated with plasma from
patients with severe injury, but without shock, had amplified thrombin-stimulated aggregation
(P=0.030).
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Conclusion: Shock-mediated soluble factors impair platelet aggregation, and tissue injury-
mediated soluble factors amplify platelet aggregation. Future characterization of these soluble
factors will support development of novel treatments of TIC.

Keywords

Platelet activation; platelet adhesiveness; platelet aggregation; platelet function tests; shock;
thrombin; thrombin receptor peptide (1-6)-amide; trauma

INTRODUCTION

Despite advances in resuscitation and treatment strategies, hemorrhage associated with
trauma-induced coagulopathy (TIC) remains a significant driver of morbidity and
mortality in injured patients (1-3). Our understanding of the pathophysiology of TIC
continues to evolve to include increased recognition of cellular-mediated coagulopathy
and inflammation. Specifically, alterations in platelet primary and secondary functions
are increasingly described in injured patients including ex-vivo evidence of increased
circulating activated platelets with paradoxical aggregation impairments, and additionally
morphologic derangements, and transcriptomic changes (2-8). Furthermore, evidence
suggests that the pathophysiology of TIC involves the release of numerous proteins,
damage-associated molecular patterns (DAMPSs), and microparticles in response to tissue
injury and hypoperfusion due to hemorrhage that may affect platelet function (8-13).
However, there is vast heterogeneity in injury patterns resulting in varying degrees of
tissue damage and hypoperfusion from hemorrhage, which have distinct effects on platelet
hemostatic behaviors (14).

After trauma, tissue injury and endothelial disruption are thought to release large quantities
of activating factors including tissue factor, microparticles, and thrombin, activating
circulating platelets, even at sites distant from the injury (15, 16). However, hemorrhagic
shock has been shown to induce impairments in platelet aggregation, which may be
mediated by several factors including histones, soluble fibrin, taurocholic acid, or by
depletion of platelet energy substrates such as adenosine triphosphate (ATP) and guanine
triphosphate (7, 17-19). Recent studies have also demonstrated it is possible to impair
calcium signaling and aggregation in healthy platelets by treating them with injured patient
plasma ex-vivo (17, 20). However, the differential effects of tissue injury and shock on
ex-vivo platelet aggregation have not been examined. Therefore, in this study, we sought
to further characterize the effect of injured patient plasma treatment on healthy donor
platelet function, specifically focusing on the degree of injury and presence of shock in the
injured patient plasma donors. We hypothesized that healthy platelets treated ex-vivo with
plasma from injured patients with shock would impair platelet aggregation, while treatment
with plasma from injured patients with significant injury burden, but without shock, would
enhance platelet aggregation.

Shock. Author manuscript; available in PMC 2022 February 01.
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PATIENTS AND METHODS

Healthy donor platelet isolation

Whole blood from three healthy adult males with no known bleeding diathesis or history
of antiplatelet or anticoagulant therapy was collected in sodium citrate (0.109 M) (Becton
Dickinson, Franklin Lakes, NJ) on six separate days (18 mL total). Blood was immediately
centrifuged at 200xg for 20 min at room temperature. The resulting platelet-rich plasma
was diluted with an equal volume of modified HEPES-buffered Tyrode’s solution (HT,

137 mM NaCl, 2.7 mM KCI, 2mM MgCl,, 0.42mM NaH,PO,, 5 mM glucose, 10 mM
HEPES, pH 7.4), and Prostaglandin-E1 (Cayman Chemicals, Ann Arbor, Mich) was added
to a final concentration of 1 UM to prevent premature platelet activation during preparation.
Contaminating erythrocytes and leukocytes were then pelleted by centrifugation at 100xg
for 20 min at room temperature. The resulting platelet-rich plasma was again supplemented
with 1 uM. Prostaglandin-E1 and centrifuged at 800xg for 20 min to pellet platelets. The
diluted plasma supernatant was removed, and the platelet pellet was washed twice with HT
buffer. Platelets were resuspended in HT buffer supplemented with 3 mg/mL bovine serum
albumin (Gold Biotechnology, St. Louis, Mo), counted, and diluted further with HT to a
final concentration of 2.5x108/mL. Platelets were used immediately after preparation and
not stored.

Injured patient plasma samples

On arrival to the emergency department and prior to any blood product transfusion,

whole blood was collected in sodium citrate (0.109 M) from patients with the highest

level of trauma activation as a part of a longitudinal, prospective study of coagulation

and inflammation following injury (2011-2019), approved by the Committee on Human
Research at the University of California, San Francisco. Plasma was prepared by
centrifugation of whole blood at 2,960xg for 10 min at room temperature and stored at
—-80°C. For this study, patients with the following characteristics were excluded: female,
under age 18, burns covering more than 20% of body surface area, or use of anticoagulant or
antiplatelet therapy. In all, 20 injured patient plasma samples were selected to generate five
groups with distinct injury and shock characteristics. Injury severity was stratified using the
injury severity score (ISS): a score of 1 or 0 indicating minimal or no injury, 2 to 15 mild
injury, and >25 severe injury. Shock was defined by base excess (BE) < -6 meg/L on arrival
to the emergency department (21-23). Four plasmas from patients in each of the following
injury/shock groups were included: mild injury/no shock (1SS 2-15, BE>-6), mild injury/
with shock (ISS 2-15, BE<-6), severe injury/no shock (1SS>25, BE>-6), severe injury/with
shock (ISS>25, BE<-6), and minimally injured patients or “trauma controls” (ISS of 0 or

1 and BE>-6). Plasma from injured patients with moderate injury (ISS 15-25) was not
included to maximize injury/shock effects. Injured patient plasma donor characteristics are
shown in Table 1. Healthy donor plasma samples from four adult males (age 30-38) were
obtained, processed, and stored in the same fashion to the injured patient plasma samples
after obtaining written informed consent according to approval by the Committee on Human
Research at the University of California, San Francisco. Prior to use in aggregometry
experiments, all plasma samples were thawed and centrifuged at 13,000xg for 5 min at 4°C
(to remove residual contaminating cells).
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Aggregometry with plasma-treated platelets

A schematic representation of the experimental workflow for aggregometry with plasma-
treated platelets can be found in Figure 1A. Washed platelets suspended in HT buffer were
treated with injured patient or healthy donor plasma to a final concentration of 12% plasma
by volume, similar to prior studies examining the effects of plasma on platelet function

(17, 20). As an additional control, platelets were also treated with HT buffer alone. After
incubation for 20 min, the samples were loaded into test cells of a Multiplate impedance-
based platelet aggregometer (Roche, Basel, Switzerland). Electrical impedance was then
recorded for 10 min with continuous stirring at 37°C to detect effects of plasma on platelet
aggregation prior to agonist stimulation. Thrombin Receptor Activating hexapeptide (TRAP,
Hart Biologicals, Hartlepool, UK) was then added to a final concentration of 32 pM, and

the resulting platelet aggregation responses were recorded for an additional 15 min. Plasma-
stimulated aggregation was measured as the electrical impedance just prior to the addition
of TRAP agonist (Fig. 1A, plasma stimulated aggregation). Platelet aggregation responses to
TRAP stimulation were calculated by integrating impedance over time to generate the area
under the curve (Fig. 1A, AUC) in aggregation units. The change from maximum impedance
to end impedance was calculated to measure the degree of platelet disaggregation from the
electrodes (examples in Fig. 1E and G). To control for differential platelet reactivity between
the healthy donors and between blood draws performed on different days from the same
donor, platelet aggregometry parameters from platelets with 12% plasma were normalized
to those from platelets with HT buffer only, run in parallel. The Multiplate aggregometer
has five sample channels, allowing an HT buffer control and four plasma samples of a

given injury/shock group to be interrogated simultaneously. This was repeated for each of
the injury/shock groups with the freshly prepared platelets from each of the three healthy
platelet donors. Platelets from each donor were used immediately after preparation and were
only used in one set of assays to prevent any effects of storage on platelet aggregation.

Statistical analysis

RESULTS

The platelet aggregometry measurements after treatment with each of the plasmas were
averaged across the three healthy platelet donors. These average values were summarized
using mean, median, and standard deviations across the injury/shock groups (n=4 plasmas
per group). Our total sample size of n=20 represents the number of individual plasmas
tested (each with repeated measures across the three healthy platelet donors to assess
reproducibility). The bivariate associations between the average platelet aggregometry
measurements and the injury or shock group of the injured patient plasma donors versus
healthy control plasmas were examined using non-parametric Wilcoxon tests (Mann—
Whitney tests), with n=4 per group. A two-sided P value of <0.05 was considered
statistically significant. Statistical analyses were performed using STATA version 15
(StataCorp, Tex).

Characteristics of injured patient plasma donors

The 20 male adult injured patient plasma donors were generally young, included those with
blunt and penetrating mechanisms, and were without traumatic brain injury (Table 1). When

Shock. Author manuscript; available in PMC 2022 February 01.
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comparing characteristics and outcomes across our injury/shock groups, ISS and base excess
were significantly different according to our stratification of injury (by ISS) and shock

(by base excess), with median ISS scores of 1 in the ISS 0/1 group, 5 and 8 in the mild
injury/no shock and mild injury/with shock groups respectively, and 38 and 58 in the severe
injury/no shock and severe injury/with shock groups respectively (<0.01; Table 2). Base
excess was similar and close to even in groups without shock, ranging from -0.8 to -2.4,
while it was much lower in the groups with shock at —7.6 and —7.9 for mild injury/with
shock and severe injury/with shock respectively (£<0.01; Table 2). While there was a trend
toward worse shock indices in the patients categorized in the mild injury/with shock and
severe/injury with shock groups, this was not statistically significant (Table 2). Only patients
in the groups with severe injuries died or suffered a major complication (acute respiratory
distress syndrome, multiple organ failure, or venous thromboembolism), though this was not
statistically significant due to our small group sizes (Table 2).

Treatment of healthy donor platelets with injured patient plasma

Treatment of healthy donor platelets with plasma from injured patients by injury/shock
group resulted in qualitative and quantitative differences in platelet aggregation responses
to TRAP stimulation (Figs. 1 and 2). Qualitatively, treatment of healthy platelets with
plasma from injured patients potentiated the initial phase of TRAP stimulated platelet
aggregation, compared with treatment of healthy platelets with buffer solution alone (Fig.

1, B-G). However, we observed important differences during the middle and later phases
of aggregation. Platelets treated with severe injury/no shock plasma exhibited increased
TRAP stimulated aggregation (AUC), and platelets treated with plasma from patients with
shock (mild injury/with shock or severe injury/with shock) demonstrated slowed aggregation
at middle phases evidenced by early plateauing of the impedance curves, and subsequent
decreases in impedance at later phases consistent with a disaggregation effect (Fig. 1, E and
G).

Given these observations, we then quantified the intergroup differences in platelet
aggregation after treatment with injured patient plasmas. Compared with treatment with
healthy donor plasma, our findings demonstrate significantly decreased TRAP stimulated
platelet aggregation (AUC) after treatment with injured patient plasma from patients

with mild injury/with shock (normalized-AUC 1.28+0.34 vs. 0.78+0.062, £=0.030) (Fig.
2A). Conversely, we found significantly increased TRAP stimulated platelet aggregation
after treatment with plasma from patients with severe injury/no shock (normalized-AUC
1.93+0.17vs. 1.28+0.34, P=0.030), and non-significant trends for the comparisons of the ISS
0/1, mild injury/no shock, and severe injury/with shock groups to the healthy donor plasma
group (Fig. 2A).

Given these data suggest shock is a key factor in mediating impairments in platelet
aggregation, we then examined our results according to the presence or absence of shock

in the injured patient plasma donors. These results showed that treatment of platelets

with plasma from injured patients with shock (whether mild or severe injury) resulted

in significantly impaired aggregation compared with the groups without shock (normalized-
AUC 1.05+0.35 vs. 1.79+0.25, P=0.002), and treatment with plasma from injured patients

Shock. Author manuscript; available in PMC 2022 February 01.
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without shock resulted in significantly increased aggregation compared with treatment with
healthy donor plasma (normalized-AUC 1.79+0.25 vs. 1.28+0.34, £=0.017) (Fig. 2B).

We also examined whether there were differences in healthy platelet aggregation according
to plasma treatment group prior to TRAP stimulation and in the early phase of TRAP
stimulated aggregation. To do so, we compared the impedance (Q) of platelets after
incubation with plasma, but just prior to TRAP stimulation. We found a significant decrease
in impedance for the platelets treated with injured patient plasma with mild injury/no shock
compared with healthy plasma (normalized-Q 4.8+42.1 vs. 36.8+37.0, A= 0.043), but no
other significant trends (Fig. 3). We also found an increase in early TRAP stimulated
aggregation compared with healthy for the severe injury/no shock, 1SS0/1, and no shock
(mild and severe injury without shock) treatment groups (Table 3). There was no difference
across the groups with respect to the time it took to reach maximum impedance, however
(Table 3).

Finally, we examined differences in the late phase of platelet aggregation responses to
thrombin stimulation, by calculating the difference between maximum impedance and
impedance at the end of the aggregometry assay, with larger positive values indicative

of platelet disaggregation from the electrodes. We observed significantly increased
disaggregation when comparing the mild injury/with shock to healthy groups (delta Q-
70.2+6.7 vs. 28.3+£29.3, P=0.021) and when comparing shock to no shock groups (delta

Q- 57.4+18.6 vs. 37.6+16.3, P=0.046), and a non-significant trend toward increased
disaggregation for the comparison of shock to healthy plasma treatment (delta Q- 57.4+18.6
vs. 28.3+29.3, P=0.089) (Fig. 4, A and B).

DISCUSSION

In this study, we demonstrate that treatment of healthy platelets with plasma from injured
patients significantly alters platelet aggregation responses to stimulation with the thrombin
analogue, TRAP. Furthermore, our results suggest that the specific effects of injured patient
plasma treatment on healthy platelet aggregation may differ depending on the degree of
tissue injury and presence of shock in the injured patient donor, presumably due to specific
soluble factors released into circulation in these clinical contexts. This is supported by the
finding that treatment of healthy donor platelets with plasma from injured patients without
shock (mild or severe injury) resulted in significantly increased aggregation responses to
TRAP compared with treatment with both the healthy plasmas and injured patient plasmas
from patients without shock (with mild or severe injury). This finding was most pronounced
for the severe injury/no shock plasma-treated platelets, again suggesting higher degrees of
tissue injury may release mediators into plasma that activate platelets. Our findings of a
lack of significant difference in platelet aggregation between treatment with healthy plasma
versus severe injury/with shock plasma may be explained by the opposing effects of shock
and tissue damage present in these samples: we hypothesize the activating effects of factors
released by severe tissue damage are negated by inhibitory effects of shock on platelet
aggregation.

Shock. Author manuscript; available in PMC 2022 February 01.
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Two previous studies have examined the impact of injured patient plasma on healthy platelet
function ex-vivo (17, 20), though to our knowledge, this is the first study to explore the
differential effects of tissue injury and shock on healthy donor platelets. In a study by
Mitchell et al. (17), the effects of hemothorax blood on ex-vivo platelet aggregation and
viscoelastic clot formation were measured to examine impacts on coagulation if hemothorax
blood were to be used for autotransfusions. They separated injured patient plasma from
hemothorax blood from 17 patients with significant hemorrhage (>500 cc of hemothorax)
into microparticle-rich and microparticle-free components. While both impaired healthy
platelet aggregation, this inhibition was much stronger in the microparticle-rich plasma
(17). While we did not examine microparticle content in our study, this certainly deserves
investigation, although recent studies suggest that microparticles released in the setting

of trauma (by platelets, endothelial cells, and monocytes) may in fact activate platelets

and increase their contribution to viscoelastic clot strength, rather than impair them (15,

16, 24). Furthermore, studies of surface marker expression have shown increased (4),
unchanged (25), or decreased (26) levels of platelet activation after injury across a range

of injury severities, illustrating the heterogeneity across patients and studies, and the need to
better understand both the patient and injury characteristics as well as biological mediators
involved.

It is also notable that the impairments in platelet aggregation we observed with injured
patient plasma treatment were primarily driven by a later disaggregation effect, rather than
an overall blunting of the response to TRAP stimulation. To our knowledge, this has not
been previously described but merits further investigation to understand the mechanisms
leading to such rapid dissolution of platelet aggregates, as this may reveal new treatment
targets. This is also relevant because while platelet transfusions are associated with improved
mortality as part of balanced resuscitation practices (27), they have not been shown to
correct impairments in platelet aggregation (28, 29). Future studies should continue to focus
on determining the potential mediators of these impairments, which recent studies suggest
include DAMPs such as histones, fibrin, and taurocholic acid (8, 18, 20, 30).

Our study also provides indirect evidence that the mechanisms of impaired platelet
aggregation are not solely due to “platelet exhaustion”—a term used to describe platelets
that have activated and degranulated due to the injury stimulus, and therefore cannot
further aggregate when measured in ex-vivo assays (31). Impaired postinjury platelet
aggregation may in fact be due to a depletion of platelet intracellular energy substrates,

as demonstrated in a recent rat model of traumatic injury in which platelet aggregation
was initially enhanced, but then impaired at later timepoints in association with decreased
ATP (19). However, because we used healthy donor platelets that had not been stimulated
prior to the experiments, an exhausted platelet phenotype or a loss of platelet intracellular
energy substrates are less likely explanations for our results. Our observed impairments in
aggregation were only seen after treatment with plasma from shock groups, while plasma
from patients with extensive tissue injury enhanced the ex-vivo aggregation function of
healthy platelets.

Shock. Author manuscript; available in PMC 2022 February 01.
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We acknowledge several limitations of this study, including a relatively small sample

size limiting statistical power for our comparisons across groups. However, despite some
expected variability between platelet donors, the trends we observed between the injured
patient plasma injury/shock groups were overall replicable across platelets from three
healthy adult male donors in response to stimulation with TRAP. Further experiments are
needed to determine if platelet aggregation stimulated by other surface receptor agonists
such as adenosine diphosphate and collagen leads to similar results. We additionally did
not observe a significant association between platelet aggregation responses to TRAP

that were measured in the whole blood from the trauma plasma donors at the time of
admission with the aggregation responses of the treated healthy donor platelets observed

in our experiments. This is likely related to our small sample size, and due to the large
standard deviation in the aggregation values in the injured patients, though it is notable

that severe injury/no shock patients had the strongest aggregation responses to TRAP while
the severe injury/with shock group had the lowest, similar to our experiment’s findings.
Additionally, to avoid further confounding factors, we only selected plasmas from male
patients without traumatic brain injury, which may limit the applicability of our results to
these groups given the unique features of platelet behavior in traumatic brain injury and

the important sex-based differences in coagulation and platelet function (32-34). We also
chose to perform these experiments on isolated platelets suspended in buffer (rather than
using healthy platelet rich plasma) to prevent any unintended confounding effects of mixing
healthy plasma with trauma plasma. However, it will be important to characterize whether
the alterations in healthy platelet aggregation due to trauma plasma can be prevented or
even reversed by treatment with healthy plasma, as this may have clinical implications for
transfusion practices. Lastly, multiple electrode impedance aggregometry is an ex-vivo assay
that does not replicate several aspects of vascular physiology that affect platelet function,
including flow, shear stress, and the endothelium. However, there are microfluidic models
that replicate these factors and could be adapted to test the effects of injured patient plasma
on healthy donor platelets (35, 36).

CONCLUSIONS AND FUTURE DIRECTIONS

Similar to recent studies (17, 20), we demonstrated that injured patient plasma significantly
altered ex-vivo healthy platelet aggregation. Critically, we found that shock impaired platelet
aggregation, while tissue injury enhanced it. These relationships add to our knowledge of
the pathophysiology of TIC and imply that transfused platelets may be less effective in the
setting of hypoperfusion due to circulating platelet inhibitory factors. Future studies must
systematically evaluate the plasma of injured patients to identify the presence of specific
proteins, microparticles, or other molecular platelet inhibitors to develop novel treatments
for platelet dysfunction in hemorrhaging injured patients.
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Fig. 1. Healthy platelets treated with injured patient plasma with varying degrees of injury and
presence of shock have differential aggregation responses to agonist stimulation.

A, Diagram of experimental workflow: Healthy platelets were treated with plasma (PPP),
then loaded onto the impedance aggregometer (Multiplate), and the change in impedance
was recorded prior to the addition of agonist (plasma-stimulated aggregation), and after
the addition of agonist (AUC, area under the curve, stimulated platelet aggregation).
Disaggregation calculated as the change from max to end impedance. B-G, Representative
multiplate tracings of healthy platelets treated with different plasmas. Platelets were treated
with HT Buffer (black), autologous (blue), or heterologous (red) healthy plasma (B); plasma
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from patients with Injury Severity Score (ISS) of 0 or 1 (C); mild injury without shock

(M1, NS) (D); mild injury with shock (M, S) (E); severe injury without shock (SI, NS) (F);
severe injury with shock (S, S) (G).
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Fig. 2. Effect of injured patient plasma on healthy donor platelet aggregation.
Healthy donor platelets were treated with individual injured patient plasmas and platelet

aggregation responses to TRAP (thrombin receptor activating peptide) were then recorded
by impedance aggregometry over 15 min and the stimulated platelet aggregation (AUC, area
under the aggregation curve) was calculated and normalized to healthy platelet aggregation
in buffer solution (normalized AUC—y axis) to control for differences in platelet reactivity
between platelet donors. A, Differential effects of injured patient plasma treatment, grouped
by patient degree of injury and presence of shock, on healthy platelet aggregation, with
*P=0.030 for the pairwise comparison of healthy to severe injury without shock and
**p=0.030 for comparison of healthy to mild injury with shock group. n=4 plasmas

(with each n representing the average value across the three healthy platelet donors). B,
Differential effects of injured patient plasmas grouped by presence or absence of shock, with
+P=0.017 for the pairwise comparison of healthy controls to no shock group and ++£=0.002
for comparison of shock to no shock grouping. For other pairwise comparisons with healthy
all ~>0.05. n=4 plasmas for healthy group and n=8 plasmas for the trauma group (with

each n representing the average value across the three healthy platelet donors). Statistical
significance was assessed by pairwise Mann-Whitney U'tests. All data are presented as

box and whisker plots (line—median, box—interquartile range, whiskers— adjacent values,
4—outside value).
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Fig. 3. Effect of injured patient plasma treatment of healthy donor platelet aggregation prior to
TRAP stimulation.

Healthy donor platelets were treated with individual injured patient plasmas for an
incubation period of 30 min , and electrical impedance (Q) was recorded prior to thrombin
receptor activating peptide (TRAP) stimulation (y-axis , pre-TRAP impedance) , and was
normalized to impedance of healthy donor platelets incubated in buffer to control for inter-
donor differences in platelet reactivity. A, Trends toward decreased impedance compared
with healthy controls only reached significance for comparison of healthy to mild injury/no
shock group, *denoting £=0.043. n=4 plasmas for healthy group and n=8 plasmas for the
trauma group (with each n representing the average value across the three healthy platelet
donors). B, In aggregate, no significant differences between healthy, shock, and no shock
groups (all ~>0.05). For other pairwise comparisons with healthy, all ~>0.05. Statistical
significance was assessed by pairwise Mann-Whitney U'tests between healthy and injured
plasma groups. n=4 plasmas for healthy group and n=8 plasmas for the trauma group

(with each n representing the average value across the three healthy platelet donors). Data
are presented as box and whisker plots (line—median, box—interquartile range, whiskers—
adjacent values).
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Disaggregation of Healthy Platelets After Treatment with
Injured Patient Plasma, by Presence of Shock

Disaggregation of Healthy Platelets After Treatment with
Injured Patient Plasma, by Degree of Injury and Presence of Shock
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Fig. 4. Effect of injured patient plasma treatment on healthy platelet disaggregation.
Healthy donor platelets were treated with individual injured patient plasmas and platelet

aggregation responses to thrombin receptor activating peptide (TRAP) were then recorded
by impedance aggregometry over 15 min. The end-impedance was subtracted from the
maximum impedance as a measure of platelet disaggregation () axis—delta max-end
impedance), with higher delta indicative of increased disaggregation of platelets from the
electrode. A, Trends toward increased disaggregation shown for injured patient plasmas
compared with healthy controls, but only reached statistical significance for the comparison
of healthy to mild injury/no shock group, *denoting P=0.021. n=4 plasmas for healthy group
and n=8 plasmas for the trauma group (with each n representing the average value across
the three healthy platelet donors). B, In aggregate, a significant difference in disaggregation
between shock and no shock groups was observed, +denoting £=0.046. For other pairwise
comparisons with healthy, all £>0.05. Statistical significance was assessed by pairwise
Mann-Whitney U'tests. n=4 plasmas for healthy group and n=8 plasmas for the trauma
group (with each n representing the average value across the three healthy platelet donors).
Data are presented as box and whisker plots (line—median, box—interquartile range,
whiskers—adjacent values).

Shock. Author manuscript; available in PMC 2022 February 01.



Page 17

Fields et al.

‘(Ip/Bw 267 1p/Bw g6 aburl) sjans] [oyoe poojq aAnisod pey sjusiied , pajealxolul,, ‘suoljedipaw juejnbeodnue

10 19)91|dnURe Buisn atam Jo Aunful ureiq onewnes) pey sjuaired papnjaul ayl JO BUON °Y g 1SI1 Ul Pasnysues] sHun 1139 poolq paJ pasoed Jo Jaqunu—y g 01 0 sOgy “Ainful p1od feurds ‘|0 ‘woou Buiessdo
YO ‘UOISI||09 3]91YaA J0J0W ‘“DAIN PUNOM IS MS ‘punom joysunb saleaipul MSO (9- S 39 ‘GZ<SSI) %20ys yim Ainful a1enas—s+ ‘IS {(9- < 39 ‘GZ<SSI) #o0ys ou ‘Aunfur a1anss—sN ‘IS {(9-5 39
‘GT—2 SSI) %20ys yum Ainfur ppw—s+ ‘[N {(9—- < [39] ssaaxs aseq ‘GT—z SSI) %90ys ou ‘Aunful pjiwi—sN ‘[N {1043U0d ewNe—T 40 O SS| :Sa110bayed aoys/Ainfu| "8109s Ajuanss Ainful sayedipul SS|

NDI ul pesp uteiq paiejdsd "ddo /M

as|nd paurefas ‘piaiy ui 1saule Jeipsed 10S ‘(B3] Yo8u) spunom Buiresauad paaidx3 9 MSO 6/- G/ S+ IS 12 0z
Awoyosus|ds pue Awojosede] 1oy YO

0} saumaely oIAjad ‘“Aunfur Jappe|q ‘suonelade| Janl] pue d1us|ds /m DAIN paadx3 8T wn|g 18- 65 S+ IS [ 6T
Awoyosua|ds pue Awojolede)

10} 4O 01 -Ainfur o1ua|ds g apesh ‘sainyoely ‘xesoylownaud /m DAN EII o unig Ly— 1S S+'IS In4 8l

uopexyy 10y YO 0} ‘|OS pue sainjoely feurds /m DAN ANV 14 wnig 69— a4 S+IS <9 LT

uoex1y 10} YO 0} ‘1S [e31AI130 pue saInjoely [eulds yam |fed NV 0 unig eT- 44 SN ‘IS A 91
PaledIX0Iul ‘MOPUIM [eIpJedtiad pue AWooulals

uelpaw ‘Awolosede] 104 YO 01 ‘saunful jeipseatsad pue ‘wbeiyderp ‘Jani ANy 0 MSO TG- 14 SN'IS 8¢e qT

uonexiy o1padoyo 4oy YO 0} ‘1S ‘saInjoely yim AN palidx3 0 unig L'T- g€ SN ‘IS 65 14
xeloyloway ‘sarinful oLnseb

pue wheiydelp Jo uswabeuew Joy YO 01 ‘USLIOPJE PUE ISBYI 0} PUNOM ENI\ 0 MSO 0'e- 62 SN IS €5 €T

Awoyo.ede] 1oy YO 03 ‘Aunfur JaA1] ynm jnesse (S pue unig NV T MS 79— 9 S+ 1IN 6T 4
payeaixoul ‘Aunful Jejnasea Jouiw

‘welbolbue pue uoirelojdxa 10} YO 03 ‘ANwalixa Jamo| spunom ajdnini ENI\ 4 MSO G/- S S+ 1IN 8¢ 1]

PayeaIX0Jul ‘SUOIRIBOR| PUB S2INjOely [B108) 3|dINW ‘}nessy NV 0 unig 2'8T- S S+ 1IN A 0T

Awojosede] 10} HO 03 ‘SUOIIRIBIE] [e10B) ‘PUNOM [BUILLIOPQY Y 0 MS 9'L- € S+ 1IN 514 6

saJnjoedy uado ajdnnw yum Anful ysnio AJjwanxs Jamo| ENI\ 0 ysnio 81— €T SN ‘IIN 1N 8

Xelouyjoway 1o agny 1saYd ‘xeloy) punom Burrensuad NV 0 MS €9 0T SN 'IN A L

pareaixojul ‘spunom Bunensusd [eroyadns sjdiyiniy Y 0 MS 9T~ S SN ‘1IN 144 9

SUOITRJBIB| PUB S8INJIEIS [B10k) 3|1 INW ‘}Nessy ENI\ 0 wn|g 0€ g SN ‘IIN 0¢ S

30Bq pue J3PIN0YS 0} SPUNOM Qe)S [e1o41adNS NV 0 MS 8'¢- T T100SSI 014 14

PaJedIX0jul By 0} PUNOM Qels [e1d1p1adNS Y 0 MS 00 T T100SSI ov €

pajeaIxoul ‘salnful ou ‘umop puno- ENI\ 0 UMOp puno+ 91— T T100QSSI ford 2z

paledIxolul ‘peay 0} SUOISeIqe JOUIW YlIM UMOP punoS ANy 0 uMop punoH £z 0 1100 SSI €5 1

sisdouAs [eaiuld abueyosip y wisiueyasin (nowiw) SSlI aby  ‘oujusired

1e snye1s 2—0sD9Y $S90X9 aseg Aa0b6ayed xooys/Aanfug

siouop ewse|d yuaned painlul Jo sonsiiaoRIRYD [RIIUID pue salydelBowsp Jo Arewwing

‘Tal1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Shock. Author manuscript; available in PMC 2022 February 01.



Page 18

"ainjrey uefio ajdiNw ‘4OIA ‘WS1|OqUIBOGUIOIY} SNOUSA ‘T A\ ‘8WOIPUAS ssalsIp Alojesidsal aInae sajedlpul

SAYY 'Y ¥ 1s414 Ul pasnysuel) s)uN |32 poojq pas paxoed Jo Jaquinu—y g 01 0 sOFY ‘[auueyd Aydelboisejsoquiolyy utjoey paresiio ul (ww) apnijduwre 10}9 wnwixew—y\ MO Allawoise|soquioly)
|euoirelod ‘jauueyd Aemyled 21suLIIXa AqQ (W) SSauLLIL 1019 WiNWIXeW 4N ulaix3 "(DNv) suun uoiebalbbe ul uorebaibbe 18)81eld parejnwins-uIquIoIYI—INY dvdL "3 Ul uoienoasnsal [eniul burinp
X3pUl Y90ys 1S8M0|=3 Ul X3pul XI0US IS8M07 "d3 0} [eALLIB UO=X3PUI %20ys HWPY "8inssaid poojq 21]01sAs/ares Leay—xapu] %o0ys uswiiedap Asuabiawsa ‘g3 (8109s A11anss Anful seyeaipul mw_qN
"S3|qelIeA ATeulq J0j 158} 19BX8 JaySl4 pue Sa|gelJeA SNoNUIIu0D J0j 153} SII[BM—{e)SNId Uo paseq pale|ndfes

sanfens "dnoJb yoes ui (95) usdlad pue (u) Jaquinu se sajgersen Areuiq pue (4O1) uelpaw se pajussaid sajgerieA snonunuo) "(9— s 3g ‘Gz < SSI) 20ys yum ‘Ainful a1anss (9— < 39 ‘Sz < SSI) %o0Us

Fields et al.

ou Aunfur 818n8s {(9- > 39 ‘GT-2 SSI) %20ys yum Ainfur pjiw {(9- < [39] ss89%a 8seq ‘GT—z SSI) %20ys ou Anful pjiw {[o1uod ewnedy ‘Jusiied painful Ajfewiuiw—r 10 0 SS| :Sa11oba1ed yaoys/Ainfu)
*

vv'0> (%09) ¢ (%S52) T (%0) 0 (%0) 0 (%0) 0 abreyosip e Aujenon
100> (%52) € (%S2) T (%0) 0 (%0) 0 (%0) 0 40N
007> (%0) 0 (%s2) T (%0) 0 (%0) 0 (%0) 0 31N
vv'0> (%ee) T (%S52) T (%0) 0 (%0) 0 (%0) 0 sayv
100> (e1-5v) §'s (0-0)0 (ST1-0) 50 (0-0) 0 (0'0)0 s0gy U ve
9g°0> (02-02) 0L (02-59) 89 (89-19) 99 (T2-89) L9 (¥9-v3) 65 VIN MO
890> (z9-9v) 95 (02-29) L9 (99-09) v9 (29-¥5) 99 (89-¢5) 09 40N waixg
or'0> (98-8) v (801-T2) GOT (86-92) 68 (911-89) 82 (98-65) €2 ONV dvdl
€9°0> (922-802) See (592-08T) 8¥C (sze-812) 162 (cLe-987) 8¥C (eTe-¥971) 2€T (50Tx) N0 193%€|d
v0'0> (6e-9¢) 8¢ (ev-6¢€) TV (St-Tv) 2v -1 2y (8v—2v) v (%) wioorewaH
620> (S7'126°0) LT'T (06'0-29°0) 820 (r€'1-€8°0) T0'T (7€' 1-18°0) ¥6°0 (TO'T-09°0) G8'0 3 Ul Xapul 320U ISIOM
190> (68'0-55°0) ¥2'0 (tL'0-6v'0) LG50 (ST'1-89°0) ¥8'0 (9L'0-v9°0) €L°0 (88'0-25'0) 69'0 X9pul %20yS HWPY
100> (6'9-1'8-) 6'2- (§T-Tv-) v'e- (0L-621-) 92— (ev-L1-) L0 (¢1-L2-) 8°0- (1/10ww) ssaoxa aseg
680> (%sL) € (%S2) € (%s2) T (%05) ¢ (9%09) ¢ WSIUBYIIIN Junig
100> (29-05) 85 (zv—ce) 8¢ (9-v) s (z1-9) 8 (T-0) 1T ssl
€5°0> (09-1€) 8 (95-8¢) 9y (ev—v2) €€ (ev—ve) 68 (9v—2¢) ov aby
AN[eAd  yooys yum ‘Aunfur a1snas  Mooys ou ‘Aunfur atanss  Mooys yum ‘Aanfur ppinr - dooys ou ‘Aanfur piin T100SSI S3|qeLIBA

I

Author Manuscript

,.Sauobares yooys/Ainfur Aq pasdnoJb siouop ewse|d jusired painfur J0 S3WI0OJINO pue SONSLIBIoRIRYD

‘¢ 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Shock. Author manuscript; available in PMC 2022 February 01.



Page 19

Fields et al.

'slouop Usamiaqg AJIAI19eal 19]91e]d U1 90USJSHLIP SUIISSEq J0) [043U0D 0) JalNg YIIM AJuo pajess) siajareld 0) paziewlou a1am
sanfeA || :uoliezijewloN "souepadwl 291119918 WNWIXEW JO JUSWSASIYJE aY) 0} dWH 1 JO UoiIppe Jaye awn=(pazijewlou) sduepadwi Xew o3 awi| ‘uolrebaifbe Ajies 0 Buipuodsaiiod ‘(dwy.L) spndad
Buneanae 101dsdal uIqUIOIY) JO UOIIPPE dY1 Jalye alnulw 1si1y 8yl ul souepaduwil [ea109a ul abueyd ayi=(pazijewou) uiw T aouepadwi eljaq ‘(g=u) 3o0ys ou pue (g=u) 3o0ys 10} 1dadxa dno.b Jad y=u
*(3s81 ABUNIYAM-UUBIA]) 1581 UOXODJIAN dLiBweled-uou ayy Buisn ‘(paiy1oads a1aym »20ys ou 03 ¥90ys Burredwod 10) Ayireay 01 Alobaled yooys/Ainful yaes Jo suosiiedwod asimired ayy 10) palsi| sanjea nw
"(9->38 '5z<SSI) o0ys ynm Ainfur a1anss 1(9- <3g ‘G<SSI) Ho0us

ou ‘Aunfur a1enss {(9- > 39 ‘ST—Z SSI) %o0uys yum Ainfui pjiw ((9- < [3g] ss89xa aseq ‘GT—z SSI) %o0ys ou ‘Ainful pjiw {josyuod ewnes) usiied painfur Ajjewiuiwi—rt 4o 0 SS| :sariobiared xooys Ainfuj
*

— 6T0+T60 — IT0O+Sr'T AyiesH

(>100ys yum pasedwod THT°0) ‘0T9°0 YT'0FS6°0 (300ys yum paredwod 650°0) ‘220°0 LOTF¥2Z  (AnfuraieAss 10 pliw Yum) %o0ys ON

(>o0ys ou yym pasedwod THT'0) ‘960 02'0F080 (>100ys ou yym pasedwod 650°0) ‘960 ZS0F6ET (Aanfur 819A8s 10 pjiw yum) 320ys

€LL°0 800 ¥ 880 1200 TCO+98T T/0 SSI

000'T 0T'0+ .80 6v1°0 SV'T+69¢C o0ys ou ‘Aunfur piN

6vT°0 80°0 ¥ 020 €800 €E0¥80T ooys “Aunfur pin

98€°0 ¢T0F€E0T 1200 8T'0+8LT Y20ys ou ‘Ainfu a1enes

000'T 92'0 680 €L1°0 €G0F69T ooys ‘Ainfur a1anss

(Ayrfeay 03 uosrredwod asimired) anjeA d @S F Ues|N ._.cfu_mmc 01 uostredwod asimared) anfeA d @S F UesIA *\ComSmo Mooys/Aanful
(pazijewou) souepadul] Xeu 03 aWi L (pazijewaou) uiw T souepadwi eyeq

uonebalbbe 19191e]d Ajuea uo Juawieal) ewseld wuaired painful Jo 10edw|

‘€ 9l1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Shock. Author manuscript; available in PMC 2022 February 01.



	Abstract
	INTRODUCTION
	PATIENTS AND METHODS
	Healthy donor platelet isolation
	Injured patient plasma samples
	Aggregometry with plasma-treated platelets
	Statistical analysis

	RESULTS
	Characteristics of injured patient plasma donors
	Treatment of healthy donor platelets with injured patient plasma

	DISCUSSION
	Limitations

	CONCLUSIONS AND FUTURE DIRECTIONS
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Table 1.
	Table 2.
	Table 3.



