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Results

1A. Existing clot retraction assays provide only bulk measurements of contractility: 

As clots mature, actomyosin-based contraction of individual platelets leads to
substantial decreases in clot size, and exerts significant strains on fibrin scaffolds,
altering clot organization and stiffness. However, how individual platelets Integrate
the myriad of biochemical and biophysical microenvironmental signals to actuate
contraction is poorly understood.

Platelet Contraction Cytometry (PCC) is used to test individual
platelet contraction force. Platelets land, adhere and contract
pairs of fibrinogen microdots that are attached to a hydrogel
surface. The displacement of the dots after contraction is
proportional to the force. Each Device contains 4 strips of
hydrogel at varying stiffnesses and biochemical conditions,
allowing for precise control of the microenvironment.

1B. High-Throughput measure of Single Platelet Contraction:

1C. Platelet Contraction Force is a Biophysical Biomarker for Bleeding:

In two patients, we observed that neonates
undergoing cardiac bypass surgery had more
forceful platelet contraction forces at baseline
than post-bypass and post-transfusion. We found
that post-bypass platelets possessed the highest
concentration of platelets with low contraction
forces (2A). A more significant drop in platelet
force post-bypass was associated with larger
transfusion volumes and longer transfusion times
(2B). Our work suggests that CPB lowers platelet
force and this impaired force is associated with
increased blood transfusion volumes.

2. Transfusion needs are greater for larger drops in platelet force

Introduction

Our Device has shown platelets from patients with platelet disorders (Wiskott Aldrich Syndrome
and May Hegglin Disorder) exhibited significantly reduced contractile forces compared to that of
healthy controls. Recently, we have shown that symptomatic bleeding in Immune
Thrombocytopenia is associated with decreased platelet forces, suggesting that our device has
diagnostic potential.

Since our PCC enables single cell examinations, we can look at
the subpopulations that are unique to each group at each
time point. Transfusion of adult platelets restores the
population of high contraction force platelets (3A) and may
contribute to the restoration of hemostasis. (A representative
example)

3. Subpopulation analysis shows loss of highly contractile platelets after bypass can be restored with transfused donor platelets
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During cardiopulmonary bypass (CPB), many neonates are at risk for post-bypass coagulopathy, which often require substantial blood product
transfusions to restore hemostasis. Although mechanistic studies point to multifactorial causes that include coagulation factor and platelet
consumption and immature coagulation systems, little is known about the effect of CPB on platelet function in neonates. Our novel
quantitative test of platelet function, platelet contraction cytometry (PCC), has shown that single platelet force correlates strongly with
bleeding phenotype in adults and patients with platelet disorders (Figure 1A). Here, we perform high-throughput single-cell measurements of
platelet contraction force to examine platelet function of neonates after CPB.

Background

Platelets from three different neonates undergoing cardiac surgery with cardiopulmonary bypass (CPB) were collected at three distinct time points:
1) At baseline; 2) after separation from CPB (post-bypass); 3) after heparin reversal with protamine and transfusion of platelets and cryoprecipitate
(post-transfusion). Platelet contraction force was then measured using platelet contraction cytometry (PCC).

PCC utilizes a large array of fibrinogen “microdot” pairs patterned on a flat hydrogel of known stiffness. Thrombin-activated platelets adhere to
these microdots, spread to the neighboring microdot, and contract, pulling the microdots closer together. As platelet force is directly proportional
to the microdot displacement, only a single microscopy measurement is necessary to determine the force applied by a single platelet.

Conclusions
Our preliminary studies suggest that CPB significantly lowers platelet force and this impaired force is associated with increased blood transfusion
volumes. Transfusion of adult platelets restores the population of high contraction force platelets and may reflect restoration of hemostasis.
Moving forward, PCC may provide a quantitative measure of the severity of coagulopathy to guide transfusions in neonates after CPB. This
method may also enable new mechanistic studies into impaired platelet function after CPB.
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