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Although the platelet thrombus in the coronary, cerebral and pe-
ripheral artery systems is the number one killer, there is no clinically
relevant platelet biomarker for this devastating pathology, since the
discovery of blood circulation in a closed by William Harvey (1628,
De Motu Cordis) and the triple synergistic effects of I. Hypercoagu-
lability of blood viscosity, II. Blood flow stasis-flow disturbance and
III. Arterial wall injury from the loss of endothelial cells as in Rudolf
Virchow’s Triad resulting in the deep vein thrombosis (DVT) and ar-
terial platelet thrombus formation in 1856. Out of ~60,000 miles of
arteries, veins and capillary network in the human circulatory system,
the coronary artery system of narrow arteries (~2-5 mm ID) with mul-
tiple branching, twisting and higher shear force is the most vulnerable
~25 cm component. Clinicians still use the International Normalized
Ratio (INR) involving the extrinsic and common coagulation pathway
for the effectiveness of drug therapy in the affected patients. In the ab-
sence of any critical biomarker of thrombogenicity during almost 120
years for a thrombotic heart attack and stroke, I developed the first
parameter of regional platelet density (RPD) in the adherent platelet
thrombus (APT) in 1978 in the canine model coronary of left anterior
descending (LAD) artery bypass graft surgery. In 1976, when I joined
as the first Bengali Staff Consultant, Associate Professor of Pathology
and Director of Radiopharmaceutical Laboratory at Mayo Clinic with
an assembly 780 staff consultants, it was the right place at the right
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time with 275 consultants in the cardiovascular diseases, to solve this
perennial puzzle of slippery pathology of arterial platelet thrombus.
The cardiovascular surgical research lab with the excellent staff mem-
bers, equipment for monitoring, anesthesia for open heart surgery and
the Institute Hills Farm, a few miles away for the recuperation after
critical surgery of large animal models provided an ideal facility.

From the platelet counts per ml of radioactive blood and area of
conduit-injury (cm?) and APT radioactivity, I developed an algebraic
equation for converting the APT into total number of platelets and
normalized this value per unit area, an ideal and universal index of
thrombogenicity for biomaterials in cardiovascular prostheses and
ranking of all anti-platelet drugs, aspirin (Inhibitor of Cycloxinasel
preventing synthesis of Thromboxane A2), Clopidogril, precursor
of Plavix (P2Y12, Adenosine Diphosphate (ADP) receptor blocker),
Persantine, (Phosphodiesterase inhibitor), Ibuprofen, Prostacyclin,
etc routinely today. Injury and occlusion level are so intense that we
have to use two anti-platelet blockers simultaneously for maintaining
patency post angioplasty in the porcine model (Plavix and aspirin)
and CABG surgery (Persantine and aspirin) in the canine model. We
also provided the latest optimized values of platelet survival times
(Exponential, Linear and MultiHit models) in the canine, porcine and
human platelets in healthy volunteers at Mayo Clinic and continuous-
ly supported by the Mayo Foundation.

The rate of Reduction of Platelet Recruitment (RPR) is an index
of progression of wound-healing after the essential interventional
procedure of angioplasty and CABG for recanalizing or bypassing
the segment of occluded artery and effectiveness of antiplatelet drug
therapy in the animal models. After the analysis of regional plate-
let density (RPD: millions of platelets/cm?) in an adherent thrombus
after Coronary Artery Bypass Surgery (CABG) and angioplasty for
retaining the myocardial reperfusion, we observed that the RPR oc-
curs in two to three phases with definite half-life values. The areas of
injury from angioplasty and the anastomosis in CABG surgery are the
specific sites for platelet recruitments for thrombus formation. The
Regional Platelet Density (RPD) at proximal and distal anastomoses
(PA and DA) showed three distinct values of declining radioactivity
with half-lives of (30 = 5), (50 + 10) and (500 + 50) hours, a tri-expo-
nential curve. The mid-graft segments showed a bi-exponential curve
with half-life values of (15 + 5) and (150 + 15) hours. Comparative
thrombogenicity measurement of platelets from canine, porcine and
human blood, suggested that canine platelets are 3-times more throm-
bogenic, porcine platelets are 1.5-times more than human platelets
[8]. T also estimated that 50-150 million platelets could occlude the
human coronary artery system (2-4 mm, ID), which might be par-
tially occluded by crystals of cholesterol and hydroxyapatite in the
ruptured cholesterol plaque. These RPR values might be 2-3-times
longer in the human patients due to lower level of platelet reactivity
y, longer half-life of human platelets: Exponential model-human (5.4
+ 0.7) days, pigs (50 = 2) and dogs (35 +3) hours and slower healing
time. Due to invasive nature of the direct sampling for regional radio-
activity and specific injured areas, these measurements could not be
performed in the human patients [1,6,13,14].
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Figure 1: The CABG surgery in the canine model, the Algebraic equations for the calculation of regional platelet density and the chronological loss of
platelet recruitment with time after intervention [3,16] in the control and aspirin-Persantine treated dogs. Effect of treatment significantly decreased the
thrombus level till 30 days post CABG. No difference on platelet density was observed after the wound-healing phase at 90 days, when the inner lumen was
completely re-endothelialized and dual anti-platelet therapy may not be needed.

J

One of our concerns was the reproducibility of retention of platelet
aggregates of different sizes and the process of continuous emboliza-
tion of radioactive thrombi. However, I focused on the thrombus-di-
rected dissection of the 2-3 mm segments of proximal and distal
anastomoses, where the RPD was much higher than the midsection
of CABG segments with fewer loss of endothelial cells from har-
vesting and suturing injury. For angioplasty, we cut the central single
segment of highest level of injury and highest level of radioactivity.
We observed that at 24 hours, there was some degree of equilibrium,
where the retained thrombus-adherent radioactivity had lower values
of standard deviation. /n vitro flow chamber studies suggested that the
SD values were much lower at later periods. Hence, we euthanized
the animals for both CABG and angioplasty at 24 hours after injection
of 300-400 microcuries of 'In-tagged platelets. Autologous plate-
lets of the dogs were labeled with '"'In-(tropolone), according to the
method of Dewanjee et al. [1-3]. Five animals were included in each
group at 24 hours, 3-, 7-, 30- and 90 days for the CABG group. Before

euthanasia with IV barbiturate solution, we heparinized the animals at
4 mg/kg for the reduction of post-mortem thrombus formation. The
harvested CABG angioplasty segment was rinsed with saline from
loosely bound radioactivity. The area of five segments was measured
by spreading the segments on the graph paper (Keuffel & Esser Co.)
with 2-dimensional linear grids. The total number of squares and total
area were evaluated with a microscope. The window of gamma count-
er spectrometer was adjusted to cover both the 174-keV and 247-keV
sum peaks of the '""In radioisotope. After measuring the radioactivity
with a calibrated gamma counter (Beckman Inc. CA), we calculated
the radioactivity (counts/min). Using the algebraic equation, we con-
verted the radioactivity into the number of platelets for each segment
and blood sample before euthanasia. This platelet number (million)
value was normalized per unit area (cm?). The details of these mea-
surements are described by Dewanjee, et al. [3-13,16].
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suturing injury with six stitches of thinner prolene-sutures.

Figure 2: The curve-stripping method along with the semi-log plot for the estimation of half-life of reduction of platelet recruitment at the sites of interven-
tional injury of vessels post angioplasty and CABG surgery. Three half-life values of reduction of platelet recruitments (RPR) were observed for segments
angioplasty with occasional medial rupture injury values and at the anastomoses of distal and proximal anastomoses of CABG surgery. Two half-life values
of decline of RPR were measured at the mid-segments of CABG surgery, where severe loss endothelial cells from saphenous vein during harvesting and

Equations for the Half-life Values of Declining Rate of
Platelet Recruitment (PR) on the Segments of Injured Ar-
tery and Saphenous Vein post-intervention: CABG Sur-
gery vs. Angioplasty

In the multi-radionuclide decays, we used the curve-stripping
method and the semi-log plot for the estimation of half-lives of their
decays of multiple radionuclides. As in the radioactive decays, the
platelet recruitment on the segments of injured wall is a random pro-
cess and the decline of platelet recruitment is proportional to the to-
tal number of recruited platelets, RPDs. Hence, I used the following
equations for the calculation of multiple phases of declining rate of
average platelet recruitments with time post-surgery time t,,

-d(RP)n/dt = (An)xRPD, d(RP), = d(RP),xe- and (t,,)n = 0.693/An

1/2

where An is the slope-constant for each phase PR declining rate for

the half-life values (t,,)n of declines of platelet recruitments.

I used the Excel spreadsheet for the preliminary analysis of RPD
database and (t,,)n values. Finally, I requested my colleague, Dr.
Ratan Debnath, a computer scientist at NASA for the semi-logarithm
color plot of my RPD database saved in a aged notebook in my per-
sonal golden archive as shown in Figure 2, where the logarithm of
regional platelet density was plotted in the ordinate, Y-axis and the
time after surgical injury in the X-axis [6,7]. I was gratified to find the
dual and triple phases of PR in the superficial injury and triple phase

of PR in the deep-wall injury of anastomosis in both proximal and
distal anastomoses or medial tear in angioplasty. These RPD values
for focal segment angioplasty are similar to that of PA and DA sites
with a tri-exponential curve (Figures 1&2). The equation describing
the calculation of regional platelet density was detailed and the de-
crease of logarithm of RPD values with time post CABG surgery in
the control and Persantine (55 mg)-aspirin (325 mg) therapy groups
was shown in Figure 1.

The platelet thrombus kills annually about 20 million victims
worldwide by damaging the heart muscle. The clinicians never de-
scribe the pathology of killer thrombi in terms of number of platelets,
although we published the original article in Circulation 1964. The
editorial board delayed the printing for prolonged revisions. Finally,
I described the uncertainty principle that we could not measure with-
out some disturbance of platelet function. I am giving the clinicians
a lifeline for the direct extrapolated values of 50-150 million acti-
vated platelets that could occlude the human coronary artery system
(2-4 mm, ID), rather than hiding behind the INR values above 2.5
for avoiding thromboembolic events in future after angioplasty and
CABG surgery.

Summary

Our studies on regional platelet recruitment (RPR) in the acute
phase of 600 hours after interventional injury post Angioplasty and
CABG surgery in the animal models indicated that RPR decreased
continuously with time as the wound-healing progressed from the
loss of endothelial cells and the rupture of coronary artery after
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angioplasty. A new technique was developed by plotting the logarithm
of absolute value regional platelet density on the sites of anastomoses
of distal and proximal anastomoses of saphenous vein (SV) to aorta
at PA and SV to coronary artery at DA and serious focal injury at
the site of angioplasty. Dual and triple phase of decline of RPR were
calculated for serious and moderate level of wall injuries. Consid-
ering the possibility of platelet thrombus formation on injured wall,
dual anti-platelet medications are recommended in the acute phase.
From several canine surgical models 50-70, 80-100, About 50-70, 80-
100, and 140-150 million platelets could occlude the 2-, 3-, and 4-mm
lumen of the coronary artery system. Considering the similarity of
interaction of integrin GPIIb-IIla of activated platelets with deendo-
thelialized collagen surface, with certain lower intensity of platelet
reactivity and platelet survival time in canine, porcine and human, for
the first time the clinicians, cardiovascular surgeons and cardiologists
could use these real values of the thrombo-kinetics and decline of
platelet recruitment half-live values after some degree of extrapola-
tion to human interventional injury sites. Even now, clinicians refer to
the INR values of prothrombin time ratio involving the extrinsic and
common pathway for the effectiveness of anti-platelet or Coumadin
therapy for the inhibition of thromboembolic complications in a pa-
tient with a mechanical heart valve or other cardiovascular prosthe-
ses. For the clinical evaluation of anti-platelet drugs in human patients
with synthetic vascular grafts, I obtained several INDs from FDA af-
ter carrying out the radiation dosimetry studies and human imaging
with my mentor, colleague with a brilliant mind, James S. Robertson
[14,15]. Jim used to call me the Book-keeper of platelets and gener-
ously checked my equations and methods of evaluations.
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