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Abstract

Aims: Bivalirudin use as a procedural anticoagulant in patients undergoing percutaneous coronary inter-

KEYWORDS

o bivalirudin vention (PCI) is associated with a lower incidence of thrombocytopaenia compared to other antithrombotic

® coronary artery
disease

® percutaneous
coronary
intervention

¢ platelet count

agents. We aimed to evaluate the prognostic impact of baseline thrombocytopaenia and early changes in
platelet counts among patients undergoing PCI with exclusive use of bivalirudin.

Methods and results: We evaluated 7,505 patients who underwent PCI over a period of eight years.
Patients who received unfractionated heparin and glycoprotein IIb/Illa receptor inhibitors were specifi-
cally excluded. Eight hundred and fifty-eight (11.4%) patients had baseline thrombocytopaenia and 451
(6.0%) developed acquired thrombocytopaenia. After adjustment for potential covariates, moderate to

¢ thrombocytopaenia

severe acquired thrombocytopaenia was the strongest independent predictor (HR 4.34, 95% CI: 2.13-8.84;
p<0.001) of in-hospital net adverse clinical events, which included major adverse cardiac events and major
bleeding complications. Age, male gender, baseline platelet count and intra-aortic balloon pump (IABP)
insertion were independent predictors of in-hospital acquired thrombocytopaenia. After a mean follow-up
of 2.6+1.7 years, moderate to severe baseline thrombocytopaenia (HR 2.42, 95% CI: 1.79-3.29; p<0.001),
moderate to severe acquired thrombocytopaenia (HR 2.37, 95% CI: 1.13-4.97; p=0.02) and severe changes
in platelet count (>67 k) were significant predictors of mortality.

Conclusions: In patients undergoing PCI with bivalirudin, moderate to severe baseline and acquired throm-

bocytopaenia along with severe changes in platelet count are associated with higher long-term mortality.

*Corresponding author: Center for Interventional Vascular Therapy, Division of Cardiology, New York Presbyterian Hospital
and Columbia University, 722 W 168th Street, New York, NY 10032, USA. E-mail: zaa2 112@columbia.edu
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Introduction

It is well established that baseline and acquired thrombocytopae-
nia among patients undergoing PCI are associated with adverse
in-hospital and 30-day outcomes!®. A post hoc analysis of the
Harmonizing Outcomes with Revascularization and Stents in
Acute Myocardial Infarction (HORIZONS-AMI) trial identified
that baseline thrombocytopaenia was associated with higher 30-day
cardiac and all-cause mortality among patients undergoing primary
PCI for acute myocardial infarction (AMI)°. However, most clini-
cal studies have excluded patients with moderate to severe baseline
thrombocytopaenia, defined as a platelet count less than 100,000/
mm?® 319, Similarly, acquired thrombocytopaenia, defined as a drop
in platelet count to <100,000-150,000/mm?* after PCI, is associated
with increased length of hospital stay, in-hospital ischaemic and
bleeding complications, need for in-hospital packed red blood cells
transfusion, in-hospital death, and long-term mortality'*®.

Recently, the prevailing stance of improved outcome follow-
ing PCI with bivalirudin'''® has been challenged'*">. Bivalirudin
reduces the incidence of acquired thrombocytopaenia compared to
unfractionated heparin (UFH) and glycoprotein IIb/Illa receptor
inhibitors (GPI)"!"". The short- and long-term outcomes of patients
with baseline and acquired thrombocytopaenia after PCI with biva-
lirudin have not been studied. We sought to evaluate the in-hospi-
tal outcomes and long-term mortality of patients with baseline and
acquired thrombocytopaenia and correlate this to the magnitude
of change in platelet count among patients undergoing PCI exclu-
sively with bivalirudin. We also sought to identify the predictors of
in-hospital acquired thrombocytopaenia in this group of patients.

Methods

PATIENT POPULATION

All patients undergoing PCI at the Mount Sinai Hospital (New
York, NY, USA) from 1999 were enrolled in a prospectively fol-
lowed database. For the present study, all patients who under-
went PCI from Aug 2001 to May 2010 with bivalirudin as the sole
antithrombotic agent were included (n=17,547). For patients under-
going repeat procedures during the follow-up period, only the index
PCI was included (n=5,607 repeat procedures were excluded).
Patients who received UFH (n=1,390) and those who received GPI
(n=2,899) were also excluded, as the primary aim of the study was
to evaluate the incidence and prognosis of baseline and acquired
thrombocytopaenia among patients undergoing PCI exclusively
with bivalirudin. Patients with a missing baseline and post-PCI
platelet count were also excluded (n=269). After these exclusions,
a total of 7,505 patients were available for analysis. Patients with
a baseline platelet count <150,000/mm?* were included in the base-
line thrombocytopaenia group. Patients with a baseline platelet
count >150,000/mm’® with a subsequent drop to <150,000/mm?
were included in the acquired thrombocytopaenia group.

The institutional review board approved this study. Data were col-
lected using standardised methods and recorded on case report forms
of the PCI registry. Demographics and smoking status were based
on patient self-reporting. Medical history and medications were

ascertained through chart review conducted by trained research staff.
Baseline routine laboratory values were measured before patients
underwent PCIL. After PCI, patients were followed every day by
trained research staff, and all pertinent laboratory values and in-hospi-
tal complications were collected and recorded on PCI registry forms.

PERIPROCEDURAL MEDICATIONS

All patients were loaded with aspirin 325 mg and clopidogrel
300-600 mg prior to PCI. After prasugrel was approved by the
Food and Drug Administration (FDA) in July 2009, loading with
60 mg of prasugrel was allowed at the discretion of the operator.
Bivalirudin was administered as an intravenous bolus of 0.75 mg
per kilogram, followed by an infusion of 1.75 mg per kilogram
per hour and discontinued at completion of PCI in patients already
on thienopyridine. From September 2008, bivalirudin infusion was
continued for one hour post PCI in patients not already receiv-
ing clopidogrel (referred to as “clopidogrel naive” in Table 1) in
whom a loading dose was given periprocedurally. Bivalirudin dose
was adjusted for renal impairment as recommended.

CORONARY INTERVENTION

Coronary interventional procedures were performed according to
standard techniques via a femoral or radial approach. The choice
of drug-eluting stent or bare metal stent implantation was at the
discretion of the operator. Femoral vascular closure devices were
used, unless contraindicated according to femoral arteriogram.
Serial monitoring of complete blood count and cardiac biomarkers
was performed every six hours (for two occurrences) after PCI. At
the time of discharge all patients were recommended to take aspi-
rin indefinitely and clopidogrel or prasugrel for at least one month
for bare metal stents and one year for drug-eluting stents.

FOLLOW-UP

All-cause mortality was ascertained using the National Social
Security Death Index and New York State interventional database by
matching patients’ social security numbers to death index records.
Only those patients for whom National Social Security Death Index
data were available were included in the analysis. Follow-up data
for secondary outcomes were available for those patients who re-

presented to our hospital following the index revascularisation.

DEFINITIONS

Baseline and acquired thrombocytopaenia, as defined earlier, were
further divided, according to the severity, into mild (100,000 to
150,000/mm?), moderate (50,000 to 100,000/mm®) and severe
(<50,000/mm?®). Furthermore, changes in platelet count after PCI
were categorised into quintiles based on the magnitude of change
in platelet count after PCI: minimal change (£33 k/uL), moder-
ate increase (34 k-66 k/uL), severe increase (>67 k/uL), mod-
erate decrease (34 k-66 k/uL), and severe decrease (>67 k/uL).
Anaemia was defined according to the criteria of the World
Health Organization (WHO), i.e., a haemoglobin level <13 g/dl
in men and <12 g/dl in women'®. Estimated glomerular filtration
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Table 1. Demographic and clinical characteristics of the study population.

Thrombocytopaenia

Variahle

No (n=6,196)

Baseline (n=858)

Acquired (n=451)

Age (mean+SD in years) 67+12 69+11 71+11 <0.001
Females, n (%) 2,474 (39.9%) 204 (23.8%) 121 (26.8%) <0.001
BMI (mean+SD, kg/m?) 28.99+6.22 27.63+5.16 28.02+5.68 <0.001
BSA (mean+SD, m?) 1.92+0.27 1.92+0.27 1.92+0.26 0.979
Race, n (%) Caucasians 2,072 (33.4%) 355 (41.4%) 212 (47.0%)
African Americans 874 (14.1%) 128 (14.9%) 47 (10.4%)
Hispanics 1,459 (23.5%) 161 (18.8%) 84 (18.6%) <0.001
Southeast Asians and others 1,791 (28.9%) 214 (24.9%) 108 (23.9%)
Indication, n | STEMI 23 (0.4%) 8 (0.9%) 6 (1.3%) 0.003
& NSTEMI 486 (7.8%) 79 (9.2%) 39 (8.6%) 0.35
Acute coronary syndrome 2,396 (38.7%) 317 (36.9%) 185 (41.0%) 0.35
Stable angina or silent ischaemia 3,800 (61.3%) 541 (63.1%) 266 (59.0%) 0.35
Medical history, n (%)
Hypertension 5,763 (93.0%) 774 (90.2%) 419 (92.9%) 0.013
Diabetes mellitus 2,889 (46.6%) 412 (48.0%) 180 (39.9%) 0.013
Insulin-dependent 573 (9.2%) 80 (9.3%) 27 (6.0%) 0.064
Hyperlipidaemia 5,626 (90.8%) 720 (83.9%) 408 (90.5%) <0.001
Peripheral vascular disease 595 (9.6%) 87 (10.1%) 48 (10.6%) 0.703
History of CHF 2,116 (34.2%) 315 (36.7%) 169 (37.5%) 0.144
Active smoking 1,101 (17.8%) 126 (14.7%) 68 (15.1%) 0.037
Previous CAD
Prior MI 1,589 (25.6%) 214 (24.9%) 118 (26.2%) 0.871
Prior CABG 682 (11.0%) 137 (16.0%) 77 (17.1%) <0.001
CKD (eGFR <60) 2,046 (33.0%) 352 (41.0%) 177 (39.2%) <0.001
ESRD 341 (5.5%) 89 (10.4%) 32 (7.1%) <0.001
GFR (mean+SD, ml/min/1.73 m?) 72+36 66+35 67+30 <0.001
Anaemia (WHO criteria) 2,405 (39.0%) 298 (34.9%) 155 (34.4%) 0.016
Discharge Aspirin 6,126 (98.9%) 845 (98.5%) 442 (98.0%) 0.195
nm(e%)cat'ons' Clopidogrel 6,094 (98.4%) 839 (97.8%) 437 (96.9%) 0.050
Prasugrel 51 (0.8%) 6 (0.7%) 9 (2.0%) 0.030
Beta-blocker 4,489 (72.4%) 656 (76.5%) 357 (79.2%) 0.001
ACE inhibitor 4,018 (64.8%) 533 (62.1%) 292 (64.7%) 0.293
Statin 5,000 (80.7%) 610 (71.1%) 364 (80.7%) <0.001
Warfarin 335 (5.4%) 72 (8.4%) 44 (9.8%) <0.001
Clopidogrel naive 2,987 (48.2%) 397 (46.3%) 210 (46.5%) 0.45
LV ejection fraction (mean+SD) 54+10.3 52+12 52+12 <0.001
Hgb baseline (gm/dl, mean+SD) 12.98+1.8 12.7«1.9 13.0+1.8 0.003
Hgb post-procedure (gm/dl, mean+SD) 12.2+1.7 12.0+£1.9 12.0+1.8 0.01
Drop in Hgb (gm/dl, mean+SD) 0.69+0.88 0.65+0.90 1.03+1.02 <0.001
Plt count baseline (mean+SD) 247+69 119+26 173+33 <0.001
PIt count post-procedure (mean+SD) 229+62 114432 136+16 <0.001
Change in plt (mean+SD) -18+28 -6+20 -38+40 <0.001
CRP baseline (mean+SD) 9.4+21.1 9.3+28.7 7.9x£18.8 <0.392
ACE: angiotensin-converting enzyme; BMI: body mass index; BSA: body surface area; CABG: coronary artery bypass graft; CAD: coronary artery disease;
CHF: congestive heart failure; CKD: chronic kidney disease; CRP: c-reactive protein; ESRD: end-stage renal disease; Hgb: haemoglobin; LV: left
ventricle, MI: myocardial infarction; NSTEMI: non-ST-elevation myocardial infarction; Plt: platelet; STEMI: ST-elevation myocardial infarction
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rate (eGFR) was calculated using the simplified Modification
of Diet in Renal Disease (MDRD) formula: eGFRMDRD (ml/
min)=186x(serum creatinine [mg/dl]-1.154xage [years])—0.203x
(0.742 in women)'’. Chronic kidney disease (CKD) was defined
as an eGFR less than 60 ml/min/1.73 m? Post-PCI myocardial
infarction was defined according to the Third Universal Definition
of Myocardial Infarction'®. Bleeding complications were initially
categorised according to TIMI and GUSTO definitions and ret-
roactively adapted to HORIZONS-AMI definitions">. Major
bleeding was defined as intracranial or intraocular haemorrhage;
bleeding at the access site, with a haematoma which was 5 cm or
larger or that required intervention; a decrease in the haemoglo-
bin level of 4 g per decilitre or more without an overt bleeding
source, or 3 g per decilitre or more with an overt bleeding source;
reoperation for bleeding; or blood transfusion. Urgent revasculari-
sation was defined as unplanned repeat revascularisation of a cor-
onary artery or bypass graft following the index PCI. Stroke was
defined as a focal neurological deficit lasting >72 hrs, resulting in
irreversible brain damage or permanent impairment and confirmed

by computed tomography scan or magnetic resonance imaging.

A major adverse cardiovascular event (MACE) was defined as
a combination of death, reinfarction, urgent repeat revascularisa-
tion and stroke. A net adverse clinical event (NACE) was defined
as a combination of major bleeding and MACE.

STATISTICAL ANALYSIS

Continuous variables are presented as mean+standard deviation (SD).
Categorical variables are presented as percentages. Differences in
categorical and continuous variables were assessed using Pearson’s
chi-squared test and Student’s t-test, respectively. Non-parametric
survival analyses with log-rank tests were conducted to find whether
the potential covariates listed in Table 1-Table 4 had a univariate
association with mortality. Left ventricular ejection fraction (LVEF)
was categorised using a single cut-off of <40%. Age, body mass
index, and glomerular filtration rate were introduced into the models
as continuous variables. Semiparametric (Cox) survival analysis was
conducted to assess the univariate effect of baseline and acquired
thrombocytopaenia on mortality, using patients without thrombocy-
topaenia as reference category. The moderate and severe thrombocy-
topaenia subgroups were grouped together for survival analyses. For

Table 2. Procedural characteristics and periprocedural laboratory values in the study population.

Variable

Thrombocytopaenia

Baseline (n=858)

No (n=6,196)

Acquired (n=451)

Target coronary Left main 142 (2.3%) 20 (2.3%) 16 (3.5%) 0.238
ey b (22 Left anterior descending 2,732 (44.1%) 391 (45.6%) 210 (46.6%) 0.457
Left circumflex 1,998 (32.2%) 300 (35.0%) 148 (32.8%) 0.280
Right coronary artery 1,814 (29.3%) 233 (27.2%) 120 (26.6%) 0.240
SVG grafts 185 (3.0%) 30 (3.5%) 18 (4.0%) 0.385
LIMA/RIMA 48 (0.8%) 4 (0.5%) 5(1.1%) 0.422
Number of vessels | Single-vessel disease 2,540 (41.0%) 325 (37.9%) 160 (35.5%)
involved, n (%) | 'po ble-vessel disease 2,107 (34.0%) 287 (33.4%) 147 (32.6%) 0.003
Triple-vessel disease 1,549 (25.0%) 246 (28.7%) 144 (31.9%)
Stents, n (%) Bare metal 1,547 (25.0%) 302 (35.2%) 124 (27.5%) <0.001
Drug-eluting 4,454 (71.9%) 558 (65.0%) 320 (71.0%) <0.001
Peak ACT (mean+SD, seconds) 336+60.0 353+52.4 349+57.2 <0.001
CKMB baseline 3.6+14.1 4.6+18.7 5.4+19.6 0.012
CKMB post procedure 6.1+28.1 5.6+18.1 8.1£23.8 0.261
Troponin baseline 0.61+3.98 0.94+4.82 1.28+5.67 0.001
Troponin post procedure 1.92+8.25 1.92+5.84 3.24+9.33 0.006
Creatinine baseline 1.44+1.60 1.80+2.02 1.60+1.76 <0.001
Creatinine post procedure 1.72+2.23 1.93+£2.93 1.18+0.52 0.534
PCI successful 6,069 (98.0%) 843 (98.3%) 439 (97.3%) 0.54
Mean length of the stent (mm) 19.20+7.83 18.77+7.96 19.27+0.88 0.336
Mean diameter of the stent (mm) 3.03+0.7 3.05+0.58 3.04+0.46 0.715
% stenosis of target lesion 84+9.0 84+9.0 84+9.0 0.148
Intra-aortic balloon pump 210 (3.4%) 39 (4.6%) 37 (8.2%) <0.001
Closure device use, n (%) 4,959 (80.0%) 682 (79.5%) 338 (74.9%) 0.034
Length of hospital stay (mean+SD, days) 1.06+1.73 1.49+3.34 2.0+4.50 <0.001

ACT: activated clotting time; CKMB: creatine kinase myocardial band; LIMA/RIMA: left/right internal mammary artery; PCI: percutaneous coronary
intervention; SVG: saphenous vein graft
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Table 3. Demographic and clinical characteristics of patients according to the degree of changes in platelet counts.

Change in platelet count after PCI

|
FCFI
%
o
3
=
Variable M_inimal change . Moderate _Severe Moderate Severe decrease =)
i.e., £33 k/uL increase 34 increase |decrease 34 k-66 )
n=5847 | k66 kAL n=95 |>67kiuln=40 KuLn=1203 |>° Wuln=320 2
Age (mean=SD in years) 67.1£11.7 66.0+12.9 67.9+12.2 67.4+11.7 69.3£11.9 0.021 E
Females, n (%) 1,999 (34.2%) 49 (51.6%) 17 (42.5%) 581 (48.3%) 153 (47.8%) <0.001 %
BMI (mean=SD, kg/m2) 28.8+6.0 30.4+9.6 28.0+6.2 28.7+6.2 28.2+58 0.031 ':.’
BSA (mean+SD, m?) 1.92+0.27 1.92+0.25 1.93+0.23 1.89+0.28 1.86+0.26 <0.001 %
Race, n (%) Caucasians 2,037 (34.8%) 26 (27.4%) 14 (35.0%) 441 (36.7%) 121 (37.8%) &
African Americans 831 (14.2%) 27 (28.4%) 5(12.5%) 147 (12.2%) 39 (12.2%) i
Hispanics 1,328 (22.7%) 18 (18.9%) 6 (15.0%) 281 (23.4%) 71(22.2%)
Southeast Asians and others 1,651 (28.2%) 24 (25.3%) 15(37.5%) 334 (27.8%) 89 (27.8%)
Indication, n (%) STEMI 27 (0.5%) 1(1.1%) 0(0.0%) 6 (0.5%) 3(0.9%) 0.697
NSTEMI 439 (7.5%) 12 (12.6%) 6 (15.0%) 92 (7.6%) 55 (17.2%) <0.001
Acute coronary syndrome 2,153 (36.8%) 50 (52.6%) 21 (52.5%) 504 (41.9%) 170 (53.1%) <0.001
Stable angina or silent ischaemia 3,694 (63.2%) 45 (47.4%) 19 (47.5%) 699 (58.1%) 150 (46.9%) <0.001
Medical history, n Hypertension 5,419 (92.7%) 87 (91.6%) 36 (90.0%) 1,114 (92.6%) 300 (93.8%) 0.887
i Diabetes mellitus 2,706 (46.3%) 52(547%) | 19 (47.5%) 542(45.1%) | 162 (50.6%) 0.208
Insulin-dependent 514 (8.8%) 12 (12.6%) 6 (15.0%) 113 (9.4%) 35(10.9%) 0.265
Hyperlipidaemia 5,273 (90.2%) 78 (82.1%) 35 (87.5%) 1,083 (90.0%) 285 (89.1%) 0.117
Peripheral vascular disease 576 (9.9%) 7(7.4%) 3(7.5%) 111 (9.2%) 33(10.3%) 0.845
History of CHF 2,041 (34.9%) 33 (34.7%) 8(20.0%) 392 (32.6%) 126 (39.4%) 0.052
Active smoking 1,015 (17.4%) 13 (13.7%) 7(17.5%) 211 (17.5%) 49 (15.3%) 0.771
Previous CAD Prior MI 1,511 (25.8%) 19 (20.0%) 7(17.5%) 307 (25.5%) 77 (24.1%) 0.474
Prior CABG 713 (12.2%) 10 (10.5%) 5(12.5%) 136 (11.3%) 32 (10.0%) 0.707
CKD (eGFR <60) 1,950 (33.4%) 35(36.8%) 12 (30.0%) 448 (37.2%) 130 (40.6%) 0.01
ESRD 351 (6.0%) 11 (11.6%) 2(5.0%) 77 (6.4%) 21 (6.6%) 0.250
GFR (mean+SD, ml/min/1.73 m?) 71.3+36.3 70.0+35.6 71.8+28.5 69.0+£33.1 66.0+31.5 0.039
Anaemia (WHO criteria) 2,221 (38.1%) 35(36.8%) 3(32.5%) 469 (39.2%) 120 (37.5%) 0.875
Discharge Aspirin 5,775 (98.8%) 94 (98.9%) 0(100.0%) 1,188 (98.8%) 316 (98.8%) 0.971
medications, 0 (%) | clopidogrel 5,744 (98.2%) 94(98.9%) | 38(95.0%) | 1179(98.0%) |  315(98.4%) 0.553
Prasugrel 53 (0.9%) 1(1.1%) 0(0.0%) 7(0.6%) 5(1.6%) 0.498
Beta-blocker 4,236 (72.4%) 69 (72.6%) 2 (80.0%) 920 (76.5%) 245 (76.6%) 0.026
ACE inhibitor 3,760 (64.3%) 57 (60.0%) 1(52.5%) 794 (66.0%) 211 (65.9%) 0.295
Statin 4,663 (79.8%) 67 (70.5%) 1(77.5%) 959 (79.7%) 254 (79.4%) 0.285
Warfarin 366 (6.3%) 6(6.3%) 2 (5.0%) 57 (4.7%) 20 (6.2%) 0.378
LV ejection fraction (mean=SD) 53.8+10.6 49.7+13.4 52.6+11.0 54.6+9.9 52.7+11.9 <0.001
Hgb baseline (gm/dl, mean+SD) 12.9+1.8 11.8+19 12.3+2.1 12.9+1.8 12.3+2.0 <0.001
Hgb post procedure (gm/dl, mean+SD) 12.3x1.7 11.8+1.8 11.8+1.8 11.7+1.7 11.0+1.8 <0.001
Drop in Hgb (gm/dl, mean+SD) 0.59+0.81 -0.01£1.10 0.58+1.50 1.16+0.89 1.33+1.26 <0.001
Plt count baseline (mean=+SD) 214+66 248+73 19681 267+70 335+123 <0.001
PIt count post-procedure (mean+SD) 204+66 293473 297+87 222+69 233+112 <0.001
Change in plt (mean+SD) —-10+14 4549 101+44 —45+9 —102+45 <0.001
CRP baseline (mean=+SD) 8.8+20.9 20.8+33.3 16.8+24.6 9.0+20.4 16.5+35.9 <0.001
ACE: angiotensin-converting enzyme; CABG: coronary artery bypass graft; CAD: coronary artery disease; CKD: chronic kidney disease; CRP: c-reactive
protein; ESRD: end-stage renal disease; GFR: glomerular filtration rate; Hgb: haemoglobin; LV: left ventricle; MI: myocardial infarction;
NSTEMI: non-ST-elevation myocardial infarction; Plt: platelet; STEMI: ST-elevation myocardial infarction

in-hospital outcomes, Pearson’s chi-squared test and gamma distribu-  the same set of potential covariates (Table 1-Table 4) had a univari-
tion were used to compare the differences between groups. To iden-  ate association with NACE. Age, body mass index, race, female gen-
tify the predictors of in-hospital NACE, Mann-Whitney and Fisher’s  der, hypertension, peripheral vascular disease, CKD, acute coronary
exact tests were conducted to find whether predictors of interest and ~ syndrome (ACS) as indication for PCIL, use of beta-blockers, left




Table 4. Procedural characteristics and periprocedural laboratory values according to the degree of changes in platelet counts.

Change in platelet count after PCI
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Variable Minimal change Moderate Severe Moderate decrease Severe
i.e., £33 k/ul increase increase 34 k-66 k/uL decrease
n=5,8417 34 k-66 k/uL n=95 | >67 k/uL n=40 n=1,203 >67 k/uL n=320

Target coronary artery, | Left main 134 (2.3%) 4(4.2%) 0(0.0%) 28 (2.3%) 12 (3.8%) 0.272
nit) Left anterior 2,618 (44.8%) 45 (47.4%) 22 (55.0%) 520 (43.4%) 126 (39.4%) 0.180

descending

Left circumflex 1,912 (32.7%) 30 (31.6%) 9(22.5%) 381 (31.7%) 114 (35.6%) 0.443

Right coronary artery 1,664 (28.5%) 29 (30.5%) 9(22.5%) 362 (30.1%) 103 (32.2%) 0.408

SVG grafts 181 (3.1%) 4(4.2%) 2(5.0%) 35(2.9%) 11 (3.4%) 0.889

LIMA/RIMA 47(0.8%) 0(0.0%) 0(0.0%) 8(0.7%) 2(0.6%) 0.843
Number of vessels Single-vessel disease 2,367 (40.5%) 41 (43.2%) 16 (40.0%) 484 (40.2%) 117 (36.6%)
involved, n (%) Double-vessel disease | 1,968 (33.7%) 29 (30.5%) 14 (35.0%) 411 (34.2%) 119 (37.2%) 0.941

Triple-vessel disease 1,512 (25.9%) 25 (26.3%) 10 (25.0%) 308 (25.6%) 84 (26.3%)
Stents, n (%) Bare metal 1,513 (25.9%) 24(25.3%) 15 (37.5%) 306 (25.4%) 115 (35.9%) 0.001

Drug-eluting 4,175 (71.4%) 66 (69.5%) 24.(60.0%) 867 (72.1%) 200 (62.5%) 0.005
Peak ACT (mean=SD seconds) 34051 32740 309+45 34192 32946 <0.001
CKMB baseline (mean=SD) 3.47+13.31 7.14+35.89 2.18+3.81 4.55+18.14 6.38+21.82 <0.001
CKMB post procedure (mean=SD) 5.29+23.25 3.84+8.19 3.94+8.81 8.74+38.37 13.24+40.31 <0.001
Troponin baseline (mean=SD) 0.569+3.62 0.532+2.29 0.869+3.25 0.982+6.06 1.794+5.73 <0.001
Troponin post procedure (mean=+SD) 1.72+7.47 1.25+3.43 2.21+7.33 2.66+9.61 4.42+11.26 <0.001
Creatinine baseline (mean+SD) 1.48+1.66 1.74+2.01 1.33+1.42 1.49+1.63 1.57+1.72 0.484
Creatinine post procedure (mean+SD) 1.69+2.37 2.78+2.76 0.75+0.35 1.76+2.09 1.50+1.28 0.758
PCI successful 5,725 (97.9%) 94 (98.9%) 40 (100.0%) 1,179 (98.0%) 313 (97.8%) 0.845
Length of the stent (mm) (mean+SD) 19.1£7.9 18.6+7.0 19.1£8.0 19.5+7.9 19.3+7.8 0.632
Diameter of the stent (mm) (mean+SD) 3.04+0.70 3.04+0.44 3.10+0.45 3.0+0.43 3.1+0.98 0.208
% stenosis of target lesion (mean=SD) 83.75+9.14 84.60+9.06 83.80+9.10 83.96+9.32 84.59+9.44 0.467
Closure device use, n (%) 4,704 (80.5%) 73 (76.8%) 35 (87.5%) 935 (77.7%) 232 (72.5%) 0.002
Length of hospital stay (mean+SD, days) 1.03£1.71 1.39+1.93 1.85+5.58 1.37£2.50 2.78+5.74 <0.001
ACT: activated clotting time; CKMB: creatine kinase myocardial band; LIMA/RIMA: left/right internal mammary artery; PCl: percutaneous coronary intervention; SVG: saphenous vein graft

ventricular dysfunction and acquired thrombocytopaenia were sig-
nificant univariate predictors of in-hospital NACE. Logistic regres-
sion analyses were then conducted to assess the univariate effect of
acquired thrombocytopaenia and the extent of confounding or inter-
action of covariates that were statistically significant in univariate
analysis. Similar analyses were repeated to identify the independ-
ent predictors of in-hospital acquired thrombocytopaenia. Covariates
that showed significant univariate association in these analyses were
age, male gender, race, body mass index, diabetes mellitus, prior cor-
onary artery bypass grafting, CKD, ST-elevation myocardial infarc-
tion (STEMI) as indication for the procedure, left main disease,
triple-vessel disease and left ventricular dysfunction. P-values of less
than 0.05 were considered to indicate statistical significance. All sta-
tistical analyses were performed utilising SPSS software, Version
18.0 (SPSS Inc., Chicago, IL, USA).

Results

BASELINE CHARACTERISTICS

Among 7,505 patients included in the study, 858 (11.4%) patients
had baseline thrombocytopaenia (9.2% mild, 2.07% moderate,

0.17% severe) and 451 (6.0%) patients developed acquired throm-
bocytopaenia (5.75% mild, 0.23% moderate, 0.03% severe).
Details are shown in Table 1 and Table 2. Overall, patients with
any form of thrombocytopaenia compared to those without tended
to be older and more likely to be Caucasian, male, actively smok-
ing and on warfarin therapy. They also tended to have a lower
BMI and lower GFR, and were slightly less likely to have base-
line anaemia. Within each category of thrombocytopaenia, patients
with baseline thrombocytopaenia had lower rates of hypertension
and hyperlipidaemia and were less likely to be on statin ther-
apy but had a higher likelihood of having end-stage renal dis-
ease (ESRD) compared to patients without thrombocytopaenia
(Table 1). Similarly, patients who subsequently developed throm-
bocytopaenia tended to have higher rates of STEMI as an indica-
tion for PCI, they were more likely to be on prasugrel therapy and
had a higher drop in Hgb levels post procedure but they were less
likely to have diabetes (Table 1). On the day of the procedure,
patients with baseline thrombocytopaenia were found to have
higher baseline creatinine and, as expected, received more bare

metal stents (Table 2). Patients in the acquired thrombocytopaenia



group had higher rates of triple-vessel disease, had longer hospital
stay post procedure and were less likely to have a closure device
used (Table 2). Compared to patients with baseline thrombocyto-
paenia, the acquired group were more likely to be dyslipidaemic
and on statin therapy, less likely to be diabetic and had a greater
drop in haemoglobin post PCI (Table 1).

With regard to the magnitude of changes in platelet count after
PCI, 5,847 (77.9%) of patients had minimal change, whereas 1,203
(16.3%) had a moderate decrease and 320 (4.3%) had a severe
decrease in counts, while 95 (1.3%) had a moderate increase and
40 (0.5%) had a severe increase in platelet counts, Severe changes
in platelet counts were more common in patients who presented
with NSTEMI/ACS, which might reflect a group of patients with
higher risk, patients implanted with bare metal stents, and patients
with longer hospital stays (Table 3, Table 4).

PREDICTORS OF ACQUIRED THROMBOCYTOPAENIA

On multivariate analysis, age, male gender, baseline platelet count
and IABP insertion periprocedure were independent predictors
of in-hospital acquired thrombocytopaenia (Table 5). STEMI as
an indication for PCI had a borderline association with acquired

thrombocytopaenia.

IN-HOSPITAL OUTCOMES

The incidence of MACE and NACE was significantly higher in the
acquired thrombocytopaenia group compared to the baseline and
no thrombocytopaenia groups, driven largely by increased post-
PCI MI, major bleeding and PRBC transfusion (Table 6). NACE
was more common in patients with severe changes in platelet
count driven by increased major bleeding, which was mainly in
non-access sites, and PRBC transfusion (Table 6).

After adjustment for potential covariates, moderate to severe
acquired thrombocytopaenia was the strongest independent predic-
tor of in-hospital NACE (HR 4.34, 95% CI: 2.13-8.84; p<0.001).
A severe drop in platelet count (HR 3.04, 95% CI: 2.22-4.16),
moderate drop (HR 2.08, 95% CI: 1.64-2.62) and ACS as indi-
cation for PCI (HR 1.57, 95% CI: 1.29-1.90) were also strong
predictors (Table 7). Among other predictors, moderate to severe
baseline thrombocytopaenia (HR 2.20, 95% CI: 1.34-3.60;
p=0.002), mild acquired thrombocytopaenia (HR 1.67, 95% CI:
1.22-2.30; p=0.002), and severe increase in platelet count (HR
2.55,95% CI: 1.05-6.21; p=0.039) were also significant (Table 7).

Table 5. Independent predictors of acquired thrombocytopaenia.

Variable ‘ (1] ‘ 95% ClI ‘ p-value
IABP use 2.51 1.144-5.491 0.022
STEMI as indication 2.47 0.961-6.358 0.060
Male gender 1.30 1.039-2.628 0.022
Age 1.02 1.015-1.033 | <0.001
Baseline platelet count 0.98 0.985-0.988 <0.001
IABP: intra-aortic balloon pump; STEMI: ST-elevation myocardial
infarction

Platelet counts and prognosis post bivalirudin PCI

LONG-TERM MORTALITY

After a median follow-up of 2.6 years (interquartile range 1.5 to
3.7 years), there were a total of 842 (11.2%) deaths. When analysed
by follow-up years, the overall incidence of mortality was highest
during the first two years of follow-up (Table 8). Moreover, ana-
lysis according to baseline platelet count showed that the survival
rate was 89.7% in the no thrombocytopaenia group, 86.5% in the
mild baseline thrombocytopaenia group, 72.0% in the moderate
to severe baseline thrombocytopaenia group, 87.7% in the mild
acquired thrombocytopaenia group, and 57.9% in the moderate to
severe acquired thrombocytopaenia group at the end of the fol-
low-up (Figure 1). Survival differences were also noted accord-
ing to the magnitude of change in platelet count with the minimal
change group showing the highest survival (89.7%), followed by
moderate increase or decrease (86.3% and 87.6%, respectively).
The groups with the lowest survival were the ones showing severe
increases or decreases in platelet counts (72.5% and 80.0%, respec-
tively) (Figure 2). After adjustment for baseline clinical and pro-
cedural characteristics using the Cox proportional hazards model,
mild baseline and acquired thrombocytopaenia were not signifi-
cant predictors of mortality. However, moderate to severe baseline
thrombocytopaenia (HR 2.42, 95% CI: 1.79-3.29; p<0.001) and
moderate to severe acquired thrombocytopaenia (HR 2.37, 95%
CI: 1.13-4.97; p=0.023) were significant independent predictors of
long-term mortality. Interestingly, of the 842 deaths in the follow-
up, 133 patients had major bleeds in hospital of which 73% were
non-access-site bleeds. While moderate increases or decreases in
platelet count were not statistically significant, severe changes in
platelet count (>67 k) were significant independent predictors of
long-term mortality. Interestingly, a >67 k increase was a stronger
predictor (HR 2.31, 95% CI: 1.27-4.20; p=0.006) than >67 k
decrease (HR 1.38, 95% CI: 1.04-1.83; p=0.024). Univariate and
multivariate predictors of long-term mortality are listed in Table 9.

Discussion

We evaluated the effects of thrombocytopaenia and acute changes
in platelet counts on long-term mortality and in-hospital NACE
in patients anticoagulated with bivalirudin and report a number
of important findings. First, mild acquired thrombocytopaenia
was relatively common compared to moderate to severe acquired
thrombocytopaenia, even with sole use of bivalirudin. Second,
acquired thrombocytopaenia of any degree was a strong and
independent predictor of in-hospital NACE. Third, moderate to
severe acquired thrombocytopaenia and moderate to severe base-
line thrombocytopaenia were strong and independent predictors of
long-term mortality. Fourth, only severe changes in platelet counts
led to a significant increase in mortality.

The incidence of moderate to severe acquired thrombocyto-
paenia post PCI in the UFH and GPI era has been reported as
0.7% to 3.9%>%"°. With bivalirudin, the incidence is lower”'.
In the REPLACE-2" and ACUITY"? trials, the incidence was
reported as 0.7% and 0.5%, respectively®. In our population the
incidence of moderate to severe acquired thrombocytopaenia was
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Table 6. In-hospital outcomes.

g distribution

|

m

=

S

=

@
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2 Variable

o

=

= NACE 313 (5.1%) 57 (6.6%) 53 (11.8%) <0.001

-2 MACE 176 (2.8%) 27 (3.1%) 30 (6.7%) 0.007

g In-hospital death 5(0.1%) 1(0.1%) 5(1.1%) 0.043

& Post-PCI MI 302 (4.9%) 49 (5.7%) 36 (8%) 0.034

~

® Urgent repeat revascularisation 2 (0.03%) 0 (0.0%) 3(0.7%) 0.133

5k Major bleeding 90 (1.5%) 20 (2.3%) 23 (5.1%) <0.001

(o]
Access-site major bleeding 55 (0.9%) 8 (0.9%) 7 (1.6%) 0.034
Minor bleeding 53 (0.9%) 12 (1.4%) 5(1.1%) 0.196
CVA 3 (0.05%) 0 (0.0%) 0 (0.0%) 0.083
Stent thrombosis 20 (0.3%) 1(0.1%) 1 (0.2%) 0.216
PRBC transfusion 67 (1.1%) 17 (2.0%) 20 (4.4%) <0.001

Change in platelet count after PCI

Minimal change |Moderate increase|Severe increase Moderate decrease | Severe decrease |€ distribution

Variahle :
i.e., #33 k/ul 34 k-66 k/uL >67 k/uL 34 k-66 k/uL >67 k/uL
n=5,847 n=95 n=40 n=1,203 n=320

NACE 250 (4.3%) 3 (3.2%) 5(12.5%) 108 (9.0%) 57 (17.8%) <0.001
MACE 148 (2.5%) 2(2.1%) 2 (5.0%) 57 (4.7%) 24 (7.5%) <0.001
In-hospital death 3(0.1%) 0 (0.0%) 0 (0.0%) 1(0.1%) 7 (2.2%) 0.011
Post-PCI MI 273 (5.7%) 7 (1.8%) 1 (0.3%) 84 (8.5%) 22 (10.1%) <0.001
Urgent repeat revascularisation 1 (0.0%) 1(1.1%) 0 (0.0%) 1(0.1%) 2 (0.6%) 0.070
Major bleeding 54 (0.9%) 0 (0.0%) 4 (10.0%) 39 (3.2%) 36 (11.2%) <0.001
Minor bleeding 51 (0.9%) 1(1.1%) 0 (0.0%) 13 (1.1%) 5 (1.6%) 0.308
CVA 2 (0.0%) 1(1.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.843
Stent thrombosis 18 (0.3%) 0 (0.0%) 1(2.5%) 3(0.2%) 0 (0.0%) 0.511
PRBC transfusion 41 (0.7%) 0 (0.0%) 3 (7.5%) 31 (2.6%) 29 (9.1%) <0.001
CVA: cerebrovascular event; MACE: major adverse cardiovascular event; MI: myocardial infarction; NACE: net adverse clinical event; PCI: percutaneous
coronary intervention; PRBC: packed red blood cell
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90+
§ 804 ™y e e No thrombocytopaenia
2 Mild baseline
32 thrombocytopaenia
—--— Mod-Sev baseline
70 thrombocytopaenia
- — — Mild acquired
thrombocytopaenia
1 ———  Mod-Sev acquired
60 : : : : : : : : thrombocytopaenia
0 365 730 1,095 1460 1825 2190 2555 2,920
Time (days)
Patients Year0 Year1 Year2 Year3 VYear4 Year5 Year6 Year7 Year8
No thrombocytopaenia 6,196 5944 5792 5676 5,611 5582 5566 5558 5,556
Mild baseline 690 653 628 617 603 597 597 597 597
Mod-Sev baseline 168 146 133 130 126 125 122 121 121
Mild acquired 432 411 400 392 38 381 379 379 379
Mod-Sev acquired 19 13 12 11 11 11 11 11 11

Figure 1. Survival analysis based on degree and type of thrombocytopaenia.



Table 7. Independent predictors of in-hospital NACE.

OR | 95%CI | pvalue
2.134-8.840 | <0.001
2.223-4.168 | <0.001
1.048-6.206 0.039
1.344-3.587 0.002

Variable

Moderate to severe acquired thrombocytopaenia |  4.34

Severe drop in platelet count 3.04

Severe increase in platelet count 2.55

Moderate to severe baseline thrombocytopaenia | 2.20

Moderate drop in platelet count 2.08 | 1.644-2.619 | <0.001
Mild acquired thrombocytopaenia 1.67 | 1.215-2.303 0.002
Acute coronary syndrome as indication 1.57 | 1.294-1.905 | <0.001
LV dysfunction (LVEF <40) 149 | 1.143-1.951 0.003
Peripheral vascular disease 149 | 1.124-1.979 0.006
Age 1.03 | 1.023-1.041 | <0.001

LVEF: left ventricular ejection fraction

only 0.26%. We attribute this reduction to the 3.5% utilisation of
GPI in REPLACE-2"" and 9.1% provisional use in ACUITY '
Interestingly, in ACUITY the UFH+GPI and bivalirudin+GPI
arms had similar rates of 30-day NACE (11.8% versus 11.7%) and

Table 8. Incidence of death per number of follow-up years.

Platelet counts and prognosis post bivalirudin PCI

major bleeding (5.3% vs. 5.7%) while the bivalirudin monother-
apy strategy was superior to either GPI arm driven by a signifi-
cant reduction in major bleeding. The fact that the combination of
bivalirudin and GPI did not seem to reduce bleeding risk suggests
that the addition of GPI to any antithrombin agent increases bleed-
ing risk through potent platelet inhibition as well as induction of
thrombocytopaenia. Compared to these previous studies, our find-
ings of lower rates of moderate to severe acquired thrombocyto-
paenia in patients treated solely with bivalirudin may explain, at
least partly, why there is no safety advantage of bivalirudin in the
presence of concomitant GPI.

Similar to previous reports®*, baseline thrombocytopaenia was
a significant predictor of in-hospital NACE in our study. Overgaard
et al and HORIZONS-AMI showed baseline thrombocytopaenia as
a predictor of in-hospital mortality in a patient population under-
going urgent PCI. We have now observed this in patients present-
ing with chronic stable angina and exclusive anticoagulation with
bivalirudin. Furthermore, our results can be generalised to a wider
population since patients with platelet counts <100,000/mm? were
excluded in HORIZONS-AMI. Although mild thrombocytopaenia

Chi-

10 Total | square

p-value
Alive Count 609 1,557 1,618 1,540 580 402 173 122 49 13 6,663
% 64.3% | 88.5% | 92.1% | 94.5% | 93.5% | 95.0% | 95.1% | 98.4% | 98.0% | 100.0% | 88.8%

Dead Count 338 202 139 90 40 21 9 2 1 0 842 <0.001
% 35.7% | 11.5% 7.9% 5.5% 6.5% 5.0% 4.9% 1.6% 2.0% 0.0% 11.2%
Total Count 947 1,759 1,757 1,630 620 423 182 124 50 13 7,505

100 -\
901
< 80 W i
N - e Moderate decrease
el 34,000-66,000/uL
’ ., —--=— Moderate increase
70 e, 34,000-66,000/uL
- . - — — Severe decrease
e >67,000/uL
! = Severe increase
60 T T T T T T T T >671000/UL
0 365 730 1,095 1460 1825 2190 2555 2920
Time (days)
Patients Year0 Year1 Year2 Year3 Year4 Year5 Year6 Year7 Year8
Minimal change 5847 5597 5451 5357 57293 5266 5253 5244 5243
Moderate increase 95 91 88 84 84 83 83 83 82
Severe increase 40 35 33 30 30 29 29 29 29
Moderate decrease 1,203 1,150 1,114 1,089 1,068 1,061 1,054 1,054 1,054
Severe decrease 320 294 279 266 261 257 256 256 256

Figure 2. Survival analysis based on changes in platelet count after PCI.
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Table 9. Univariate and multivariate predictors of long-term mortality.

Variable

Thrombocytopaenia categorised

Univariate HR (95% CI) p-value

Multivariate HR (95% Cl) p-value

Mild baseline

1.44 (1.157-1.788) p=0.001

1.23 (0.983-1.533) p=0.070

Moderate to severe baseline

2.46 (1.825-3.308) p<0.001

2.43 (1.789-3.292) p<0.001

Mild acquired

1.27 (0.949-1.662) p=0.111

1.033 (0.778-1.371) p=0.823

Moderate to severe acquired

5.38 (2.677-10.808) p<0.001

2.37 (1.126-4.968) p=0.023

Platelet count

Moderate increase

1.24 (0.715-2.146) p=0.445

1.22 (0.702-2.115) p=0.482

Severe increase

2.39 (1.318-4.344) p=0.004

2.31 (1.265-4.202) p=0.006

Moderate decrease

1.13 (0.944-1.351) p=0.184

1.14 (0.950-1.375) p=0.157

Severe decrease

1.87 (1.442-2.415) p<0.001

1.38 (1.044-1.833) p=0.024

LV dysfunction (LVEF <40)

2.37 (1.997-2.805) p<0.001

1.81 (1.525-2.153) p<0.001

Left main PCI

2.29 (1.787-2.933) p<0.001

1.56 (1.082-2.256) p=0.017

Major bleed post PCI

3.04 (2.241-4.112) p<0.001

1.55(1.132-2.130) p=0.006

Post-PCI Ml

2.01 (1.476-2.889) p<0.001

1.72 (1.197-2.018) p=0.010

Peripheral arterial disease

1.94 (1.620-2.335) p<0.001

1.51 (1.257-1.827) p<0.001

Diabetes mellitus

1.55 (1.355-1.776) p<0.001

1.45 (1.255-1.663) p<0.001

ACS as indication

1.43 (1.255-1.642) p<0.001

1.34 (1.171-1.541) p<0.001

Age

1.03 (1.027-1.040) p<0.001

1.03 (1.022-1.035) p<0.001

eGFR

0.98 (0.981-0.986) p<0.001

0.987 (0.984-0.989) p<0.001

Statins at the time of discharge

0.58 (0.504-0.671) p<0.001

0.595 (0.514-0.689) p<0.001

Packed RBC transfusion

3.59 (2.587-4.920) p<0.001

Triple-vessel disease

1.64 (1.427-1.890) p<0.001

Baseline thrombocytopaenia

1.62 (1.356-1.945) p<0.001

Coumadin at the time of discharge

1.59 (1.256-2.012) p<0.001

Prior CABG

1.47 (1.232-1.762) p<0.001

Acquired thrombocytopaenia

1.35 (1.078-1.703) p=0.009

Congestive heart failure

1.27 (1.094-1.476) p=0.002

Female gender

1.20 (1.044-1.371) p=0.010

Body mass index

0.98 (0.966-0.989) p<0.001

Drug-eluting stent

0.54 (0.473-0.619) p<0.001

Use of closure device

0.54 (0.467-0.624) p<0.001

ACS: acute coronary syndrome; CABG: coronary artery bypass graft; eGFR: estimated glomerular filtration rate; LVEF: left ventricular ejection fraction;

PCI: percutaneous coronary intervention; RBC: red blood cell

was not associated with an increased risk of long-term mortality,
patients with moderate to severe baseline thrombocytopaenia had
significantly higher long-term mortality. Although such a degree
of baseline thrombocytopaenia may indicate a higher risk of sub-
sequent adverse cardiovascular events in patients undergoing PCI,
it may also reflect the presence of other comorbidities that could
independently contribute to the higher mortality observed in this
group of patients. Overall, baseline platelet count can be an eas-
ily obtainable and useful haematologic parameter for risk stratifi-
cation of patients undergoing PCI. In our hospital, based on the
results of the present analysis, patients with moderate to severe
baseline thrombocytopaenia are identified pre-procedurally, and
additional considerations, such as pharmacotherapeutic strategy
and radial or micropuncture vascular access, are employed.
Acquired thrombocytopaenia was an independent predictor
of in-hospital events in our study. Major bleeding events were

elevated 1.5-fold in baseline and 3.4-fold in acquired thrombo-
cytopaenia patients, translating to a higher incidence of NACE.
The hazard ratio for in-hospital NACE associated with moder-
ate to severe acquired thrombocytopaenia was 4.3, higher than
the hazard from conventional mediators of adverse in-hospital
events including LV dysfunction, acute coronary syndrome and
peripheral vascular disease. Multivariate analysis identified that
moderate to severe acquired thrombocytopaenia was the most
powerful independent predictor of long-term all-cause mortality.
This finding is in keeping with those presented in CADILLAC,
ACUITY and the study by De Labriolle et al who also showed
that acquired thrombocytopaenia is associated with higher long-
term mortality®7#. These studies included patients receiving UFH
with or without GPI and concluded that bivalirudin is associ-
ated with a lower incidence of acquired thrombocytopaenia.
Although based on these previous data it can be proposed that



the incidence of acquired thrombocytopaenia can be reduced by
avoiding agents like UFH and GPI, those who develop thrombo-
cytopaenia on bivalirudin continue to have a higher risk of in-
hospital NACE and long-term mortality.

While investigating the effects of the magnitude of platelet
change on long-term survival we noted that the hazard ratio for
a severe decrease in platelet count (>67 k drop) was second in
magnitude only to development of moderate to severe acquired
thrombocytopaenia. At the other extreme, patients with severe
increases (>67 k) in platelet count also showed higher mortality
(Figure 2). Interestingly, although the majority of this group of
patients had no or only mild baseline thrombocytopaenia, they
also had the lowest mean platelet count prior to PCI (mean:
196, SD: 81). A tendency for higher C-reactive protein levels
(mean: 16.8, SD: 24.6) in this group might reflect higher levels
of systemic inflammation that can both cause reactive thrombo-
cytosis and affect the outcomes independently. Nevertheless, the
increase in platelets from baseline to post procedure (101+44)
suggests a mobilisation from the bone marrow. Indeed, previous
studies have shown that these bone marrow-derived platelets are
hyperreactive?! and furthermore that residual platelet activity
from these platelets can negatively affect outcome?2*. Further
investigations are needed to elucidate how acute changes in
platelet count post PCI with bivalirudin as the procedural anti-
coagulant occur and how this can affect short- and long-term

outcomes.

Limitations

The present study has a number of important limitations. First,
although we believe our findings are robust, the low incidence
of severe thrombocytopaenia posed a statistical challenge and,
to remedy this, moderate and severe thrombocytopaenia patients
needed to be grouped together. Second, although our popula-
tion of patients receiving only bivalirudin was unselected, they
largely comprised a cohort of stable patients. Third, although
we used multivariate analysis to adjust for confounding varia-
bles, unmeasured variables could affect the relationship between
thrombocytopaenia and long-term mortality. As the cause of
death was not available, only all-cause mortality was presented.
Fourth, no data were available on long-term medical therapy or
drug discontinuation. Fifth, this is a single-centre study. Patients
who re-presented to our institution with the defined adverse
events post PCI were captured in the follow-up. As such, com-
pleteness of follow-up cannot be determined. Sixth, the current
study examined the effects of baseline thrombocytopaenia and
early changes in the platelet counts on short- and long-term out-
comes and did not take into account changes in platelets that
might have occurred during the follow-up period. Finally, our
study is observational in design. Despite these limitations, we
conclude that moderate to severe baseline and acquired thrombo-
cytopaenia along with severe changes in platelet counts, among
patients undergoing PCI with bivalirudin, are associated with
higher long-term mortality.

Platelet counts and prognosis post bivalirudin PCI

Impact on daily practice

Bivalirudin as the procedural anticoagulant in PCI has been
reported to cause lower rates of acquired thrombocytopaenia.
This study of a large cohort of patients undergoing PCI in a real-
world setting shows that mild acquired thrombocytopaenia is
also common with the sole use of bivalirudin and is associated
with adverse short-term clinical outcomes. Moreover, moderate
to severe baseline and acquired thrombocytopaenia in patients
treated with bivalirudin are predictors of worse long-term out-
comes. Therefore, practical approaches other than bivalirudin
monotherapy should be considered in patients with moderate to
severe thrombocytopaenia undergoing PCI to reduce the risk of

bleeding and adverse clinical outcomes.
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