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Baseline thrombocytopenia was reported as a risk factor for bleeding or mortality in sev-
eral medical areas, particularly in the cardiovascular field. This study aimed to assess the
prognostic value of baseline thrombocytopenia in patients who had transcatheter aortic
valve implantation. This study included 2,588 patients from the Optimized Catheter valvu-
lar intervention Japanese multicenter registry. Thrombocytopenia was defined as platelet
count of <150£ 109/L and was classified into moderate/severe (<100£ 109/L) and mild
(3100-<150£ 109/L). At 3 years after index procedure, the moderate/severe thrombocy-
topenia group had a significantly higher cumulative composite late bleeding than the no
thrombocytopenia group (log-rank test, p < 0.0001). Moreover, the moderate/severe
thrombocytopenia group had a significantly higher cumulative all-cause, cardiovascular,
and noncardiovascular mortality rates than the no thrombocytopenia group (log-rank
test, p < 0.0001, p = 0.0014, p < 0.0001, respectively). After adjusting for confounders, the
excess risk of moderate/severe and mild thrombocytopenia relative to no thrombocytope-
nia for the composite bleeding remained significant (hazard ratio 2.66: [95% confidence
interval: 1.35 to 4.88], p = 0.006 and hazard ratio 2.10: [95% confidence interval: 1.36 to
3.21], p = 0.001, respectively). In conclusion, baseline thrombocytopenia was associated
with an increased risk of late bleeding and poor prognosis. Baseline platelet level could be
a prognostic marker for risk stratification. © 2020 Elsevier Inc. All rights reserved. (Am
J Cardiol 2021;141:86−92)
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Transcatheter aortic valve implantation (TAVI) is a safer
therapeutic option in symptomatic patients with severe aor-
tic stenosis (AS) who cannot undergo surgery or who have
high, intermediate, or even low surgical risk.1−4 Thrombo-
cytopenia is a common abnormality found in routine blood
tests, particularly in elderly patients.5 Baseline thrombocy-
topenia has been reported as a major risk factor in patients
with ischemic heart disease.6,7 The impact of preexisting
thrombocytopenia on clinical outcomes in patients who
underwent TAVI has not been fully investigated. Therefore,
the impact of baseline thrombocytopenia on long-term clin-
ical outcomes, including bleeding events and mortality after
TAVI, was investigated using a large multicenter registry
data.
Methods

The data of 2,588 patients with severe AS available from
the OCEAN (Optimized transcatheter valvular intervention)
registry were evaluated. The OCEAN registry is an ongo-
ing, multicenter prospective registry of patients who under-
went TAVI for severe AS in 14 Japanese institutions, 8,9

and the current data was reported from October 2013 to
May 2017. This trial is registered with the University Hos-
pital Medical Information Network (UMIN000020423).
Patients’ inclusion criteria have been previously reported.10

This study protocol was approved by the ethics committee
in each hospital. Before the procedure, a written informed
consent was obtained from all patients included in this
study. The study population was categorized into 3 groups
based on the baseline platelet count according to the previ-
ous reports, including high bleeding risk definition by the
Academic Research Consortium7,11: no thrombocytopenia
(platelet count, <150£ 109/L), mild thrombocytopenia
(platelet count, 100 to 150£ 109/L), and moderate/severe

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2020.11.017&domain=pdf
ctgov:UMIN000020423
mailto:blad.wunderbar@gmail.com
www.ajconline.org
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thrombocytopenia (platelet count, <100£ 109/L). The pri-
mary outcome measure of this study was late bleeding
events (a composite of life-threatening or major bleeding)
defined based on the Valve Academic Research Consor-
tium-2 (VARC-2) criteria.12 The bleeding events during the
index procedure were excluded from the primary outcome
measure. The secondary outcome measures were all-cause,
cardiovascular, and non-cardiovascular deaths. The causes
of death were classified according to the VARC-2 defini-
tions. 12 Categorical variables were shown as number and
percentage and were compared using the chi-square test.
Continuous variables were expressed as mean and standard
deviation or median and interquartile range and were com-
pared using ANOVA or the Kruskal−Wallis test according
Table 1

Baseline characteristics

Variables Overall (n = 2,588) None (n

Baseline platelet count (109/L)* 177 (142−215) 199 (17

Age (years) 84.4 § 5.2 84.3

>=85*,y 1,337 (51.7%) 916 (5

Woman*,y 1,793 (69.3%) 1,287 (

Body mass index (kg/m2) 22.2 § 3.6 22.2

<25*,y 2,067 (79.9%) 1,442 (

Body surface area (m2) 1.43 § 0.17 1.43 §
NYHA class 3/4*,y 1,321 (51.0%) 904 (5

Peripheral artery disease*,y 377 (14.6%) 258 (1

Prior myocardial infarctiony 168 (6.5%) 109 (

Coronary artery disease 954 (36.9%) 652 (3

Proximal LAD or LMT lesiony 141 (5.4%) 99 (5

Prior cerebrovascular eventy 301 (11.6%) 203 (1

Prior coronary artery bypass grafting 169 (6.5%) 98 (9

Diabetes mellitus 555 (21.5%) 362 (2

Insulin therapy*,y 75 (2.9%) 49 (2

Hypertensiony 1,990 (76.9%) 1,390 (

Chronic atrial fibrillation*,y 248 (9.6%) 160 (

Chronic obstructive pulmonary diseasey 385 (14.9%) 268 (1

Chronic kidney disease*,y 1,809 (70.0%) 1,239 (

Liver disease*,y 76 (2.9%) 23 (1

Active cancer*,y 124 (4.8%) 75 (4

Logistic Euro SCORE (%) 12.8 (8.4−20.9) 12.8 (8.

EuroSCORE II (%) 3.7 (2.3−6.0) 3.6 (2.

Society of Thoracic Surgeons score (%) 6.6 (4.5−9.5) 6.5 (4.

Laboratory data

Creatinine (mg/dl) 0.91 (0.73−1.18) 0.89 (0.7

Estimated glomerular filtration rate (ml/min) 51.4 § 19.4 52.3 §
Hemoglobin (g/dl) 11.3 § 1.7 11.3

Anemia (Hemoglobin <11g/dl)y 1,140 (56.0%) 761 (4

white blood cell count (mL) 5,645 § 1,941 5,904 §
Echocardiographic data

Left ventricular ejection fraction (%) 59.2 § 12.7 59.4 §
Aortic valve area (cm2) 0.63 § 0.17 0.64 §
Indexed aortic valve area (cm2/m2) 0.44 § 0.12 0.45 §
Peak aortic velocity (m/sec) 4.6 § 0.79 4.5 §
Mean gradient (mmHg) 50.6 § 18.2 49.7 §
Aortic regurgitation3 moderate 274 (10.5%) 187 (1

LAD=left anterior descending coronary artery, NYHA=New York Heart Assoc

Data were shown as n (%), mean§SD, or median (IQR).

Baseline platelet count is measured just before index TAVR procedure.

* 10 variables incorporated into the multivariable analysis as the parsimonious m
y 16 variables incorporated into the multivariable analysis as the full-adjusting m
to the distribution. Cumulative incidences were calculated
using the Kaplan−Meier method and were compared using
the log-rank test. The risks of mild thrombocytopenia and
moderate/severe thrombocytopenia, respectively, relative
to no thrombocytopenia (reference) for clinical outcome
measures were estimated using the Cox proportional hazard
models and were expressed as hazard ratios (HRs) and their
95% confidence intervals (CIs). A dummy code was used
for mild thrombocytopenia and moderate/severe thrombo-
cytopenia to estimate the HRs relative to no thrombocyto-
penia in the models. The 16 clinically relevant factors listed
in Table 1 were included as the risk-adjusting variables in
the multivariable Cox proportional hazard models. Parsi-
monious models were also constructed with the 10
Thrombocytopenia

= 1,805) Mild (n = 620) Moderate/severe (n = 163) p value

4−233) 131 (120−140) 84 (70−92) <0.0001
§ 5.2 84.9 § 5.0 82.7 § 5.9 <0.0001
0.8%) 353 (56.9%) 68 (41.7%) 0.0009

71.3%) 397 (64.0%) 109 (66.9%) 0.0028

§ 3.7 22.3 § 3.6 21.7 § 3.3 0.24

79.9%) 487 (78.6%) 138 (84.7%) 0.22

0.17 1.44 § 0.18 1.43 § 0.16 0.45

0.1%) 323 (52.1%) 94 (57.7%) 0.15

4.3%) 95 (15.3%) 24 (14.7%) 0.82

6.0%) 45 (7.3%) 14 (8.6%) 0.3

6.1%) 252 (40.7%) 50 (30.7%) 0.03

.5%) 37 (6.0%) 5 (3.1%) 0.35

1.3%) 78 (12.6%) 20 (12.3%) 0.65

.2%) 56 (9.0%) 98 (5.4%) 0.003

0.1%) 150 (24.2%) 43 (26.4%) 0.03

.7%) 20 (3.2%) 6 (3.7%) 0.67

77.0%) 480 (77.4%) 120 (73.6%) 0.58

8.9%) 73 (11.8%) 15 (9.2%) 0.1

4.9%) 91 (14.7%) 26 (16.0%) 0.92

68.6%) 443 (71.5%) 127 (77.9%) 0.03

.3%) 19 (3.1%) 34 (20.9%) <0.0001

.2%) 29 (4.7%) 20 (12.3%) <0.0001
3−20.5) 13.0 (8.5−21.5) 14.4 (8.7−25.2) 0.08

3−5.8) 4.0 (2.5−6.1) 4.4 (2.3−8.4) 0.008

4−9.2) 6.6 (4.6−10.6) 7.3 (4.9−11.9) 0.005

2−1.15) 0.94 (0.74−1.26) 0.98 (0.82−1.35) <0.0001
19.4 50.0 § 19.1 45.8 § 19.4 <0.0001

§ 1.6 11.3 § 1.7 10.4 § 1.6 <0.0001
2.2%) 270 (43.6%) 109 (66.9%) <0.0001
1,902 5,190 § 1,717 4,431 § 2,375 <0.0001

12.6 59.2 § 12.6 57.6 § 13.9 0.36

0.17 0.62 § 0.18 0.62 § 0.17 0.006

0.12 0.43 § 0.12 0.44 § 0.12 0.0002

0.78 4.7 § 0.79 4.6 § 0.82 <0.0001
17.8 53.1 § 19.0 50.9 § 19.0 0.0003

0.4%) 70 (11.3%) 17 (10.4%) 0.81

iation.

odel for major bleeding events.

odel.
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clinically most relevant risk-adjusting variables listed in
Table 1, because of the small number of patients with out-
come. All statistical analyses were performed using JMP
ver 10.0 software (SAS Institute Inc., Cary, North Caro-
lina). All reported p values were 2 tailed, and p values
<0.05 were considered statistically significant.
Results

Baseline characteristics are shown in Table 1. In 2,588
patients in the entire cohort, patients with moderate/severe
thrombocytopenia, mild thrombocytopenia, and no throm-
bocytopenia were 163 (6.3%), 620 (24.0%), and 1,805
(69.7%), respectively (Figure 1). The baseline characteris-
tics significantly differed in the 3 groups. Patients with
moderate/severe thrombocytopenia were younger and more
often had a history of liver disease or active cancer
(Table 1). As regards laboratory data, patients with moder-
ate/severe thrombocytopenia had higher creatinine level
and anemia. Regarding procedural characteristics, patients
with moderate/severe thrombocytopenia had higher inci-
dences of acute kidney injury and red blood cell transfusion
than those with no or mild thrombocytopenia (Supplemen-
tal Table 1).

The cumulative 3-year incidence of the primary outcome
measure (a composite of life-threatening, disabling bleed-
ing, or major bleeding) increased with the increasing sever-
ity of thrombocytopenia (3.6%, 7.3%, and 14.1% in the no,
mild, moderate/severe thrombocytopenia groups, respec-
tively; p < 0.0001) (Figure 2 and Table 2). After adjusting
for confounders, the excess risk of moderate/severe and
mild thrombocytopenia relative to no thrombocytopenia for
the primary outcome measure remained significant (HR
2.66: [95% CI: 1.35 to 4.88], p = 0.006 and HR 2.10: [95%
CI: 1.36 to 3.21], p = 0.001, respectively, Table 2). No sig-
nificant differences were found in the cumulative 30-day
incidences of the primary outcome measure in the 3 groups
(1.8%, 1.5%, and 0.8%, respectively; log-rank p = 0.25,
Figure 3). Based on the landmark analysis at 30 days, the
patients with moderate/severe and mild thrombocytopenia
had significantly higher cumulative incidence of the pri-
mary outcome measure than those with no thrombocytope-
nia beyond 30 days (p < 0.0001, Figure 3).

The cumulative 3-year incidence of all-cause death also
increased with the increasing severity of thrombocytopenia
(23.2%, 27.0%, and 49.4% in the no, mild, moderate/severe
Figure 1. Study flowchart. TAVI = trans
thrombocytopenia groups, respectively; p < 0.0001)
(Figure 4A). After adjusting for confounders, the excess
mortality risk of moderate/severe thrombocytopenia rela-
tive to no thrombocytopenia remained significant (HR 1.79:
[95% CI: 1.31 to 2.40], p = 0.0003, Table 2), while the mor-
tality risk of mild thrombocytopenia relative to no thrombo-
cytopenia was attenuated (HR 1.24: [95% CI: 1.00 to 1.53],
p = 0.051, Table 2). After adjusting for confounders,
the excess noncardiovascular mortality risk of moderate/
severe thrombocytopenia relative to no thrombocytopenia
remained significant (HR 1.92: [95% CI: 1.31 to 2.76],
p = 0.001, Table 2).
Discussion

The key findings of this study were the following: (1)
moderate/severe and mild thrombocytopenia at baseline
had significantly higher risks for composite late bleeding
events (life-threatening, disabling bleeding, or major bleed-
ing) throughout the 3 years after index procedure (TAVI)
than no thrombocytopenia. Based on the landmark analysis,
no significant difference was found as regards bleeding
events within 30 days, although a significant difference was
found beyond 30 days. (2) Moderate/severe thrombocytope-
nia had significantly higher risk for all-cause and noncar-
diovascular deaths, which tend to be significant especially
in noncardiovascular death.

Although thrombocytopenia is a well-known risk factor
for bleeding, several bleeding risk criteria did not include
thrombocytopenia as a component. 13 However, the defini-
tion of high bleeding risk for patients who underwent percu-
taneous coronary intervention that was recently proposed
by the Academic Research Consortium for High Bleeding
Risk included moderate or severe thrombocytopenia as a
major criteria.7

In this study, in-hospital death and procedural bleeding
events (a composite of life-threatening, disabling bleeding,
or major bleeding) tended to be higher in the thrombocyto-
penia group (moderate/severe or mild), although no signifi-
cant difference was found in the 3 groups. Baseline
thrombocytopenia could affect in-hospital outcomes, such
as post procedural hemorrhage.14 The difference in the find-
ings between the previous study and our study was likely
owing to the smaller patient cohort in this study. Sannino
et al. reported that patients with baseline thrombocytopenia
(<100,000 cell/ml) who underwent TAVI was associated
catheter aortic valve implantation

www.ajconline.org


Figure 2. The cumulative incidence of the primary outcome measure (a

composite of life-threatening, disabling bleeding, or major bleeding).Mod/

Sev = moderate/severe
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with worse clinical outcomes, such as 30-day mortality (HR
13.18; 95% CI 4.49 to 38.64; p < 0.001) and 1-year mortal-
ity (HR 5.90; 95% CI 2.68 to 13.02; p < 0.001).15 Our find-
ings were consistent with these results as regards long-term
outcome; however, our findings were not consistent as
regards the 30-day mortality.

In this study, patients with thrombocytopenia (moderate/
severe and mild) received more red blood cell transfusion.
Red blood cell transfusion was reported to be significantly
associated with a higher 30-day mortality in patients with
acute coronary syndrome.16 Transfusion increases interleu-
kin-10 (an anti-inflammatory cytokine) concentration and
decreases tumor necrosis factor-a (an pro-inflammatory
cytokine) concentration. 17 This immunosuppressive effect
may predispose to infection.17 The immunomodulation
effect of blood transfusion might be linked to an adverse
outcome for the long-term period.

Another study revealed the association of thrombocyto-
penia with poor outcomes in patients with other cardiovas-
cular diseases.18,19 This study showed that patients with
thrombocytopenia died much more frequently from noncar-
diovascular diseases. TAVI could be safely performed even
in patients with thrombocytopenia; however, the noncardio-
vascular causes of TAVI were responsible for the majority
of later deaths in these patients. Thrombocytopenia itself is
not a marker of frailty,20 but from a broad perspective, it
may be an expression of frailty with respect to bone marrow
aging.13 The baseline thrombocytopenia could be a simple
surrogate marker of predicting poor outcomes after TAVI.

Atrial fibrillation is generally regarded as a risk factor
for mortality, especially cardiovascular mortality.21 Throm-
bocytopenia in patients with atrial fibrillation is associated
with an increased mortality as well as in patients with other
cardiovascular diseases.22 Thrombocytopenia in patients
with atrial fibrillation had a significantly higher bleeding
risk even if the severity of thrombocytopenia was mild
(platelet count, 100 to 150£ 109/L) and did not have higher
ischemic risk.23 In the current study, the excess risk of atrial
fibrillation for composite bleeding was not observed (Sup-
plemental Table 2); however, atrial fibrillation had a



Figure 3. The cumulative incidence of the primary outcome measure

within and beyond 30 days. Mod/Sev=moderate/severe
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significantly higher risk for all-cause death regardless of the
type of atrial fibrillation. The reason for the result of associ-
ation between atrial fibrillation and composite bleeding in
Figure 4. The cumulative incidence of all-cause death (A), cardiovascular de
this study was unclear. Bleeding risk factors, such as low
creatinine clearance, bleeding history, and low body
weight, should be taken into account when considering
antithrombotic therapy after TAVI in patients with throm-
bocytopenia and atrial fibrillation.

The optimal antithrombotic therapy after TAVI is still
under debate.24 Current guidelines recommend the use
of oral anticoagulation only for patients with transcath-
eter implanted bioprosthesis who have other indications
for anticoagulation.25,26 The result of the POPular TAVI
trial (Cohort B) support the recommendation. In patients
who underwent TAVI who were receiving oral anticoa-
gulation, oral anticoagulation alone was better than oral
anticoagulation plus clopidogrel in terms of serious
bleeding. 27 According to the result of the POPular
TAVI trial (Cohort A), the recommendation of antith-
rombotic therapy after TAVI for patients without an
established indication for anticoagulation therapy should
receive aspirin alone.28 In this study, patients with base-
line thrombocytopenia (particularly moderate/severe
thrombocytopenia) had a higher risk for late bleeding
events. In patients with thrombocytopenia, selecting the
ath (B), and non-cardiovascular death (C). Mod/Sev = moderate/severe

www.ajconline.org
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antithrombotic therapy and its intensity should be appro-
priately adjusted. In other words, patients who have
other indications for anticoagulation should receive anti-
coagulation only, and patients without an established
indication for anticoagulation therapy should receive
aspirin only in terms of optimizing the risk for late
bleeding.

This study has several limitations. First, the OCEAN
registry is not a randomized study; thus, the baseline
clinical characteristics have several differences. Second,
the serial change of platelet count is also significant; in
other words, the acquired thrombocytopenia after TAVI
is a typical phenomenon, although this study only
focused on the baseline platelet count. Third, the causes
of thrombocytopenia were not evaluated. Fourth, parsi-
monious and full-adjusting models were constructed for
multivariable adjustment. However, the number of late
bleeding events in this study was small; therefore, the
baseline oral medication was not included as a covari-
ate. Fifth, in this study, the red blood cell transfusion
was recorded, whereasplatelet transfusion was not
recorded. In conclusion, patients with both moderate/
severe thrombocytopenia at baseline had higher risks for
bleeding events and mortality.
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