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Background: Thrombocytopenia Hypothesis: intra-aortic balloon pump (IABP)-associated thrombocytopenia
is not associated with an increased risk of major bleeding or in-hospital death. Thrombocytopenia is a
common adverse effect of the IABP. However, the clinical implications of IABP-associated thrombocytopenia
are unknown.
Methods: We assessed the incidence and predictors of thrombocytopenia, and the association between
thrombocytopenia and relevant clinical end points, using prospectively collected data on 252 consecutive
patients undergoing IABP in a single coronary care unit (CCU).
Results: Anticoagulation with intravenous heparin was administered to 182 patients (72%). Baseline platelet
counts were 232 000 ± 96 000 mL, decreased to 154 000 ± 74 000 mL at day 3, and recovered to baseline by
day 8. Thrombocytopenia (nadir <150 000 mL or >50% reduction from baseline) occurred in 109 patients
(43%), with a similar incidence among patients who received heparin and those who did not (45% vs 40%,
P = 0.5). Independent predictors of thrombocytopenia were lower body weight, cardiogenic shock, and
duration of IABP support. The incidence of both major bleeding and in-hospital death were higher among
patients who developed thrombocytopenia than among those who did not (13.8% vs 4.2%, P = 0.01 and 28%
vs 16%, P = 0.02, respectively). However, after controlling for confounding variables, thrombocytopenia was
not an independent predictor of either major bleeding (odds ratio [OR]: 2.2, 95% confidence interval [CI]:
0.8–6.4, P = 0.1) or in-hospital death (OR: 1.5, 95% CI: 0.8–2.9, P = 0.3).
Conclusions: Among patients undergoing IABP in the CCU, thrombocytopenia is generally mild, appears to
be unrelated to concomitant heparin use, and is not associated with an increased risk of major bleeding or
in-hospital death.

Introduction
Intra-aortic balloon pump (IABP) counterpulsation is used
commonly for cardiac support in the coronary care unit
(CCU). The most frequent adverse effect of IABP is throm-
bocytopenia, which has been reported to occur in 47%
to 82% of patients.1–3 Recently, a large multinational reg-
istry of patients with acute coronary syndromes reported
that the development of thrombocytopenia, irrespective of
cause, was associated with a substantial increase in the
risk of major bleeding and in-hospital death.4 However,
there are few published data regarding the risk of bleeding
and other clinical outcomes among patients with IABP-
associated thrombocytopenia. Further, as previous reports
have been limited to patients receiving adjunctive intra-
venous heparin, they have been unable to distinguish
between IABP effects and heparin effects on the platelet
count.1–3,5
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Based on these considerations, we examined the rela-
tionship between IABP-associated thrombocytopenia and
the risk of major bleeding and in-hospital death in a
well-characterized, prospective cohort of patients under-
going IABP in a single CCU. In addition, because our CCU
policy allows for many patients undergoing IABP to forego
heparin treatment, we analyzed whether IABP-associated
thrombocytopenia was related to IABP alone, to treatment
with intravenous heparin, or both.

Methods
Study Population and Treatment

The institutional review board for human research at the
Washington Hospital Center approved the data analysis
plan. Data were collected prospectively for consecutive
CCU patients who underwent IABP between September
2006 and November 2007. For patients who underwent
IABP on more than one occasion during this period,
only the first treatment was analyzed. From September
2006 to March 2007, all patients undergoing IABP were
treated with intravenous unfractionated heparin utiliz-
ing a standard weight-based dosing algorithm targeting
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a partial thromboplastin time (PTT) of 1.5–2.5× nor-
mal while the IABP catheter was in place. From April
2007 onward, patients undergoing IABP were not given
heparin unless another primary indication for systemic
anticoagulation was present. These indications included
unrevascularized acute coronary syndrome (ACS), large
anterior myocardial infarction (MI), left ventricular throm-
bus, atrial fibrillation or flutter, mechanical prosthetic heart
valve, and recent or current venous thromboembolism.
We have previously reported the results of a compari-
son between these heparin strategies in this same patient
cohort.6

Percutaneous IABP catheter insertion was performed by
experienced interventional cardiologists in the catheteriza-
tion laboratory under fluoroscopic guidance. All patients
received either the Linear 7.5 French (Fr) intra-aortic bal-
loon catheter (34 cc or 40 cc; Datascope, Farfield NJ) or
the Fidelity 8 Fr intra-aortic balloon catheter (34 cc or
40 cc; Datascope) via the femoral artery through a com-
patible sheath. Catheter selection was determined by the
interventional cardiologist based on patient size and clinical
judgment. Patients were transferred to the CCU immediately
after completion of the interventional procedure. Duration
of IABP treatment was determined by the attending CCU
physician based on the clinical and hemodynamic status of
the patient.

Platelet Counts

Platelet counts were obtained at intervals determined by the
treating physician, but at least once daily. The baseline
platelet count (day 0) was defined as the last platelet
count prior to initiation of IABP (all were within the
preceding 24 h). Platelet counts were analyzed until the
patient died or was discharged from the hospital, or until
9 days had elapsed since the initiation of IABP. Testing for
heparin-induced thrombocytopenia (HIT) was performed
based on clinical suspicion, using a solid phase enzyme-
linked immunosorbent assay for the detection of platelet
factor 4 heparin-dependent antibodies (GTI Diagnostics,
Waukesha, WI).

Thrombocytopenia was defined as a platelet count
<150 000 mL or a 50% or greater reduction in platelet
count from baseline. Major bleeding was defined as
intracranial hemorrhage or any clinically apparent bleeding
that required blood transfusion or surgical intervention.
In-hospital death from any cause was also assessed.

Statistical Analysis

Categorical variables are presented as percentages and con-
tinuous variables as mean ± standard deviation. Between-
group comparisons were made using t tests, χ2 tests, or
Fisher exact tests, as appropriate. Separate multivariate
logistic regression analyses were used to assess the inde-
pendent relationship between baseline factors and the end

points of thrombocytopenia, major bleeding, and in-hospital
death. A 2-sided P value <0.05 was considered to represent
statistical significance.

Results
Patient Characteristics and Treatment

There were 252 consecutive patients treated with IABP
over the 15 month observation period (Table 1). The mean
age was 63 years, 35% were female, and the mean ejection
fraction (EF) was 35%. The primary diagnosis was ACS in
70% of patients (including ST-segment elevation myocardial
infarction in 45%), refractory tachyarrhythmia (9%), acute or
chronic cardiomyopathy (11%), stable coronary artery dis-
ease (2%), and other (8%). Indications for IABP were: support
during catheterization/percutaneous coronary intervention
(PCI; 49%), cardiogenic shock (45%), refractory ischemia
(4%), mechanical complication of MI (1%), mechanical com-
plication of infective endocarditis (1%), and other (<1%).
Catheter size was 8 Fr in 34% of patients and 7.5 Fr in
66% of patients. The mean duration of IABP support was
1.8 ± 1.6 days (range, 0.1–10.9 d). Antiplatelet treatment
included aspirin in 85% of patients, clopidogrel in 71% of
patients, and eptifibatide in 18% of patients.

In keeping with the CCU policy in place during the
early study period, the first 102 patients all received
intravenous unfractionated heparin throughout their treat-
ment with IABP. In the later study period, 80 patients
had 1 or more primary indications for anticoagulation
and received heparin and 70 patients received no hep-
arin. Therefore, in the overall study cohort, 182 patients
received heparin (72%) and 70 patients (28%) did not. Base-
line characteristics, including duration of IABP support
(1.9 ± 1.6 vs 1.6 ± 1.4 d, P = not significant), were sim-
ilar among those who did and did not receive heparin,
although as expected those treated with heparin were
more likely to have a diagnosis of ACS (74% vs 60%,
P = 0.04) and have a lower EF (34% ± 16% vs 40% ± 16%,
P = 0.005).

Platelet Counts

The mean baseline platelet count was 232 000 ± 96 000 mL
(range, 25 000–739 000). In the overall group, the platelet
count began to decrease immediately after initiation of
IABP, and continued to decline through day 3. The
mean nadir platelet count was 154 000 ± 74 000 mL (range,
15 000–547 000), resulting in a mean reduction from base-
line of 33% ± 24% (Figure 1). Thrombocytopenia developed
in 109 patients (43%), among whom 101 patients (93%) had
a nadir platelet count <150 000 mL. Thrombocytopenia was
generally mild, with a nadir platelet count <100 000 mL
in 78 patients (31%), <50 000 mL in 18 patients (7%), and
<10 000 mL in 0 patients (0%). After day 3 the platelet count
progressively increased, returning to baseline by day 8 and
surpassing the baseline count on day 9 (Figure 1). With
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Clinical Investigations continued

Table 1. Baseline Characteristics

Characteristic
Overall

(n = 252)
Thrombocytopenia

(n = 109)
No Thrombocytopenia

(n = 143) P Value

Age (yrs) 63 ± 14 64 ± 15 61 ± 13 0.1

Female, (%) 35 46 27 0.002

White, (%) 58 59 57 0.8

Weight (kilograms) 86 ± 22 81 ± 18 91 ± 24 <0.001

Heart rate (beats per minute) 87 ± 20 90 ± 20 84 ± 19 0.04

Systolic blood pressure (mm Hg) 117± 26 115 ± 29 118 ± 23 0.5

Diastolic blood pressure (mm Hg) 68 ± 16 65 ± 15 70 ± 16 0.2

History of:

Smoking, (%) 30 23 35 0.04

Hypertension (%) 60 60 59 1.0

Diabetes mellitus, (%) 22 26 20 0.2

End-stage renal disease, (%) 5 7 4 0.2

Coronary artery disease, (%) 34 28 39 0.1

CABG, (%) 8 9 8 0.7

PCI, (%) 21 15 25 0.04

PAD, (%) 7 9 5 0.2

Diagnosis:

ACS, (%) 70 67 72 0.4

STEMI, (%) 45 46 45 0.9

Ejection fraction (%) 35 ± 16 33 ± 16 37 ± 16 0.09

Indication for IABP (%) 0.002

Support during catheterization/PCI 49 38 57

Cardiogenic shock 45 59 35

Refractory ischemia 4 3 5

Mechanical complication of MI 1 0 1

Mechanical complication of infective endocarditis 1 1 1

Other 0 0 1

IABP catheter diameter (%) 0.2

8 Fr 34 30 38

7.5 Fr 66 70 62

Abbreviations: CABG, Coronary artery bypass grafting; PCI, percutaneous coronary intervention; PAD, peripheral arterial disease; ACS, acute coronary
syndrome; STEMI, ST-segment elevation myocardial infarction; MI, myocardial infarction; IABP, intra-aortic balloon pump.
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Figure 1. Platelet count as a percentage of baseline ± standard error.

Figure 2. Platelet count as a percentage of baseline ± standard error
according to intra-aortic baloon pump (IABP) duration.

increasing duration of IABP, the magnitude and duration of
the reduction in platelet count increased (Figure 2).

Baseline characteristics of patients who did and did
not develop thrombocytopenia are presented in Table 1.
Patients who developed thrombocytopenia were more likely
to be female, have a lower body weight, and have a higher
heart rate, and were less likely to be smokers or have a
history of PCI. Cardiogenic shock was significantly more
likely to be the indication for IABP among patients who
developed thrombocytopenia than among those that did
not (59% vs 35%, P < 0.001). The mean duration of IABP
was significantly greater among patients who developed
thrombocytopenia than among those who did not (2.2 ±
1.7 days vs 1.5 ± 1.4 days, P < 0.001). On multivariate
analysis, independent predictors of the development of

Figure 3. Platelet count as a percentage of baseline ± standard error
according to heparin use.

thrombocytopenia were lower body weight, cardiogenic
shock, and longer duration of IABP support (Table 2).

The mean nadir platelet count was similar among
patients who were and were not treated with intravenous
unfractionated heparin (154 000 ± 78 000 mL vs 149 000 ±
68 000 mL, P = 0.6). In addition, the mean percent reduction
in the platelet count from baseline was similar in the 2 groups
(34% ± 24% vs 30% ± 24%, P = 0.2; Figure 3). The proportion
of patients who developed thrombocytopenia was similar
among those treated with heparin and those who were not
(45% vs 40%, P = 0.5). When forced into the multivariate
model, heparin use was not independently associated with
the development of thrombocytopenia (odds ratio [OR]: 1.3,
95% confidence interval [CI]: 0.7–2.4, P = 0.4).

Testing for Heparin-induced thrombocytopenia (HIT)
based on clinical suspicion was performed in 53 patients
(21%) and laboratory evidence of HIT was detected in
11 patients (4%). The mean percent reduction in the
platelet count from baseline was greater among patients
with laboratory evidence of HIT than among those without
(53% ± 22% vs 38% ± 22%, P = 0.03). In-hospital mortality
was similar among patients with and without laboratory
evidence of HIT (27% vs 21%, P = 0.5).

Clinical Outcomes

Major bleeding occurred in 21 patients (8.3%). The inci-
dence of major bleeding was higher among patients who
developed thrombocytopenia than among those who did not
(13.8% vs 4.2%, P = 0.01). Furthermore, the risk of major
bleeding tended to be highest among patients with the
most severe degree of thrombocytopenia (Table 3). How-
ever, on multivariate analysis, thrombocytopenia was not
independently associated with major bleeding (OR: 2.2, 95%
CI: 0.8–6.4, P = 0.1). The only independent predictor of
major bleeding was duration of IABP support (OR [per
day]: 1.5, 95% CI: 1.2–1.9, P = 0.001).
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Clinical Investigations continued

Table 2. Multivariate Predictors of Thrombocytopenia

Characteristic Odds Ratio Lower 95% CI Upper 95% CI P Value

Weight (per kilogram) 0.98 0.97 1.00 0.01

Duration of IABP (per day) 1.3 1.0 1.5 0.02

Cardiogenic shock 2.0 1.1 4.0 0.04

IABP, Intra-aortic balloon pump.

Table 3. Clinical End Points According to Nadir Platelet Count

End Point Nadir Platelet Count (1000 mL) P Value for Trend

<50
(n = 18)

50–<100
(n = 60)

100–<150
(n = 81)

>150
(n = 93)

Major bleeding (n,%) 4 (22) 6 (10) 4 (5) 7 (8) 0.1

In-hospital death (n,%) 9 (50) 17 (28) 14 (17) 14 (15) 0.004

In-hospital death occurred in 54 patients (21%). In-
hospital death was more common among patients who
developed thrombocytopenia than among those who did
not (28% vs 16%, P = 0.02). Furthermore, the risk of
in-hospital death was higher among patients exhibiting
the most severe degree of thrombocytopenia (Table 3).
However, on multivariate analysis, thrombocytopenia was
not independently associated with in-hospital death (OR:
1.5, 95% CI: 0.8–2.9, P = 0.3). Independent predictors of
in-hospital death were a history of end-stage renal disease
(OR: 3.6, 95% CI: 1.0–12.9, P = 0.049) and diabetes mellitus
(OR: 2.5, 95% CI: 1.2–5.2, P = 0.01).

Discussion
IABP was developed in 1962,7 and clinical use of this device
was first reported in 1968.8 Percutaneous insertion was
described by Bregman et al in 1980, allowing for widespread
use.9 Thrombocytopenia has long been known to be an
adverse effect of IABP, but the published literature on this
topic is quite limited.1–3,5 The 2 most recently published
studies, reported 10 years apart, yielded remarkably similar
results using the same definition of thrombocytopenia as
the present analysis. Vonderheide et al performed a
prospective study of 58 CCU patients treated with IABP
and 51 control patients without IABP. Thrombocytopenia
developed in 47% of IABP patients compared with 12% of
non-IABP patients (P < 0.01). In the IABP group, the mean
reduction from baseline was 37% and the nadir platelet
count was reached on day 4.2 Bream-Rouwenhorst et al,
in a retrospective cohort study involving 107 CCU patients
undergoing IABP, reported the development of thrombo-
cytopenia in 58% of patients. The mean reduction from
baseline was 40% and the nadir count was reached on day
3.1 Our study confirms these findings in a significantly

larger patient population. Among 252 consecutive CCU
patients undergoing IABP, we found that platelet counts
began to fall immediately after IABP insertion, continued
to fall through day 3, and thereafter increased until at
day 9 the platelet count exceeded the baseline count. The
mean maximum percent reduction in platelet count from
baseline was 33% and the incidence of thrombocytopenia
was 43%.

Also similar to previous data, we detected HIT in a small
percentage of IABP patients who were receiving heparin.1,10

As in the study by Bream-Rouwenhorst et al, we found that
the degree of platelet count reduction was greater among
patients with HIT than among those without HIT.1 Because
of the important clinical implications of this diagnosis,
this finding suggests that IABP patients who are receiving
heparin and who have a marked reduction in platelet count
(>50%) should be considered for HIT testing.

Beyond confirming the results of prior studies in a larger
patient cohort, the present study provides important new
insights with respect to IABP-associated thrombocytopenia.
First, since the introduction of IABP, systemic anticoagula-
tion with intravenous heparin has been considered standard
adjunctive therapy in patients undergoing IABP with the
intent of reducing the incidence of limb ischemia.11 In each
of the prior studies, therefore, all patients were treated with
heparin while undergoing IABP treatment. As heparin can
lead to thrombocytopenia via both immunogenic and non-
immunogenic mechanisms,12 it was not possible for these
studies to distinguish between heparin effects and IABP
effects. To our knowledge, ours is the first study to report
on the effect of IABP on platelet counts in a substantial cohort
of patients who were not treated with heparin. Among 70
patients undergoing IABP without heparin anticoagulation,
the tempo and degree of platelet count reduction was similar
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to that seen among patients receiving heparin anticoagula-
tion. Further, on multivariate modeling, heparin use was not
an independent predictor of thrombocytopenia. In conjunc-
tion with previous data demonstrating that the reduction
in platelet count among patients undergoing IABP is inde-
pendent of the use of clopidogrel and glycoprotein IIb/IIIa
inhibitors,1 it becomes clear that this phenomenon is largely
a result of the mechanical effects of IABP.

More importantly, no previous study has systematically
investigated the clinical implications of IABP-associated
thrombocytopenia. In our study, we prospectively collected
data with respect to the key end points of major bleeding and
in-hospital death. Although the incidence of major bleeding
was substantially greater among patients who developed
thrombocytopenia (13.8% vs 4.2%), after controlling for
patient differences—particularly the duration of IABP sup-
port—thrombocytopenia was not significantly associated
with this end point. Although this might be considered a
surprising negative finding, it likely relates to the relatively
mild degree of thrombocytopenia seen in this patient popula-
tion. That the duration of IABP support was an independent
predictor of both thrombocytopenia and major bleeding
likely relates to the correlation between duration of IABP
support and both the severity of illness and the duration of
heparin treatment. Similarly, although in-hospital death was
more common among IABP patients who developed throm-
bocytopenia than among those who did not (28% vs 16%),
thrombocytopenia was not an independent predictor of in-
hospital death. Taken together, these findings suggest that
IABP-associated thrombocytopenia is not a major clinical
problem and should not necessarily prompt discontinuation
of IABP support or important adjunctive medications.

Our findings in patients undergoing IABP should also
be considered in light of previous reports regarding
thrombocytopenia in patient populations with acute car-
diac disease but without IABP. For example, among a
very large cohort of patients with ACS the Global Reg-
istry of Acute Coronary Events (GRACE) investigators
found that thrombocytopenia was independently associ-
ated with a large increase in the risk of both major
bleeding (OR: 3.39) and in-hospital death (OR: 2.10).
Findings were similar after exclusion of patients with diag-
nosed HIT or glycoprotein-associated thrombocytopenia.4

Importantly, however, thrombocytopenia in the GRACE
study population was due to a variety of etiologies and fewer
than 3% of patients underwent IABP. Furthermore, the defi-
nition of thrombocytopenia used in the GRACE analysis was
a nadir platelet count <100 000 mL, as compared with the
more liberal definition used in the present study. Therefore,
it appears that severe thrombocytopenia related to systemic
factors indicates a much higher risk of adverse outcomes,
whereas relatively modest thrombocytopenia related to a
mechanical factor (ie, IABP) does not.

Our analysis has certain limitations that require
consideration. First, although larger than previous studies,

the number of patients analyzed was relatively small. This
limited our statistical power and resulted in relatively wide
confidence intervals around the point estimates in our mul-
tivariate analyses. Second, HIT testing was not performed
routinely; therefore we cannot exclude the possibility that
this condition was responsible for thrombocytopenia in
additional patients. Finally, we studied only patients under-
going IABP in the CCU setting. Further research is required
to confirm our results among patients undergoing IABP in
other patient populations such as those undergoing cardiac
surgery, where the implications of thrombocytopenia might
be more pronounced.

Conclusions
Thrombocytopenia is a common adverse effect of IABP that
appears to be primarily related to mechanical factors and not
to concomitant treatment with heparin. Thrombocytopenia
occurring in the setting of IABP is generally mild and is not
significantly associated with major bleeding or in-hospital
death. These findings suggest that IABP-associated throm-
bocytopenia should not necessarily prompt discontinuation
of IABP support or important adjunctive medications.
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