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Background The present study aimed to compare the effectiveness and safety of low
molecular-weight-heparin (LMWH) and unfractionated heparin (UFH) in acute myocardial infarction (AMI) patients receiving intra-aortic balloon counterpulsation (IABP).
Materials and Methods We retrospectively analyzed a total of 344 patients receiving
IABP for cardiogenic shock, severe heart failure, ventricular septal rupture, or mitral
valve prolapse due to AMI. A total of 161 patients received UFH (a bolus injection 70
U/kg immediately after IABP, followed by infusion at a rate of 15 U/kg/hour and
titration to for 50 to 70 seconds of activated partial thromboplastin time. A total of 183
patients received LMWH (subcutaneous injection of 1.0 mg/kg every 12 hours for 5 to
7 days and 1.0 mg/kg every 24 hours thereafter). Events of ischemia, arterial thrombosis or embolism, and bleeding during IABP were evaluated. Major bleeding was
deﬁned as a hemoglobin decrease by >50 g/L (vs. prior to IABP) or bleeding that caused
hemodynamic shock or life-threatening or requiring blood transfusion.
Results Subjects receiving UFH and LMWH did not differ in baseline characteristics.
Ischemia was noted in ﬁve (3.1%) and two (1.1%) subjects in UFH and LMWH groups,
respectively. Arterial thromboembolism occurred in three (1.9%) subjects in the UFH
group, but not in the LMWH group. Logistic regression analysis failed to reveal an
association between ischemia or bleeding with heparin type. Major bleeding occurred
in 16 (9.9%) and six (3.3%) patients in the UFH and LWMH groups, respectively
(p ¼ 0.014). Regression analysis indicated that LMWH is associated with less major
bleeding.
Conclusion LMWH could reduce the risk of major bleeding in patients receiving IABP.
Whether LMWH could reduce arterial thromboembolism needs further investigation.

Introduction
Cardiogenic shock develops in up to 3% of patients with non-ST
elevation-acute coronary syndrome (NSTE-ACS), and in up to 6
to 10% of patients with ST segment elevation myocardial
infarction (STEMI) during hospitalization, representing a com-
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mon cause of in-hospital mortality in such patients.1,2 Intraaortic balloon counterpulsation (IABP) is a device commonly
used to assist the function of left ventricles in patients who
develop cardiogenic shock after acute myocardial infarction
(AMI).3 To minimize the likelihood of catheter-related
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thrombosis and embolism, anticoagulant(s) must be used—
typically with unfractionated heparin (UFH)—at an infusion rate
that maintains the activated partial thromboplastin time (aPTT)
within 50 to 70 seconds.4 Low-molecular-weight heparin
(LMWH, 4.5 kD) inhibits the Xa/IIa activity at a ratio of 1.5
to 4.0:1.0, as opposed to 1.0:1.0 for UFH. As a consequence,
LMWH has lower antithrombotic ability and less impact on
aPTT. Furthermore, LMWH has more desirable pharmacokinetic properties (almost complete absorption upon subcutaneous
injection and less protein binding), and thereby has a more
predictable dose–effect relationship.5 A meta-analysis of clinical trials, with a total of >49,000 ACS patients treated with
LMWH versus UFH, revealed a lower rate of major adverse
events (a composite outcome that included death, MI, and major
bleeding within 30 days) with enoxaparin in patients with
STEMI (odds ratio [OR]: 0.84, p ¼ 0.015).6 The ATOLL trial also
demonstrated the reduced death and recurrence of MI with
LMWH (relative to UFH).7
In the last decade, LMWH has been increasingly used for
hemodialysis and percutaneous coronary intervention (PCI).
Study results have indicated that LMWH does not increase
the risk of thrombosis and bleeding in patients receiving
PCI.8 In addition, LMWH has been proven to be safe for
patients receiving hemodialysis.9,10 However, no clinical
trial or retrospective study has convincingly shown that
LMWH is safe for patients receiving IABP. The present
retrospective analysis compared the effectiveness and safety
of LMWH versus UFH in patients receiving IABP.

Materials and Methods
Patients
The present study was conducted in accordance with the
Declaration of Helsinki and was approved by the ethics
committee of our hospital.
The initial review of medical records identiﬁed 420
patients receiving IABP for cardiogenic shock, serious heart
failure, or unstable hemodynamics due to AMI from January

Fig. 1 Flow chart of the present study.
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2008 to December 2015 (►Fig. 1). A total of 35 cases were
excluded from the data analysis due to coronary artery
bypass grafting during IABP. Furthermore, 41 patients
receiving heparin plus bivalirudin, glycoprotein IIb/IIIa
antagonists, or fondaparinux were also excluded. The ﬁnal
data analysis included 344 cases. The IABP (8F sheath tube,
34 or 40 cc; Datascope, CS100 type; Fairﬁeld, New Jersey,
United States) was implemented through the femoral artery
for all cases. A total of 161 patients, who were admitted from
January 2008 to December 2012, received UFH at a bolus
injection 70 U/kg immediately after IABP, followed by infusion at a rate of 15 U/kg/hour and titration for 50 to
70 seconds of aPTT.11 A total of 183 patients, who were
admitted from January 2013 to December 2015, received
LMWH (n ¼ 82 for enoxaparin; n ¼ 101 for nadroparin) using
the following scheme according to European Society of
Cardiology guidelines for AMI and ExTRACT-TIMI 25 trial:
subcutaneous injection of 1.0 mg/kg every 12 hours for 5 to
7 days, and 1.0 mg/kg every 24 hours thereafter. LMWH was
adjusted to 0.75 mg/kg for elderly subjects (75 years old),
and to once every 24 hours for subjects with an estimated
glomerular ﬁltration rate (eGFR) of 30 mL/min.

Deﬁnition
The diagnosis of AMI was established based on electrocardiogram (ECG) changes and/or cardiac enzyme proﬁles using
the fourth universal deﬁnition of myocardial infarction.12
Cardiogenic shock was established using the following criteria: signs of organ hypoperfusion (cool peripheries and
oliguria) plus one of the following: systolic blood pressure
90 mm Hg for at least 30 minutes, hypotension requiring
inotropic/vasopressor therapy at a heart rate 60/minute, or
cardiac index 2.21/minute/m2 on invasive monitoring.13
Hypertension was deﬁned as systolic blood pressure
140 mmHg and/or diastolic blood pressure 90 mm
Hg.14 Diabetes was established by fasting plasma glucose
126 mg/dL or 2-hour plasma glucose 200 mg/dL.15 Dyslipidemia was established by one or more of the following
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conditions: total cholesterol >200 mg/dL, low-density lipoprotein cholesterol >100 mg/dL, high-density lipoprotein
cholesterol <40 mg/dL, and triglycerides >150 mg/dL.16
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Table 1 Baseline characteristics
UFH
(n ¼ 161)

LMWH
(n ¼ 183)

p-Value

Measures of Primary Interest

Age (y)

66.2  8.7

64.5  11.8

0.119

The measures of primary interest included ischemia complication (limb ischemia and mesenteric ischemia) and bleeding
during IABP. For suspected cases, vascular ultrasonography was
performed to verify the arterial thrombosis and embolism.
Major bleeding was deﬁned as a hemoglobin decrease by
>50 g/L (vs. prior to IABP) or bleeding that caused hemodynamic shock, or life-threatening or requiring blood transfusion.
The hemoglobin and platelet count were recorded every day.

Female

53 (32.9%)

60 (32.8%)

0.979

Hypertension

67 (41.6%)

68 (37.2%)

0.398

Diabetes

106 (65.8%)

109 (59.6%)

0.230

Dyslipidemia

117 (72.6%)

144 (78.7%)

0.193

Current smoker

79 (49.1%)

93 (50.8%)

0.746

eGFR (mL/min)

54.3  18.5

58.4  26.9

0.099

Anterior MI

86 (53.4%)

94 (51.4%)

0.704

NSTEMI

19 (11.8%)

24 (13.1%)

0.713

Statistical Analysis
Continuous variables are presented as mean  standard deviation, and analyzed using Student’s t-test. Categorical
variables are presented in percentage, and analyzed using
Chi-square test. Multivariate logistic regression was conducted to examine the association of outcome measures
(e.g., major bleeding) with the following factors: age, gender,
history of hypertension and diabetes, cardiogenic shock,
IABP time (groups 72 hours and >72 hours), CRUSADE
score (groups 40 and >40), and heparin type. The p-value
<0.05 was considered statistically signiﬁcant.

Results
Baseline Characteristics of Patients
As shown in ►Table 1, there was no signiﬁcant difference
between the UFH group and LMWH group in terms of the
baseline characteristics. Five of the 161 patients receiving UFH
(3.1%) developed ischemia complication. Mesenteric artery
embolism was noted in two cases with abdominal pain as the
ﬁrst symptom and conﬁrmed using the computed tomography
angiography. Bilateral femoral artery thrombus was conﬁrmed
in one case. For the remaining two cases, the vascular ultrasonography did not reveal an arterial thromboembolism. Two of
the 183 subjects who received LMWH (1.1%) developed ischemia. However, the vascular ultrasonography failed to identify
the arterial thromboembolism in both cases.

Potential Factors Associated with Ischemia
The multivariate logistic regression analysis failed to reveal
an association between ischemia and heparin type (UFH vs.
LMWH); p ¼ 0.334, OR: 0.425, 95% conﬁdence interval [CI]:
0.075–2.415). Ischemia was not statistically associated with
IABP duration (OR: 0.636, 95% CI: 0.110–3.672; p ¼ 0.612)
and cardiogenic shock (OR: 0.603, 95% CI: 0.103–3.532;
p ¼ 0.575; ►Table 2).

The Association between Bleeding and Heparin Type
As shown in ►Tables 3–4, bleeding events (including minor
and major) occurred in 46 (28.6%) patients in the UFH group
and 40 (21.9%) patients in the LMWH group. The Chi-square
test did not reveal the statistical signiﬁcance between the
two groups (p ¼ 0.170; ►Table 3). The logistic regression
analysis failed to reveal an association between bleeding and

Cardiogenic shock

33 (20.5%)

41 (22.4%)

0.667

PCI

134 (83.2%)

151 (82.5%)

0.860

IABP duration (h)

106.1  76.8

100.3  47.2

IABP duration 72

77 (47.8%)

66 (36.1%)

0.415

IABP duration > 72

84 (52.2%)

117 (63.9%)

0.029a

CRUSADE score

44.1  11.0

41.7  15.5

CRUSADE
score 40

60 (37.3%)

87 (47.5%)

0.106

CRUSADE
score > 40

101 (62.7%)

96 (52.5%)

0.063

LVEF

49.0  13.3

51.2  14.1

0.138

Abbreviations: AMI, acute myocardial infarction; eGFR, estimated glomerular ﬁltration rate; IABP, intra-aortic balloon counterpulsation;
LMWH; low-molecular-weight heparin; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; NSTEMI, non-ST segment elevation
myocardial infarction; PCI, percutaneous coronary intervention; UFH,
unfractionated heparin.
a
p < 0.05.

Table 2 Complications results according to treatment group
during intra-aortic balloon counterpulsation
UFH
(n ¼ 161)

LMWH
(n ¼ 183)

p-Value
(Chi-square test)

Ischemia

5 (3.1%)

2 (1.1%)

0.259

Bleeding

46 (28.6%)

40 (21.9%)

0.170

Major
bleeding

16 (9.9%)

6 (3.3%)

0.014

Death in
hospital

37 (23.0%)

46 (25.1%)

0.705

Abbreviations: LMWH, low-molecular-weight heparin; UFH, unfractionated heparin.

heparin type (OR: 0.762, 95% CI: 0.460–1.264; p ¼ 0.292;
►Table 4). There was a statistically signiﬁcant association
between bleeding and IABP duration (OR: 2.047, 95% CI:
1.239–3.383; p ¼ 0.005). Major bleeding events occurred in
16 (9.9%) patients in the UFH group and six (3.3%) patients in
the LWMH group (►Table 4). The Chi-square test revealed a
statistically signiﬁcant difference (p ¼ 0.014; ►Table 3). The
use of LMWH was associated with less major bleeding (OR:
0.313, 95% CI: 0.118–0.835; p ¼ 0.020; ►Table 4).
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Table 3 Logistic regression analysis of potential factors
associated with ischemia
p-Value

OR

95% CI

Heparin type

0.334

0.425

0.075–2.415

IABP time
(groups 72 h
and >72 h)

0.612

0.636

0.110–3.672

Cardiogenic shock

0.575

0.603

0.103–3.532

Diabetes

0.972

1.033

0.162–6.579

Age

0.605

1.025

0.934–1.125

Female

0.486

0.543

0.097–3.033

Hypertension

0.548

1.729

0.290–10.286

Abbreviations: CI, conﬁdence interval; IABP, intra-aortic balloon counterpulsation; OR, odds ratio.

Table 4 Logistic regression analysis of any bleeding and major
bleeding
Any bleeding

Major bleeding

Heparin type

p ¼ 0.292
OR: 0.762
95% CI: 0.460–1.264

p ¼ 0.020
OR: 0.313
95% CI: 0.118–0.835

Cardiogenic
shock

p ¼ 0.115
OR: 0.624
95% CI: 0.346–1.122

p ¼ 0.087
OR: 0.438
95% CI: 0.170–1.127

IABP time
(groups 72 h
and >72 h)

p ¼ 0.005
OR: 2.047
95% CI: 1.239–3.383

p ¼ 0.364
OR: 1.151
95% CI: 0.620–3.683

Crusade score
(groups 40,
>40)

p ¼ 0.804
OR: 0.936
95% CI: 0.553–1.583

p ¼ 0.670
OR: 0.812
95% CI: 0.310–2.122

Abbreviations: CI, conﬁdence interval; IABP, intra-aortic balloon counterpulsation; OR, odds ratio.

The Hemoglobin and Platelet Count between
Unfractionated Heparin and Low-Molecular-Weight
Heparin Groups
As shown in ►Table 5, the hemoglobin level did not differ
between the two groups prior to IABP (130.9  21.9 and
131.0  21.0 g/L in the UFH and LMWH groups, respectively).
In both groups, the hemoglobin fell after IABP (113.8  22.4 and
115.1  21.8 g/L in the UFH and LMWH groups, respectively).
The platelet count did not differ between the two groups prior to
IABP (187.4  53.0  109/L vs. 196.3  40.4  109/L). The platelet count decreased after IABP in both groups
(144.6  62.7  109/L and 141.5  58.8  109/L).

Discussion
The present study involved patients with AMI, who were
planned for intra-aortic balloon pump insertion, and compared the clinical complications between the use of LMWH
and UFH. Leg ischemia is an important complication during
IABP, which rarely induces catastrophic consequences for
patients.17 In the present study, the rate of ischemia appeared
to be lower in patients who received LMWH (1.1 vs. 3.1% for
patients receiving UFH). However, the statistical comparison
did not reveal a signiﬁcant reduction (p ¼ 0.259; ►Table 3).
The regression analysis also failed to reveal the association of
ischemia with heparin type, IABP time, and cardiogenic shock
(►Table 2). Arterial thromboembolism was not conﬁrmed
with vascular ultrasonography in two of the ﬁve patients
who developed ischemia after receiving UFH, and both
patients developed ischemia after receiving LMWH. The reasons for this discrepancy remains unclear. Furthermore, low
blood ﬂow velocity or peripheral vascular disease was not
found by ultrasonography. Moreover, the microthrombus,
which was a probable cause, was not excluded.
The rate of any bleeding events did not differ between the
two groups. The IABP duration was an independent risk factor
for all bleeding events. However, the rate of major bleeding
events was signiﬁcantly lower in the LMWH group than in the
UFH group (p ¼ 0.014, ►Table 4). The principal ﬁnding of the
multivariate logistic regression analysis revealed that the use
of LMWH was associated with less major bleeding (OR: 0.313,
95% CI: 0.118–0.835; p ¼ 0.020). This result was different from
that of the ATOLL STEMI Treated With Primary Angioplasty and
Intravenous Lovenox or Unfractionated Heparin (UFH) (ATOLL)
trial. Major bleeding, as the primary composite endpoint, was
not signiﬁcantly reduced by LMWH (enoxaparin, p ¼ 0.79) in
the ATOLL trial. However, in the per-protocol analysis of the
ATOLL trial, and pertinent to >87% of the study population,
enoxaparin reduced the rate of major bleeding (relative risk
[RR]: 0.46, 95% CI: 0.21–1.01, p ¼ 0.050), which signiﬁcant
improved the net clinical beneﬁt (RR: 0.46, 95% CI: 0.3–0.74,
p ¼ 0.0002).18 A meta-analysis (including 23 trials and representing 30,966 patients) also revealed that enoxaparin is
associated with the reduction in the incidence of major
bleeding (0.80, 0.68–0.95; p ¼ 0.009).19 Another meta-analysis
that included 10 studies, which comprised of 16,286 patients
(with STEMI and received PCI), revealed that LMWH was
associated with the reduction in mortality (RR: 0.51, 95% CI:
0.41–0.64) and major bleeding (RR: 0.68, 95% CI: 0.49–0.94),
when compared with UFH, for patients who received PCI for
ST-elevated myocardial infarction.20 In the present study, the

Table 5 Hemoglobin and platelet count

UFH

Hemoglobin prior
to IABP (g/L)

Hemoglobin trough
during IABP (g/L)

Platelet prior to
IABP (109/L)

Platelet trough
during IABP (109/L)

p-Value

130.9  21.9

113.8  22.4

187.4  53.0

144.6  62.7

<0.01
<0.01

LMWH

131.0  21.0

115.1  21.8

196.3  40.4

141.5  58.8

p-Value

0.934

0.568

0.078

0.639

Abbreviations: IABP, intra-aortic balloon counterpulsation; LMWH, low molecular-weight heparin; UFH, unfractionated heparin.
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less major bleeding in the LMWH group was not associated
with lower mortality. One possible explanation is that patients
who frequently needed IABP had shock, heart failure, or
hemodynamic instability. Furthermore, the mortality rate of
these patients was higher when compared with that for
common STEMI patients. Therefore, IABP did not exhibit an
improvement in prognosis. Another explanation is that two
kinds of LMWH (enoxaparin and nadroparin) were used.
However, studies have indicated that there is no difference
between these two formulations in terms of bleeding and
preventing thromboembolism. More researchers have considered that enoxaparin can beneﬁt STEMI patients with less
bleeding, and that nadroparin performs well in preventing
venous thromboembolism.21 However, no study has determined which effect would be more beneﬁcial for STEMI
patients with IABP.
Another difference reported by previous studies is that the
CRUSADE score has been generally used to evaluate the
bleeding risk of ACS patients, and suggested this to be extended
for STEMI patients.22,23 In the present study, a high CRUSADE
score was not a risk factor of bleeding or major bleeding in AMI
patients with IABP. The rate of bleeding in the present study
(28.6% in the UFH group and 21.9% in the LMWH group) was
also higher when compared with the CRUSADE study. It was
considered that the main possible reason was that the use of
IABP (a continuous artery intubation device) may increase the
bleeding rate. In addition, this is also correlated to the small
sample size.
In 1968, IABP was ﬁrst used to support the circulation of
patients with cardiac shock.24 IABP simultaneously increases
coronary blood ﬂow and decreases myocardial oxygen
demand. Thus, this achieves the purpose of ameliorating the
ischemia and consequently enhancing the cardiac output.25
Regardless of the major success, thrombosis and hemorrhage
remains as the major issues.26,27 Previous studies have
revealed that multiple factors inﬂuence the development of
these complications in patients who received IABP, including
the catheter technique, the size of balloons, the duration of
balloon treatment, the age of patients, comorbidity, and the
use of antiplatelet/anticoagulant agents.28 With the increase in
use of 8F catheters, the risk of ischemia has been decreasing in
patients with IABP.29 However, bleeding remains as a signiﬁcant challenge. Merely few studies (one clinical trial and two
cohort studies) have attempted to establish the efﬁcacy and
safety of alternative agents to traditional UFH during IABP.30–32
The superiority of LMWH to UFH in preventing venous
thromboembolism and thrombosis in hemodialysis patients
has been established.33 It was also conﬁrmed that LMWH,
compared with UFH, led to signiﬁcantly less major bleeding in
STEMI patients with IABP in the present study.
Although more researches focused on the Impella and
extracorporeal membrane oxygenation (ECMO) in recent
years, IABP is the still ﬁrst choice for the patients with AMI
undergoing PCI or surgery because it is easier to use. A recent
study showed that in patients with AMI complicated by
cardiogenic shock, IABP and IMPELLA have no signiﬁcant
difference on the prognosis.25 ECMO can be a good substitute
for pulmonary circulation, but its effect on left ventricular
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assistance is limited. Some retrospective studies and small
size randomized studies also showed that the treatment
effect of Impella and ECMO was not signiﬁcantly better in
patients with cardiogenic shock compared with IABP.25,34–37
Our current study could also provide reference for the anticoagulation scheme of the IABP combined with ECMO treatment. Our further studies will more focus on the
anticoagulation scheme of IABP combined with ECMO,
Impella, and other ventricular assist devices.
There were some limitations in the present study. The Ddimer and ﬁbrinogen were not collected to assess the
propensity to develop thrombosis. In addition, two LMWH
formulations (enoxaparin and nadroparin) were used in the
present study. However, no difference was noted between
these two formulations in terms of bleeding and preventing
thrombelastometry.38–40 Due to small sample size, enoxaparin and nadroparin were not individually analyzed.
In summary, results of the present study suggest that
LMWH can lower the risk of major bleeding and does not
increase the risk of ischemia. Furthermore, the IABP time was
statistically signiﬁcant during bleeding events but was not
signiﬁcant during major bleeding events. LMWH is superior
in terms of safety and is equally effective to UFH for patients
receiving IABP for AMI. For these patients, further studies
with a larger sample size are needed to determine whether
LMWH can reduce the mortality and bring more beneﬁts.
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