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Percutaneous mechanical circulatory support
devices in high-risk patients undergoing
percutaneous coronary intervention

A meta-analysis of randomized trials
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Abstract \\\
Background: Percutaneous mechanical circulatory support devices (pMCSDs) are increasingly used on the assumption (but |
without solid proof) that their use will improve prognosis. A meta-analysis was undertaken according to the PRISMA guidelines to

evaluate the benefits of pMCSDs in patients undergoing high-risk percutaneous coronary intervention (hr-PCl).

Methods: We searched PubMed, EMbase, Cochrane Library, Clinical Trial.gov, and other databases to identify eligible studies.
Relative risks (RRs) and 95% confidence intervals (Cls) were calculated for 30-day and 6-month all-cause mortality rates, reinfarction,
and other adverse events using a random effect model.

Results: Sixteen randomized controlled trials (RCTs) were included in this study. In the pooled analysis, intra-aortic balloon pump
(IABP) was not associated with a decrease in 30-day and 6-month all-cause mortality (RR 1.01 95% CI 0.61-1.66; RR 0.88 95% Cl
0.66-1.17), reinfarction (RR 0.89 95% CI 0.69-1.14), stroke/transient ischemic attack (TIA) (RR 1.75 95% Cl 0.47-6.42), heart failure
(HF) (RR 0.54 95% CI 0.11-2.66), repeat revascularization (RR 0.73 95% Cl 0.25-2.10), embolization (RR 3.00 95% CI 0.13-71.61),
or arrhythmia (RR 2.81 95% CI 0.30-26.11). Compared with IABP, left ventricular assist devices (LVADs) were not associated with a
decrease in 30-day and 6-month all-cause mortality (RR 0.96 95% CI 0.71-1.29; RR 1.23 95% CI 0.88-1.72), reinfarction (RR 0.98
95% Cl 0.68-1.42), stroke/TIA (RR 0.45 95% CI 0.1-1.95), acute kidney injury (AKI) (RR 0.83 95% CI 0.38-1.80), or arrhythmia (RR
1.52 95% CI 0.71-3.27), but LVADs were associated with a decrease in repeat revascularization (RR 0.26 95% CI 0.08-0.83).
However, LVADs significantly increased the risk of bleeding compared with IABP (RR 2.85 95% CI 1.72-4.73).

Conclusions: Neither LVADs nor IABP improves short or long-term survival in hr-PCl patients. LVADs are more likely to reduce
repeat revascularization after PCI, but to increase the risk of bleeding events than IABP.

Abbreviations: AKI| = acute kidney injury, CABG = coronary artery bypass grafting, Cl = confidence interval, CKD = chronic
kidney disease, CO = cardiac output, CS = cardiogenic shock, DIC = disseminated intravascular coagulation, ECMO =
extracorporeal membrane oxygenation, GFR = glomerular filtration rate, HF = heart failure, hr-PCI = high-risk percutaneous coronary
intervention, IABP = intra-aortic balloon pump, LVADs = left ventricular assist devices, Ml = myocardial infarction, MODS = multiple
organ dysfunction syndrome, PCI = percutaneous coronary intervention, pMCSDs = percutaneous mechanical circulatory devices,
RCTs = randomized clinical trials, RR =relative risk, SIRS = systemic inflammatory response syndrome, TIA = transient ischemic
attack.
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1. Introduction

According to a report from the American Heart Association,
approximately 660,000 Americans will have a new coronary event
(defined as first hospitalized myocardial infarction (MI) or coronary
heart disease death), and about 305,000 will have a recurrent event
per year.!!' Percutaneous coronary intervention (PCI) currently is the
preferred method of revascularization according to current
guideline.”?! Patients with coronary heart disease undergoing PCI
are increasing, especially some high-risk patients due to prohibitively
high surgical risk."”! Briefly, high-risk percutaneous coronary
intervention (hr-PCI) mainly includes the following 3 aspects for
consideration: patient specific, lesion specific, and clinical presenta-
tion. Patient-specific variables include advanced age, underlying
diseases, such as peripheral arterial stenosis, severe heart failure (HF)
which was defined as left ventricular ejection fraction less than 35 %,
diabetes, chronic kidney disease (CKD) which meant glomerular
filtration rate (GFR) <60 mL/min/1.73 m” or a urinary albumin-to-
creatinine ratio > 30 mg/g for more than 3 months. Lesion-specific
variables include unprotected left main stenosis, bifurcation stenosis,
triple vessel disease, severe calcification lesion, and chronic total
occlusions. Clinical presentation, such as acute coronary syndrome
or cardiogenic shock (CS), can increase the risk of PCL!
Percutaneous mechanical circulatory devices (pMCSDs) such as
intra-aortic balloon pump (IABP) and left ventricular assist devices
(LVADs) have been used in hr-PCL! Theoretically, both IABP and
LVADs can promote cardiac output (CO) and systemic flow in
patients undergoing hr-PCI that may play a positive role in
prognosis.! However, there are no randomized clinical trials
(RCTs) available showing clear benefits from any of the pMCSDs
and most of the current guidelines are based on expert consensus.!!
We therefore performed a meta-analysis of pMCSDs in high-risk
patients undergoing PCI to provide more clinical evidence.

2. Methods

2.1. Search strategy

PubMed, EMbase, Cochrane Library, Clinical Trial.gov, CNKI,
Wanfang, and VIP databases were systematically searched in
accordance with the PRISMA guidelines'® from January 1990 to
December 2018 using the following terms: “high-risk percutane-
ous coronary intervention,” “mechanical circulatory support,”
“left ventricular assist devices,” “intra-aortic balloon pump,”
“TandemHeart,” “Impella,” “HeartMate,” or “extracorporeal
membrane oxygenation (ECMO).” We also analyzed the reference
lists of the original studies, review articles, and meta-analyses for
potentially eligible studies. Inclusion criteria were the following:
randomized trial design, patients undergoing hr-PCI, patients
treated with pMCSDs during perioperative period, a report of all-
cause mortality and adverse events, and language limited to English
and Chinese. Exclusion criteria were cohort studies, cross-sectional
surveys, and real-world studies, patients undergoing coronary
artery bypass grafting (CABG), and patients treated with systemic
thrombolysis. The Human Research Committee of Chongqing
Medical University approved this study and waived the need for
informed consent. Because this study was a meta-analysis, our data
were based on published studies only (see Supplemental Registra-
tion Information, http:/links.lww.com/MD/D228).

2.2. Outcomes and definitions

The primary end point of this meta-analysis was all-cause
mortality. Secondary end points were reinfarction, acute kidney
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injury (AKI), HF, stroke/transient ischemic attack (TIA),
embolization, arrhythmia, repeat revascularization, and bleeding
events. Arrhythmias were defined as ventricular tachycardia and
ventricular fibrillation.””®! HF was defined as congestive heart
failure (Killip class 2 to 4).”! AKI was defined as 2-fold increase in
serum creatinine concentration within 48hours or GFR de-
creased >50% within 7 days."”! Embolization was defined as
distal embolization or thrombus.''") The definition of major
bleeding events was serum hemoglobin level decrease of at least 5

g/dL and needed transfusion therapy or surgery to control the
bleeding.[*!

2.3. Quality assessment

The quality of each study was assessed by 2 independent
reviewers (K.W. and W.H.) according to the guideline of the
Cochrane collaboration’s tool which is a domain-based evalua-
tion system composed of 6 principles: selection bias, performance
bias, detection bias, attrition bias, reporting bias, other bias. Each
item is evaluated by “low risk of bias,” “unclear risk of bias,” or
“high risk of bias.”

2.4. Data extraction

Two reviewers (W.S. and W.W.) independently extracted the
data from original studies; disagreements were resolved by
consultation with a third reviewer. The data we extracted
included: first author’s name, region and year of each trial,
sample size, age distribution, intervention measures, follow-up
duration, all-cause mortality and adverse events frequency.

2.5. Statistical analyses

We counted frequency of all-cause mortality, survival, reinfarc-
tion, bleeding, and other adverse events within 30 days (including
in-hospital data) and 6 months. Stata 12.0 (Stata Corporation,
College Station, TX) was used for the meta-analysis. Relative
risks (RRs) and 95% confidence intervals (ClIs) were used to
describe the relationship between pMCSDs and the risk of all-
cause mortality, reinfarction, bleeding, and other adverse events
for the pooled analysis. Heterogeneity was examined using
Cochran’s Q and the I? statistic. P values < .05 were considered
to indicate significant heterogeneity, and I values > 50% were
considered to indicate high levels of heterogeneity between
studies. We used the random effect models for analyses since all
trials were done independently. Publication bias was explained
by funnel plot.

3. Results

3.1. Study characteristics

Our search criteria retrieved 1477 articles, including 239
duplicate articles. Twenty-seven articles about interventional
clinical trials were screened out by reading the title and abstract.
The excluded articles were reviews, clinical guidelines, animal
studies, case reports, and cohort studies. After reading the full
text, 9 nonrandomized controlled trials were excluded. Finally,
16 RCTs,17-8:11:1327 enrolling a total of 3266 patients, remained
eligible for meta-analysis, of which 9 used IABP as intervention
group!®11:13-201 31 d 7 used LVADs?1=27! (Fig. 1). All of these
articles were published from 1993 to 2018. We did not find any
RCT reporting the use of ECMO for hr-PCI. Of the 16 RCTs, 6
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Figure 1. Study selection according to PRISMA principle.

. . 11,13,18,21,25,2
were from American clinical centers,!1318:21:25:261 7 from

Europe,[11:1416:17:19.20.22-2527] 41 d 3 from Asia.l”"®1! Patients
with advanced age, severe HF, MI, CKD were included. Follow-
up period ranged from 28 days to 51 months as Table 1 showed.
Table 2 showed all-cause mortality rate and adverse events
frequency. The results of literature quality assessment were
shown in Figure 2.

3.2. The primary end point
3.2.1. All-cause mortality. Eight RCTs reported IABP use and

short-term all-cause mortality.[$11:13:15:17=191 1 i noteworthy
that in the IABP-SHOCK II study,"®! the proportion of patients
undergoing PCI was 95.8%, so we excluded 3 patients with
CABG. The heterogeneity of the 8 RCTs was moderate (P=.103,
I?=41.3%). The pooled analysis revealed that compared with the
blank control group, IABP was not associated with a decrease in
all-cause mortality within 30 days (RR 1.01 95% CI 0.61-1.66)
(Fig. 3A). No obvious publication bias was found in funnel plot
(see Supplemental Figure S1, http:/links.lww.com/MD/D227).
Considering that CS might have a negative effect on prognosis,
we did subgroup analyses on patients with and without shock.

No significant difference was observed in patients with or
without CS (RR 1.54 95% CI10.47-5.10; RR 0.82 95% CI 0.40-
1.67) (Fig. 3A).

Six RCTs reported IABP use and long-term all-cause
mortality.[111416:201 The heterogeneity was slightly higher
(P=.071, I?’=50.8%). The pooled analysis revealed that
compared with the blank control group, IABP was not associated
with a decrease in all-cause mortality over 6 months (RR 0.88
95% CI 0.66-1.17) (Fig. 3B).

Seven RCTs reported LVADs use and short-term all-cause
mortality.?'=*"! Tt is noteworthy that in the PROTECT II
study,>! we extracted the outcomes for the intention-to-treat
population. The heterogeneity was moderate (P=.891, I=0%).
The pooled analysis revealed that compared with IABP, LVADs
were not associated with a decrease in all-cause mortality over 30
days (RR 0.96 95% CI 0.71-1.29) (Fig. 3C). Also no significant
difference was observed in patients with or without CS (RR 0.91
95% CI 0.66-1.26; RR 1.23 95% CI 0.61-2.46) (Fig. 3C).
Considering that 2 trials used Tandem Heart,'*"»*”! and the other
5 trials used Impella,**72°! which had different procedures and
hemodynamics, we did subgroup analyses showed that neither
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Characteristics of included studies.

First author (y) Region Sample size Age Male (%) HF (%) MI (%) Intervention group Follow-up (d)
Ohman et al (1994)1"* us 182 44-67 70 2 100 IABP <30
Stone et al (1997)'8 us 437 50-77 75 22 100 IABP <30

Hof et al (1999)1"4 Holland 238 45-69 84 12 100 IABP 180
Vijayalakshmi et al (2007)7) Japan 33 Mean 42 85 NA 100 IABP 30
Perera et al (2010, 2013)['617) UK 301 Mean 71 79 47 0 IABP 30, 51 mo
Gu et al (2011)1"% China 106 Mean 67 61 NA 78 IABP 30, 180
Patel et al (2011)("" us 337 48-66 82 NA 100 IABP 30, 180
Thiele et al (2012, 2013)1%2% Germany 600 58-76 69 NA 100 IABP 30, 180
Zhou et al (2017)® China 84 42-78 64 NA 100 IABP 30
Thiele et al (2005)”) Germany 41 57-73 75 NA 100 TandemHeart 30
Burkhoff et al (2006)?" us 42 41-77 78 100 62 TandemHeart 30
Seyfarth et al (2008)24! Germany 25 55-80 76 NA 100 Impella 2.5 30
O'Neill et al (2012) us 452 56-79 81 65 0.67 Impella 2.5 30, 90
Kovacic et al (2015)?% us 325 56-78 82 61 NA Impella 2.5 30, 90
Ouweneel et al (2016)%%° Holland 21 44-76 86 8 14 Impella 2.5 120, 360
Ouweneel et al (2017)? Holland 48 48-70 79 NA 100 Impella CP 30, 180

HF =heart failure, IABP =intra-aortic balloon pump, MI=myocardial infarction, NA=not available, TandemHeart and Impella=2 types of left ventricular assist device.

Impella2.5/CP nor TandemHeart was associated with a decrease
in all-cause mortality for 30 days (RR 1.05 95% CI 0.74-1.50;
RR 0.77 95% CI 0.45-1.32) (Fig. 3D). Additionally, no obvious
publication bias was found (see Supplemental Figure S2, http://
links.Iww.com/MD/D227).

Four RCTs reported LVADs use and long-term all-cause
mortality.?»23252¢] The heterogeneity was moderate (P=.78,
I?=0%). The pooled analysis revealed that compared with IABP,
LVADs were not associated with a decrease in all-cause mortality
over 6 months (RR 1.23 95% CI 0.88-1.72) (Fig. 3E).

3.3. Secondary end points
3.3.1. Reinfarction. Reinfarction mainly included an acute

myocardial infarction that occurred within 28 days of an
incident or recurrent ML A total of 4 studies provided the data on
IABPI! 11315181 4 d 3 studies provided data on LVADs,[222429]
As shown in Figure 4A, IABP versus no IABP was not associated
with a decrease in reinfarction within 30 days (RR 0.89 95% CI
0.69-1.14; P=.922, ’=0%). Similarly, we found that LVADs
compared with IABP were not associated with a decrease in
reinfarction over 6 months (RR 0.98 95% CI 0.68-1.42;
P=.449, ’=0%) (Fig. 4B).

3.3.2. Stroke/TIA. Stroke included hemorrhage and ischemia.
There were 5 studies that provided the data on IABPL!1:13:16:18:19]
and 4 studies provided data on LVADs.[222325:261 The pooled
analysis revealed that IABP versus no IABP was not associated
with a decrease in stroke/TTIA (RR 1.75 95% CI 0.47-6.42;
P=.211, ’=31.6%) (Fig. 4C). Similarly, we found that LVADs
compared with IABP were not associated with a decrease in
stroke/TIA (RR 0.45 95% CI 0.10-1.95; P=.554, >=0%)
(Fig. 4D).

3.4. Repeat revascularization

There were 3 studies that provided the data on IABP!!31%:1¢1 4nd

2 studies provided data on LVADs.?>**! The pooled analysis
revealed that TABP versus no IABP was not associated with a
decrease in repeat revascularization (RR 0.73 95% CI 0.25-2.10;
P=.53,1°=0%) (Fig. 4E). However, we found that LVADs were

significantly associated with a decrease in repeat revasculariza-
tion compared with IABP (RR 0.26 95% CI 0.08-0.83; P=.352,
I’=0%) (Fig. 4F).

3.5. Arrhythmia

There were 2 studies provided the data on IABP® and
LVADs.2231 The pooled analysis revealed that IABP versus
no IABP was not associated with a decrease in arrhythmia
(RR 2.81 95% CI 0.30-26.11; P=.995, I’=0%) (Fig. SA).
LVADs were not associated with a decrease in arrhythmia
compared with IABP (RR 1.52 95% CI 0.71-3.27; P=.58, I°=
0%) (Fig. 5B).

3.6. HF

Two studies provided the data on IABP.['3!3] The heterogeneity
was moderate (P=.034, I°=77.6%). The pooled analysis
revealed that TABP versus no IABP was not associated with a
decrease in HF (RR 0.54 95% CI 0.11-2.66) (Fig. 5C). Only 1
trial reported LVADs use and postoperative HF, therefore we did
not have enough data for meta-analysis.

3.7. Embolization

Two studies provided the data on IABP,®*!! but the trial by Patel
et al was excluded by Stata12.0 due to no thromboembolic events
occurred in IABP group or no IABP group. The pooled analysis
revealed that IABP versus no IABP was not associated with a
decrease in embolization (RR 3.00 95% CI 0.13-71.61)
(Fig. 5D). We did not analyze the association between LVADs
use and embolization due to limited data.

3.8. AKI

Three RCTs reported LVADs use and AKIL[P1232¢1 The
heterogeneity was moderate (P=.53, I°=0%). The pooled
analysis revealed that LVADs versus IABP were not
associated with a decrease in AKI (RR 0.83 95% CI 0.38-
1.80) (Fig. SE). No clinical trial reported the association between
IABP use and AKIL.
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Figure 2. Risk of bias. A, Risk of bias summary. B, Risk of bias graph.

3.9. Major bleeding events

Bleeding mainly occurred at the puncture site, gastrointestinal
tract, and intracranial vessels in identified studies. Disseminated
intravascular coagulation (DIC) also was grouped with hemor-
rhagic events. There were 7 RCTs with low levels of heterogeneity
(P=.367, I’=8.1%) which provided the data on IABP,[®11:13-
1518191 JABP showed a strong trend to increase bleeding events,
but without statistical significance (RR 1.25 95% CI 0.94-1.66)
(Fig. 6A). However, analysis of 4 RCTs!*172327] suggested that
LVADs were significantly associated with an increase in bleeding
events compared with TABP (RR 2.85 95% CI 1.72-4.73,
heterogeneity P=.964, I°=0%) (Fig. 6B). For LVADs, subgroup
analyses showed that patients with or without CS had similar
bleeding events rate (RR 2.74 95% CI 1.58-4.73; RR 3.63 95%
CI 0.98-13.40) (Fig. 6B).

4. Discussion

PMCSDs include IABP, LVADs (Impella, TandemHeart,
HeartMate), and ECMO.!*8! Existing clinical trials have
confirmed that pMCSDs maintain vital organ perfusion by

mechanically improving CO in patients undergoing hr-PCI.[?°!

Additionally, pMCSDs have been shown to improve left
ventricular unloading, and reduce myocardial oxygen
consumption and left ventricular wall tension, and thus
alleviate pulmonary congestion.*”! By contrast, some patients
with complex medical comorbidities are not candidates for
surgical revascularization, thus PCI is the only acceptable
treatment.*!!

Our meta-analysis showed that neither IABP nor LVADs could
improve the survival of patients with PCI treatment over 30 days
and 6 months, besides they had a neutral effect on preventing
reinfarction, stroke/TIA, AKI, and arrhythmia. Because both
IABP and LVADs improve the hemodynamic stability of the
coronary artery, they may play a role in reducing the rupture of
unstable plaques.’*?! However, MI, HF, CS, and implantation of
IABP and LVADs can induce systemic inflammatory response
syndrome (SIRS).1*3! SIRS might be associated with ischemia-
reperfusion injury after PCI, infection, and overreaction of
immune system to the catheter of IABP or LVADs.* It may
stimulate the production of toxic NO and superoxide
ions, resulting in sustained myocardial cell injury.”**! Therefore,
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Figure 3. All-cause mortality. A, Intra-aortic balloon pump (IABP) and 30-d all-cause mortality. B, IABP and 6-mo all-cause mortality. C, Left ventricular assist
devices (LVADs) for patients with or without shock and 30-d all-cause mortality. D, Two types of LVADs and 30-d all-cause mortality. E, LVADs and 6-mo all-cause

mortality.

high-risk patients with severe HF, CKD, and diabetes might be
vulnerable to multiple organ dysfunction syndrome (MODS),
which cannot be relieved by pMCSDs.??! Hypoperfusion of
organs, disorders of internal environment, and coagulation

system may further increase the risk of reinfarction, stroke/TIA,
arrhythmia, embolization, and AKL"®®! Recent studies suggested
that PCI, rather than pMCSDs, have positive effects on long-term

prognosis by salvaging myocardium.

[20]

The result of our
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Figure 4. Part one of adverse events. A, Intra-aortic balloon pump (IABP) and 30-d reinfarction. B, Left ventricular assist devices (LVADs) and 6-mo reinfarction. C,

IABP and stroke/transient ischemic attack (TIA). D, LVADs and stroke/TIA. E,

IABP and repeat revascularization. F, LVADs and repeat revascularization.

analysis that LVADs were more effective than IABP in reducing
repeat revascularization rate might be due to their powerful
hemodynamic support.'>”!

On the other hand, our meta-analysis suggested that LVADs
have a higher risk of bleeding compared with IABP. There are

several possible explanations. Compared with TABP, LVADs
have more complex operations and larger sheaths, thus
increasing the risk of bleeding at the puncture site. The routine
use of dual antiplatelet therapy in addition to anticoagulation
after PCI may also increase the risk of bleeding. LVADs
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Figure 5. Part 2 of adverse events. A, Intra-aortic balloon pump (IABP) and arrhythmia. B, Left ventricular assist devices (LVADs) and arrhythmia. C, IABP and heart

failure (HF). D, IABP and embolization. E, LVADs and acute kidney injury (AKI).

implantation may be more likely to activate exogenous
coagulation pathways, even to induce DIC.1®!

Compared with the clinical trials, patients in the USpella
registry suffered from more underlying diseases (CKD, prior MI)
and extensive coronary artery disease.*”! In this real-world

study, 637 patients were enrolled, 339 of whom met enrollment
criteria for the PROTECT II trial.**-**! Despite the higher risk of
registry patients, the 30-day incidence of mortality and adverse
events were not different for patients with IABP or Impella2.5,
which is similar to the outcomes in our meta-analysis and
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Figure 6. Bleeding events. A, Intra-aortic balloon pump (IABP) and bleeding events. B, Left ventricular assist devices (LVADs) and bleeding events.

PROTECT 1I trial.®®! Since less rigorous follow-up medical
records in registry studies were incomparable in RCTs, it was
inaccurate to guide clinical treatment based on the results of
registry studies. Therefore, more powerful RCTs are required to
assess benefits from pMCSDs in patients with hr-PCL
Compared with previous literature,*®*!! our meta-analysis
has several innovations. First, we included the most recent clinical
trials. Second, we conducted a subgroup analysis that evaluated
the efficacy of Impella and TandemHeart respectively. In a meta-
analysis including 4 RCTs and 2 observational studies,*”’
significant differences were observed between LVADs and IABP
group in the composite, in-hospital, nonmajor adverse cardiac
and cerebrovascular events rate (RR 1.30 95% CI 1.01-1.68). In
the present analysis we did not include observational studies
because they differed from RCTs in aspects of population
selection and study design. Rios et al*! included 5 RCTs and 1
nonrandomized controlled trial and found that LVADs increased
the whole adverse events rate (AKI, limb ischemia, infection,
major bleeding, and vascular injury) compared with IABP (RR
1.65, 95% CI 1.14-2.39). Our study had analyzed the incidence
rate of AKI, embolization, stroke, and major bleeding events
respectively but only found out that LVADs increased the risk of
bleeding compared with IABP. The possible explanation was that

10

bleeding events accounted for a high weight (31.2%) of the total
adverse events, leading to an increase in overall RR value in Rios
et al’s study.

Our analyses have some limitations. Amalgamation of
aggregate patient data in meta-analyses has well-known
limitations. Due to the limitation of original data, we did not
analyze cardiac mortality and noncardiac mortality separately.
The small number of trials reporting association between LVADs
and repeat revascularization rate could possibly lead to a type II
error of the heterogeneity test.

5. Conclusions

For high-risk patients undergoing PCI, pMCSDs do not reduce in
short or long-term all-cause mortality. LVADs seem to reduce
repeat revascularization rate compared with IABP. However, the
use of LVADs increases the risk of major bleeding events.
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