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Abstract

Objective: To assess the in-hospital and short-term outcome differences between males and females

who underwent high-risk PCI with mechanical circulatory support (MCS).

Background: Sex differences have been noted in several percutaneous coronary intervention (PCI)
series with females less likely to be referred for PCI due increased risk of adverse events. However,

data on sex differences in utilization and outcomes of high-risk PCIl with MCS is scarce.

Methods: Using the cVAD Registry, we identified 1,053 high-risk patients who underwent PCI with
MCS using Impella 2.5 or Impella CP. Patients with cardiogenic shock were excluded. A total of 792
(75.21%) males and 261 (24.79%) females were included in the analysis with median follow-up of

81.5 days.

Results: Females were more likely to be African American, older (72.05+11.66 vs. 68.87+11.17,
p<0.001), have a higher prevalence of diabetes (59.30% vs. 49.04%, p=0.005), renal insufficiency

(35.41% vs. 27.39%, p=0.018), and peripheral vascular disease (31.89% vs. 25.39%, p of 0.05).
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Women had a higher mean STS score (8.21+8.21 vs. 5.04+5.97, P<0.001) and lower cardiac output
on presentation (3.64+1.30 vs. 4.63£1.49, P<0.001). Although women had more comorbidities, there
was no difference in in-hospital mortality, stroke, M1 or need for recurrent revascularization compared
to males. Females were more likely to have multivessel revascularization than males. Ejection fraction
improved in both males and females at the time of discharge (26.59% to 31.40% and 30.75% to
36.05%, respectively, p<0.0001). However, females had higher rate of bleeding requiring transfusion

compared with males (9.58% vs. 5.30%, p= 0.019).

Conclusion: Female patients undergoing high PCI were older and had more comorbidities but had

similar outcomes compared to males.

Key words: mechanical circulatory support, complex high-risk indicated patients, percutaneous

coronary intervention, gender outcomes

List of abbreviations:

AKI: Acute kidney injury

BSA: Body surface area

CHIP: Complex high-risk indicated patients

CT scan: Computed tomography scan

cVAD registry: Catheter based ventricular assist device registry
MACCE: Major Adverse Cardiovascular and Cerebrovascular Events

MCS: Mechanical circulatory support
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MI: Myocardial infarction

PA: Pulmonary artery

PCI: Percutaneous coronary intervention
SD: Standard deviation

STS Risk Score: Society of Thoracic Surgery Risk Score
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Introduction

Ischemic heart disease continues to be the leading cause of morbidity and mortality for both males and
females(1). Patients with complex high-risk symptomatic coronary artery disease are commonly
encountered in current practice. Complex high-risk indicated patients or as also known as (CHIP) is
defined by the presence of one of the following: patients undergoing percutaneous coronary
intervention (PCI) of unprotected left main, last patent coronary conduit, vessel supplying a large
myocardial territory with severely depressed ejection fraction (EF), or PCI of a vessel supplying a
large territory in the setting of cardiogenic shock(2). CHIP cases also include severe coronary
calcification and patients who are poor surgical candidates due to their comorbidities. In such cases,
PCI with adequate mechanical circulatory support has become an important part of the
revascularization strategy decision making. Indeed, protected PCI using percutaneous mechanical
circulatory support has been demonstrated to be equally safe and effective as coronary artery bypass
grafting(3). Current guidelines recommend elective insertion of hemodynamic support devices in
selected patients undergoing high-risk coronary interventions(2). Further, the elective use of Impella
2.5 and Impella CP (Abiomed Inc., Danvers, Massachusetts) devices in patients having high-risk PCI

have been shown to be safe and effective, and also provide a left ventricular unloading effect(4-7).

Compared with males, females with acute coronary syndromes have higher unadjusted mortality, less
use of guideline-recommended therapies and less access to revascularization therapies(8-10).

Furthermore, utilization of mechanical circulatory support (MCS) in the setting of cardiogenic shock
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is used less frequently in females compared to males(11,12). Despite a higher risk-factor profile in
females, there is a paucity of sex-specific safety, effectiveness, and outcomes data for mechanical
support for high-risk PCI. Therefore, we sought to evaluate the sex differences in outcomes of

mechanical circulatory support with Impella in patients undergoing high-risk PCI.

Materials and Methods:

Study Population

Using the cVAD Registry, we identified a total of 1,053 complex high-risk indicated patients who
underwent PCI with MCS using Impella 2.5 or Impella CP between June 2007 to June 2015. Eligible
patients were those who underwent elective or urgent PCI with the aid of hemodynamic support with
an Impella 2.5 or Impella CP, placed prior to the start of PCI. Patients in cardiogenic shock were
excluded from this analysis. The design and methods of cVAD registry (the catheter based ventricular
assist device registry) have been previously described(13). The cVAD Registry is an expansion of the
USpella Registry to European sites during the period 2015-2016 and Japanese sites expected after
2019(14). In brief, the cVAD Registry is an on-going multicenter voluntary registry open to centers in
the United States, Canada and Europe. The cVAD Registry was designed by an Executive Steering
Committee that oversees its ongoing conduct. The registry protocol was reviewed and approved by
the Institutional Review Board at each participating site. Sites are expected to report all consecutive
Impella cases without preselection of indication or patients. Patients who were identified as having

received an Impella device in a separate commercial database (1Q) were expected to be reported in the
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cVAD Registry database, otherwise sites were notified of the obligation to enter and report the cases

to ensure consecutiveness.

Outcomes

Our study looked at cardiac, stroke, renal and bleeding outcomes in the cVAD Registry. Acute
myocardial infarction was defined by detection of rise and/or fall of cardiac biomarkers (preferably
troponin) with at least one value above the 99th percentile of the upper reference limit together with
evidence of myocardial ischemia with at least one of the following: symptoms of ischemia, ECG
changes indicative of new ischemia (new ST-T changes or new left bundle branch block [LBBB]),
development of pathological Q waves in the ECG, or imaging evidence of new loss of viable
myocardium or new regional wall motion abnormality. Revascularization was defined as any repeat
revascularization based on the presence of ischemia, defined either as recurrent angina or equivalent
and/or a positive functional study that involves: (i) the target lesion (the originally treated segments;
for stented lesions this includes an area 5 mm proximal or distal to the stented segment), or (ii) target
vessel (all coronary segments in the same epicardial artery as the treated lesion if that segment may
have been involved during passage of the coronary guidewire or any treatment device), or (iii) non-
target vessels. This intervention could be either percutaneous or surgical bypass. Valve injury was
defined as injury to the aortic valve regardless of the cause and assessed by Doppler

echocardiography versus baseline or during autopsy. Aortic regurgitation was assessed by
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transthoracic echocardiographic measurements and defined as > Grade 2 or an increase in aortic

regurgitation by more than one assessment level on a 4-point scale.

Stroke is defined as an ischemic or hemorrhagic cerebrovascular accident that persists beyond 24
hours or less than 24 hours associated with infarction on an imaging study. Major Adverse
Cardiovascular and Cerebrovascular Events (MACCE) is the rate of the following events occurring
after the intervention until 30 days; death (all-cause mortality), cerebrovascular accident,
hospitalization due to heart failure, documented nonfatal myocardial infarction, or repeat
revascularization by coronary stenting or CABG. Acute renal dysfunction is defined as abnormal
kidney function requiring dialysis (including hemofiltration) in patients who did not require dialysis
prior to implant, or a rise in serum creatinine of greater than 2.5 mg/dL or greater than 2 times

baseline.

Bleeding was defined as blood loss requiring a blood transfusion or surgical exploration for
resolution. Vascular complications requiring surgical repair were defined as a pseudoaneurysm, an
arteriovenous fistula, a vessel dissection/perforation, or an access site thrombosis that requires
surgical intervention. Hematoma was defined as any palpable swelling >5 cm in maximum diameter
at vascular access site diagnosed by ultrasound, computerized tomography (CT) scan, or palpation at
the skin level. Hemolysis was defined by abnormal plasma free hemoglobin values greater than 40

mg/dL or presence of hematuria.

Device
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Impella 2.5 and CP devices (Abiomed Inc., Danvers, Massachusetts, USA) are FDA-approved for up
to 6 days for cardiogenic shock and up to 6 hours for high risk coronary interventions. Impella 2.5 and
CP provide direct cardiac pressure and volume unloading of the left ventricle and antegrade flow in
the thoracic aorta of up to 2.5 and 4.0 L/min, respectively. The catheter-based device is typically
inserted through a peripheral access using a single arterial access of 13Fr and 14Fr, respectively. From
a pathophysiologic standpoint, unloading leads to decreased wall stress of the left ventricle by reducing
left ventricular end-diastolic volume, pressure and oxygen demand (15-18). In addition, the pump flow
from the Impella increases the mean arterial pressure, diastolic pressure and cardiac output. The result

is enhanced coronary and end organ perfusion(16).

Data Collection

Data was abstracted retrospectively from the medical record to a standard electronic case report form
by the sites” study coordinators who were centrally trained. Information was collected on patient’s
demographic characteristics, medical history, clinical presentation, hemodynamic, echocardiographic,
angiographic characteristics, and treatment during hospitalization, hospital discharge status, and
follow up status when available at the time of data collection. Data was monitored against source
documentation to maximize accuracy. All patients reported in the registry that met the listed inclusion
criteria of protected PCI were included in the current analysis without pre- selection of patients or

sites.

Statistical Analysis
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Data is expressed as mean * standard deviation (SD) or median as appropriate. Qualitative data is
presented as proportion. Categorical variables were tested using Pearson’s Chi-square test for
contingency tables or Fisher Exact test, as appropriate. Continuous variables were analyzed by an
independent t-test or paired t-test. All statistical tests and/or confidence intervals, as appropriate, were
performed with a 2-sided p value of 0.05. Kaplan-Meier estimates of the cumulative incidence of
MACCE and of survival through 30 days were performed, and a Log-rank test was used to compare
the curves between the two groups at this time point. Statistical analysis was performed using SAS

Software v10 (SAS Institute Inc., Cary, NC).

Results

A total of 1,053 consecutive patients in the cVAD registry (mean age 69.66+11.37, African American
17.83%) underwent high-risk PCI assisted with MCS using Impella 2.5 or CP. Baseline characteristics
stratified by sex are presented in Table 1. Of the 1,053 patients, 261 (24.79%) were females and 792
(75.21%) were males. Both genders were similar in terms of prevalence of hypertension, stroke,
existing heart failure, prior myocardial infarction (MlI), and prior PCI. Women were older (72.05
+11.66 vs. 68.87+11.17, p<0.001), and had a lower body surface area (BSA) (1.80 vs. 2.02, p<0.001).
Females also had a higher prevalence of diabetes (59.3% vs. 49.04%, p of 0.005), renal insufficiency
(35.41% vs 27.39%, p of 0.018), peripheral vascular disease (31.89% vs. 25.39%, p of 0.05), lower
hemoglobin (11.00£1.73 vs. 13.08+9.07, p<0.001) and valvular disease (18.02% vs. 11.44%,

p<0.001). In contrast, females had a lower prevalence of tobacco use (29.03% vs. 40.18%, p of 0.002),
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arrhythmia (22.22% vs. 33.38%, p<0.001) and prior coronary artery bypass graft surgery (CABG)

(19.07% vs. 32.70%, p<0.001) (table 1).

Despite having a higher left ventricular ejection fraction on presentation (33.18+£17.75 vs.
28.04+15.37, p<0.001), females overall were at greater risk of death as indicated by Society of
Thoracic Surgeons (STS) mortality scores (8.21+8.21 vs. 5.04+5.97, P<0.001) and morbidity scores
(34.72+17.75 vs. 27.85+16.74, P<0.001) (Table 1). Women were more likely to be seen by the surgical

team (51.57% vs. 39.43%, p<0.001) and to be considered for CABG (38.89% vs. 29.11%, p of 0.005).

Impella 2.5 was more used than Impella CP. Impella 2.5 was used in 94% of cases for females and
89% of cases for males. Less than one third of the patients presented with an acute M1 and the majority
of them had non-ST segment elevation myocardial infarctions (NSTEMI) (87%) with no difference
between females and males (table 2). Only 26.30% of the patients were transfers from a different
hospital. None of the patient had cardiogenic shock on presentation as this was one of the exclusion
criteria. However, a total of 71% females and 70% of males presented with New York Heart
Association (NYHA) class 11/1V. After the procedure, 50% of females and 55% males of had NYHA
class I11/1V. Females had high coronary artery disease burden compared to males (number of vessels
1.90+0.71 vs. 1.69+0.77, p<0.001). Overall, there was a statistically significant difference in the
number of vessels treated between the genders. Specifically, males had a higher rate of 1 vessel
treatment and females had a higher rate of 2 vessel treatment. There was no statistical significance in

the rate of 3 vessel treatment. Females had similar rates of left main disease compared to males
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(18.67% vs. 15.64% p of 0.056). Consistent with the higher CABG rates in males, there was higher
occurrence of graft intervention. The majority of the coronary lesions were in proximal segments with
no difference between females and males. Impella access sites, pump flow and pressure levels were

similar between groups (Table 2).

Right heart catheterization data was available in a small subset of patients. The data suggests a
disparity in pulmonary artery (PA) catheter placement between females and males: 24% of females
and 75% of males. Baseline hemodynamic characteristics prior to device placement were similar for
both females and males prior to insertion and initiation of Impella device (Table 3). Women had lower

diastolic blood pressure compared to men and slightly lower cardiac output.

Survival rates at the time of discharge were comparable for females and males (95.02% vs. 96.84%, p
of 0.18). Myocardial infarction (1.15% vs. 0.76%, p of 0.70), need for repeat revascularization (0.77%
vs. 0.63%, p of 0.69), and stroke (0.00% vs. 0.13%, p of 0.99) were infrequent and similar in females
and males (table 4). There were no differences in terms of vascular complications, cardiac
arrhythmias, acute kidney injury or dialysis requirements between two groups. However, females had
higher rate of bleeding requiring blood transfusion compared to males (9.5% vs. 5.3%, p of 0.019). In
addition, survival rate and MACCE to 30 days was comparable in both groups (93% vs. 94%, p of
0.441, 9.8% vs 9.3%, p of 0.434 respectively) (Figure 1 and 2). Ejection fraction improved in both
males and females at the time of discharge (26.59% to 31.40% and 30.75% to 36.05%, respectively,

p<0.0001). Specifically, both females (mean difference 5.30, 95% CI1 9.74 to 0.87, p<0.001) and males

12
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(mean difference 4.8, 95% CI 7.40 to 2.21, p<0.001) improved their left ventricular ejection fraction

(LVEF) (table 5).

Discussion

We performed a retrospective analysis of a multicenter prospective registry. Based on our study, the
differences between females and males in the treatment of high-risk PCI from the cVAD Registry are;
(1) symptomatic females with complex high-risk coronary disease have higher comorbidities and are
at greater risk of death with CABG as indicated by STS score compared to males. (2) Females were
equally likely as males to survive to hospital discharge after high-risk PCI with MCS support despite
having higher STS mortality risk scores. (3) Myocardial infarction, stroke, AKI, repeat
revascularization, and vascular complications rates were also similar in both sexes. (4) Females were
equally likely to develop hematoma and bleeding as males, they required more blood transfusions

compared to their male counterparts.

The use of MCS for high-risk PCI has increased in recent years(19). This is due, in part, to patient
demographic changes including increased comorbidities, older age, and greater impairments of LV
systolic function of patients referred to the cath lab for coronary intervention. In addition,
technological improvements in the Impella platform with enhanced ease of use and increasing operator
skill and familiarity with Impella and protected PCI have also contributed to increased utilization. The
randomized controlled clinical trial PROTECT Il compared Impella 2.5 with intra-aortic balloon pump

(IABP) during high-risk PCI and showed that the use of the Impella 2.5 is not superior to IABP in

13
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reducing adverse events at 30 and 90 days. Although there was no difference in in-hospital death,
stroke, myocardial infarction, or the composite of death/stroke/MI between Impella 2.5 and IABP,
fewer irreversible MACCE of death/stroke/ M1 (7.0% versus 12.9%, P=0.042) and of death/stroke/
MI/repeat revascularization (9.8% versus 18.6, P=0.009) occurred after hospital discharge in the
Impella 2.5 arm in comparison with the IABP arm. Furthermore, it showed superior hemodynamic
support with Impella allowing more vessels to be treated, more stents used and more lesion
modification with atherectomy(7). The ability to perform high-risk PCI safely has been attributed to
decreasing left ventricular wall stress from unloading the left ventricle, reducing left ventricular end-
diastolic volume, and lowering ventricular pressure and oxygen demand(15-18). Furthermore, Impella
use during PCI has been shown to enhance coronary and end organ perfusion and may reduce the risk
of AKI (16,20). These findings and others have led to increased utilization of MCS, especially Impella,

during CHIP cases.

Complete revascularization of coronary disease has been shown to improve overall outcomes when
compared with incomplete revascularization. Both females and males, had better outcomes in terms
of mortality, MACE and overall complications when complete revascularization was performed (21-
24). In addition, 90-day follow-up data from the PROTECT II trial showed a significant decrease in
major adverse events (37% vs. 49% p of 0.014) and major adverse cardiac and cerebral events (22%
vs. 31 %, p of 0.034) in the Impella group, driven by more complete revascularization. In our study,
both females and males had similar in-hospital mortality, stroke, MI and need for revascularization

regardless of the number of vessels and lesions treated. Myocardial ischemia associated with treatment

14
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of left main coronary disease and multi-vessel PCI are better tolerated with circulatory support. Similar
findings were reported in a recent study by Doshi et al. They analyzed gender differences by looking
at short-term survival and in-hospital outcomes in those undergoing Impella assisted PCI in the setting
of cardiogenic shock. They showed that men and women who had complete revascularization with
Impella support had no sex difference in clinical outcomes. There was no difference in in-hospital
mortality or 30-day survival rates Secondary outcomes such as major adverse cardiac events, dialysis
requirement, bleeding within 72 hours, blood transfusion, dysrhythmia were similar in both

cohorts(25).

Complete revascularization is often achieved with CABG surgery and has been shown to be associated
with long-term mortality benefits(26,27). However, CHIP population patients are often turned down
for surgical intervention given the severity of their CAD with low LV function and comorbidities that
put the patient at high or extreme surgical risk. In addition, patients may decline surgery because of
personal preference. In this study, there were more CABG consultations for females than males
(51.57% vs. 39.43%, p<0.001) which may indicate higher CAD burden or coronary lesion complexity
compared to males. However, more female patients were deemed ineligible for CABG surgery than
males due to concomitant comorbidities that precluded them from CABG (18.62% vs. 9.59%, p of
0.002). Furthermore, females had on average higher STS mortality scores and higher STS morbidity
scores, making them poor surgical candidates. Based on these findings, protected PCI represents a
useful alternative to CABG based on in-hospital adverse events. Similarly, in another trial, complex

multivessel CAD patients who underwent protected PCI with the Impella 2.5 device experienced

15
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similar in-hospital major adverse cardiac and cerebrovascular event rates when compared to CABG.
However, patients undergoing CABG experienced significantly more peri-procedural additional
adverse events (28.6 vs. 3.8%; P<0.05)(3). In our cohort, women had higher rates of renal
insufficiency than men at baseline and despite this, the clinical outcome including worsening renal
failure or renal failure requiring dialysis was similar in females and males. This finding is consistent
with a study by Flaherty et al. who examined the impact of Impella MCS on renal function after high-
risk PCI. This study demonstrated that MCS with Impella was associated with a significant reduction

in AKI despite the presence of CKD or severely reduced left ventricular ejection fraction(20).

Previous studies have shown that females with acute coronary syndrome are treated less aggressively
than males despite presenting with higher risk characteristics and having higher in-hospital risk(10).
In the PROTECT Il trial, only 20% were females which is an underrepresentation in the overall
population undergoing complex high-risk PCI. In our study, females had higher rate of comorbidities
such as diabetes, renal insufficiency, and PVD that confer greater risk of adverse events during high-
risk PCI. Yet, females were found to have equal survival and clinical outcomes to hospital discharge.
Of note, a prior study among patients with cardiogenic shock by Joseph et al, demonstrated that female

patients derived a greater benefit from Impella supported high-risk PCI(28).

Females are known to have higher risk of access site complications and the use of transradial route in
percutaneous coronary intervention has been shown to reduce access site bleeding(29). Although

females had lower baseline hemoglobin and experienced more bleeding that required blood transfusion
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they were not at increased risk of vascular complications compared with males. However, the
difference in bleeding events was not significant after adjusting for baseline hemoglobin levels
suggesting that patient baseline condition / anemia was mainly responsible. Continued advances in

best practices for safe femoral access may further improve this hazard for both females and males.

Limitations:

Our study using the cVAD registry study has several limitations. The data analyzed was
retrospectively collected and included Impella treated patients only. Causality regarding the impact of
Impella on outcomes cannot be inferred, and residual confounding factors cannot be excluded. Second,
women constituted only 24.79% of our study population. Consequently, this could be underpowered
to detect sex differences in clinical outcomes. Therefore, this study should be used to generate further
prospective data to elucidate whether sex-related differences exist in a larger sample size of protected
PCI patients. However, this study included all comers with no exclusion criteria at participating sites,
and all patients were treated with Impella 2.5 or Impella CP. Therefore, this study reflects real-world

practice.

Conclusion:

Only 25% of the patients referred for high risk PCI are females which suggest that females may
encounter barriers to access to highly specialized medical care. Also, despite being older and sicker,

females had favorable outcomes after high risk PCI that were not different compared to males.
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Figure Titles and Legends:

Figure 1. Freedom from death at 30 days

Figure 2. Freedom from major adverse cardiac events (MACE) at 30 days

Table Titles and Legends:

Table 1. Baseline Characteristics Stratified by Sex

Table 2. Admission and Procedural Characteristics Stratified by Sex

Table 3. Baseline Hemodynamics Prior to Impella Placement

Table 4. In-Hospital Adverse Events Stratified by Sex

Table 5. Ejection Fraction (%) at baseline and at longest follow-up
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