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Fraction: The Protect III Study
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Jeffrey W. Moses,4 Yiran Zhang,1 Björn Redfors,1
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1Cardiovascular Research Foundation, New York, NY; 2Northside
Hospital Cardiovascular Institute, Athens, GA; 3Loma Linda University
International Heart Institute, Loma Linda, CA; 4Columbia University
Irving Medical Center, New York, NY; 5Yale School of Medicine, New
Haven, CT; 6Inova Medical Group - Cardiology, Falls Church, VA; 7Beth
Israel Lahey Health, Burlington, MA; 8Henry Ford Hospital, Detroit, MI

BACKGROUND Left ventricular (LV) dysfunction is associated with an
increased risk of adverse events in patients undergoing percutaneous
coronary intervention (PCI). However, the impact of LV ejection
fraction (LVEF) on the outcomes of Impella-supported high-risk PCI
(HRPCI) is unknown.
METHODS Patients enrolled in the prospective, multicenter, and
observational PROTECT III study from March 2017 to March 2020 who
underwent Impella-supported HRPCI at the operator’s discretion
(non-cardiogenic shock). Patients were divided into three tertiles (T)
based on baseline LVEF: T1 (the lowest), T2, and T3 (the highest). The
primary outcome is the rate of 90-day major adverse cardiac and ce-
rebrovascular events (MACCE), defined as the composite of all-cause
death, myocardial infarction, stroke/transient ischemic attack, and
repeated revascularization as adjudicated by an independent CEC.

RESULTS Of 1237 patients, 940 with available baseline LVEF were
analyzed. T1 included 353 patients (mean LVEF 19.6�4.7), T2 included
274 patients (mean LVEF 32.2�3.5), and T3 included 313 patients

(mean LVEF 52.6�9.2). Patients in the higher tertiles were older, more
likely to be females, presented more with acute coronary syndrome,
and had more frequent left main disease. Also, severely calcified le-
sions and atherectomy utilization were more frequent in the higher
tertiles. The rates of 90-day MACCE were comparable across all ter-
tiles. Furthermore, PCI-related complications and 1-year mortality
were also comparable (Table). After multivariable adjustment, 90-day
MACCE was not significantly different between the LVEF tertiles
(p¼0.32).
CONCLUSION In patients with HRPCI supported by Impella, the rates
of in-hospital adverse events, PCI-related complications, 90-day
MACCE, and 1-year mortality were comparable among the different
LVEF tertiles.

Table. Baseline and procedural characteristics, in-hospital, and study outcomes

1st Tertile

(n[353)

2nd Tertile

(n[274)

3rd Tertile

(n[313) P value

Age (years) 68.5 � 10.7 70.7 � 11.4 74.4 � 9.8 <0.0001

Sex (Female) 20.1% 25.5% 39.4% <0.0001

Diabetes mellitus 56.0% 61.4% 52.2% 0.08

Congestive heart failure 74.1% 65.7% 40.6% <0.0001

Left ventricular ejection

fraction, %

19.6 � 4.7 32.2 � 3.5 52.6 � 9.2 <0.0001

Acute coronary syndrome

as indication for HRPCI

46.5% 58.8% 61.2% 0.0005

3-vessel coronary artery

disease

25.2% 27.7% 25.6% 0.75

Left main disease 45.7% 56.6% 74.1% <0.0001

Pre-Impella systolic blood

pressure, mmHg

121.0 � 20.4 123.6 � 21.9 130.2 � 23.2 <0.0001

Severely calcified lesions 44.3%* 51.2%* 51.2%* 0.010

Atherectomy use 52.3% 56.1% 64.8% 0.02

In-hospital outcomes

PCI-related

complications⸹

2.6% 2.9% 2.5% 0.93

Severe heart failure

requiring IV inotrope,

ultra-filtration or MCS

0.6% 0% 0.3% 0.46

Life- threatening,

disabling, or major

bleeding (BARC�3a)

2.3% 2.6% 2.9% 0.88

Vascular complication

requiring planned

surgery

1.1% 0.4% 0.6% 0.52

Study Outcomes (KM analysis, log-rank test)

30-day MACCEy 7.9% 10.9% 6.9% 0.28

90-day MACCEy 13.0% 14.6% 11.4% 0.57

1-year all-cause mortality 23.8% 20.6% 18.2% 0.32

Data are presented as mean � standard deviation or %, where applicable. *Percentage calculated from the

number of lesions. ⸹defined as the composite rate of no-reflow, abrupt closure, dissection, distal embolus,

and perforation. yMACCE is the composite of all-cause death, myocardial infarction, stroke/transient

ischemic attack, and revascularization. BARC denotes the Bleeding Academic Research Consortium; HRPCI,

high-risk percutaneous coronary intervention; MACCE: major adverse cardiac and cerebrovascular events;

MCS, mechanical circulatory support; PCI, percutaneous coronary intervention.
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BACKGROUND Pulmonary embolism (PE) is the third leading cause of
cardiovascular death with an annual incidence rate of 70 per 100,000
people. Risk prediction models assist with identifying those with
increased risk of hemodynamic compromise, death and needing
higher level of care. We aimed to investigate incremental predictive
value of incorporating information from cardiac troponins and right
ventricular (RV) strain which have become important variables in risk
stratification.
METHODS A retrospective cohort study was conducted including 348
patients admitted with a diagnosis of submassive PE dating from
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