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Abstract

As identification of left main (LM) stenoses has prognostic and therapeutic

relevance, a precise anatomic and/or functional characterization of angiographically

intermediate LM stenoses, by using intravascular ultrasound (IVUS) and fractional

flow reserve (FFR) respectively, is crucial (1). However, increased left ventricular (LV)

pressures might affect FFR measurements (2). Here we describe the case of a patient

with chronic coronary syndrome and severe LV dysfunction in whom coronary

angiography revealed an intermediate LM stenosis and catheterization identified an

increased LV end‐diastolic pressure. FFR measurement showed disproportionally

higher FFR values compared with the minimal luminal area assessed by IVUS. When

cardiac output was artificially augmented by using Impella for assisting percutaneous

coronary intervention, the value of FFR measurement turned out proportional to

what expected for the degree of anatomical stenosis. This discrepancy between

anatomic and functional measurement may be a sign of coronary autoregulation

dysfunction and therefore could help to identify high‐risk patients in whom the use

of a mechanical support device is more beneficial during percutaneous

revascularization.
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1 | INTRODUCTION

A precise characterization of left main (LM) stenoses has prognostic

and therapeutic relevance.1 Beyond coronary angiography, in patients

with intermediate LM stenosis Guidelines suggest to collect a more

detailed anatomical information by intravascular ultrasound (IVUS) or

to perform a physiologic measurement to guide the treatment.1 This

“physiologic approach” includes the evaluation of fractional flow

reserve (FFR), which is an index to identify coronary stenoses causing

myocardial ischemia. FFR can be obtained by calculating the ratio of

mean distal coronary pressure (Pd) measured by a pressure guidewire

to mean aortic pressure (Pa) measured simultaneously by the guiding

catheter. Notably, FFR use has been validated in populations with

normal or slightly elevated left ventricular (LV) filling pressures. Thus, a

cautious interpretation of FFR values is required in patients with LV

dysfunction, where increased filling pressures might affect FFR
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measurements. Previous data demonstrated that LV end‐diastolic

pressure (LVEDP) was positively associated with FFR measures; this

association was greater for FFR values <0.80 and at lower Pa.2 To

date, evidence on intra‐individual variations of FFR measures based on

changes of LV filling pressures in the single patient is scant.

1.1 | Case description

We here describe changes of LV, aortic, and coronary pressures and

their effects on FFR measurement during the use of Impella CP

device in a patient with LM stenosis and severe LV dysfunction.

Impella CP is a percutaneous ventricular assistant device providing up

to 4 L/min of flow, LV unloading and improved coronary perfusion.

The effects of Impella‐related changes in LV pressure on functional

evaluation of coronary lesions were not previously reported. A

78 years old woman, with hypertension and diabetes mellitus, was

admitted for chronic coronary syndrome and severe LV dysfunction.

LV ejection fraction at echocardiography was 20% and invasive

LVEDP was 25mmHg. Coronary angiography showed an intermedi-

ate LM stenosis (Figure 1A) with a FFR index of 0.83 (Pd = 67mmHg,

Pa = 81mmHg) (Figure 1B). Conversely, IVUS imaging showed a

significant LM plaque with a minimal luminal area of 4.7 mm2 and

180° angle of a calcified arch (Figure 1C). Due to anatomical features

of the lesion and concomitant LV dysfunction, we planned a

percutaneous coronary intervention (PCI) assisted by Impella CP

support. With Impella CP at maximal power (P8) we repeated LVEDP

and FFR measurements, being 15mmHg and 0.65 (Pd = 60mmHg,

Pa = 92mmHg), respectively (Figure 1D). Then, we successfully

performed coronary intravascular lithotripsy and stent implantation

on LM stem (Figure 1E).

2 | DISCUSSION

This case demonstrates that an increased LVEDP underestimates

the physiological assessment of LM coronary stenosis severity. This

can be related to severe diastolic dysfunction resulting in impaired

F IGURE 1 (A) Coronary angiography showing the distal LM stenosis (white arrow). Black arrow indicates the Impella CP device (Abiomed)
turned off in the left ventricle. (B) Functional measurement by pressure wire (OmmiWire; Koninklijke Philips N.V.) without Impella CP support
demonstrating a FFR index of 0.83 (with LVEDP 25mmHg). (C) IVUS imaging (Eagle Eye Platinum; Philips Volcano) showing the LM plaque with
180° angle of a calcified arch and a minimal luminal area of 4.7 mm2. (D) Functional measurement indicating a FFR index of 0.65 (with LVEDP
15mmHg) under Impella CP support at maximal power. (E) Coronary angiography after LM stent implantation (white arrow). Black arrow
indicates the Impella CP device in the left ventricle. FFR, fractional flow reserve; IVUS, intravascular ultrasound; LM, left main; LVEDP, left
ventricular end‐diastolic pressure. [Color figure can be viewed at wileyonlinelibrary.com]
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coronary flow. A physiological coronary flow peak has been

described in diastole, due to the dominance of a “suction wave”

generated by coronary microcirculatory decompression.3 This wave

is significantly reduced in patients with diastolic dysfunction.3

Furthermore, the vasodilatory capacity of coronary arterioles in

patients with increased LVEDP, in our case being related to

persisting, large myocardial ischemia and LV dysfunction, is reduced

or exhausted at rest; thus, the vasodilatory effect of adenosine on

microcirculatory resistance is limited. A similar condition has been

described in patients with severe aortic stenosis, where LVEDP

reduction by transcatheter aortic valve replacement leads to

immediate recovery of coronary microcirculatory resistance and

increased hyperemic flow velocity.4 In our patient, LV unloading

and LVEDP decreasing by Impella, coupled with the device‐related

increase of aortic pressures and reduction of coronary pressures,

restored the coronary autoregulation pathways, in particular

improving the physiological diastolic “suction wave” and increasing

coronary flow. This “unmasked” the functional severity of LM

stenosis.

Previous data showed that anatomical and functional evaluation

for LM disease are highly correlated in normal loading conditions.5

Notably, our case suggests to privilege the use of IVUS rather than

FFR for LM assessment of patients with LV overload, given a higher

sensitivity and the capability to provide potentially relevant anatomic

information. However, the MLA cut‐off value assessed by IVUS is a

matter of debate. Furthermore, a mismatch between anatomical and

physiological coronary severity, namely intermediate‐to‐severe ste-

noses associated with normal or near‐normal FFR values, might

represent a marker of dysfunctional autoregulation and help to select

high‐risk patients requiring a mechanical ventricular support during

PCI. Notably, previous data demonstrated that the hemodynamic

benefit of intra‐aortic balloon pump (IABP) was maximal when

coronary autoregulation was impaired (e.g., in presence of severe LV

dysfunction).6 In this condition, IABP augments myocardial perfusion,

mainly due to a diastolic forward compression wave caused by

balloon inflation.6 Similarly, Impella support might be predominantly

beneficial in patients with coronary autoregulation dysfunction.

However, our data represent working hypotheses requiring future

mechanistic studies.

3 | CONCLUSION

In patients with LM stenosis and high LV pressures, the discrepancy

between anatomic and functional measurement may be a sign of

coronary autoregulation dysfunction and therefore could help to

identify high‐risk patients in whom the use of a mechanical support

device is more beneficial during percutaneous revascularization.
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