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In the article presented in this issue of Kar-

diologia Polska (Polish Heart Journal) [1], its 

authors describe the incidence of major 

complications after abdominal aortic surgery, 

including myocardial injury after non-cardiac 

surgery (MINS), acute renal injury (AKI) and 

bleeding independently associated with 

mortality (BIMS). Such data may be useful 

to clinicians participating in preoperative 

assessment, those taking care of patients in 

the perioperative time, and those involved in 

the long-term care of those patients after sur-

gery. Reading about those patients leads me 

to reflect on my place of work — an intensive 

care unit — where such patients frequently 

are admitted after surgery.

First, patients with indications for aortic 

surgery are all high-risk patients. Parts of the 

cardiovascular system usually do not get dis-

eased in isolation from other parts — aortic 

disease is frequently associated with disease 

in the coronary, cranial, mesenteric, and 

peripheral circulation. As a group, those pa-

tients have a high prevalence of risk factors 

for complications: hypertension, diabetes, 

heart failure, previously diagnosed coronary 

artery disease (CAD), and, if not, in most cases 

undiagnosed CAD disease. Moreover, most 

are older (regardless of how we define it). The 

authors report one-month mortality among 

all those patients as 6.9% although it may well 

differ dramatically depending on circumstanc-

es, for example, ruptured aneurysm versus 

elective surgery. 

The second issue, and the first surprise, is 

the frequency of those events: >40% in the 

case of MINS, >40% in the case of BIMS, and 

over 15% in the case of AKI. Admittedly, the 

criteria for finding them are lax — for example, 

a small increase in troponins or 6-hour urine 

output below 0.5 cc/kg/h or transfusion of 

1 unit of packet red blood cells (pRBC, about 

300 ml). No question that if we look for such 

events, there will be plenty of them.

The third issue is the prognostic signifi-

cance of the occurrence of those events (MINS, 

BIMS, AKI). This is another surprise for most 

of us — having MINS diagnosed (vs. not) is 

associated with mortality of 12.4% vs. 2.6%; in 

the case of BIMS the corresponding numbers 

are 12.3% vs. 1.7% and for AKI 32.6% vs. 1.1%. 

These are likely eye-opening numbers. 

The fourth and fifth issues are of utmost 

importance. To start, could we improve prog-

nosis by preventing those events? We know 

the characteristics of those patients (older, 

with multiple comorbidities). We know at least 

some of the perioperative factors associated 

with them — for example, tachycardia, or 

depth and duration of hypotension — even 

mean blood pressure below 65 mm Hg and 

certainly below 55 mm Hg, and even for 

a few minutes [2, 3]. Could we prevent those 

events and their consequences? The answer 

is not clear, and, so far, a series of well-done 

randomized controlled trials have failed to 

confirm the usefulness of several interven-

tions, including antiplatelet therapy (ASA), 

beta-blockers, clonidine, or even a strategy 

aimed at avoiding hypotension [4]. However, 

it seems that a strong focus on avoiding hy-

potension (dehydration, bleeding, excessive 

sedation) and tachycardia, even as a marker of 

ongoing problems (dehydration, pain, or not 

taking pre-op beta-blockers) in the postoper-

ative time, will not hurt and may well help our 

patients. The importance of rapid recognition 

of intraoperative and postoperative bleeding 
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seems crucial. Speed of reaction to those events, as well 

as speed of reaction to renal dysfunction (usually related 

to hypovolemia or hypotension), is likely to play a role. All 

this requires system-wide ability to detect and appropri-

ately react to the physiological phenomena (monitoring 

technology and presence of trained personnel to react to 

observations) [5].

The last issue is what to do once we detect those 

events. This is not entirely clear, and the course of action 

may depend not only on the nature and severity of compli-

cations but also on a host of other factors. Renal injury and 

the need for transfusion are likely consequences of a one-

time event. The issue of troponin elevation in a person at 

high risk requires more in-depth considerations. There is 

reasonably compelling although non-conclusive observa-

tional evidence suggesting use of ASA and lipid-lowering 

therapy (statin) in MINS patients. Otherwise, the manage-

ment (investigations and treatment) may range from “not 

much” to multi-pronged pharmacological treatment, either 

permanent or until further risk stratification is completed. 

Those investigations may vary in scope and intensity from 

regular stress tests (likely in patients considered very low 

risk due to lack of major cardiovascular risk factors and 

minor troponin elevation without ongoing or documented 

dynamic ECG changes), through echocardiogram checks to 

look for wall motion abnormalities, pharmacologic stress 

testing looking for ischemia and its extent, and non-inva-

sive imaging tests (for example, computed tomography an-

giography), to regular coronary angiography investigations 

with PCI intervention if needed. What can be done will also 

depend on patients’ values and preferences and the sys-

tem’s ability to “process” a large number of patients, hence 

there will be different thresholds for action in different 

geographic areas, further modified by patients’ choices. In 

terms of treatments, attention to and control of modifiable 

risk factors (smoking, hypertension, hyperlipidemia, and 

diabetes) are crucial, with consideration given to the use 

of renin-angiotensin blockade (ACEi or ARB), beta-blockers, 

and, when indicated, SGLT-2 inhibitors.

In conclusion, from the perspective of an ICU clini-

cian, the occurrence of complications is common and 

has significant prognostic implications. Once detected, 

complications should not be ignored but managed with 

an explicit plan of action, even if it includes ‘only’ referral 

for future risk assessment.
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Over the past few years, the number of 

percutaneous coronary interventions (PCI) 

performed in patients with severely calcified 

coronary artery disease (CAD) has significantly 

increased [1]. Heavily calcified lesions are 

challenging in terms of adequate lesion prepa-

ration, equipment delivery, and optimal stent 

deployment [2]. Several PCI adjunctive tools 

for plaque modification have been introduced 

to deal with severely calcified lesions safely 

and effectively [3]. 

Shockwave Intravascular Lithotripsy 

(S-IVL) has emerged as a novel therapy for 

the treatment of vascular calcification [2]. The 

Shockwave Medical Coronary IVL catheter 

(Santa Clara, CA, US) consists of a 0.014-inch 

guidewire-compatible balloon catheter with 

two lithotripsy emitters incorporated into the 

shaft of a 12-mm-long balloon [4].  The IVL 

catheter is delivered, inflated, and deflated as 

any other balloon. During brief and low-pres-

sure balloon inflation, 10 IVL pulses are deliv-

ered creating acoustic shockwaves that spread 

circumferentially and transmurally with mini-

mal effect on soft tissue while imparting com-

pressive stress on calcified plaques [4]. Each 

balloon catheter can deliver up to 80 pulses or 

120 with the latest generation Shockwave C2+ 

system with interval deflations to allow distal 

coronary perfusion [4]. 

The safety and efficacy of the S-IVL system 

have been supported by the company-spon-

sored single-arm prospective DISRUPT CAD 

studies (I, II, III, and IV) [5]. In a patient-level 

pooled analysis of these studies reporting 

results from 628 patients across 72 sites in 

12 countries, the primary safety (i.e., absence 

of in-hospital major adverse cardiovascular 

events) and effectiveness (i.e., procedural suc-

cess) endpoints were achieved in 92.7% and 

92.4% of patients, respectively [5]. At 30 days, 

the rates of target lesion failure, cardiac death, 

and stent thrombosis were 7.2%, 0.5%, and 

0.8%, respectively. Rates of post-IVL and final 

serious angiographic complications were 2.1% 

and 0.3%, with no IVL-associated perforations, 

abrupt closures, or episodes of no reflow [5].

In this issue of Kardiologia Polska (Polish 

Heart Journal), Rola et al. [6] present data from 

the Lower Silesia Shockwave Registry (LSSR). 

The registry includes 131 PCI cases where the 

S-IVL system was used between May 2019 and 

September 2022 in two high-volume Polish 

cardiac centers. S-IVL was used either for cal-

cium modification in resistant calcified lesions 

before stent deployment (76% of recruited 

cases) or for stent optimization in significantly 

underexpanded previously implanted stents 

(25% of cases). The study evaluated procedur-

al success and clinical outcomes in-hospital 

and in 6-month follow-up. Procedural success 

was met in 96% of cases, with 3 cases of device 

failure (i.e., S-IVL balloon rupture) without 

clinical consequences. Regarding clinical 

outcomes, in-hospital MACE was 4.6% and 

7.9% at 6 months.

Several clinical and procedural aspects of 

the study are important and add to the exist-

ing literature. Firstly, 87% of the patients pre-

sented with acute coronary syndrome (ACS) 



K A R D I O L O G I A  P O L S K A

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a848

(8.4% ST-segment elevation myocardial infarction [STEMI] 

and 74% non-STEMI [NSTEMI]). ACS was essentially an ex-

clusion criterion for the DISRUPT CAD studies. Nevertheless, 

ACS cases represent a significant part of PCI procedures in 

high-volume cardiac centers. Calcified culprit lesions are 

frequent in NSTEMI and STEMI patients undergoing urgent 

or emergency PCI and directly impact future target lesion 

failure [7, 8]. Having an easy, safe, and effective method for 

calcium modification is important, and the current study 

supports S-IVL use in this cohort. 

In 1 of 4 cases in the LSS Registry, S-IVL was used to 

treat significant underexpansion of previously implanted 

stents. Although initially an “off-label” use, S-IVL for stent 

restenosis secondary to underexpansion became a popular 

strategy for this challenging clinical scenario with limited 

therapeutic options [9–11]. The LSSR data show that S-IVL 

is a relatively safe and effective approach when dealing 

with stent underexpansion. 

The previous use of rotational or orbital atherectomy 

was not an exclusion criterion for the study, and 13.7% of 

the patients had atherectomy debulking before S-IVL use. 

The occasional complementary use of the 2 calcium-modi-

fying modalities should be noted, a strategy that appeared 

to be safe and effective in a recently published report from 

the international multicenter Rota-Shock Registry [12]. Fi-

nally, the left main artery constituted 20.6% of the treated 

vessels in the study, adding to previous reports [13, 14] that 

supported S-IVL use to treat LM lesions (another exclusion 

criterion in the DISRUPT CAD studies). 

The current study carries the inherent limitations of 

registry-based studies such as potential selection bias, 

retrospective data collection, and lack of a control group 

or adjudication for procedural and clinical endpoints. From 

a procedural perspective, the lack of universal post-dila-

tion (applied in 77% of cases) and the relatively low use 

of intracoronary imaging for the specific cohort (23.7%) 

should be noted. 

Nevertheless, the study by Rota et al. provides real-life 

data in a high-risk population supporting the use of S-IVL 

as an everyday tool for calcium modification. This kind of 

data are necessary for S-IVL to demonstrate its safety and 

efficacy outside the “sterile” environment of clinical studies 

where several exclusion criteria are applied. In conclusion, 

the Lower Silesia Shockwave Registry showed short- and 

long-term safety and efficacy for S-IVL in the treatment 

of resistant de novo calcified coronary disease and stent 

underexpansion. Still, the lack of comparative studies in 

the literature regarding S-IVL is striking. Studies comparing 

S-IVL with other calcium/plaque modifying techniques are 

needed. Furthermore, the high price of the device com-

pared to alternative modalities, merits cost-effectiveness 

analysis and adequate reimbursement policies [15].
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A B S T R A C T

According to the 2021 European Society of Cardiology guidelines, the four pillars of medical therapy 

in heart failure with reduced ejection fraction (HFrEF) include sodium-glucose co-transporter-2 in-

hibitors, beta-blockers, mineralocorticoid receptor antagonists, and angiotensin-converting enzyme 

inhibitors or angiotensin receptor-neprilysin inhibitors. However, in clinical practice, concomitant 

use of all four drug groups in target doses is often limited by their intolerance or fear of potential 

complications. Herein, we present strategies to initiate or modify HFrEF therapy in frequent but chal-

lenging clinical scenarios (symptomatic hypotension, atrial fibrillation, kidney disease or worsening 

renal function, hyperkalemia) in a way that does not lead to unnecessary reduction or cessation of 

life-saving treatment. 
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function

Correspondence to:

Agnieszka Kapłon-Cieślicka,  

MD, PhD,

1st Chair and Department  

of Cardiology,  

Medical University of Warsaw,

Clinical Central Hospital, MUW 

Clinical Center, 

Banacha 1A,  

02–097 Warszawa, Poland,

phone: +48 22 599 29 58, 

e-mail:  

agnieszka.kaplon@gmail.com

Copyright by the Author(s), 2023

DOI: 10.33963/v.kp.97248

Received:  

February 2, 2023

Accepted:  

August 17, 2023

Early publication date:  

September 3, 2023
INTRODUCTION

The 2021 European Society of Cardiology 

(ESC) guidelines have changed the algorithm 

of pharmacotherapy in heart failure with 

reduced ejection fraction (HFrEF) [1]. Apart 

from introducing sodium-glucose co-trans-

porter-2 inhibitors (SGLT2i) as the fourth 

pillar of guideline-directed medical therapy 

(GDMT) in HFrEF, they have switched from 

a clearly outlined stepwise approach (with 

angiotensin-converting enzyme inhibitors 

[ACEi] and beta-blockers initiated in step 1, and 

mineralocorticoid receptor antagonists [MRA] 

in step 2) to a more general recommendation 

to implement the “fantastic four” (ACEi/angi-

otensin receptor-neprilysin inhibitors [ARNI], 

beta-blockers, MRA, and SGLT2i) in every 

patient with HFrEF [1, 2]. This has triggered 

a considerable debate about whether those 

four drug groups should be initiated simul-

taneously or stepwise, given their effects on 

hemodynamics, renal function, and potassium 

levels [3, 4]. In HFrEF, atrial fibrillation (AF), 

symptomatic hypotension, kidney disease, 

and hyperkalemia are common problems, 

which may mandate a modification in GDMT 

[5]. However, HFrEF patients mustn’t be denied 

life-prolonging medications simply due to fear 

of their adverse effects in the setting of comor-

bidities or complications. Recently, consensus 

documents of the Heart Failure Association of 

the ESC have addressed common problems 

encountered in patients with HFrEF [5, 6]. 

Still, non-HF specialists often have concerns 

regarding full GDMT implementation and feel 

overwhelmed by the abundance of additional 

medications that may be indicated in HFrEF. 

This practical guide aims to help non-HF 

specialists (general practitioners, internal 

medicine specialists, cardiologists, geriatricians, 

pulmonologists, nephrologists, and other physi-

cians taking care of HFrEF patients) to develop 

an individualized approach to HFrEF pharma-

cotherapy based on patient clinical profiling. 

INITIATION OF GDMT IN HFREF: 
GENERAL STRATEGY  

AND SPECIFIC SITUATIONS
If feasible, simultaneous initiation of drugs 

from all four groups (ACEi/ARNI, beta-blockers, 
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MRA, and SGLT2i) is advisable [3]. In fact, simultaneous ini-

tiation with rapid up-titration of GDMT has proven safe and 

is superior to sequential introduction with slow, stepwise 

titration, shortening the time required to reach the target 

doses of disease-modifying drugs [7]. Given that the reduc-

tion in cardiovascular endpoints with GDMT occurs as early 

as 2–6 weeks after its initiation, delaying its introduction 

with the traditional stepwise approach seems unjustified 

[7–10]. Notably, ARNI may be considered as first-line ther-

apy in ACEi-naïve HFrEF patients, and such a strategy with 

cautious stepwise ARNI up-titration was proven safe and 

effective [1, 11–13]. Importantly, the STRONG-HF trial has 

demonstrated that rapid up-titration of GDMT in patients 

with acute HF reduces the risk of all-cause death or HF 

readmission in post-discharge follow-up [14].

Symptomatic hypotension

Still, some patients will not tolerate simultaneous in-

troduction and/or up-titration of all four GDMT drug 

groups. One of the main barriers, especially in advanced 

HFrEF or in older, fragile patients is symptomatic hypoten-

sion. The prevalence of hypotension in HF is reported in 

10-15% of clinical trials; however, it is significantly higher 

in routine clinical practice [15]. In the WET-HF registry, in 

patients discharged after HFrEF decompensation, 35% 

had systolic blood pressure (BP) lower than 100 mm Hg, 

and the GDMT prescription rate in those patients was 

63% [16]. ARNI should not be introduced if systolic blood 

pressure (BP) is lower than 100 mm Hg [5]. Symptomatic 

hypotension may also hinder initiation/up-titration of 

ACEi and beta-blockers, while SGLT2i and MRA have only 

a modest effect on BP [5]. Among MRA, eplerenone might 

be preferred in the setting of hypotension, given its lower 

antihypertensive potency compared to spironolactone 

[17, 18]. Within beta-blockers, bisoprolol or metoprolol 

CR/XL may be preferred in hypotensive patients over 

vasodilating beta-blockers, especially if the heart rate (HR) 

exceeds 70 bpm. In patients with sinus rhythm and HR over 

70 bpm., ivabradine may be added if beta-blockers cannot 

be up-titrated due to symptomatic hypotension [5]. In con-

trast to sinus rhythm, there is no evidence for a prognostic 

benefit of beta-blockers in HFrEF with atrial fibrillation (AF), 

and HR of <70 bpm has been associated with unfavorable 

outcomes [19, 20]. Thus, in hypotensive HFrEF patients 

with AF, beta-blockers may be reduced or even discarded, 

with digoxin used for rate control if needed (maintaining 

a ventricular rate of >70 bpm) [5]. This approach may allow 

initiation and up-titration of ACEi/ARNI.

Chronic kidney disease

Another common problem in HFrEF is chronic kidney dis-

ease (CKD), which affects up to half of all HFrEF patients 

[21]. In CKD patients, a common concern is an anticipated, 

further decrease in estimated glomerular filtration rate 

(eGFR) and a rise in serum potassium after initiation of 

renin-angiotensin-aldosterone system inhibitors (RAASi).  

In the ESC HF Long-Term registry, serum potassium 

≥5.0 mmol/l was present in 16%, and ≥5.5 mmol/l — in 

3.5% of chronic HF patients [22]. In long-term follow-up, 

approximately one-quarter of HF patients develop hyper-

kalemia [23]. However, given that CKD is associated with 

a doubled risk of all-cause death in HFrEF (and thus con-

stitutes a stronger prognostic factor than left ventricular 

ejection fraction), HFrEF patients with concomitant CKD 

are most likely to benefit from GDMT [24]. Furthermore, 

most of the HFrEF “fantastic four” (namely ACEi/ARNI and 

SGLT2i) exert not only cardioprotective but also nephro-

protective actions [25-28]. Thus, while contraindications 

should, naturally, be followed (MRA contraindicated with 

eGFR of <30 ml/min/1.73 m2, dapagliflozin — with eGFR 

of <25 ml/min/1.73 m2, and empagliflozin — with eGFR 

of <20 ml/min/1.73 m2), HFrEF patients with CKD should 

not be denied life-saving pharmacotherapy for HFrEF, and 

GDMT should be implemented and cautiously up-titrated 

in those patients [6]. Importantly, a drop in eGFR after 

introduction of RAASi and SGLT2i is not only acceptable 

(and with no need for RAASi dose reduction unless a rise in 

creatinine exceeds 50% from baseline) but actually indica-

tive of a more potent nephroprotective effect, as it results 

from lowering the hydrostatic pressure in glomerulus due 

to predominant vasodilation of vas efferens with ACEi and 

SGLT2i [6]. Reduction of intraglomerular hypertension 

initially manifests itself as lower glomerular filtration but, 

over time, protects the kidneys from glomerular loss and, 

thus, reduces the slope of eGFR decline. In HF, this positive 

effect on eGFR slope is most evident with SGLT2i, strong 

with ARNI, and for ACEi and angiotensin receptor blockers 

— observed only in those with diabetes [6, 25–30].

Table 1 presents the recommended approaches to 

GDMT initiation in HFrEF patients, depending on clini-

cal profiles.

ADJUSTING DIURETIC THERAPY IN HFREF
Although they are not disease-modifying drugs, diuretics 

are a mainstay of HF therapy. Diuretics are recommended in 

HFrEF patients with symptoms and/or signs of congestion 

to alleviate symptoms and reduce HF hospitalization ad-

missions [1]. Diuretic therapy aims to achieve and maintain 

euvolemia with the lowest diuretic dose. Complete diuretic 

withdrawal is also a viable option in stable euvolemic HFrEF 

patients [31]. Achieving and maintaining euvolemia is 

important, not solely for improving symptom control and 

quality of life, but also for prognosis, and even residual 

congestion after HF decompensation was shown to be 

associated with adverse outcomes [31, 32]. 

Loop diuretics are the first-line treatment used for 

decongestion. In acute, congested HFrEF patients, they 

are given intravenously, and their efficacy should be mon-

itored with systematic measurements of urine output and 

sodium excretion (urine spot analysis). Inadequate diuresis 

and/or sodium excretion dictates doubling the dose of 

a loop diuretic, repeated until the maximum dose has been 
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Table 1. Initiation of guideline-directed medical therapy in heart failure with reduced ejection fraction depending on the patient’s clinical 

profile

Clinical profile of a HFrEF 

patient

ACEi / ARNI BB MRA SGLT2i Other agents

Sinus rhythm

Sinus rhythm, normotension, 

normocardia,

eGFR >60 ml/min/1.73 m2, 

normokalemia

ACEi1  ARNI

or

ARNI2

BB3 MRA4 SGLT2i5 Loop diuretic6  

(if congested)

Sinus rhythm, SBP 

<100 mm Hg, HR >70 bpm, 

eGFR >60 ml/min/1.73 m2, 

normokalemia

ACEi BB

(bisoprolol or 

metoprolol 

CR/XL may be 

preferred)

MRA 

(eplerenone may be 

preferred)

SGLT2i Ivabradine

ARNI Loop diuretic  

(if congested)

Sinus rhythm, SBP 

<100 mm Hg, HR <70 bpm, 

eGFR >60 ml/min/1.73 m2, 

normokalemia

ACEi BB MRA 

(eplerenone may be 

preferred)

SGLT2i Loop diuretic  

(if congested)ARNI

Atrial fibrillation

Non-paroxysmal AF,  

normotension, 

eGFR >60 ml/min/1.73 m2, 

normokalemia

ACEi  ARNI

or

ARNI

BB

(for rate 

control)

MRA SGLT2i OAC7

Digoxin  

(if needed for rate control)

Loop diuretic  

(if congested)

Non-paroxysmal AF,  

SBP <100 mm Hg,

eGFR >60 ml/min/1.73 m2, 

normokalemia

ACEi BB 

(can be discar-

ded)

MRA 

(eplerenone may be 

preferred)

SGLT2i OAC

ARNI Digoxin  

(if needed for rate control)

Loop diuretic  

(if congested)

Kidney disease and hyperkalemia

Sinus rhythm, normotension, 

normocardia, eGFR 30–60 

ml/min/1.73 m2

ACEi  ARNI

or

ARNI

BB MRA

(initiate triple therapy with 

ACEi/ARNI + BB + SGLT2i  

in 1–2 weeks if eGFR >30 ml/ 

/min/1.73 m2 and K+ <5.0 

mmol/l  add MRA)

SGLT2i Loop diuretic (if congested)

Sinus rhythm, normotension, 

normocardia, eGFR 15–30 

ml/min/1.73 m2

ACEi  BB MRA SGLT2i

(empagliflozin when 

eGFR >20 ml/ 

/min/1.73m2; dapa-

gliflozin when eGFR 

>25 ml/min/1.73 m2)

Loop diuretic (if congested)

ARNI8

Sinus rhythm, normotension, 

normocardia, eGFR <15 ml/

min/1.73 m2

ACEi BB MRA SGLT2i Hydralazine or isosorbide 

dinitrate

(may be considered)
ARNI

Sinus rhythm, normotension, 

normocardia,

hyperkalemia

ACEi / ARNI

(do not initiate if K+ 

>5.4 mmol/l)

BB MRA

(do not initiate if K+ >5.0 

mmol/l)

SGLT2i K+ binders9 

Loop diuretic

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARNI, angiotensin receptor-neprilysin inhibitor; BB, beta-blocker; MRA, mineralocorticoid receptor antago-

nist; SGLT2i, sodium-glucose co-transporter-2 inhibitor; HR, heart rate; bpm, beats per minute; SBP, systolic blood pressure; AF, atrial fibrillation; eGFR, estimated glomerular 

filtration rate; OAC, oral anticoagulant; K+, potassium

1 ACEi listed in the ESC guidelines and registered for use in HF: captopril, enalapril, lisinopril, ramipril, trandolapril; ACEi not listed in the ESC guidelines but registered for HF 

in Poland: benazepril, quinapril, cilazapril, perindopril; ACEi not registered for HF in Poland: imidapril, zofenopril (zofenopril is registered for use in acute myocardial infarction 

with or without HF). 2Sacubitril/valsartan. 3BB listed in the ESC guidelines and registered for use in HFrEF: bisoprolol, carvedilol, metoprolol succinate (CR/XL), nebivolol. 4MRA 

listed in the ESC guidelines and registered for use in HFrEF: eplerenone, spironolactone. 5SGLT2i listed in the ESC guidelines and registered for use in HFrEF: dapagliflozin, 

empagliflozin. 6Loop diuretics registered for use in HFrEF in Poland: furosemide, torasemide. 7Non-vitamin K antagonist oral anticoagulants (NOAC) should be preferred to 

vitamin K antagonists (VKA), except for patients with moderate-to-severe mitral stenosis or mechanical prosthesis; NOAC registered for AF in Poland: dabigatran, rivaroxaban, 

apixaban. 8 According to the ESC guidelines [1] and ESC consensus documents [2, 3], ARNI should not be used when eGFR is <30 ml/min/1.73 m2; according to Summary of 

Product Characteristics sacubitril/valsartan may be cautiously used in a lower dose in patients with eGFR <30 ml/min/1.73 m2 and is contraindicated in end-stage kidney 

disease. 9Unavailable in Poland

Medication that should be initiated from the start in all patients, preferably simultaneously, at low doses but with subsequent timely up-titration to target doses or 

maximum doses tolerated by the patient (up-titration refers to ACEi/ARNI, BB, and MRA)

Medication that should not be used

Medication that should be initiated cautiously, possibly step by step rather than simultaneously, in very small doses with subsequent cautious up-titration to maxi-

mum doses tolerated by the patient (up-titration refers to ACEi/ARNI, BB, and MRA). Loop diuretics should be intiated only in congested patients and continued at 

a minimum dose required for euvolemia (or disontinued if not needed)

Medication that can be  discontinued
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reached [1, 31, 33]. In refractory cases, a combination of 

loop diuretics with diuretic agents that block sodium reab-

sorption at different sites in the nephron, such as thiazides 

(distal convoluted tubule) or acetazolamide (proximal 

convoluted tubule), i.e. sequential nephron blockade, may 

help overcome diuretic resistance [1, 31]. Importantly, of 

disease-modifying drugs, not only MRA but also SGLT2i 

and ARNI possess diuretic properties and may enhance 

the diuretic effect of loop diuretics [31, 34, 35].

Modification of GDMT in HFrEF: Specific situations

Patients with chronic HFrEF experience not only HF ex-

acerbations but also other problems (e.g. hypotension, 

worsening renal function, hyperkalemia, hypokalemia, 

hyponatremia), which may represent GDMT complications 

but can also result from disease progression (or, usually, 

the interplay between both) [5, 31, 36–38]. Irrespective of 

their etiology, these problems may require modification of 

HFrEF pharmacotherapy. Nonetheless, every effort should 

be made to maintain disease-modifying drugs, if possible, 

in adequate dosing. For example, hyperkalemia in HF was 

associated with discontinuation and lower doses of MRA 

during follow-up, and discontinuation of MRA due to hy-

perkalemia was associated with higher all-cause mortality 

in HFrEF [23].

Detailed algorithms for problem solving have been 

proposed in Figure 1. In each case, an attempt should be 

made to identify and treat the specific cause of deteriora-

tion. This includes a scrupulous assessment and, if need-

ed, correction of the patient’s volemic status. A decision 

to down-titrate disease-modifying drugs should always 

be preceded by a careful revision of current pharmaco-

therapy, and reduction or withdrawal of other agents 

(e.g. other antihypertensives or loop diuretics in patients 

with symptomatic hypotension, nephrotoxic drugs, and 

potassium supplements in those with worsening renal 

function and/or hyperkalemia, thiazide-type diuretics in 

those with hyponatremia) [36–38]. If disease-modifying 

drugs are reduced or temporarily withdrawn, an attempt 

to re-introduce or up-titrate them should be made as soon 

as the complication has resolved [5]. 

PRACTICAL CHECKLISTS TO OPTIMIZE 
GDMT IMPLEMENTATION IN CHALLENGING 

CLINICAL SCENARIOS
In HFrEF, cardiac and extracardiac comorbidities as well 

as complications arising in the course of the disease may 

impose therapy modification, which, in real-world practice, 

often results in underutilization of GDMT. Even more wor-

risome, a fear of potential complications (such as fear of 

Figure 1. Modification of guideline-directed medical therapy in heart failure with reduced ejection fraction in specific clinical situations

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AHT, antihypertensive; ARNI, angiotensin receptor-nepri-

lysin inhibitor; bpm, beats per minute; BB, beta-blocker; BP, blood pressure; BPH, benign prostatic hyperplasia; Ca2+, calcium; crea, creatinine; 

eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; GDMT, guideline-directed medical therapy; HR, heart rate; HRrEF, 

heart failure with reduced ejection fraction; incl., including; K+, potassium; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium-glu-

cose co-transporter-2 inhibitor 

*According to the ESC guidelines [1] and ESC consensus documents [2, 3], ARNI should not be used when eGFR is <30 ml/min/1.73 m2; 

according to SmPC, sacubitril/valsartan may be cautiously used in a lower dose in patients with eGFR <30 ml/min/1.73 m2, and is contraindi-

cated in end-stage kidney disease
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hypotension with concomitant use of ACEi/ARNI, MRA, and 

beta-blockers, or fear of worsening renal function and/or 

hyperkalemia with concomitant ACEi/ARNI and MRA use), 

even before they occur, often limits full implementation 

of GDMT. This is unjustified, given the long-term positive 

effect of HFrEF medications on left-ventricular remodeling 

and function (leading to increased cardiac output and less 

hypotension), nephroprotective actions of ACEi/ARNI and 

SGLT2i (leading to preservation of kidney function), and 

reduced risk for hyperkalemia with MRA when used in 

combination with ARNI or SGLT2i [25–31, 39–41]. 

Thus, despite evidence for prognosis improvement with 

GDMT, its implementation remains poor, and most HFrEF 

patients do not receive drugs from all recommended groups 

or do not reach their target doses [42–44]. Herein, we pro-

vide practical checklists to help non-HF specialists adjust 

pharmacotherapy in some common clinical situations in 

a way that would prevent any unnecessary down-titration 

or cessation of life-saving HFrEF medications (Checklists 1–3). 

Notably, different clinical scenarios require different strate-

gies, and handling of the same problem (e.g. hypotension) 

may differ depending on patient comorbidities (e.g. atrial 

fibrillation; see Checklists 1 and 2). Furthermore, patients’ 

clinical and laboratory status changes over time, which 

should lead to appropriate adjustment of hitherto therapy. 

For example, a patient’s kidney function may deteriorate 

(requiring therapy modification) but also improve under 

treatment (enabling introduction of previously contraindi-

cated agents or drug up-titration; see Checklist 3). One of the 

key factors determining therapy modification in different 

Checklist 1. Heart failure with reduced ejection fraction (HFrEF) and sinus rhythm

HFrEF + sinus rhythm

 ACEi/ARNI

 Beta-blockers

 MRA

 SGLT2i

To
 im

p
ro

ve
 

p
ro

g
n

o
sis

Problem-solving: symptomatic hypotension

STEP 1  Withdraw other antihypertensives 

 Consider reduction or withdrawal of loop diuretics (in hypo- or euvolemic patients)*

If still hypotensive

STEP 2  Continue SGLT2i and MRA 

• Consider switching from spironolactone to eplerenone

 Consider dose reduction of ACEi/ARNI or beta-blocker but refrain from withdrawal if possible

• Consider switching beta-blocker to bisoprolol or metoprolol CR/XL

• Consider switching from ARNI to ACEi

*Assessment of volemia/congestion should include: clinical assessment (weight change, presence of pulmonary congestion, peripheral edema, hepatomegaly, pleural 

effusion, ascites, and signs of increased jugular venous pressure) and laboratory testing (natriuretic peptides concentrations and their changes, echocardiography with esti-

mation of left ventricular filling pressures, assessment of the inferior vena cava, and assessment of congestion on chest X-ray and/or lung ultrasound) [31, 44, 45].

Checklist 2. Heart failure with reduced ejection fraction (HFrEF) and non-paroxysmal atrial fibrillation (AF)

HFrEF + non-paroxysmal AF

 OAC

 ACEi/ARNI

 MRA

 SGLT2i

To
 im

p
ro

ve
 

p
ro

g
n

o
sis

 Beta-blocker

 Digoxin

Fo
r H

R
 

co
n

tro
l

Problem-solving: symptomatic hypotension

STEP 1  Withdraw other antihypertensives 

 Consider reduction or withdrawal of loop diuretics (in hypo- or euvolemic patients)*

If still hypotensive

STEP 2  Continue SGLT2i and MRA 

• Consider switching from spironolactone to eplerenone

 Consider dose reduction or withdrawal of a beta-blocker 

• Use digoxin (with or without a beta-blocker) for HR control 

• Keep HR >70 b.p.m

• If still on beta-blocker, switch to bisoprolol or metoprolol CR/XL 

 Continue ACEi/ARNI

If still hypotensive

STEP 3  Consider dose reduction of ACEi/ARNI but refrain from withdrawal if possible

•  Consider switching from ARNI to ACEi

*Assessment of volemia/congestion should include: clinical assessment (weight change, presence of pulmonary congestion, peripheral edema, hepatomegaly, pleural 

effusion, ascites, and signs of increased jugular venous pressure) and laboratory testing (natriuretic peptides concentrations and their changes, echocardiography with esti-

mation of left ventricular filling pressures and assessment of the inferior vena cava, and assessment of congestion on chest X-ray and/or lung ultrasound) [31, 44, 45].



w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a 855

Agnieszka Kapłon-Cieślicka et al., A practical guide to heart failure therapy

Checklist 3. Heart failure with reduced ejection fraction (HFrEF) and renal dysfunction

HFrEF + chronic kidney disease (CKD)

 ACEi/ARNI

 SGLT2i

of HFrEF and CKD

(cardio- and nephro-protection)

To
 im

p
ro

ve
 

p
ro

g
n

o
sis

 MRA

 Beta-blocker

of HFrEF

(cardio-protection)

Problem-solving: GDMT in HFrEF with CKD

eGFR, ml/min/1.73 m2 Drugs to be initiated/continued Drugs to be discontinued

>30  ACEi/ARNI

 MRA 

 Beta-blocker

 SGLT2i

25–30  ACEi (low dose)

 Beta-blocker 

 SGLT2i

 ARNI*

 MRA

20–25  ACEi (low dose)

 Beta-blocker

 Empagliflozin

 ARNI*

 MRA

 Dapagliflozin

<20  Beta-blocker  ARNI*

 MRA

 SGLT2i

 ACEi (low dose) may be beneficial in end-stage CKD (especially if on dialysis) – consult with a nephrologist

Problem-solving: worsening renal function (WRF) in HFrEF

STEP 1

General measures

 Identify WRF cause (pre-renal, renal, post-renal) and treat it

 Withdraw nephrotoxic drugs (e.g. NSAIDs)

 Withdraw K+ supplements and K+ retaining drugs (e.g. amiloride)

 Monitor serum creatinine, urea/BUN, electrolytes and urine output

 Assess BP, congestion, and volume status

• If congested, intensify diuretic treatment**

• If hypovolemic, withdraw loop diuretics**

STEP 2

GDMT modification
Increase in serum  

creatinine from baseline

Serum creatinine, mg/dl eGFR, 

ml/min/1.73 m2

GDMT modification

<50% <3.0 >25 (<10% 

decrease from 

baseline)

NO

50%–100% 3.0–3.5 20–25 Temporarily reduce ACEi/ARB dose by half 

>100% >3.5 <20 Stop RAASi

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARNI, angiotensin receptor-neprilysin inhibitor; bpm, beats per minute; BUN, blood urea 

nitrogen; BP, blood pressure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate;  GDMT, guideline-directed medical therapy; HR, heart rate; HFrEF, heart 

failure with reduced ejection fraction; K+, potassium; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium-glucose co-transporter-2 inhibitor; OAC, oral anticoagulant; 

WRF, worsening renal function; NSAID, non-steroidal anti-inflammatory drugs; RAASi, renin-angiotensin-aldosterone system inhibitors

*According to the ESC guidelines [1] and ESC consensus documents [2, 3], ARNI should not be used when eGFR is <30 ml/min/1.73 m2; according to SmPC, sacubitril/valsartan 

may be cautiously used in a lower dose in patients with eGFR <30 ml/min/1.73 m2 and is contraindicated in end-stage kidney disease. **Assessment of volemia/congestion 

should include: clinical assessment (weight change, presence of pulmonary congestion, peripheral edema, hepatomegaly, pleural effusion, ascites, and signs of increased 

jugular venous pressure) and laboratory testing (natriuretic peptides concentrations and their changes, echocardiography with estimation of left ventricular filling pressures 

and assessment of the inferior vena cava, and assessment of congestion on chest X-ray and/or lung ultrasound) [26, 39, 40]

clinical scenarios is assessment of the patient’s volemic 

status and signs of congestion [31, 45, 46].

Clinical case 1: Ambulatory HFrEF patient with 

chronic kidney disease

A 68-year-old man was referred to an ambulatory HF 

center due to newly diagnosed HFrEF (on transthoracic 

echocardiogram: EF 33%, regional contractile abnormalities 

suggestive of ischemic HF etiology). He reported moderate 

limitation in physical activity (New York Heart Association 

[NYHA], class II) in the previous few months and denied any 

chest pain. He was a smoker, with untreated hypercholes-

terolemia and a history of posttraumatic left nephrectomy 

20 years earlier. On physical examination, there were no 

signs of congestion and BP was 135/80 mm Hg. Electro-

cardiogram showed sinus rhythm of 80 bpm, and a QS 

complex in leads V2– V3. Laboratory tests showed a creati-

nine level of 1.48 mg/dl with eGFR of 47 ml/min/1.73 m2, 

potassium of 4.4 mmol/l, NT-proBNP of 2100 pg/ml, and 

low-density lipoprotein (LDL) cholesterol of 136 mg/dl.

Given reduced eGFR, triple HFrEF therapy was initiated, 

including metoprolol CR 25 mg once daily (o.d.), empagli-

flozin 10 mg o.d., and sacubitril/valsartan 24/26 mg twice 

daily (b.i.d). Furthermore, due to suspected ischemic eti-

ology, antiplatelet and statin treatment was initiated, and 

elective coronary angiography was scheduled.

Two weeks later, the patient came for ambulatory 

control. He reported improved exercise tolerance. His 

BP was 128/75 mm Hg and HR — 75 bpm. In laboratory 

tests, creatinine increased to 1.67 mg/dl (with eGFR of 
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41 ml/min/1.73 m2), and potassium to 4.7 mmol/l. Given 

that the increase in creatinine was below 50%, and eGFR re-

mained above 30 ml/min with potassium below 5.0 mmol/l, 

eplerenone 25 mg o.d. was initiated. Metoprolol CR dose 

was increased to 50 mg o.d. 

On the subsequent control, 2 weeks later, creatinine was 

1.71 mg/dl (with eGFR of 40 ml/min/1.73 m2) and potassium 

was 4.9 mmol/l. Metoprolol CR and sacubitril/valsartan 

were further up-titrated (to 100 mg o.d. and 49/51 mg 

b.i.d., respectively). 

Further 3 weeks later, the patient was in the New York 

Heart Association class I/II, with BP of 115/70 mm Hg and 

HR of 70 bpm, and had a creatinine level of 1.65 mg/dl and 

potassium level of 4.8 mmol/l, which allowed up-titration 

of eplerenone to the maximum dose of 50 mg o.d.; me-

toprolol CR dose was also increased. On the subsequent 

visit, 3 weeks later, sacubitril/valsartan was up-titrated to 

the maximum dose of 97/103 mg b.i.d.

Comment: This case demonstrates initiation of a tri-

ple HFrEF therapy in a patient with a baseline eGFR of 

30–60 ml/min /1.73 m2, followed by a timely introduc-

tion of an MRA, and subsequent up-titration of all HFrEF 

medication to target doses within 10 weeks from his 

initial presentation.

Clinical case 2: Hospitalized HFrEF patient with 

atrial fibrillation, hypotension, and worsening 

renal function

A 77-year-old woman with a long-standing history of 

dilative cardiomyopathy (EF 27%, left ventricular diastolic 

diameter of 62 mm) and paroxysmal AF (after 2 procedures 

of pulmonary vein isolation in the past, with a left atrial 

volume index of 61 ml/m2) was admitted to hospital for 

HF decompensation. She reported increasing dyspnea and 

edema one month before hospitalization. Her previous 

HFrEF treatment consisted of carvedilol 25 mg b.i.d., rami-

pril 5 mg b.i.d., spironolactone 25 mg o.d., and dapagliflozin 

10 mg o.d. She was also on chronic oral anticoagulation 

with apixaban. Her last known creatinine level before 

hospitalization was 1.1 mg/dl (eGFR, 48 ml/min/1.73 m2). 

On admission, she was in AF with a ventricular rate of 

approximately 120 bpm and had BP of 100/55 mm Hg 

(without signs of hypoperfusion), with signs of both 

pulmonary and peripheral congestion (ankle edema, jug-

ular vein distention). Her creatinine was 1.7 mg/dl, eGFR 

29 ml/min/1.73 m2, and potassium 5.8 mmol/l. 

Attempted electrical cardioversion was unsuccessful. 

Carvedilol and spironolactone were stopped, ramipril dose 

was reduced, and digoxin was introduced together with 

intravenous furosemide treatment. This led to significant 

decongestion (improvement in symptoms and signs, weight 

reduction of 6 kg over 3 days), a reduction in creatinine 

(to 1.2 mg/dl) and potassium level (to 4.8 mmol/l), and 

a reduction in ventricular rate (to 100 bpm). The treatment 

was switched to oral furosemide. Bisoprolol was introduced 

(initially 2.5 mg o.d., later up-titrated to 5 mg o.d. to maintain 

a ventricular rate of approximately 80 bpm). Eplerenone 

(25 mg o.d.) was introduced, and ramipril was carefully 

up-titrated to 5 mg b.i.d. The patient’s BP remained low 

(95/60 mm Hg, although without symptomatic hypoten-

sion) which precluded switching from ramipril to ARNI. 

The patient was discharged on day 7, in good general con-

dition, with symptoms in NYHA class II, no signs of residual 

congestion, and with permanent AF. On discharge, she 

received bisoprolol 5 mg o.d. and digoxin 0.1 mg o.d. for 

rate control within AF, ramipril 5 mg b.i.d, eplerenone 50 mg 

o.d., dapagliflozine 10 mg o.d. and furosemide 40 mg o.d.

Comment: This case demonstrates HFrEF decompensa-

tion (possibly due to rapid ventricular rate within AF) with 

hypotension and worsening renal function. An increase 

in creatinine of >50% demanded a reduction in ACE in-

hibitor dose and temporary cessation of MRA. However, 

after decongestion with loop diuretics, kidney function 

was restored enabling up-titration of an ACE inhibitor and 

re-introduction of MRA (eplerenone was chosen due to 

its smaller hypotensive effect). Due to hypotension in this 

decompensated HFrEF patient, the beta-blocker (carvedilol) 

was temporarily stopped and subsequently exchanged for 

another (bisoprolol), with a smaller relative impact on BP 

and a greater impact on HR. Given that the patient remained 

hypotensive and in AF, up-titration of a beta-blocker was not 

deemed a priority, instead, digoxin was introduced for rate 

control. SGLT2i was maintained throughout hospitalization.

CONCLUSIONS
Patients with HFrEF remain under the care of many non-

HF specialists, thus, this article aimed to provide practical 

guidance including checklists on initiation of HFrEF therapy 

and its modification in challenging clinical situations. Opti-

mal HFrEF treatment should be based on the four pillars of 

GDMT (ACEi/ARNI, beta-blockers, MRA, and SGLT2i) and also 

utilize other therapies, depending on the patient’s clinical 

profile, to provide the maximum benefit for each patient. 

Appropriate drug choice and titration enable effective 

HFrEF treatment even in complex clinical scenarios.
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A B S T R A C T

Cardiac implantable electronic device (CIED) infections represent a complication associated with high 

morbidity and mortality. Despite enormous efforts to prevent them, the rates of infections continue 

to rise out of proportion to the reported increase in CIED implantation rates. Following extensive 

research of various prevention strategies and new technologies, several organizations have issued 

recommendations and consensus papers covering this topic. Our narrative review aims to provide 

a summary of the existing preventive strategies put forward by the European Heart Rhythm Asso-

ciation consensus and European Society of Cardiology guidelines and introduce the most recent 

developments in the field, including optimized surgical site management and appropriate peripro-

cedural antithrombotic drug use. It also provides an overview of epidemiology, mechanisms, risk 

factors, and risk stratification approaches. It focuses on the pre-, intra-, and postprocedural actions 

that should be taken to mitigate CIED infection risks. Future directions in the prevention of CIED 

infections have also been addressed. 
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INTRODUCTION
Following the first reports on cardiac pace-

makers published in the late 1950s and the 

subsequent development of implantable 

cardioverter-defibrillators (ICD) in the 1980s, 

cardiac implantable electronic devices 

(CIEDs) have become the standard of care in 

managing cardiac rhythm and conduction 

disturbances. Published data show a constant 

increase in the numbers and complexity of 

CIED implantations worldwide [1]. This growth 

has been accompanied by an increasing rate 

of complications, especially with the wider 

introduction of cardiac resynchronization 

therapy pacemakers (CRT-P) and defibrillators 

(CRT-D) [2]. The rate of CIED infections has 

been shown to increase out of proportion 

to the reported rise in device implantation 

[1, 3]. The possible causes are the increasing 

CIED complexity, comorbidities, and longer 

life expectancy. On the other hand, CIED 

infections represent an essential factor for in-

creased morbidity and mortality among CIED 

recipients [4]. From an economic perspective, 

CIED infection management puts a significant 

financial burden on healthcare systems due 

to additional treatment, prolonged hospital 

stays, and reinterventions [5–7]. 

Despite various preventive strategies 

to reduce CIED complications [8], reports 

show significant differences in their imple-

mentation [9]. Meticulous antisepsis and 

preoperative antibiotic prophylaxis are 

highly effective and recommended by vari-

ous consensus papers and guidelines [8, 10]. 

New technologies, including subcutaneous 

ICDs and leadless pacemakers, also aid in 

the reduction in CIED infections. However, 

these apply only to selected patients. The 

role of antibiotic-eluting envelopes (AEEs) for 

effective CIED infection prevention has been 

demonstrated by randomized studies  [11]. 



K A R D I O L O G I A  P O L S K A

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a860

Moreover, advances in diagnostics, including use of pro-

calcitonin in the recognition of device pocket infection, 

have been done recently [12].

This narrative review presents an overview of the 

epidemiology and mechanisms of CIED infections as 

well as the existing and developing strategies to prevent 

them. It highlights the strategies for risk stratification and 

focuses on the value of preprocedural, intraprocedural, 

and postprocedural measures and actions to prevent CIED 

infections. 

EPIDEMIOLOGY, ETIOLOGY, AND 
MECHANISMS OF CIED INFECTIONS

Infections related to the CIED develop at a rate ranging 

from 1 to 7% depending on the type and complexity of 

the implantation [2, 6, 11, 13]. Previously reported data 

demonstrated a significant rise in the infection rates over 

time from 1.45% to 3.41%, with the highest increase for 

CRT-P/D devices [1]. Real-life data on infection rates con-

trast with results from randomized studies, which report 

much lower infection rates in the range of 0.6%–1.3% [4, 11, 

13–15]. This could result, at least in part, from predominant 

participation of high-volume centers in randomized stud-

ies. The infection rate is highest early after the procedure 

(in the first 3 months) [16]. Infections are well-known to be 

associated with increased morbidity and mortality, espe-

cially in the case of systemic and delayed (3–12 months) 

localized infections [4, 16, 17]. This trend is preserved even 

after lead extraction (complete CIED removal) [4] and suc-

cessful infection eradication [17].  

CIED infections develop via two major mechanisms. The 

most common is local hardware (leads and pulse generator) 

contamination [18]. The introduction of normal skin flora 

might occur in the surgical wound during the implantation 

or later with the development of erosion. Contamination 

of the pocket leads to bacterial growth and subsequent 

(mostly early) pocket infection [11, 19, 20]. Later in its 

course, the infection may spread along the leads and 

eventually cause secondary systemic infection resulting 

in device-related endocarditis. In the second mechanism, 

remote infectious foci (e.g., from contaminated vascular 

catheters, surgical site infection, septic thrombophlebitis, 

etc.) causing bacteremia might result in direct lead seeding, 

which later may progress to systemic infection, while the 

device pocket remains unaffected. 

Device infections are caused mainly by Gram-positive 

bacteria (70%–90% of the isolates). Some of them are nor-

mally non-pathogenic. These are usually coagulase-neg-

ative staphylococci (mainly Staphylococcus epidermidis). 

Staphylococcus aureus is also a commonly isolated microor-

ganism responsible for pocket infection (especially in early 

cases) and also the most common isolate in bacteremia 

[21–26]. Almost half of all staphylococcal CIED infections 

have been reported to be caused by methicillin-resistant 

staphylococci [21]. Gram-negative bacteria are isolated 

in about 9% of the cases, while fungi are rare [25]. No 

causative microorganism is identified in about a third of 

the patients [11]. 

RISK ASSESSMENT 
Any preventive measure shows the highest benefit when 

directed to the population at the highest risk. Identifying risk 

factors and risk stratification play a central role in determin-

ing the CIED recipients for whom more aggressive preven-

tive measures should be taken to reduce the infection rate.  

Factors associated with higher CIED infection risk can 

be modifiable, with specific interventions addressing them 

able to mitigate the risk, or non-modifiable, determining 

persistently elevated risk of infection. Apart from that, risk 

factors can be grouped into patient-related, procedure- 

Table 1. Major risk factors for cardiac implantable electronic device 

infections 

Risk factors Odds ratio

Patient-related factors

End-stage renal disease 8.73

Prior CIED infection 7.84

Fever before implantation 4.27

Immunosuppression 3.44

Renal failure (eGFR <30 ml/min/1.73 m2)a 1.45a–3.02

COPD 2.95

NYHA class ≥II 2.47

Skin disorder 2.46

Immunocompromised (therapy or disease-suppress-

ing resistance to infection)

2.28a

Malignancy 2.23

Diabetes mellitus 2.08

Heparin bridging 1.87

Congestive heart failure 1.65

Oral anticoagulation 1.59

Device-related factors

Epicardial leads 8.09

Abdominal pocket 4.01

CRT 2.73a

Two or more leads 2.02

ICD 1.77a

Dual chamber device 1.45

Procedure-related factors

Reintervention <30 days 16.29

Procedure duration >1 hour 13.96 

Hematoma 4.95-11.3b

Revision or upgrade 4.01a–6.46

Lead repositioning 6.37

Replacement 4.93

Two or more prior procedures 3.43a

Inexperienced operator 2.85

Temporary pacing 2.31

Single prior procedure 1.51a 

(P = 0.058)a

Abbreviations: CIED, cardiac implantable electronic device; COPD, chronic obstruc-

tive pulmonary disease; CRT, cardiac resynchronization therapy; eGFR, estimated 

glomerular filtration rate; h, hour; ICD, implantable cardioverter-defibrillator

a, bData come from randomized controlled trials

Figures taken from previously published non-randomized data by Polyzos et al. 

[27], Sławek-Szmyt  et al. [28], and from randomized data by Birnie et al.a [29] and 

Tarakji et al.b [32]
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-related, and device-related [8]. The magnitude of different 

risk factors is presented in Table 1. 

Patient-related risk factors

Some comorbidities are well-established risk factors. End-

stage renal disease and renal insufficiency or failure are 

consistently reported as one of the most important risk 

factors [14, 27, 28]. Other conditions such as immunosup-

pression, chronic obstructive pulmonary disease (COPD), 

congestive heart failure, valvular heart disease (esp. 

prior valvular surgery), systemic autoimmune disorders, 

malignancy, diabetes, and skin disorders also carry a sig-

nificant risk of CIED infection [15, 27–29]. Although often 

non-modifiable as risk factors, optimal management of 

these conditions (e.g., control of diabetes) has been shown 

to lower infection risk [30]. 

Younger age has been identified as a risk factor in the 

randomized Prevention of Arrhythmia Device Infection 

Trial (PADIT) population and by a recent large observa-

tional study [15, 29]. While a consistent explanation for this 

finding is lacking, the qualities of subcutaneous tissue at 

a younger age might predispose to more traumatization 

during implantation (esp. pocket creation) and subsequent 

higher predisposition to infection [31]. Conversely, a small-

er observational study including only 1000 ICD and CRT 

recipients demonstrated a significantly higher risk of CIED 

infection (odds ratio [OR], 5.93; 95% confidence interval 

[CI], 1.77–19.84) in patients older than 75 years [28]. This 

might be due to the inclusion of more frail and morbid 

patients in this series. 

Fever before implantation is another well-established 

and major modifiable risk factor for CIED infection (OR, 5.34; 

95% CI,1.002–28.43) [8]. The administration of certain med-

ications, such as corticosteroids and antithrombotic drugs, 

also represents a potentially modifiable patient-related risk 

factor. According to a recent analysis of randomized data, 

a history of atrial arrhythmia and the number of previous 

procedures were also associated with increased infection 

risk after secondary procedures [32]. In the same study, 

some geographical regions (outside North America and 

Europe) and lower body mass index were also associated 

with increased risk. 

Device-related factors 

Device-related factors mainly include system size and 

complexity. Implantation of complex systems, presence 

of at least two leads, and implantation of high-power 

devices are associated with increased infection risk [8, 27, 

33–35] (Table 1). A sizeable real-life registry from Denmark 

reported significantly increased infection risk in patients 

with complex devices — ICD (HR, 1.26, 95% CI, 1.09–1.47), 

CRT-P (HR, 1.68; 95% CI, 1.67–2.11), and CRT-D systems 

(HR, 2.22; 95% CI, 1.83–2.70) as compared to conventional 

antibradycardia devices [35]. Another, more recent analy-

sis of data from the same registry reported that complex 

systems (CRT-P and CRT-D) are associated with increased 

risk for both pocket and systemic CIED infections, while ICD 

implantation portended a higher risk of systemic infection 

compared to implantation of antibradycardia pacemak-

ers [15]. In the PADIT study population, implantation of 

CRT and ICD, as well as secondary procedures, were all 

associated with increased risk for CIED infection in a full 

prediction model (OR, 2.73; 95% CI, 1.72–4.31; OR, 1.77; 

95% CI, 1.09–2.87 and OR, 4.01; 95% CI, 2.62–6.13, for CRT, 

ICD, and secondary procedures, respectively) [14]. Similar 

findings were reported in the WRAP-IT dataset as well [32]. 

Procedure-related risk factors

Previously published observational and randomized stud-

ies demonstrated that early reintervention (within 30 days) 

and lengthy procedure duration (> 1 hour) were associated 

with the highest risk of CIED infections [8, 27, 32–34]. Proce-

dure duration is mainly affected by procedure complexity, 

patients’ anatomy, and operator skills and experience.

Postprocedural hematoma is another well-established 

risk factor that has been widely studied. The randomized 

BRUISE CONTROL INFECTION study, including 659 patients 

with CIED infection, demonstrated that the development of 

hematoma was associated with more than 7-fold increased 

risk of infection (hazard ratio [HR], 7.7; 95% CI, 2.9–20.5) 

within one-year follow-up [33]. Another recent analysis 

based on the WRAP-IT population (n = 6800 participants) 

demonstrated an 11-fold increase in CIED infection risk (HR, 

11.3; 95% CI, 5.5–23.2) in the patients developing clinically 

significant hematoma [34]. 

Risk scores

Risk score systems for preprocedural risk assessment 

represent an essential tool for better risk stratification of 

low- and high-risk patients. They can not only facilitate 

clinical decision-making and patient counseling but also 

help healthcare systems and decision-makers be prepared 

for the scale of these severe complications. Mittal et al. 

[36] were among the first to develop a risk scoring sys-

tem that included 7 clinical variables and 0 to 25 points 

(a higher number signifying higher risk). The infection risk 

increased significantly from the low-risk group (score 0-7, 

1% infection rate) to the medium-risk group (score 8–14, 

3.4% infection rate), and the high-risk group (score ≥15, 

11.1% infection rate). Shariff et al. [37] also proposed a risk 

score including ten clinical and procedural variables. In 

a retrospective study, in patients who underwent de novo 

CIED implantation, Shariff score ≥4 was associated with 

more than three-fold increased risk of CIED infection — RR 

3.20 (1.29–12.59) [38]. Another risk score designed by 

Kolek et al. included several clinical variables also known 

to be associated with CIED infection risk [39, 40]. The only 

risk score developed based on a dataset of a randomized 

trial is the PADIT risk score system [29]. It identified five 

independent predictors: Prior procedure(s) (P, 1 = 1 point, 

at least 2 = 4 points), Age (A, 60–69 years = 1 point, 

<60 years = 2 points), Depressed estimated glomerular 
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filtration rate (D, <30 ml/min = 1 point), Immunocompro-

mised (I, 3 points), and Type of procedure (T, ICD = 2 points, 

CRT = 4 points, revision or upgrade = 5 points). The score, 

ranging from 0 to 15 points, was used to group patients 

into low (<1%, 0 to 4 points), intermediate (1%–3%, 5 to 

6 points), and high (>3%, ≥7 points) risk groups with hos-

pitalization rates due to CIED infection of 0.51%, 1.42%, 

and 3.41%, respectively. The PADIT risk score was validated 

externally in a large dataset of 54 042 procedures where 

each unit increase in the PADIT risk score was associated 

with a 28% increase in the infection risk [41]. Following 

PADIT risk score development, Boriani et al. [42] devel-

oped the RI-AIAC infection score based on registry data 

with 2675 patients. The RI-AIAC score is a 5-point scoring 

system, and the authors have identified several major 

clinical characteristics associated with increased CIED 

infection risk (especially type of procedure and diabetes). 

Interestingly, a score created to assess the risk of bleeding 

complications in CIED recipients — the PACE DRAP score 

— has also been shown to be helpful in CIED infection risk 

stratification [28]. It is important to note that none of these 

risk scores are entirely exhaustive. For instance, the most 

widely used PADIT risk score does not include important 

risk factors such as prior CIED infection, some comorbid-

ities (e.g. malignancy), and concomitant antithrombotic 

therapy. Real-life studies have shown that previous CIED 

infection remains an important risk factor despite adjust-

ment for the PADIT risk score [41].

PREVENTION STRATEGIES
Infections associated with CIEDs represent a significant 

challenge for healthcare providers and systems. There-

fore, prevention is essential to reduce their incidence 

and diminish mortality and morbidity associated with 

them. In the case of CIED infection, preventive strategies 

include multiple measures at different time points during 

the management of these patients – before, during, and 

immediately after the implantation [8]. 

PREPROCEDURAL MEASURES

Patient selection and preprocedural patient-

related factors

Careful patient selection and procedure timing are essential 

in CIED infection prevention. The risk-benefit ratio should 

always be considered individually before the procedure, 

with strict adherence to the recommendations [10]. For 

instance, a significant proportion (up to 50%) of patients 

might not need reimplantation of a new device following 

extraction for CIED infection [43-45]. Cardioneuroablation, 

as a new treatment modality for vasovagal syncope, is also 

likely to make implantation in some patients obsolete [46]. 

Careful consideration of temporal variation in the risk and 

postponing an implantation/reimplantation procedure to 

gain time to implement preventive measures play a central 

role in the decision-making process [47]. 

Preprocedural fever is a factor that necessitates post-

poning the procedure. As suggested by the available 

data, a reasonable afebrile period before undertaking the 

implantation procedure is at least 24 hours [48]. Isolated 

leucocytosis, without other clinical symptoms and signs 

(bacteremia, elevated inflammatory biomarkers) of on-

going infection, has not been associated with CIED infec-

tions and should not delay implantation [49]. Optimizing 

treatment and better control of comorbidities (e.g., better 

glycemic control in diabetic patients) is very important to 

minimize the risk of CIED infections.  

Some studies have demonstrated the benefit of iden-

tifying S. aureus carriers by nasal swabs and subsequent 

decolonization with topical mupirocin and chlorhexidine 

skin wash to reduce healthcare-associated S. aureus infec-

tions [50]. Whether this strategy would prove beneficial 

in reducing CIED-related infections has not been specif-

ically studied.

Implantation of temporary pacing leads should be 

avoided to reduce the risk of CIED infection. Alternative 

solutions, such as considering transcutaneous pacing in the 

most severe cases or administering medications to increase 

heart rate, should be sought and implemented. When 

needed, temporary transvenous pacing is better carried out 

via jugular/subclavian access rather than groin access, as 

this may be associated with lower infection risk. If possible, 

removing all central venous lines should be considered 

before CIED surgery [27]. In the case when vascular access 

was via a subclavian vein, the CIED should be implanted 

on the contralateral side. If that is not possible or feasible, 

it is always advisable to postpone the implantation after 

removing the central venous line.

If hair removal at the procedural site is needed, this 

should be done using electric clippers with a disposable 

head (not razors) [51]. Preprocedural skin wash with an 

antimicrobial agent is not routinely recommended due to 

diverging data from studies on other types of surgery and 

not specifically CIED implantation [8]. 

Antithrombotic therapy 

Patients undergoing CIED implantation frequently need 

concomitant antiplatelet or anticoagulant therapy. As 

shown above, postoperative hematoma is a decisive risk 

factor for CIED infection; therefore, every effort should be 

made to minimize the risk of hematoma formation. One 

widely implemented strategy is uninterrupted vitamin 

K antagonist (VKA) therapy during implantation [52]. 

The Bridge or Continue Coumadin for Device Surgery 

Randomized Controlled Trial (BRUISE-CONTROL) demon-

strated that uninterrupted VKA therapy, as compared to 

heparin bridging, resulted in fewer clinically significant 

device-pocket hematomas as compared to a strategy 

involving perioperative VKA interruption and bridging 

with heparin in patients with high thromboembolic risk 

(including patients after mechanical heart valve replace-

ment)  3.5 vs. 16% (RR, 0.19; 95% CI, 0.10–0.36) [53]. The ran-
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domized BRUISE CONTROL-2 study found no difference in 

the clinically significant device pocket hematoma incidence 

with continued direct oral anticoagulants (DOAC) therapy 

vs. DOAC interruption in patients with atrial fibrillation and 

CHA
2
DS

2
-VASc score ≥2 [54]. A combined analysis of these 

two trials also demonstrated similar bleeding and pocket 

hematoma outcomes between interrupted or continued 

DOAC therapy vs. uninterrupted VKA (OR, 0.86; 95% CI, 

0.38–1.96) [55]. In patients with low thromboembolic risk, 

temporary withholding of oral anticoagulation for the 

implantation is a well-established strategy [8].

Concomitant single or dual antiplatelet therapy in-

creases bleeding risk in CIED recipients [56, 57]. Analyses 

of randomized studies demonstrated that a clinically signif-

icant hematoma develops in 9.8% of the patients on con-

comitant antiplatelet therapy versus 4.3% in those without, 

corresponding to a doubling of the risk (OR, 1.97; 95% CI, 

1.20–3.21) [55]. Therefore, recent guidelines and consensus 

documents recommend discontinuing antiplatelet therapy 

(especially P2Y
12

 inhibitors) for at least 5 days before the 

procedure, if possible [8, 10]. In patients on dual antiplatelet 

therapy following percutaneous coronary intervention 

(PCI), discontinuation of one of the antiplatelet agents 

(usually P2Y
12

 inhibitor) for 3–7 days before the procedure 

is recommended based on thromboembolic and bleeding 

risk [10]. 

Antibiotic prophylaxis

Previous studies have demonstrated a significant and 

considerable reduction in the incidence of CIED infection 

with preprocedural intravenous antibiotic prophylaxis [58, 

59]. In the randomized trial of de Oliveira et al., preproce-

dural administration of 1 g cefazolin was associated with 

a significant reduction in infection rates as compared to 

placebo (0.63% vs. 3.28%; RR, 0.19; P = 0.016) [59]. Current 

guidelines recommend such a strategy as the standard of 

care [8, 10]. Antibiotics should protect against S. aureus 

as the most common causative organism in acute infec-

tions. Randomized trials have used flucloxacillin (1–2 g) and 

first-generation cephalosporins — e.g., cefazolin (1–2 g) 

[14, 59]. In cases of allergy to beta-lactams, the recommend-

ed choice is vancomycin (15 mg/kg) [8]. Antibiotics against 

methicillin-resistant S. aureus (MRSA) are not used routinely 

and could be considered based on local MRSA prevalence 

and patient risk. Antibiotic administration should be com-

pleted within one hour before the skin incision to ensure 

adequate antibiotic tissue levels. 

Alternative systems and approaches in high-risk 

patients

The development of technology has brought in leadless 

pacemakers and subcutaneous ICD as an alternative to 

conventional transvenous systems. As these devices have 

no or only minimal intravascular components, they are 

expected to be associated with lower risk of infection. The 

absence of a pocket in leadless pacemakers eliminates 

the risk of CIED pocket infection although hematogenous 

seeding might still be possible. Extensive observational 

studies report a significantly lower infection rate with this 

new technology, but results from randomized studies are 

lacking [60]. Leadless pacemakers may also be associated 

with reduced risk of infection in patients after transvenous 

lead extraction [61]. High costs and lack of reimbursement 

are among the factors limiting their use in clinical practice. 

However, when considering total costs for the manage-

ment of patients with recurrent CIED infections, leadless 

pacemaker implantation seems to be financially justified, 

at least in some healthcare systems [62].

Subcutaneous ICDs (S-ICD) are a viable option for pa-

tients requiring protection from ventricular tachyarrhyth-

mias and have no pacing or CRT indication. Results from 

the EFFORTLESS S-ICD registry showed that at five years of 

follow-up, the overall infection rate in S-ICD recipients was 

2.4% with an erosion rate of 1.7% [63]. A recent secondary 

analysis of the PRAETORIAN trial demonstrated a signifi-

cantly lower rate of systemic infections in S-ICD recipients 

than those receiving a transvenous ICD (0% vs. 1.2%) [64]. 

Implanting an epicardial system may also provide 

a solution in selected high-risk patients, particularly those 

in whom preserving venous access is crucial [65]. 

Other preprocedural measures

An appropriate environment in the operating room/cathe-

terization laboratory where CIED implantations are carried 

out is essential. These facilities should meet all the stand-

ards applicable for other surgical procedures involving 

implants [8, 66].  The staff at the implantation facility should 

be trained to follow strict sterile techniques. 

Procedure times should be minimized as the duration of 

the implantation is a well-established risk factor for CIED in-

fection. Long procedures (>60 minutes) are associated with 

infectious complications [27]. Extensive real-life data have 

demonstrated that, compared to procedure durations up 

to 30 minutes, the risk of infections is 2.4-fold higher in pro-

cedures longer than 120 minutes [35]. Many factors have 

an impact on procedure duration. Among those are lack 

of appropriate staff training [67], certification of operators 

[68], and patient volume [69]. These are all organizational 

issues that should be best addressed before starting any 

activity i.e., before performing any procedures. However, 

procedural difficulties associated with patient-related fac-

tors, e.g. anatomical/structural abnormalities/changes or 

bleeding, also play a role in procedural duration.

SURGICAL TECHNIQUE AND 
INTRAPROCEDURAL FACTORS

Surgical preparation

Results from randomized trials demonstrated that skin 

antisepsis with a 2% alcoholic chlorhexidine solution was 

associated with a lower incidence of surgical site infections 

as compared to povidone-iodine (alcoholic or aqueous 
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solution) [70].  It is also associated with a lower infection rate 

with intravascular catheter insertion [71]. Despite the lack of 

randomized data on CIED implantation, the use of alcoholic 

chlorhexidine is recommended [8]. To provide sufficient 

time for the antiseptic to exert its effect and to minimize 

fire hazards when using electrocautery, it should be left to 

dry completely before the incision is made. Many operators 

use iodophor-impregnated incisive drapes, but there are no 

data showing that they reduce infection rates [9]. 

Surgical technique

Good surgical techniques including minimizing operative 

tissue damage, meticulous hemostasis, and appropriate 

wound closure, are crucial elements in infection prevention 

during the CIED implantation procedure.

Gloves change 

Many operators change their gloves initially during prepping 

and/or later before handling the device. This is usually done 

by removing the outer pair of gloves with double-gloving 

or re-scrubbing. Observational studies have shown a high 

rate of glove contamination during the implantation before 

handling the device [72]. As significant, randomized studies 

in the field are lacking, the practice of glove change has 

been recommended based on expert consensus. The use of 

non-powdered gloves is preferable because glove powder 

has been demonstrated to facilitate infection [73]. 

Hemostasis and prevention of hematoma

Adequate hemostasis is key in the prevention of hemato-

ma formation. Minimizing trauma by respecting tissue ar-

chitecture and ensuring good wound closure is extremely 

important. Electrocautery is widely implemented in most 

centers, but the use of a plasma electron avalanche knife 

has been shown to be associated with a reduced incidence 

of hematoma compared to electrocautery in high-risk 

patients [74]. Some observational studies advocate for 

the use of hemostatic agents such as tranexamic acid 

[75]. However, results are controversial, and therefore this 

strategy cannot be recommended as a standard practice 

until larger-scale studies demonstrate its unequivocal 

benefit and safety. Routine addition of epinephrine to 

the local anesthetic during the procedure is discouraged 

as one small randomized single-center study demon-

strated a higher incidence of hematoma formation with 

this strategy [76]. Capsulectomy entails the removal of 

the fibrous capsule formed around the device during 

secondary procedures. The rationale behind this practice 

is that the fibrous capsule has been known to facilitate 

bacterial colonization and subsequent infection. A rand-

omized study demonstrated that routine capsulectomy 

during secondary procedures results in more hemorrhagic 

complications (6.1% vs. 0.8%; P = 0.03) with no effect on 

the incidence of pocket infection (1.5% vs. 4.7%; P = 0.13) 

[77]. Therefore, performing capsulectomy on a routine 

basis is discouraged.

Pocket irrigation and local instillation of 

antibiotics and antiseptics

The PADIT trial demonstrated no difference in the infection 

rate with the application of incremental antibiotic strategy, 

including antibiotic pocket wash before skin closure along 

with postoperative cephalexin or cephadroxil as compared 

to preprocedural cefazolin infusion only [14]. The recent 

Randomized Stand-Alone Use of the Antimicrobial En-

velope in High-Risk Cardiac Device Patients (ENVELOPE) 

trial showed no difference in infection rates in high-risk 

patients receiving chlorhexidine skin preparation, pre-

procedural antibiotics, and an AEE (control arm) compared 

to adding an antibiotic pocket wash and a 3-day course 

of postoperative antibiotics to the initial treatment [13]. 

Observational studies do not support performing routine 

povidone-iodine pocket irrigation to reduce infection rates 

[78]. Based on these data, local instillation with antibiotics 

or antiseptic solutions is not recommended [8]. However, 

gentamicin-impregnated collagen sponge use was asso-

ciated with reduced CIED infections in a recent 10-year 

analysis with propensity score matching [79]. In all cases, 

vigorous pocket irrigation with saline should be done to 

remove debris and potential contaminants from the pocket 

during the implantation.

Antibiotic eluting envelopes 

In their early versions, AEEs consisted of non-absorbable 

polypropylene mesh, but this design was associated with 

significant pocket fibrosis and was therefore abandoned. 

An antibacterial mesh envelope has been designed and 

marketed (TYRX™; Medtronic, Inc. Monmouth Junction, 

NJ, US). It is made of a synthetic mesh of glycolide, caprol-

actone, and trimethylene carbonate absorbed in the body 

over nine weeks. The mesh is coated with an absorbable 

polyacrylate polymer releasing minocycline and rifampin 

in the tissues over seven days. This antibiotic combination 

has been shown to have additive effects on resistant bac-

teria such as MRSA [80] and covers the whole spectrum 

of Staphylococcus spp. (81), as well as other species [82].  

The randomized WRAP-IT trial assessed AEE benefits 

in patients undergoing device implantations. It included 

6983 patients with high infection risk randomized to AEE 

vs. standard of care [82]. Major infections occurred in 0.7% 

of patients receiving TYRX™ vs. 1.2% in controls (HR, 0.60; 

95% CI, 0.36–0.98) [11]. The positive outcome was entirely 

driven by the lower rate of pocket infections, which com-

prised 75% of all major events — 0.4% vs. 1% in the control 

group (HR, 0.39; 95% CI, 0.21–0.72). The benefit of AEE was 

sustained during long-term follow-up [83]. A meta-analysis 

summarizing a major observational and randomized trials 

and a recent real-world study demonstrated similar find-

ings [84, 85]. Further analyses of the WRAP-IT population 

showed a more than 11-fold higher risk of major CIED infec-

tion in patients with pocket hematoma and without the AEE 

[34]. In patients who received the AEE and later developed 

pocket hematoma, the risk was 82% lower (HR, 0.18; 95% CI, 
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0.04–0.85), and the infection rate was comparable to those 

without hematoma. A significant limitation of the study was 

the exclusion of patients at very high risk (e.g., those with 

pocket intervention in the previous 365 days, patients on 

dialysis, on chronic immunosuppressive therapy, or those 

with previous CIED infection within 12 months), which 

probably explains the lower than expected infection rate. 

The cost-effectiveness of this device, especially in high-

risk patients, has been demonstrated in many healthcare 

systems [86–89]. 

Another available absorbable CIED envelope is made 

of a decellularized and non-crosslinked extracellular matrix 

produced from porcine intestinal submucosa [90]. This 

envelope does not possess antibiotic-eluting properties 

per se but can be impregnated with gentamycin before 

implantation [90, 91]. Before recommending this envelope 

for routine clinical use, results from ongoing randomized 

trials are awaited.  

Wound closure

Adequate wound closure is of paramount importance to 

prevent pocket infections. Closure in layers has been shown 

to reduce the risk of dehiscence [92]. Various suture mate-

rials, staples, or adhesives may be used for wound closure. 

However, it is extremely important to ensure timely (within 

7–14 days) removal of non-absorbable suture material. No 

firm data have demonstrated the impact of suture material 

on the infection risk, but consensus documents recom-

mend the use of non-braided monofilament sutures for 

skin closure as they may be less prone to bacterial adhesion 

[8]. With absorbable sutures, care should be taken to avoid 

a “stitch abscess”, especially at the pole of the wound where 

the knot is located. 

POSTPROCEDURAL MEASURES

Postprocedural antibiotic therapy

Postoperative antibiotic therapy is not recommended 

based on the results of the large PADIT trial. The trial tested 

the benefit of incremental perioperative antibiotic therapy 

to reduce CIED infections in a cluster cross-over design. In 

19 603 patients (of whom 12 842 were high risk), the au-

thors did not find a significant reduction in infections in the 

patients treated with an incremental regimen consisting 

of preprocedural cefazolin plus vancomycin, bacitracin 

pocket wash, and postoperative 2-day administration of 

oral cephalexin (OR, 0.77; 95% CI, 0.56–1.05) [14]. Howev-

er, incremental antibiotic use compared to standard care 

was associated with a trend toward a 23% reduction in 

hospitalization for infection. This finding was not signifi-

cant, at least in part due to the low infection rate during 

only 1-year follow-up in the PADIT trial [29]. Similarly, the 

recent ENVELOPE trial did not find an additional benefit of 

antibiotic pocket wash and a 3-day postoperative antibiotic 

course in addition to standard care and an AEE in high-risk 

CIED patients [13]. These results should be interpreted in 

light of the low incidence of CIED infections with peri- and 

post-operative antibiotic use (course of 5 days) in the long-

term follow-up [93].

Wound care

Mechanical compression devices have also been designed 

to be applied after wound closure. Some of these devices 

have demonstrated benefit in reducing postoperative 

hematoma [94–96]. Pressure dressings may be used for 

24 hours although their efficacy has not been demon-

strated. In any case, a sterile dressing should be left on 

the wound for 2–10 days, and patients should be given 

instructions for wound care, i.e., changing the dressing 

only if impregnated with blood or wound secretions and 

not soaking the wound until completely healed [8].  

Reintervention

Some procedure-related complications (lead dislodge-

ment, hematoma, etc.) may require reintervention. Proper 

timing is crucial in these cases as the infection risk of 

repeat procedures is time-dependent and very high in 

early reinterventions [27, 48]. As shown by the Prospective 

Evaluation of Pacemaker Lead Endocarditis (PEOPLE) study, 

reinterventions before hospital discharge are associated 

with 15-fold increased risk of CIED infection [48]. Apart 

from taking all the measures to avoid the need for repeat 

procedures (meticulous hemostasis, good lead fixation, 

etc.), careful consideration of the risks and benefits of early 

reintervention is extremely important. 

The most important risk factors and major risk reduc-

tion strategies are summarized in Figure 1. 

FUTURE DIRECTIONS
There are several gaps in evidence related to CIED infection 

prevention that require further study to answer important 

questions in the field. More studies on nasal and/or skin 

treatment of bacterial decolonization to prevent CIED 

infections would be valuable, especially in high-risk pa-

tients. Randomized studies on skin preparation before CIED 

placement and use of adhesive incise drapes are eagerly 

awaited. Studies on the use of antiseptic/antimicrobial 

solutions (e.g. taurolidine) for pocket and hardware wash 

are ongoing (NCT05576194), but large, randomized trials 

are needed. Investigations onto different approaches ex-

pected to increase guideline-driven care for patients with 

CIED infections are ongoing (NCT05471973).   

CONCLUSION
As a result of increasing device complexity and more 

prevalent comorbidities in patients undergoing CIED 

placement, the incidence of CIED infections has grown 

significantly. They are associated with high morbidity and 

mortality, as well as high healthcare costs for hospital 

stay, diagnostics, medical therapy, and interventional (or 

surgical) procedures. Therefore, identifying risk factors is 

crucial for implementing structured prevention meas-
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ures and actions at the preprocedural, intraprocedural, 

and postprocedural levels, which could bring about 

a meaningful reduction in CIED infection incidence. These 

actions should target patients and procedures but also 

should be directed to the environment in the operating 

room, staff training, and institutional measures. Impor-

tantly, studying and incorporating new methods and 

technologies such as AEEs, leadless pacemakers, and 

S-ICDs is another action to be taken for more effective 

prevention of CIED infections.  
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A B S T R A C T

Background: Abdominal aortic aneurysms (AAAs) and peripheral artery disease significantly increase 

the risk of perioperative complications. 

Aim: The study aimed to determine the incidence of myocardial injury after noncardiac surgery 

(MINS), its association with 30-day mortality, as well as predictors of postoperative acute kidney 

injury (pAKI) and bleeding independently associated with mortality (BIMS) in patients undergoing 

open vascular surgeries involving the abdominal aorta. 

Methods: We performed a retrospective cohort study using a sample of consecutive patients who 

underwent open abdominal aortic surgery due to infrarenal AAA and/or aortoiliac occlusive disease 

in a single tertiary center. In each patient, at least two postoperative troponin measurements were 

performed (on the first and second postoperative day). Creatinine and hemoglobin levels were 

measured preoperatively and at least twice postoperatively. The outcomes included MINS (primary 

outcome), pAKI, and BIMS (secondary outcomes). We assessed the associations between them and 

30-day mortality and performed multivariable analysis to identify risk factors for these outcomes.

Results: The study group comprised 553 patients. The mean age was 67.6 years, and 82.5% of pa-

tients were male. The incidence of MINS, pAKI, and BIMS was 43.8%, 17.2%, and 45.8%, respectively. 

The 30-day mortality rate was higher in patients who developed MINS (12.0% vs. 2.3%; P <0.001), 

pAKI (32.6% vs. 1.1%; P <0.001), or BIMS (12.3% vs. 1.7%; P <0.001) compared to patients who did 

not develop these complications. 

Conclusion: This study demonstrated that MINS, pAKI, and BIMS are common complications after 

open aortic surgeries, and they are related to a substantial increase in the 30-day mortality rate.

Key words: bleeding independently associated with mortality, myocardial injury after noncardiac 

surgery, open aortic surgery, postoperative acute kidney injury
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INTRODUCTION
Abdominal aortic aneurysms (AAAs) and 

peripheral artery disease (PAD) significantly 

increase perioperative cardiovascular risk. 

This is largely attributed to the frequent coex-

istence of coronary artery disease and other 

cardiovascular diseases [1, 2]. Pathogenesis of 

AAA involves a degenerative process of the 

aortic wall caused by inflammation, structural 

defects in aorta matrix proteins, and overac-

tive proteolysis leading to the destruction of 

collagen and elastin fibers [3]. Inflammation of 

the arterial wall is also an underlying process 

in the development of atherosclerosis [4]. 

Although there is a significant overlap of risk 

factors and prevalence of AAA with athero-

sclerosis, the etiology of most AAAs appears 

distinct from atherosclerosis [2]. 

Each year, several patients with AAA and 

PAD require vascular surgery, and they pose 

a particular challenge for clinicians involved 

in perioperative care. Open aneurysm repair 
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W H A T ’ S  N E W ?
This retrospective study includes exclusively patients undergoing open vascular surgery on the abdominal aorta in whom 

routine perioperative troponin, creatinine, and hemoglobin monitoring was performed. This approach adds novel information 

to the current knowledge by describing in detail the incidence of postoperative acute kidney injury and recently introduced 

perioperative outcomes such as myocardial injury after noncardiac surgery (MINS) and bleeding independently associated with 

mortality (BIMS). It demonstrates that they are common after open surgeries on the abdominal aorta and can be responsible 

for a substantial increase in the 30-day mortality rate. The awareness of their significance and knowledge about associated risk 

factors can facilitate identifying patients requiring particular vigilance in the perioperative period.

involves the replacement of the diseased aortic segment 

with a tube or bifurcated prosthetic graft [2]. PAD affecting 

the aortoiliac segment, especially with extensive lesions 

comprising the aorta up to the renal arteries and iliac arteries 

(aortoiliac occlusive disease), also may require open recon-

struction e.g. aortobifemoral bypass surgery [1]. Recent stud-

ies suggested that patients undergoing vascular surgeries 

are at significantly elevated risk of postoperative myocardial 

injury and postoperative acute kidney injury (pAKI), which 

increase morbidity and long-term mortality [5–13].

Intraoperative blood loss and postoperative blood 

transfusion are common in vascular surgery and are asso-

ciated with greatly increased risk of both 30-day adverse 

cardiovascular events and mortality [14, 15]. Bleeding inde-

pendently associated with mortality (BIMS) is a recently in-

troduced perioperative outcome with the definition based 

on robust data from a large prospective cohort study [16]. 

BIMS is associated with all-cause mortality within 30 days 

of noncardiac surgery and may account for approximately 

one-quarter of deaths occurring within 30 days of major 

noncardiac surgery [16].

Considering the clinical importance of postoperative 

myocardial injury, pAKI, and bleeding, we conducted this 

study to determine the incidence of these complications 

in the population of patients undergoing open vascular 

surgeries involving the abdominal aorta, their associations 

with 30-day mortality, and their predictors. 

METHODS

Study design and population

We performed a retrospective cohort study using a sample 

of consecutive patients who underwent open abdomi-

nal aortic surgery from November 2010 to July 2017 in 

a tertiary vascular surgery center i.e. the Department of 

Vascular Surgery, St. John Grande Hospital, Kraków, Poland. 

Patients aged ≥45 years and undergoing open abdominal 

aortic surgery were considered eligible for the study. Study 

personnel extracted data from hospital charts and entered 

these data in the case report forms. 

The study received approval from the Bioethics Com-

mittee of the Regional Chambers of Physicians in Kraków on 

December 27, 2016, before data were extracted. Individual 

patient consent was not obtained as it was not required by 

the local bioethics committee. 

Study population

We included patients undergoing open aortic surgery 

(OAS) due to infrarenal AAA and/or PAD (i.e. aortoiliac oc-

clusive disease). Patients were qualified for the surgery at 

the discretion of the attending physician according to the 

applicable guidelines (e.g. for AAA diameter ≥ 55 mm in 

men and ≥ 50 mm in women or the presence of symptoms 

for aortoiliac occlusive disease, the presence of symptoms 

such as short-distance intermittent claudication, ulceration, 

or necrosis) [17, 18]. Patients who died on the day of sur-

gery and did not have postoperative troponin monitoring 

(n = 16) were excluded from the analysis. All patients were 

admitted to the Intensive Care Unit after surgery as per the 

standard of care in the participating center.

Perioperative monitoring of troponin, creatinine, 

and hemoglobin levels

In each patient (n = 553) at least two postoperative tro-

ponin (Tn) measurements were performed (on the first 

and second postoperative day). An electrocardiogram 

(ECG) was performed routinely in any case of Tn elevation 

as per the standard of care at the participating center. In 

a subgroup of 242 patients, Tn level was also measured 

preoperatively. Troponin monitoring was performed using 

high-sensitivity troponin T (hs-TnT, Roche, Basel, Switzer-

land) or ultra-sensitive Vidas troponin I (us-TnI, Biomerieux, 

Marcy-l’Étoile, France). Creatinine and hemoglobin levels 

were measured preoperatively and at least twice postop-

eratively. Diuresis (ml per hour) was routinely monitored 

for 2 postoperative days or longer if necessary.

The Revised Cardiac Risk Index (RCRI) score was calculat-

ed for all patients (i.e., one point for each of the following: 

history of ischemic heart disease, congestive heart failure, 

cerebrovascular disease, preoperative insulin therapy, pre-

operative serum creatinine concentration > 176.8 umol/l, 

and undergoing high-risk surgery) [19].

The American Society of Anesthesiologists (ASA) 

physical status score was calculated by the attending 

anesthesiologist according to the current guidelines [20].

Outcomes

The primary outcome of this study was myocardial injury 

after noncardiac surgery (MINS). Secondary outcomes were 

postoperative acute kidney injury (pAKI) and bleeding 

independently associated with mortality (BIMS).
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MINS was defined as [9, 21, 22]:

• absolute postoperative hs-TnT ≥65 ng/l or postopera-

tive 20–64 ng/l AND at least 5 ng/l increase compared 

to preoperative hs-TnT level (thresholds established 

in the Vascular Events In Noncardiac Surgery Patients 

Cohort Evaluation [VISION] study);

• postoperative us-TnI over the 99th percentile upper 

reference limit ( ≥19 ng/l) in patients who had no 

evidence of a non-ischemic etiology for the troponin 

elevation [7, 9, 21].

For patients with an elevated troponin level, study 

personnel looked for evidence of ischemic symptoms 

and/or ECG changes reported in the internist or cardiologist 

consultation or electronic health records from the day of 

myocardial injury diagnosis. The Fourth Universal Definition 

of Myocardial Infarction was used to diagnose myocardial 

infarction [23].

pAKI was defined according to the Kidney Disease: 

Improving Global Outcomes (KDIGO) criteria [24]:

• Stage I: 1.5–1.9 times baseline or ≥0.3 mg/dl 

(≥26.5 μmol/l) increase in serum creatinine or urine 

output <0.5 ml/kg/h for 6–12 hours;

• Stage II: 2.0–2.9 times baseline in serum creatinine or 

urine output <0.5 ml/kg/h for ≥12 hours;

• Stage III: 3.0 times baseline or increase in serum creati-

nine to ≥4.0 mg/dl (≥353.6 μmol/l) or initiation of renal 

replacement therapy or anuria for ≥12 hours.

BIMS was defined as bleeding leading to postoper-

ative hemoglobin <70 g/l, transfusion of ≥1 unit of red 

blood cells, or bleeding that was judged to be the cause 

of death [16].

The remaining outcomes included: 30-day mortality, 

in-hospital mortality, 30-day rehospitalization rate, in-hos-

pital reoperation, gastrointestinal bleeding, requirement 

for transfusion, acute congestive heart failure, perioperative 

atrial fibrillation, stroke, nonfatal cardiac arrest, pneumonia, 

sepsis, pulmonary embolism, deep vein thrombosis, intes-

tine ischemia, acute limb ischemia, and multiorgan failure. 

The detailed definitions of the remaining outcomes are 

presented in Supplementary material, Table S1.

Statistical analysis

The categorical variables were presented as counts and 

proportions and compared using the χ2 test or Fischer’s 

exact test. The continuous variables were presented as 

means (standard deviation, SD) or medians (interquartile 

ranges [IQR]). They were compared using the Mann-Whit-

ney test or Student’s t-test as appropriate. The differences 

in mortality were assessed using the log-rank test and 

visualized using the Kaplan-Meier curves. We performed 

multivariable analyses using logistic regression to evaluate 

the risk factors for MINS, pAKI, and BIMS. The model for 

MINS included age, sex, hypertension, coronary artery dis-

ease, chronic obstructive pulmonary disease (COPD), PAD, 

Lee’s score, and duration of surgery. The model for pAKI 

additionally included preoperative estimated glomerular 

filtration rate (eGFR) according to the Modification of Diet 

in Renal Disease (MDRD) equation and intraoperative urine 

output per hour. The model for BIMS additionally included 

preoperative hemoglobin levels. This was a complete case 

analysis. All statistical analyses were performed using R, 

CRAN version 4.1.0 (packages: rms). A two-sided P-val-

ue < 0.05 was considered statistically significant.

RESULTS

Study population

This study included 553 patients undergoing open aortic 

surgery. The mean age was 67.6 (8.3) years, and males 

comprised 82.5% (456/553) of the study group. The me-

dian observation time was 30 days and ranged from 1 to 

128 days. The majority of patients underwent open aneu-

rysm repair with a tube prosthetic graft due to AAA (an 

aorta-aortic graft, 45.6%), aortobifemoral bypass surgery 

due to aortiiliac occlusive disease (20.6%), and simultane-

ous open aneurysm repair with aorto-biiliac bypass surgery 

(12.3%). Seven patients (1.3%) required suprarenal aortic 

clamping. Reimplantation of the mesenteric inferior artery 

to the prosthesis was performed in 5 patients (0.9%). Re-

implantation of the accessory renal artery was performed 

in 2 patients (0.4%).

Baseline characteristics, laboratory results, and surgery 

characteristics in the total cohort and stratified by the inci-

dence of MINS are presented in Table 1. Details on surgery 

and anesthesia type in the total cohort and stratified by the 

incidence of MINS are shown in Supplementary material, 

Table S2. Supplementary material, Table S3 contains a com-

parison of baseline characteristics and complication rates 

stratified by the reason for surgery. Figure 1 demonstrates 

Kaplan-Meier curves comparing survival probability for 

patients who developed MINS, pAKI, and BIMS.

Myocardial injury after noncardiac surgery

Perioperative troponin monitoring was performed using 

hs-TnT in 411 patients (74.3%) and us-TnI in 142 patients 

(25.7%). MINS was diagnosed in 242 (43.8%) patients and 

occurred at a similar rate in patients undergoing surgery 

for AAA and PAD (43.2% vs. 45.6%; P = 0.69). The MINS 

incidence was higher among patients with hs-TnT moni-

toring compared to us-TnI (48.7% vs. 29.6%; P <0.001). In 

patients with MINS, ischemic symptoms were present in 

5.0% (12/242). Of 33 patients with MINS in whom echo-

cardiography was performed, wall motion abnormalities 

were discovered in 14 patients (42.4%). Diagnostic criteria 

for myocardial infarction according to the Fourth Universal 

Definition of Myocardial Infarction were met in 16.1% of 

patients with MINS (39/242). The incidence of MINS was 

associated with a history of COPD (odds ratio [OR], 1.83; 

95% confidence interval [CI], 1.24–2.70) and PAD (OR, 1.96; 

95% CI, 1.33–2.90). Univariable analysis is summarized in 

Table 1 and multivariable analysis results are presented in 

Supplementary material, Table S5. Thirty-day mortality was 
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Table 1. Baseline characteristics, laboratory results, and surgery features

Feature Total cohort

(n = 553)

MINS

(n = 242)

Non-MINS

(n = 311)

P-value

Demographic and clinical characteristics

Male sex, n (%) 456 (82.5) 196 (81.0) 260 (83.6) 0.49

Age, years, mean (SD) 67.6 (8.3) 68.38 (8.28) 66.95 (8.31) 0.045

Hypertension, n (%) 417 (75.5) 184 (76.3) 233 (74.9) 0.77

Coronary artery disease, n (%) 199 (36.1) 109 (45.2) 90 (28.9) <0.001

High-risk coronary artery diseasea, n (%) 5 (0.9) 1 (0.4) 4 (1.3) 0.54

History of myocardial infarction, n (%) 103 (18.7) 58 (24.1) 45 (14.5) 0.006

History of cerebrovascular event, n (%) 41 (7.5) 21 (8.8) 20 (6.4) 0.37

Congestive heart failure, n (%) 41 (7.4) 21 (8.7) 20 (6.4) 0.40

Diabetes mellitus, n (%) 109 (19.7) 40 (16.5) 69 (22.2) 0.12

Chronic obstructive pulmonary disease, n (%) 167 (30.3) 92 (38.2) 75 (24.1) 0.001

Aortic stenosis, n (%) 0.16

None 531 (96.5) 227 (95.0) 304 (97.7)

Mild 18 (3.3) 11 (4.6) 7 (2.3)

Mechanical prosthesis 1 (0.2) 1 (0.4) 0 (0.0)

Peripheral arterial disease, n (%) 340 (63.8) 174 (73.1) 166 (56.3) <0.001

Chronic kidney disease requiring dialysis, n (%) 1 (0.2) 1 (0.4) 0 (0.0) 0.90

History of smoking (current or in the past), n (%) 469 (84.8) 197 (81.4) 272 (87.5) 0.07

Preoperative pharmacotherapy

Acetylsalicylic acid, n (%) 392 (71.8) 159 (67.1) 233 (75.4) 0.04

Statin, n (%) 412 (75.5) 168 (70.9) 244 (79.0) 0.04

Angiotensin-converting-enzyme inhibitors, n (%) 284 (52.0) 129 (54.4) 155 (50.2) 0.37

Angiotensin receptor blockers, n (%) 43 (14.1) 9 (11.2) 34 (15.0) 0.51

Beta-blockers, n (%) 296 (54.1) 129 (54.4) 167 (53.9) 0.97

Non-dihydropyridine calcium channel blockers, n (%) 142 (26.0) 46 (19.4) 96 (31.1) 0.003

Dihydropyridine calcium channel blockers, n (%) 8 (1.5) 5 (2.1) 3 (1.0) 0.46

Diuretics, n (%) 174 (32.2) 74 (31.6) 100 (32.6) 0.89

Oral anticoagulants, n (%) 7 (1.3) 5 (2.1) 2 (0.6) 0.26

Low-molecular-weight heparin, n (%) 40 (7.4) 29 (12.4) 11 (3.6) <0.001

Clopidogrel, n (%) 12 (2.2) 9 (3.8) 3 (1.0) 0.053

Fibrate, n (%) 11 (2.0) 4 (1.7) 7 (2.3) 0.87

Perioperative risk scores

ASA score, n (%)

2 140 (25.8) 50 (20.8) 90 (29.8) <0.001

3 345 (63.7) 143 (59.6) 202 (66.9)

4 49 (9.0) 39 (16.2) 10 (3.3)

5 8 (1.5) 8 (3.3) 0 (0.0)

The RCRI index, median (IQR) 1.0 (1.0–2.0) 2.00 (1.0–2.0) 1.0 (1.0–2.0) <0.001

AAA characteristics

AAA symptoms, n (%) <0.001

Not symptomatic 342 (79.0) 133 (69.3) 209 (86.7)

Symptomatic 56 (12.9) 27 (14.1) 29 (12.0)

Ruptured 35 (8.1) 32 (16.7) 3 (1.2)

AAA size based on CT scans, mm, median (IQR) 57.0 (52.0–65.0) 60.0 (53.0–70.0) 55.0 (52.0–61.0) 0.001

Laboratory results

Baseline eGFR, ml/min/1.73 m2, median (IQR) 85.3 (68.0–105.1) 79.3 (59.2–96.7) 89.1 (73.7–110.5) <0.001

Baseline hemoglobin, g/dl, median (IQR) 14.5 (13.3–15.4) 14.2 (12.6–15.2) 14.7 (13.7–15.5) <0.001

Surgery characteristics

Emergent surgery, n (%) 88 (15.9) 54 (22.3) 34 (10.9) <0.001

Surgery duration, min, median (IQR) 140 (115–180) 145 (115–175) 140 (115–180) 0.70

Intraoperative blood loss, ml, median (IQR) 700 (500–1000) 700 (500–1275) 700 (500–1000) 0.13

Intraoperative urine output, ml, median (IQR) 270 (150–440) 260 (150–455) 280 (150–440) 0.69

aDiagnosis ≤6 months before noncardiac surgery of myocardial infarction, acute coronary syndrome, Canadian Cardiovascular Society class III or IV angina
Abbreviations: AAA, abdominal aortic aneurysm; ASA, American Society of Anesthesiologists; CT, computed tomography; eGFR, estimated glomerular filtration rate; IQR, 

interquartile range; MINS, myocardial injury after noncardiac surgery; SD, standard deviation; RCRI, Revised Cardiac Risk Index
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higher in patients who developed MINS (12.0% vs. 2.3%; 

P <0.001).

Postoperative acute kidney injury

Postoperative acute kidney injury was diagnosed in 95 pa-

tients (17.2%), 20 of whom (21.1%) required postoperative

continuous dialysis. According to the KDIGO criteria, pAKI

was categorized as stage I in 54 patients (9.8%), stage II 

in 20 patients (3.6%), and stage III in 21 patients (3.8%). 

Patients undergoing surgery for AAA more often suffered 

from AKI (19.2% vs. 11.0%; P = 0.04) but not from pAKI 

requiring dialysis (3.6 vs. 3.7%; P = 1.0). There was no dif-ff

ference in the incidence of pAKI between patients who

required suprarenal aortic clamping and the remaining

patients (42.9% vs. 16.8%; P = 0.10). The risk of pAKI was

associated with lower preoperative eGFR (OR, 0.97; 95% CI, 

0.96–0.98 [per increase by 1 ml/min/1.73 m2]) and longer 

surgery duration (OR, 1.92; 95% CI, 1.45–2.59 [per increase 

by 1 hour of surgery]). The univariable analysis is summa-

rized in Supplementary material, Table S4, and multivariable

analysis results are presented in Supplementary material, 

Table S5. Thirty-day mortality was higher in patients who 

developed pAKI (32.6% vs. 1.1%; P <0.001).

Bleeding independently associated with mortality 

(BIMS)

BIMS criteria were met by 253 patients (45.8%), among 

whom 197 (77.9%) required blood product transfusion. 

The BIMS incidence was similar in patients undergoing 

procedures for AAA and PAD (46.3 vs. 44.1%; P = 0.73). 

The risk of bleeding was associated with increasing age

(OR, 1.05; 95% CI, 1.02–1.08), longer surgery duration (OR, 

2.91; 95% CI, 2.21–3.92 [per increase by 1 hour of surgery]), 

and lower preoperative hemoglobin level (OR, 0.58; 95%

CI, 0.50–0.67 [per increase by 1 g/dl of hemoglobin]). The

univariable analysis is summarized in Supplementary

material, Table S4, and multivariable analysis results are 

presented in Supplementary material, Table S5. Thitry-day

mortality was higher in patients who developed BIMS

(12.3% vs. 1.7%; P <0.001).

Other postoperative complications

Thirty-day mortality accounted for 6.5% (36/553) and 

hospital mortality was 6.9% (38/553). The most common

postoperative complications were the need for reoperation 

(8.3%), pneumonia (7.8%), and postoperative atrial fibrilla-

tion (7.1%). All recorded postoperative complications and 

their incidence stratified by the coexistence of MINS are 

summarized in Table 2.

DISCUSSION
In this retrospective study aimed at assessment of periop-

erative complications, we demonstrated that MINS, pAKI, 

and BIMS are common after OAS and are associated with

an increased 30-day mortality rate. Our results suggest that

this population requires particular vigilance and an active

approach toward the detection of postoperative compli-

cations.

Myocardial injury is a common complication in vascular 

surgery, often remains asymptomatic, and is associated

with an almost 10-fold increase in short-term mortality

[10, 25, 26].

In our study, in comparison to the data reported by 

Biccard et al. (a vascular surgery sub-analysis of the VI-

SION study), the prevalence of MINS was higher (43.8%

vs. 19.1%), with 95% of patients not presenting any symp-
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Abbreviations: BIMS, bleeding independently associated with mortality; MINS, myocardial injury after noncardiac surgery; pAKI, postopera-

tive acute kidney injury
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toms of cardiac ischemia [10]. Markedly higher incidence 

of MINS in our cohort is probably related to the type of 

OAS procedures, which are some of the most complex 

procedures in vascular surgery encompassing clamping 

and cutting the aorta. Moreover, common prolongation of 

sedation in this population likely contributes to the high 

percentage of asymptomatic cases. Our study corroborates 

previously cited data indicating that MINS is associated with 

poorer short-term prognosis and higher rates of compli-

cation such as perioperative atrial fibrillation, pneumonia, 

sepsis, pAKI, and 30-day mortality.

Until now, the data on the prevalence of MINS in pa-

tients undergoing OAS have been scarce. A small cohort 

study of 31 patients who underwent open aortic repair due 

to AAA and had routine troponin I (TnI) measurements in 

the first 3 postoperative days revealed that 9 patients (29%) 

experienced significant elevation of TnI levels above the 

upper limit of normal [27]. In another small study including 

38 patients who underwent OAS and had routine TnI meas-

urement before surgery and in the first 3 postoperative days 

31% of patients had increased levels of TnI postoperatively 

[28]. In our study, the incidence of myocardial injury was 

higher compared to those reports (43.8% vs. 29% and 31%). 

Moreover, the presented prevalence of myocardial infarc-

tion diagnosed according to the Fourth Universal Definition 

of Myocardial Infarction (16.1%) was higher than in some 

previous studies — i.e. 3.7% in a study by La Manach and al. 

and 4.2% in a study by Steely et al. [29, 30]. This difference is 

likely explained by the routine troponin monitoring using 

high-sensitivity assays in our study. 

The available studies on major vascular surgeries 

demonstrated an association between preoperative renal 

dysfunction, prior stroke, prolonged surgery, surgical prior-

ity, requirement for red cell transfusion, and cardiovascular 

complications such as myocardial infarction, arrhythmias, 

pulmonary edema, and stroke [31, 32]. Our study extends 

the current knowledge by showing that COPD and PAD, 

but not age, sex, hypertension, coronary artery disease, 

duration of surgery, or RCRI, are related to increased risk 

of MINS in this population.

The reported incidence of pAKI within 30 days after OAS 

varies widely in available studies and ranges from 8.4 to 

52.5%. This is very likely due to heterogeneity in definitions 

used in different studies [29, 31, 33, 34]. A recent report 

using the Acute Kidney Injury Network (AKIN) criteria for 

pAKI (analogous to the KDIGO definition), reported an 

incidence of 22.4% in patients who underwent OAS with 

an 8-fold increase in 30-day mortality [33]. Overall, the risk 

factors for pAKI in this study were intraoperative red blood 

cell transfusion and chronic kidney disease [33]. Another 

study in which pAKI was defined using the Aneurysm Renal 

Injury Score (ARISe), reported the incidence of pAKI equal to 

26.3% in patients undergoing OAS and a higher mortality 

rate in patients who developed this complication (4.8% 

vs. 0.6%) [35]. According to this study, current smoking, 

hypertension, chronic kidney disease, and arrhythmias 

were predictors of pAKI. Our study confirms a high inci-

dence of pAKI in patients undergoing OAS (17.2%) and its 

association with higher 30-day mortality (32.6% vs. 1.1%). 

We additionally showed that lower preoperative eGFR and 

Table 2. Summary of outcomes in the entire cohort and stratified by the incidence of MINS

Feature Total cohort

(n = 553)

MINS

(n = 242)

Non-MINS

(n = 311)

P-value

In-hospital death, n (%) 38 (6.9) 30 (12.4) 8 (2.6) <0.001

30-day mortality, n (%) 36 (6.5) 29 (12.0) 7 (2.3) <0.001

30-day rehospitalization, n (%) 5 (0.9) 2 (0.8) 3 (1.0) 1.00

Hospital LOS, days, median (IQR) 11.0 (9.0–15.0) 11.0 (9.0–16.0) 11.0 (9.0–14.0) 0.15

ICU LOS, days, median (IQR) 3.0 (2.0–3.0) 3.0 (2.0–4.0) 3.0 (2.0–3.0) 0.01

Myocardial infarction, n (%) 39 (7.1) 39 (16.1) 0 (0.0) –

AKI, n (%) 95 (17.2) 67 (27.7) 28 (9.0) <0.001

AKI requiring dialysis, n (%) 20 (3.6) 18 (7.5) 2 (0.6) –

BIMS, n (%) 253 (45.8) 139 (57.4) 114 (36.7) <0.001

Gastrointestinal tract bleeding, n (%) 5 (0.9) 3 (1.2) 2 (0.6) –

Requirement for transfusion after surgery, n (%) 197 (35.6) 115 (47.5) 82 (26.4) <0.001

Acute congestive heart failure, n (%) 17 (3.1) 13 (5.4) 4 (1.3) 0.01

Perioperative atrial fibrillation, n (%) 39 (7.1) 31 (12.8) 8 (2.6) <0.001

Stroke, n (%) 2 (0.4) 0 (0.0) 2 (0.6) 0.59

Nonfatal cardiac arrest, n (%) 7 (1.3) 4 (1.7) 3 (1.0) 0.74

Pneumonia, n (%) 43 (7.8) 34 (14.0) 9 (2.9) <0.001

Sepsis, n (%) 27 (4.9) 23 (9.5) 4 (1.3) <0.001

Pulmonary embolism, n (%) 0 (0.0) 0 (0.0) 0 (0.0) –

Deep vein thrombosis, n (%) 1 (0.2) 1 (0.4) 0 (0.0) –

Intestine ischemia, n (%) 7 (1.3) 5 (2.1) 2 (0.6) 0.27

Acute limb ischemia, n (%) 32 (5.8) 19 (7.9) 13 (4.2) 0.10

Multiorgan failure, n (%) 31 (5.6) 24 (9.9) 7 (2.3) <0.001

In-hospital reoperation, n (%) 46 (8.3) 27 (11.2) 19 (6.1) 0.048

Abbreviations: AKI, acute kidney injury; BIMS, bleeding independently associated with mortality; ICU, intensive care unit; MINS, myocardial injury after noncardi-

ac surgery; LOS, length of stay
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longer surgery duration were related to higher risk of pAKI. 

Interestingly, we did not confirm the previously described 

association between pAKI and intraoperative red blood cell 

transfusion. Finally, in both mentioned studies, analysis of 

pAKI predictors was performed on the whole study pop-

ulation without distinction regarding the type of surgery 

(open vs. endovascular) [33, 35].

Another crucial perioperative outcome with a multi-

tude of definitions is bleeding. The most recent approach 

to define bleeding was the introduction of BIMS based 

on data from a prospective study of 16 079 patients aged 

≥45 years having noncardiac surgery. Simultaneously an 

electronic risk calculator for BIMS was developed and 

internally validated [16]. The diagnostic criteria for BIMS 

were created based on their association with all-cause 

mortality within 30 days of noncardiac surgery. In our study, 

we showed that BIMS is a common complication after OAS 

affecting nearly every second patient, and it is associated 

with a substantial increase in the 30-day mortality rate 

(12.3% vs. 1.7% in the non-BIMS group). We identified age, 

longer surgery duration, and low preoperative hemoglobin 

level as predictors of BIMS. We believe there is an urgent 

need to standardize definitions of perioperative outcomes, 

particularly pAKI and bleeding. This will improve research-

ers’ ability to reliably pool data from different reports to 

improve our understanding of incidence and risk factors 

of postoperative complications and their impact on short- 

and long-term mortality.

The main strength of our study is a relatively large and 

homogenous cohort of patients undergoing major open 

surgery involving the aorta. To our knowledge, this is the 

largest study describing the incidence of MINS, pAKI, and 

BIMS in this population encompassing routine measure-

ment of appropriate markers. Such an approach enabled 

us to provide researchers and clinicians with precise 

estimates. From a practical point of view, preoperative 

evaluation of patients to identify risk factors for MINS, pAKI, 

and BIMS could allow the introduction of some interven-

tions before the surgery recommended in the appropriate 

guidelines. These include e.g. temporarily withholding 

angiotensin-converting enzyme inhibitors, angiotensin 

receptor blockers, and aldosterone antagonists before 

surgery for pAKI prevention and correction of anemia for 

BIMS prevention [24, 36].

Our study also has several limitations. First, we did not 

perform routine troponin measurements before surgery 

in all patients (preoperative Tn level was available only in 

a subgroup of 242 patients). Thus, we could not exclude 

patients with chronic troponin elevation. However, avail-

able data suggest that elevated troponins before surgery 

account for only 13.8% of perioperative elevations [7, 10]. 

Second, the study carries limitations associated with its 

retrospective design e.g. lack of some potentially signifi-

cant parameters (e.g. body mass index) prevented us from 

evaluating their association with postoperative compli-

cations. Third, due to the lack of troponin monitoring on 

the day of surgery, we had to exclude patients who died 

on the day of surgery and did not have postoperative 

troponin monitoring. Four, the recruitment period for 

this study ended five years before this analysis, and some 

clinical practices changed over that time. Fifth, this was 

a single-center study which limits the generalizability of the 

results due to the possible impact of the surgical approach 

typical for this center (e.g. lack of cell saver technique). 

Sixth, we did not gather precise data about preoperative 

electrocardiograms so we were unable to evaluate their 

association with postoperative complications in this cohort 

and thus validate some of our previous findings [37]. Finally, 

we were unable to perform a multivariable analysis of the 

association between mortality and outcomes of interest 

due to a relatively low 30-day mortality.

CONCLUSION
MINS, pAKI, and BIMS are common complications after 

OAS and are related to a substantial increase in the 30-day 

mortality rate. The majority of these events are asympto-

matic and without systematic monitoring would likely go 

undetected. The awareness of their independent predictors 

can facilitate identifying high-risk patients susceptible to 

experiencing such complications. 
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Supplementary material is available at https://journals.
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Editorial

by Kassimis et al.

A B S T R A C T

Background: Coronary interventions in calcified lesions are associated with a higher rate of adverse 

clinical events. Initial aggressive plaque modification along with post-implantation optimization is 

pivotal for achieving a favorable outcome of percutaneous coronary intervention (PCI). Recently, the 

Shockwave C2 Intravascular Lithotripsy (S-IVL) System, a novel acoustic wave-based device designed 

to modify calcified plaque, has been introduced into clinical practice.

Aims: We evaluated the mid-term safety and efficiency of S-IVL in a cohort of 131 consecutive 

patients with severely calcified coronary lesions.

Methods: We retrospectively analyzed a total of 131 consecutive S-IVL PCI procedures. The study 

had two main inclusion criteria — the presence of a calcified resistant lesion (defined by inadequate 

non-compliant balloon catheter inflation) or a significantly underexpanded stent (more than 20% 

of reference diameter). The study had two primary endpoints — successful clinical outcome and 

safety concerns. Clinical success was defined as effective stent deployment or optimization of 

a previously underexpanded stent (with less than <20% in-stent residual stenosis). Safety outcomes 

were defined as periprocedural complications, such as device failure and major adverse cardiac and 

cerebrovascular events (MACCE). Clinical follow-up was performed at the end of hospitalization and 

6 months after the index procedure.

Results: In-hospital MACCE was 4.6% with 1.5% target lesion revascularization (TLR) and one case 

of subacute fatal stent thrombosis. At 6-month follow-up, the MACCE rate was 7.9% with a concom-

itant TLR rate of 3.8%.

Conclusion: Our mid-term data confirm acceptable safety and efficacy of intravascular lithotripsy 

as a valuable strategy for lesion preparation and stent optimization in a cohort of 131 consecutive 

patients with severely calcified coronary lesions. 

Key words: calcified lesions, lesion preparation, percutaneous coronary intervention, Shockwave 

Intravascular Lithotripsy, stent optimization 
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W H A T ’ S  N E W ?
Calcified lesions represent a challenging subset for percutaneous coronary intervention (PCI) with high risk of adverse events. Ad-

equate lesion preparation and post-implantation stent optimization are crucial in achieving satisfactory long-term efficacy. This 

study is among the first to present real-life data from the Lower Silesia Shockwave Registry (LSSR), which aimed to evaluate the 

mid-term outcomes of PCI supported by a novel plaque modification method — Shockwave Intravascular Lithotripsy in a cohort 

of 131 consecutive patients. Our results confirm its feasibility and safety at 6-month follow-up in the high-risk population with 

advanced coronary artery disease.

INTRODUCTION 
Despite undeniable improvement in percutaneous treat-

ment of coronary artery disease resulting from the intro-

duction of the second generation of drug-eluting stents, 

calcified coronary lesions are still a challenge for inter-

ventional cardiology. According to the literature, calcified 

plaque burden is increasing with age and the prevalence of 

renal insufficiency, hypertension, and diabetes [1]; it is an 

independent risk factor for future cardiovascular events [2]. 

Coronary interventions in calcified lesions are inextricably 

linked with a higher rate of periprocedural complications 

(including dissections, perforations, impairment of stent 

delivery, and deployment) and several long-term adverse 

events (such as stent failure, thrombosis, restenosis, and 

repeat revascularization) [3]. 

Aggressive plaque modification before stent implanta-

tion is part of contemporary practice and is crucial in avoid-

ing unfavorable percutaneous coronary intervention (PCI) 

outcomes [4].  Numerous strategies aiming at appropriate 

preparation of calcified lesions have been implemented in 

the PCI armamentarium. Generally, the two main groups 

can be distinguished — first, balloon-depend technologies 

(semi-compliant, non-compliant, cutting, and scoring) 

and second, atheroablative devices (rotational, orbital, 

and laser) [5]. Although all listed devices can facilitate PCI 

in calcified lesions, the extent of calcium modification is 

limited and mainly focused on superficial plaque modifica-

tion. Additionally, some device-associated periprocedural 

complications may unexpectedly occur in the course of 

the procedure. 

Recently a novel technique dedicated to calcified 

plaque modification has been introduced into clinical 

practice — Shockwave C2 Intravascular Lithotripsy (S-IVL) 

(Shockwave Medical Inc, Santa Clara, CA, US). This bal-

loon-based coronary system transforms electrical energy 

into mechanical (shock wave) leading to profound de-

fragmentation of calcium nodules without affecting the 

vascular architecture [6]. Although initially small-sized 

studies confirmed the short-term safety and efficiency 

[7–11], the mid and long-term data are still missing. Since 

the subjects recruited to cardiac clinical trials are distinctly 

different from the “real-world” population of cardiac pa-

tients, an assessment of S-IVL in real-life registries seems 

to be extremely valuable.

METHODS 
This study presents data from the Lower Silesia Shockwave 

Registry (LSSR) that includes all consecutive cases of PCI 

performed with the support of Shockwave Intravascular 

Lithotripsy from two cooperating cardiac centers. PCIs were 

performed between May 2019 and September 2022 in 

two high-volume centers from the Lower Silesia region 

of Poland. 

All patients in the registry had a clinical indication for 

PCI, based on the current European Society of Cardiology 

(ESC) revascularization guidelines, if necessary, with the 

support of the local Heart Team.  Patients enrolled in the 

study had to meet one of two main inclusion criteria: the 

presence of a highly calcified resistant lesion or a signifi-

cantly underexpanded previously implanted stent (regard-

less of the time of implantation). The lesion was defined as 

resistant after unsuccessful high-pressure non-compliant 

(NC) balloon inflation (at least 20% of underexpansion, with 

at least 16 atm. [16]). The decision regarding initial lesion 

preparation was left at the operators’ discretion and did 

not indicate a formal recruitment process. Patients meeting 

the inclusion criteria, who initially underwent advanced 

debulking procedures (orbital or rotational atherectomy), 

had also been recruited.

There were no angiographic exclusion criteria regarding 

lesion anatomy such as its length, tortuosity, severity, or 

prior stent placement. Operators, based on angiograph-

ic assessment, with additional support of intravascular 

imagining (IVUS/OCT) in the most challenging cases, 

determined the size of the S-IVL catheter and appropriate 

number of pulses for optimal vessel preparation or man-

agement of an underexpanded coronary stent.

The study had two primary endpoints — successful 

clinical outcome and safety concerns. Clinical success was 

defined as effective stent deployment or optimization of 

the previously not fully expanded stent (with less than 

<20% in-stent residual stenosis) [12] and the presence of 

TIMI 3 flow at the end of the procedure. 

Safety outcomes were defined as periprocedural final 

serious angiographic complications (including perforation, 

abrupt closure, slow flow or no-reflow, unstable ventricular 

arrhythmias) and device failure (such as inability to cross 

the lesion, malfunction, or rapture). Also, adverse cardiac 

and cerebrovascular events (MACCE) were recorded. MAC-
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CE involved death, myocardial infarction (MI), acute cere-

brovascular events, and repeated revascularization of the 

target lesion (TLR)[13, 14]. Clinical follow-up was obtained 

by professional medical staff — personally or by telephone 

6 months after the index procedure. On the initial visit (at 

the end of hospitalization), several data were collected 

regarding periprocedural characteristics, past medical 

history, basic laboratory tests at the time of admission, 

and pharmacotherapy at the time of discharge. The med-

ical history was focused on the burden of cardiovascular 

disease (including coronary artery disease, hypertension, 

atrial fibrillation, chronic heart failure, presence of moder-

ate/severe valvular heart disease, and history of stroke) and 

major cardiovascular risk factors defined according to the 

applicable definitions [15–17] and including diabetes mel-

litus and chronic kidney disease. On the first follow-up visit 

(6 months after the index procedure), data were collected 

on MACCE and any other revascularization procedures, 

involving stent thrombosis and restenosis [14]. This study 

was approved by the local ethics committee (Bioethical 

Committee at the Lower Silesian Chamber of Physicians 

— approval number  04/BOBD/2022). The study flowchart 

is presented in Figure 1. 

Statistical analysis 

Dependent on the normality of distribution (assessed by 

the Shapiro-Wilk test), the data were presented as means 

and standard deviations (SD), or medians and interquar-

tile ranges (IQR). All calculations were made with  the R 

language version 4.0.4

RESULTS 
We retrospectively analyzed 131 consecutive S-IVL PCI 

procedures. Most of the cases were performed in the 

acute coronary syndrome (ACS) setting (87%) mainly 

non-ST-segment elevated myocardial infarction (NSTEMI) 

(74%). The ACS-based procedures (69.4%) were performed 

between May and September 2022. The study population 

Figure 1. Study flowchart

Abbreviations: CVE, cerebrovascular episodes; MACCE, major adverse cardiac and cerebrovascular event; MI, myocardial infraction; PCI, per-

cutaneous coronary intervention; S-IVL, Shockwave Intravascular Lithotripsy; TIMI, Thrombolysis in Myocardial Infarction; TLR, target lesion 

revascularization 

Inclusion criteria

• periprocedural angiographic 

complications

• device failure

• MACCE — death, MI, acute 

cerebrovascular events, repeated TLR

Stent optimization  (n = 32)

Clinical success

Primary lesion (n = 99)

PCI performed with the support of S-IVL between May 2019 

and September 2022 (n = 131)

Primary endpoints

MACCE, n (%), 10 (7.9)

Death, n (%), 5 (3.8)

MI, n (%), 3 (6.7)

Other revascularization, n (%), 20 (15.2)

Stent thrombosis, n (%), 1 (0.8)

Stent restenosis, n (%), 3 (2.3)

CVE, n (%), 3 (2.3)

MACCE, n (%), 6 (4.6)

Death, n (%), 4 (3.1)

MI, n (%), 2 (1.5)

Other revascularization, n (%), 9 (6.9)

Stent thrombosis, n (%), 1 (0.8)

Stent restenosis, n (%), 0 (0)

CVE, n (%), 2 (1.5)

In-hospital period 6-month follow-up

Safety outcome

• effective stent deployment

• the optimization  — less than 

<20% in-stent residual stenosis

• thrombolysis in MI — TIMI 3 flow 

at the end of procedure

• highly calcified

• resistant
• underexpansion
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was dominated by male subjects (70.2%) at an average 

age of 70.8 years. The study cohort was characterized by 

a high prevalence of cardiovascular risk factors: hypercho-

lesterolemia (96.7%), hypertension (92.4%), and diabetes 

mellitus (57.3%). Nearly one in two subjects had a history 

of myocardial infarction, and 60.3% underwent previous 

revascularization. The baseline clinical characteristics of 

the study cohort are presented in Table 1. 

In terms of post-discharge pharmacotherapy, notably, 

a relatively large proportion of patients (59.5%) received 

clopidogrel as part of dual anti-platelet therapy (DAPT). The 

anatomical complexity of coronary artery disease (CAD) 

was relatively high, and the SYNTAX score I reached a medi-

an of 15.5 (9–25.7) with subsequent SYNTAX II — PCI score 

of 37.5 (12.8); estimated 4-year mortality reached 18.2%. 

The vast majority of PCI procedures were related to de novo 

lesions (75.6%), and the remaining 32 were concerned with 

significantly underexpanded stents. In 13.7% of all cases, 

S-IVL was used despite initial aggressive lesion preparation 

(orbital or rotational atherectomy). Clinical success criteria 

were met in 96.1% of cases. Notably, we noticed only 3 de-

vice failures (perforation of S-IVL catheter) without serious 

clinical consequences. The predominant vascular access 

point was the radial artery (90%). All procedural features 

are presented in Table 2. 

During the hospitalization period, the MACCE rate was 

4.6%. There were four deaths in the study cohort during 

this period. Most occurred in patients with advanced 

heart failure. The first fatality was a 71-year-old man with 

multiple comorbidities, coronary artery disease, with 

a history of MI previously treated with PCI, advanced 

heart failure with reduced ejection fraction, and implant-

ed cardioverter-defibrillator (ICD), who was admitted 

because of cardiogenic shock in the course of  STEMI.  

Table 1. Study population baseline clinical characteristics

Shockwave intravascular N = 131

Clinical features 

Age, mean (SD) 70.8 (7.5)

Sex, male, n (%) 92 (70.2)

Stable angina, n (%) 17 (13)

Unstable angina, n (%) 6 (4.6)

NSTEMI, n (%) 97 (74.0)

STEMI, n (%) 11 (8.4)

Diabetes mellitus, n (%) 75  (57.3)

Chronic heart failure, n (%) 64 (48.9)

Hypertension, n (%) 121 (92.4)

Hyperlipidemia, n (%) 127 (96.9)

Atrial fibrillation, n (%) 40 (30.5)

History of PCI, n (%) 68 (51.9)

History of MI, n (%) 63 (48.1)

History of CABG, n (%) 11 (8.4)

COPD, n (%) 13 (9.9)

History of stroke, n (%) 11 (8.4)

Moderate/severe valvular heart disease, n (%) 26 (19.8)

Chronic kidney disease, n (%) 31 (23.7)

LVEF, %, mean (SD) 48.2 (15.5)

Creatinine level, μmol/l, median (IQR) 82 (71–76.8)

Post-procedural pharmacotherapy 

Acetylsalicylic acid, n (%) 125 (95.4) 

Clopidogrel, n (%) 78 (59.5)

Ticagrelor, n (%) 42 (32.1)

Prasugrel, n (%) 11 (8.4)

Statins, n (%) 125 (95.4)

NOAC/VKA, n (%) 37 (28.2)

ACEI/ARB, n (%) 115 (87.8)

β-blocker, n (%) 119 (90.8)

CCB, n (%) 42 (32.1)

Diuretic, n (%) 50 (38.1)

Oral antidiabetic, n (%) 64 (48.8)

Insulin, n (%) 22 (16.8)

Abbreviations: ACEI, angiotensin-converting-enzyme inhibitors; ARB, angiotensin 

receptor blockers; CABG, coronary artery bypass grafting; CCB, calcium channel 

blocker; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular 

ejection fraction; NOAC, non-vitamin K antagonist oral anticoagulants; NSTEMI, 

non-ST-segment elevation myocardial infraction; PCI, percutaneous coronary 

intervention; STEMI, ST-segment elevation myocardial infraction; VKA, vitamin K 

antagonists; β-blocker, beta blocker

Table 2. Baseline procedural features of the study population

Shockwave intravascular N = 131

Vessel treated 

LM, n (%) 27 (20.6)

LAD, n (%) 45 (34.3)

LCx, n (%) 18 (13.7)

RCA, n (%) 41 (31.2)

SYNTAX I score, median (IQR) 15.5 (9–25.7)

SYNTAX II PCI score, mean (SD) 37.5 (12.8)

SYNTAX II PCI four-year mortality, median (IQR) 18.2 (5.8–21.6)

SYNTAX II CABG score, mean (SD) 34.4 (10.2)

SYNTAX II CABG year mortality, median (IQR) 13.0 (6–15.4)

Primary lesion, n (%) 99 (75.6)

Stent underexpansion, n (%) 32 (24.4)

CTO lesions, n (%) 6 (4.6)

Post-atherectomy debulking, n (%) 18 (13.7)

Initial predilatation, n (%) 122 (93.1)

Predilatation pressure, atm, mean (SD) 19.5 (4.4)

Initial stenosis grade, %, mean (SD) 81.8  (11.7)

Final stenosis grade, %, mean (SD) 7.2  (13)

S-IVL diameter, mm, mean (SD) 3.22 (0.44)

S-IVL pulses, median (IQR) 50 (30-80)

Postdilatation, n (%) 101 (77.1)

Postdilatation pressure, atm, mean (SD) 19.3 (3.1)

Number of DES per procedure, mean (SD) 1.53 (0.4)

Total DES length per procedure, mm, median (IQR) 40.8 (26–66)

Number of DEB inflation, n (%) 21 (16)

Intravascular guidance, n (%) 31 (23.7)

Clinical success, n (%) 126 (96.1)

S-IVL perforations, n (%) 3 (2.3)

Radial access, n (%) 118 (90.0)

6 F  guide catheter, n (%) 96 (73.2)

7 F  or larger guide catheter, n (%) 35 (26.7)

Radiation dose, mGy, median (IQR) 1435.9 (663.3–1866.7)

Contrast volume, n (%), median (IQR) 230.2 (150–260.7)

Abbreviations: CABG, coronary artery bypass grafting; CTO, chronic total occlusion; 

Cx, circumflex artery; DEB, drug eluting balloon; DES, drug-eluting stent; LAD, left 

anterior descending; LM, left main; MACCE, major adverse cardiac and cerebro-

vascular event; PCI, percutaneous coronary intervention; RCA, right coronary artery; 

S-IVL, Shockwave Intravascular Lithotripsy



K A R D I O L O G I A  P O L S K A

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a882

He received PCI of the left anterior descending artery 

(LAD) (culprit lesion) and a few days later, due to symp-

toms of recurrent angina, we performed right coronary 

artery (RCA) PCI supported by S-IVL. The patient died 

several days later with symptoms of persistent cardio-

genic shock despite implementing an intensive care 

protocol. The second death was observed in a 65-year-

old man with a history of alcohol abuse and multiple 

organ dysfunction. He was admitted with NSTEMI and 

underwent PCI of the LAD supported by S-IVL. He was 

transferred to the Intensive Care Unit (ICU) directly after 

the procedure and died several days later from multio-

rgan dysfunction and clinical symptoms of stroke. The 

third case involved a 72-year-old woman with multiple 

comorbidities and advanced heart failure, who was 

admitted to the hospital with STEMI and pre-hospital 

arrest and treated with rescue PCI of the left main (LM). 

Approximately 24 hours later, the patient experienced 

another cardiac arrest. PCI of the RCA was performed, 

as the last possible revascularization procedure, with 

S-IVL support. The patient died several days later with 

symptoms of persistent cardiogenic shock. The last 

in-hospital death in our study was a 76-year-old woman 

with NSTEMI and advanced CAD. She underwent rescue 

PCI of the LM/LAD/Cx supported by S-IVL. Five days 

after PCI, ventricular fibrillation occurred, and control 

angiography revealed stent thrombosis, and, despite 

the second rescue PCI and prolonged resuscitation, 

the patient died.  During this follow-up period, we also 

had an additional case of TLR in a 60-year-old man with 

NSTEMI and advanced highly calcified CAD. During the 

index procedure, the patient underwent rota-lithotripsy 

after unsuccessful initial lesion preparation with rota-

tional atherectomy (presence of significant NC balloon 

underexpansion post-atherectomy). A few days later, 

the patient underwent additional PCI of the target le-

sion due to a symptomatic distal edge dissection. One 

elderly patient with high comorbidity was found to have 

suffered a stroke while hospitalized. However, it was not 

directly related to the periprocedural period.

At 6-month follow-up, MACCE was reported (7.9%) 

with a concomitant TLR rate of 3.8% (all undiscussed 

cases were related to in-stent restenosis; two of three 

were recurrent restenoses in underexpanded stents). Two 

additional deaths occurred. The first was an unexplained 

death 14 days after discharge in a patient with a high 

number of comorbidities and low left ventricular ejection 

fraction (LVEF of 25%) initially planned for implantation of 

a cardioverter-defibrillator (ICD) following 3-month optimal 

medical treatment of HF after complete revascularization.  

The second patient, who suffered from multiple comorbid-

ities and advanced heart failure (LVEF, 15%–20%) with an 

ICD, died approximately 5 months after discharge. In this 

case, a second patient with newly diagnosed COVID-19 was 

admitted to the emergency department (ED) and died 

a few hours later with symptoms of acute cardiorespiratory 

failure. All the clinical follow-up data are summarized in 

Table 3.

DISCUSSION 
Initially, the Shockwave C2 I-VL catheter was introduced 

into clinical practice in the field of peripheral interventions 

and has already undergone several clinical trials in various 

peripheral vascular beds [18]. Nevertheless, the history of 

S-IVL as a therapeutic tool in coronary artery disease is 

much shorter — S-IVL has been commercially available in 

Europe since 2018 and in the US and Japan since 2021. The 

scientific evidence for the efficacy of this technology in 

treating CAD is mainly based on small cohorts of patients 

who were recruited for the pre-market evaluation studies 

focused mainly on short-term outcomes and designed by 

the manufacturer [19, 20]. In this study, we present, as one 

of the first, “real-life” data from the Lower Silesia Shockwave 

Registry (LSSR), which evaluate the mid-term outcomes of 

S-ILV-assisted PCI in a cohort of 131 consecutive patients.

Coronary calcifications reduce vascular compliance, 

severely affecting both short- and long-term clinical out-

comes in patients undergoing percutaneous revasculari-

zation [21].  Percutaneous interventions in calcified lesions 

are associated with increased periprocedural complications 

(dissection, perforation, MI) as well as suboptimal PCI out-

comes, mainly concerning stent delivery and deployment, 

leading to malapposition, underexpansion, or stent fracture 

and potentially compromising drug adhesion and delivery 

[22].  This can lead to an increase in late adverse events 

such as restenosis, stent thrombosis, and the need for 

repeat revascularization [23]. Contemporary practice has 

evolved a variety of devices and strategies for treatment 

of coronary calcifications. 

Table 3. Clinical follow-up data of study cohort

Shockwave

Intravascular

N-131

In-hospital period 

MACCE, n (%) 6 (4.6)

Death, n (%) 4 (3.1)

Myocardial infarction, n (%) 1 (0.8)

Target lesion revascularization, n (%) 2 (1.5)

Any other revascularization, n (%) 9 (6.9)

Stent thrombosis, n (%) 1 (0.8)

Stent restenosis, n (%) 0 (0)

Cerebrovascular episodes, n (%) 2 (1.5)

6-month follow-up 

MACCE, n (%) 10 (7.9)

Death, n (%) 6 (4.6)

Myocardial infarction, n (%) 3 (6.7)

Target lesion revascularization, n (%) 5 (3.8)

Any other revascularization, n (%) 20 (15.2)

Stent thrombosis, n (%) 1 (0.8)

Stent restenosis, n (%) 3 (2.3)

Cerebrovascular episodes, n (%) 3 (2.3)

Abbreviations: MACCE, major adverse cardiac and cerebrovascular event
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The well-established balloon-dependent methods 

(such as non-compliance, cutting, scoring) [24] together 

with the atherectomy devices (both, rotational and orbital)  

[25, 26] ensure that the success rate of the procedure can 

exceed 90%. A combination of the mentioned methods 

can result in an even higher success rate [27–31]. However, 

all of them have inherent limitations and may increase the 

risk of complications.

Intravascular lithotripsy (IVL) is a novel therapeutic strat-

egy based on the use of acoustic pressure waves to treat 

calcium deposits in the vascular wall, similar to the method 

previously used in renal calculi. Lithotripsy emitters (source 

of acoustic pressure waves) are incorporated into the shaft 

of a balloon angioplasty catheter that delivers precisely lo-

calized acoustic pressure waves via a standard angioplasty 

wire. A unique property of S-IVL is the fact its action affects 

also deep calcium deposits in opposition to athero-ablation 

or the classical pressure-depend balloon methods mainly 

focused on superficial plaque modification. The recently 

published reports on the safety and efficacy of S-IVL are 

encouraging but have been concerned mainly with short-

term outcomes of intravascular lithotripsy [7, 11, 31–34], 

with few data on longer-term follow-up [35].

In our real-world high-risk cohort (87% of patients 

with ACS), clinical success was even higher than that one 

presented in the pooled data from all Disturb trials (96.1% 

vs. 92.6%) [32]. Similar favorable results were observed 

in terms of in-hospital MACCE (4.6% vs. 6.5%), yet the 

in-hospital TLR rate was slightly higher than in the Disturb 

studies (1.5% vs. 0.3%).  Interestingly, the high level of clin-

ical success was maintained despite the high prevalence 

of patients with underexpansion of previously implanted 

stents (24.4%) and chronic total occlusion (4.6%), both well-

known risk factors for adverse clinical outcomes [34, 36]. 

Especially in the case of patients in whom high-pressure 

dilatation of a non-compliant balloon failed to expand the 

stent, clinical success is generally lower [34, 37].  Currently, 

there are limited therapeutic options for refractory stent 

underexpansion [38]. Based on the data presented so far 

[39, 40], S-IVL appears to be a relatively safe and effective 

approach, which is related to its unique mechanism of 

action – an atraumatic balloon-based treatment that may 

help to avoid mechanical vascular trauma often observed 

with classic high-pressure balloon postdilatation. Another 

alternative to treat incomplete stent expansion is to per-

form debulking atherectomy.  However, these challenging 

procedures are associated with high risk of acute compli-

cations [41, 42].

Notably, no in-hospital MACCE occurred despite the 

high anatomical complexity of treated lesions (SYNTAX 

Score 15.5 [9–25.7], total drug-eluting stent (DES) length 

per procedure 40.8 [26–66] mm). This might be partially 

related to the relatively common use of additional debulk-

ing methods (rotational or orbital atherectomy devices). 

Nevertheless, in our study cohort, S-IVL was used only in 

the setting of initial inadequate lesion preparation with an 

atherectomy device followed by NC balloon inflation. This 

suggests that the lesions treated with rota-lithotripsy were 

extremely challenging with deep calcium deposits. As a re-

sult, initial burr atheroablation most likely only pulverized 

superficial portions of calcified deposits without interacting 

with deep calcium [43]. The different mechanisms of S-IVL 

action, focusing on the disruption of the deep calcium 

plaque [6], allowed us to achieve adequate lesion prepara-

tion in this highly challenging cohort. This comprehensive 

approach has been previously reported [28–30, 44, 45]. Al-

ternative approaches would be associated with an increase 

in burr size, which could seriously compromise the safety 

of this procedure [46].

The 6-month outcomes observed in our study are 

also encouraging: we noted a low number of TLR (3.8%), 

mainly related to the recurrent in-stent restenosis due to 

its previous underexpansion (3 of 5). This number of TLR 

is comparable to other alternative debulking methods 

— orbital atherectomy (1-year TLR, 4.7%) [47, 48], rotational 

atherectomy (9-month TLR 2, 11.7%) [49], or cutting/scor-

ing balloon (9-month TLR 7%). Furthermore, if we excluded 

from our study cohort the patients who underwent the 

S-IVL procedure for post-stenting optimization, the TLR 

would decrease to 2%.

In our cohort study, we observed an encouraging safety 

profile (lack of vessel perforation or no-reflow phenomena), 

which may be related to a high number of low-size (6 F) 

(73.2%) radial access sites  (90.0%), which has been shown 

to increase the safety of PCI procedures [50]. Additionally, 

during all analyzed PCI procedures, we observed only 

3 cases of device failure (Shockwave catheter perforation) 

without any clinical consequences for the patient.

Our study has several limitations. First, it has a non-ran-

domized retrospective study design lacking a control 

group. The second limitation is a relatively low number 

of intravascular imagining studies and a lack of external 

core lab analysis. Finally, heterogeneity, high number of 

stent optimization procedures, and additional use of an 

atherectomy device can complicate the analysis of study 

results. 

CONCLUSIONS 
The mid-term data from the Lower Silesia Shockwave 

Registry (LSSR) confirm the acceptable safety and efficacy 

of intravascular lithotripsy, which was a valuable strategy 

for lesion preparation and stent optimization in a cohort of 

131 consecutive patients with severely calcified coronary 

lesions. Larger randomized trials are needed to evaluate 

fully this novel treatment modality. A head-to-head com-

parison with other advanced debulking techniques would 

be particularly valuable.
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A B S T R A C T

Background: Circadian variations play a pivotal role in both leukocyte trafficking and inflammatory 

response. This may affect the course of cardiac healing after myocardial infarction (MI). 

Aims: The present study investigated the relationship between the systemic immune inflammation 

(SII) index and the systemic inflammation response index (SIRI), two new inflammation indices inte-

grating white blood cell subsets and platelets, and the time of onset of symptoms in left ventricular 

adverse remodeling (LVAR) after ST-segment elevation MI (STEMI). 

Methods: In this retrospective study, we included 512 patients with first-time STEMI. The time 

of onset of symptoms was divided into 4 intervals: 06:00–11:59, 12:00–17:59, 18:00–23:59, and 

00:00–05:59. The endpoint was LVAR, defined as an increase in left ventricular end-diastolic and 

end-systolic volume by ≥12% at 6 months.

Results: The time of onset of chest pain most often occurred between 06:00 and 11:59 AM. In this 

window of time, median SII and SIRI indices were higher than in other time intervals. An increased 

SIRI level (odds ratio [OR], 3.03; P <0.001), symptom onset in the morning hours (OR, 2.92; P = 0.03), 

and an increased  Global Registry of Acute Coronary Events (GRACE) score (OR, 1.16; P <0.001) were 

determined as independent predictors of LVAR. The threshold value of the SIRI to discriminate 

between patients with and without LVAR was >2.5 (area under the curve [AUC], 0.84; P <0.001). The 

SIRI showed superior diagnostic performance compared to the SII index. 

Conclusions: In STEMI patients, an increased SIRI was independently associated with LVAR. This was 

more pronounced between 06:00 and11:59 AM. Despite differences across circadian periods, the 

SIRI may be a potential screening tool for identifying LVAR patients at long-term risk of heart failure.
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INTRODUCTION
Acute myocardial infarction (MI) arises as 

a result of sudden occlusion of the coronary 

artery and results in necrotic tissue damage 

[1]. Cellular necrosis and degradation of the 

matrix cause rapid activation of the comple-

ment cascade, which is an important compo-

nent of the immune-inflammatory response 

(IIR) [2]. Complement cascade activation 

allows leukocytes to infiltrate the infarct area 

to scavenge dead cells and matrix residues 

[3]. This inflammatory phase ends with repair 

pathways replacing dead cardiomyocytes 

with scar tissue. An excessive IIR can deter-

mine the extent of changes in ventricular 

size, shape, and function and can also play 

pathological roles, such as in the case of left 

ventricular (LV) adverse remodeling (LVAR) 

that can cause heart failure [4]. 

The circadian clock may play a prognostic 

role in the increased inflammatory response 

observed in the development of LVAR after 

acute MI. Epidemiological research has con-

firmed the association of acute MI develop-

ment with a day/night pattern [5, 6]. Further-

more, studies have suggested that onset time 

in cases of acute MI independently predicts LV 

function, infarct size, and mortality rates [7, 8]. 
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W H A T ’ S  N E W ?
This study provides new findings showing that the severity of inflammation, which plays an important role in cardiovascular 

events, is associated with circadian clock variations. In ST-segment elevation myocardial infarction (STEMI), increased systemic 

immune inflammation (SII) and response (SIRI) indices at presentation were independently associated with development of 

left ventricular adverse remodeling (LVAR) after STEMI. This association was more pronounced between  06:00 and 11:59 AM. 

Circadian clock variations may increase the severity of inflammation and thus contribute to the development of LVAR, which 

carries a long-term risk of heart failure.

The circadian clock can affect the infiltration of leukocytes 

into tissues [9, 10]. A population-based study of adults has 

shown that a blunted rest-activity rhythm is associated with 

an increase in leukocyte-based inflammatory indices [11]. 

Therefore, given the potential role of increased IIR in the 

development of LVAR after acute MI, we hypothesized that 

there might be an association between leukocyte-based 

inflammatory indices and the circadian clock. Among these 

indices, we evaluated the systemic immune inflammation 

(SII)  index and systemic inflammation response index (SIRI), 

which have not yet been investigated in the context of LVAR 

but are claimed to have better prognostic roles in predict-

ing cardiovascular events including acute MI [12–14]. The 

SII index, which is an indicator of inflammatory status, is 

calculated by platelet count × neutrophil count/lympho-

cyte count [15], while the SIRI, which is an indicator of the 

balance between the inflammatory response and immune 

status, is calculated by neutrophil count × monocyte 

count/lymphocyte count [16].

This study aimed to investigate the relationships 

between the SII index and SIRI and the time of onset of 

symptoms in the development of LVAR after acute MI. 

METHODS
Patients diagnosed with first ST-segment elevation MI 

(STEMI) in a cardiac center between January 2018 and 

January 2020 were enrolled in this study. The study received 

the local ethics committee’s approval (date: September 

12, 2022, decision no. 146/19) and was conducted in 

compliance with the relevant ethical guidelines and the 

Declaration of Helsinki (2013 Brazilian revision). The local 

ethics committee waived the requirement for informed 

consent due to the retrospective nature of the research.

Study population 

A total of 2182 STEMI patients undergoing primary per-

cutaneous coronary intervention (pPCI) no later than 

12 hours after the onset of chest pain were assessed 

retrospectively. STEMI in these patients was diagnosed 

according to the fourth universal definition of myocardial 

infarction [17], with management procedures following 

the latest guidelines of the European Society of Cardiology 

[18]. One thousand six hundred and seventy patients who 

were not diagnosed with STEMI upon applying those cri-

teria were excluded. The following exclusion criteria were 

then also applied: a history of any systemic inflammatory 

or autoimmune diseases, history of myocardial infarction 

or heart failure, any mechanical complications (ventricular 

septal and/or free wall rupture, papillary muscle rupture, 

or cardiac tamponade), thyroid dysfunction, liver diseas-

es, active hepatitis, malignancy, renal failure, history of 

anti-inflammatory or chronic corticosteroid drugs, sepsis, 

atrial fibrillation, elective or emergency coronary artery 

bypass grafting following an angiography procedure, major 

bleeding events, cardiogenic shock, requirement for an 

intra-aortic balloon pump, history of silent ischemia/infarct 

or right coronary artery occlusion,  pregnancy or delivery 

in the last 90 days, lactation, and missing clinical data. After 

this exclusion process, 512 patients who had experienced 

STEMI for the first time were enrolled in this study.

Study protocol

The hospital’s electronic information system and patient 

files were used to gather demographic and clinical data. 

Following the index event, echocardiographic evalua-

tions were conducted for all patients at day 7 (baseline) 

and 6 months. Global Registry of Acute Cardiac Events 

(GRACE) risk scores were calculated using the official 

GRACE calculator (www.gracescore.org). Blood samples 

of all patients were taken on admission. We divided the 

24 hours of the day into 4 intervals to evaluate the time of 

onset of symptoms, designating these windows of time 

as morning (06:00-11:59), daytime (12:00–17:59), evening 

(18:00–23:59), and nighttime hours (00:00–05:59).

Laboratory parameters

A Beckman Coulter LH 780 device (Mervue, Galway, 

Ireland) and Hitachi Modular P800 autoanalyzer (Roche 

Diagnostics Corp., Indianapolis, IN, US) were used to 

evaluate patients’ venous blood samples. Levels of he-

moglobin (photometrically), platelet count (impedance 

method), high sensitivity C-reactive protein (hs-CRP) (im-

munoturbidimetric method), albumin (bromocresol green 

method), triglycerides, and total cholesterol (enzymatic 

colorimetry), and high-density lipoprotein cholesterol 

(HDL-C) (homogeneous enzymatic colorimetry) were de-

termined. The Friedewald formula was used to determine 

low-density lipoprotein cholesterol (LDL-C) [19]. The SII 

index and SIRI were respectively calculated as follows: 

SII = platelet count × neutrophil count/lymphocyte count 
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and SIRI = neutrophil count × monocyte count/lympho-

cyte count.

Echocardiographic evaluation

Echocardiographic data were obtained when patients 

underwent transthoracic echocardiographic evaluations 

with the Vivid 7 Dimension Cardiovascular Ultrasound 

System (General Electric Vingmed, Horten, Norway). All 

data were collected during hospital stays within 1 week 

following acute coronary syndrome destabilization in 

accordance with the relevant guidelines [20]. LV volumes 

were measured based on apical 4- and 2-chamber views, 

and the modified Simpson method was applied to calculate 

left ventricular ejection fraction (LVEF) as per the recom-

mendations of the American Society of Echocardiography. 

Papillary muscles were excluded, and manual tracing 

began at the endocardial boundaries of the end-systolic 

and end-diastolic phases of the short-axis stack images, 

covering the left ventricle to the apex from the mitral 

annular line. LV stroke volume (SV) was obtained with the 

following formula: SV = LVEDV – LVESV, where LVEDV is 

the LV end-diastolic volume and LVESV is the LV end-sys-

tolic volume. For LVEF, the following formula was applied: 

EF = [(LVEDV – LVESV)/LVEDV] × 100.

LVAR was defined as a ≥12% increase in baseline LVEDV 

or LVESV at 6 months of follow-up [21].

Statistical analysis

All data were analyzed with IBM SPSS Statistics for Win-

dows 20.0 (IBM Corp., Armonk, NY, US). Numerical data 

determined to be normally distributed based on the 

results of Kolmogorov-Smirnov tests were given as mean 

(standard deviation [SD]) values while non-normally distrib-

uted variables were given as median (interquartile range 

[IQR]) values. For comparisons between groups, Student’s 

t-test and Mann-Whitney U test were used in line with 

the normality of the considered distribution. Categorical 

variables were given as numbers and percentages, and 

inter-group comparisons were conducted with χ2 and 

Fisher’s exact tests. Spearman correlation analyses were 

applied to evaluate the relationships between numerical 

variables. Spearman correlation coefficients <0.10 were 

evaluated as negligible correlations, 0.10–0.39 as weak cor-

relations, 0.40–0.69 as moderate correlations, 0.70–0.89 as 

strong correlations, and 0.90–1.00 as very strong correla-

tions [22]. Changes in echocardiographic parameters were 

evaluated with paired-sample t-tests or Wilcoxon tests. The 

differences in these changes (Δ) between groups were eval-

uated by mixed-model repeated-measures analysis. Mul-

tivariable logistic regression analysis with the backward 

Wald method was subsequently performed to identify 

any possible independent predictors of LVAR. The receiver 

operating characteristic (ROC) curve analysis was applied 

to assess diagnostic performance. Threshold values were 

determined by the Youden index method. Comparison of 

the AUCs was performed with a nonparametric approach 

using the theory of generalized U-statistics to generate 

an estimated covariance matrix previously reported by 

DeLong et al. [23]. Significance was accepted at P <0.05 (*) 

for all statistical analyses.

RESULTS
The study population included 512 patients at a mean age 

of 55.8 (10.2) years, and these STEMI patients were mostly 

male. All patients received acetylsalicylic acid (ASA) plus 

ticagrelor, and they continued their current discharge 

treatment routinely for 6 months. Their basic characteristics 

are shown in Table 1. Patients’ angiographic and echocardi-

ographic findings are presented in Supplementary material, 

Table S1. The time of STEMI symptom onset was associated 

with circadian variations. The peak incidence of STEMI 

was seen in the morning hours, while the second highest 

frequency was observed at nighttime. At 6 months after 

STEMI, the number of patients who had developed LVAR 

was 25.4%. In the LVAR group, the rate of symptom onset in 

the morning hours, median SII index, and SIRI were higher 

compared to patients without LVAR (Table 1).

The median GRACE score was higher in the LVAR group 

compared to patients without LVAR, while other baseline 

echocardiographic parameters were similar between the 

groups (Supplementary material, Table S1). Baseline mean 

LVEF levels and median LV volumes were similar in the 

groups with and without LVAR. At 6 months after STEMI, 

median LV volumes increased, and mean LVEF levels 

decreased in the LVAR group (Supplementary material, 

Table S2). 

Demographic and clinical findings did not differ signifi-

cantly according to time of symptom onset.  The median 

cardiac troponin, median SII index and SIRI were higher 

in patients who experienced symptom onset during the 

morning hours (Table 2). Mean door-to-balloon time and 

mean symptom-to-balloon time did not differ by time of 

symptom onset. The median GRACE score was higher in pa-

tients with symptom onset in the morning hours (Table 3).

For the considered circadian time windows, the median 

SII index and SIRI were higher in the LVAR group than in 

the group without LVAR (Figure 1). In the morning hours, 

there was a moderate positive correlation between the SII 

index and SIRI and the ΔLVEDV and ΔLVESV levels, while 

a moderate negative correlation was found with the ΔLVEF 

levels. In other time intervals, there was a weak correlation 

between the SII index and SIRI and the ΔLVEDV, ΔLVESV, and 

ΔLVEF levels (Supplementary material, Table S3).

Among the potential confounding factors associated 

with LVAR (Table 1 and Supplementary material, Table 

S1), time of onset of symptoms, cardiac troponin I, white 

blood counts, SII, SIRI, HDL-C, hs-CRP, and GRACE scores 

were included in the multivariable logistic regression 

model. The components of SII and SIRI were not included 

in the multivariable regression model because of their 

multicollinearity. An increased SIRI level, morning hours 

of symptom onset, and an increased GRACE score were 
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Table 1. Distribution of demographic and clinical findings by cardiac remodeling groups

Variables All  

population  

n = 512

LVAR P-value

No 

n = 382

Yes 

n = 130

Demographic findings        

Age, years 55.8 (10.2) 56.00  (9.3) 55.4 (8.3) 0.80

Male sex, n (%) 442 (88.0) 332 (86.9) 110 (84.6) 0.51

BMI, kg/m2 27.5 (4.1) 27.6 (4.5) 27.2 (3.9) 0.34

Active smoking, n (%) 280 (54.7) 205 (53.7) 66 (57.7) 0.42

Hypertension, n (%) 240 (46.9) 180 (47.1) 60 (46.2) 0.86

Diabetes mellitus, n (%) 144 (28.1) 104 (27.2) 40 (30.8) 0.43

Clinical findings        

Symptoms, n (%)        

Chest pain 512 (100.0) 382 (100) 130 (100) –

Shoulder or back pain 288 (56.3) 208 (54.5) 80 (61.5) 0.32

Arm pain 228 (44.5) 168 (44.0) 60 (46.2) 0.77

Dyspnea 192 (37.5) 132 (34.6) 60 (46.2) 0.10

Fatigue 320 (62.5) 230 (60.2) 90 (69.2) 0.24

Time of onset of symptoms, n (%)        

Morning hours 212 (41.4) 140 (36.6) 72 (55.4) 0.04a

Daytime hours 90 (17.6) 68 (17.8) 22 (16.9)

Evening hours 70 (13.7) 56 (14.7) 14 (10.8)

Night hours 140 (27.3) 118 (30.9) 22 (16.9)

SBP, mm Hg 123.4 (17.9) 124 (17.5) 121.7 (18.9) 0.42

DBP, mm Hg 76.2 (12.3) 76.5 (11.9) 75.4 (13.4) 0.60

HR, bpm 76.8 (16.0) 76.1 (16.9) 78.6 (13.5) 0.30

LVEF, % 46.1 (10.1) 45.7 (9.3) 47.3 (11.5) 0.26

Laboratory findings        

cTn-I, ng/l 47 (39–59.6) 40.8 (32.5–50.9) 51 (40–58.3) 0.03 a

Glucose, mg/dl 115 (96–149) 114.5 (96–146) 115 (97–163) 0.67

Hemoglobin, g/dl 14.1 (1.5) 14.1 (1.5) 14.0 (1.7) 0.21

WBC, ×109/l 11.6 (9.3–14.3) 10.6 (8.6–12.4) 12.2 (10.2–14.8) 0.03a

Neutrophils, ×109/l 7.5 (6.1–9.3) 7.2 (5.9–9.3) 8.4 (7.5–9.4) <0.001a

Lymphocytes, ×109/l 2.4 (1.8–3.1) 2.5 (2–3.2) 2 (1.6–2.7) <0.001a

Platelets, ×109/l 278.1 (69.5) 273.0 (68.0) 293.2 (72.3) 0.04a

Monocyte, ×109/l 0.7 (0.2) 0.7 (0.2) 0.8 (0.2) <0.001a

SII 931 (658–1156) 858 (547–1023) 1257 (961–1523) <0.001a

SIRI 2.2 (1.5–3.4) 1.9 (1–2.6) 3.5 (2.6–4.3) <0.001a

Total cholesterol, mg/dl 199.0 (49.0) 198.1 (47.0) 201.4 (54.6) 0.64

HDL-cholesterol, mg/dl 42.2 (10.4) 43.5 (10.7) 38.1 (8.2) <0.001a

LDL-cholesterol, mg/dl 137 (110–166) 137 (109–163) 140 (115–170) 0.52

Triglycerides, mg/dl 133 (100.5–184) 116 (90–183) 145 (116–190) 0.07

Creatinine, mg/dl 1.0 (0.2) 1.0 (0.2) 1.0 (0.2) 0.21

hs-CRP, mg/l 20.8 (13.5–28) 17.2 (10.7–24.8) 25.1 (19.7–32.7) 0.04a

Discharge therapy, n (%)        

Aspirin 512 (100.0) 382 (100.0) 130 (100.0) 1.00

Ticagrelor 512 (100.0) 382 (100.0) 130 (100.0) 1.00

ACEi/ARBs 500 (97.7) 372 (97.4) 128 (98.5) 0.98

Beta-blockers 492 (96.1) 366 (95.8) 126 (96.9) 0.97

Statins 504 (98.4) 376 (98.4) 128 (98.5) 0.99

Categorical variables were shown as number percentages. Numerical variables are mean (SD) or median (IQR)
aP-value <0.05 shows statistical significance

Abbreviations: ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; BMI, body mass index; cTn-I, cardiac troponin I;  DBP, diastolic blood 

pressure; HDL, high-density lipoprotein; HR, heart rate; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; LVAR, left ventricular adverse remodeling; SII, 

systemic immune inflammation index; SIRI, systemic inflammation response index; WBC, white blood counts



K A R D I O L O G I A  P O L S K A

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a890

Table 2. Distribution of demographic and clinical findings by time of onset of symptoms groups

Variables Morning hours

n = 212

Daytime hours

n = 90

Evening hours

n = 70

Night hours

n = 140

P-value

Demographic findings          

Age, years 54.7 (9.3) 54.1 (8.4) 54.3 (7.1) 53.0 (8.9) 0.44

Male sex, n (%) 180 (84.9) 79 (87.8) 60 (85.7) 125 (89.2) 0.73

BMI, kg/m2 27.8 (3.6) 27.8 (5.1) 26.8 (6.5) 27.6 (2.8) 0.54

Active smoking, n (%) 114 (53.8) 48 (53.3) 36 (51.4) 82 (58.6) 0.77

Hypertension, n (%) 104 (49.1) 40 (44.4) 32 (45.7) 64 (45.7) 0.92

Diabetes mellitus, n (%) 58 (27.4) 26 (28.8) 20 (28.6) 40 (28.6) 0.79

Clinical findings

Symptoms, n (%)

Shoulder or back pain 102 (52.8) 56 (62.2) 38 (54.3) 82 (58.6) 0.71

Arm pain 90 (42.5) 36 (40.0) 34 (48.6) 68 (48.6) 0.74

Dyspnea 84 (39.6) 34 (37.8) 28 (40.0) 46 (32.9) 0.81

Fatigue 140 (66.0) 46 (51.1) 48 (68.6) 86 (61.4) 0.31

SBP, mm Hg 122.2 (17.3) 121.5 (15.2) 127.6 (21.9) 124.6 (18.7) 0.56

DBP, mm Hg 75.2 (12.6) 74.2 (10.0) 77.3 (13.8) 78.4 (12.3) 0.37

HR, beat per minute 77.1 (15.4) 75.5 (13.5) 78.6 (22.0) 76.2 (15.5) 0.85

Laboratory findings

cTn-I, ng/l 55 (42.6–68.4) 38 (32–42) 36 (30–42) 47 (41–53) 0.004a

Glucose, mg/dl 128 (97–148) 120 (96–152) 114 (85–175) 116 (100–148) 0.69

Hemoglobin, g/dl 14.1 (1.6) 14.2 (1.7) 14.1 (1.4) 13.9 (1.5) 0.86

WBC, ×109/l 13.2 (10.2–14.9) 10.4 (8.4–12.3) 10.1 (8–12.1) 11.3 (8.6–13.2) <0.001a

Neutrophils, ×109/l 8.6 (7.5–10.1) 6.5 (5.9–8.1) 6.1 (5.7–7) 7.3 (5.4–9.3) <0.001a

Lymphocytes, ×109/l 2 (1.6–2.6) 2.8 (2.2–3.3) 2.6 (2.1–3) 2.8 (2.1–3.5) <0.001a

Platelets, ×109/l 298.1 (68.2 264.1 (63.6 260.4 (58.5 270.2 (72.8) <0.001a

Monocyte, ×109/l 0.8 (0.3) 0.7 (0.2) 0.7 (0.2) 0.7 (0.3) <0.001a

SII 1213 (1008–1544) 759 (587–876) 547 (388–810) 796 (466–923) <0.001a

SIRI 3.2 (2.0–4.1) 2.2 (1.5–2.5) 1.9 (0.9–2.2) 1.7 (0.9–2.3) <0.001a

Total cholesterol, mg/dl 191.6 (49.4) 194.8 (43.1) 202.4 (47.1) 211.2 (51.3) 0.11

LDL-cholesterol, mg/dl 42.0 (9.8) 42.8 (10.7) 42.4 (9.4) 42.8 (11.5) 0.63

HDL-cholesterol, mg/dl 135 (96–157) 134 (105–166) 133.5 (125–163) 141 (128–179) 0.28

Triglycerides, mg/dl 120.5 (89–182.5) 125 (95.5–204) 164 (127–182) 162 (107–184) 0.12

Creatinine, mg/dl 1.0 (0.2) 1.0 (0.2) 1.0 (0.2) 1.0 (0.2) 0.66

hs-CRP, mg/l 24.6 (11.7–32.2) 19.3 (13–31.4) 20 (13.5–25.5) 19.4 (14.3–26) 0.80

Discharge therapy, n (%)

ACEi/ARBs 208 (98.1) 88 (97.8) 66 (94.3) 138 (98.6) 0.57

Beta-blockers 204 (96.2) 90 (100.0) 68 (97.1) 130 (92.9) 0.30

Statins 208 (98.1) 88 (97.8) 70 (100.0) 138 (98.6) 0.99

Categorical variables were shown as number percentages. Numerical variables are mean (SD) or median (IQR)
aP-value <0.05 shows statistical significance. Bold characters show the difference between groups

Abbreviations: see Table 1

determined as independent predictors of LVAR. Accord-

ingly, a 1% increase in the SIRI increased the risk of LVAR 

by 3.03-fold (odds ratio [OR], 3.03; P <0.001) (Table 4). The 

threshold value of the SIRI was found to be >2.5, with 78.5% 

sensitivity and 74.3% specificity. The threshold value of the 

SII index was found to be >1204.2, with 55.4% sensitivity 

and 87.4% specificity. The SIRI showed superior diagnostic 

performance compared to the SII index in predicting LVAR 

(Figure 2) (Supplementary material, Table S4).

DISCUSSION
To our knowledge, this is the first study in the literature to 

report the association between the SII index, SIRI, and the 

time of onset of symptoms in LVAR after STEMI. SII index 

and SIRI on admission were generally higher in patients 

who developed LVAR, but this difference was particularly 

pronounced in the morning hours between 06:00 and 

11:59 AM. The SIRI was found to be an independent predic-

tor of LVAR and showed superior diagnostic performance 

compared to the SII index.

Previous studies demonstrated that increased SII in-

dex and SIRI were important predictors of cardiovascular 

events [12–14]. Increased SII index and SIRI were related 

to increased risk of LVAR in patients experiencing STEMI 

for the first time. Immune system activation starting from 

the onset of acute MI allows neutrophils, as the first line of 

defense against inflammation, to gather in the ischemic 

zone to scavenge dead cell debris following this cardiac 

event [24]. Protein heteromers of neutrophil and plate-

let cells promote monocyte recruitment [25]. Moreover, 

neutrophils have the potential to modulate macrophages 

to the anti-inflammatory phenotype, while platelets can 
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Table 3. Distribution of angiographic and echocardiographic findings by time of onset of symptoms groups

Variables Time of onset of symptoms P-value

Morning hours 

n = 212

Daytime hours 

n = 90

Evening hours 

n = 70

Night hours 

n = 140

Angiographic findings

Door-to-balloon time, min 43.2 (7.0) 44.1 (8.6) 41.5 (7.2) 42.6 (12.0) 0.39

Symptom-to-balloon time, min 310.2 (56.4) 307.2 (54.1) 237.8 (48.6) 306.2 (50.5) 0.41

GRACE score 142 (102–152) 118 (102–130) 112 (102–130) 128 (88–140) 0.02a

IRA, n (%)

LAD 80 (37.7) 30 (33.3) 22 (31.4) 52 (37.1) 0.89

Cx 132 (62.3) 60 (66.7) 48 (68.6) 88 (62.9)

Number of diseased vessels, n (%)

1 144 (67.9) 74 (82.2) 46 (65.7) 102 (72.9) 0.27

≥2 68 (32.1) 16 (17.8) 24 (34.3) 38 (27.1)

Pre-PCI TIMI flow, n (%)

0 140 (66.0) 62 (68.9) 40 (57.1) 86 (61.4) 0.41

1 24 (11.3) 2 (2.2) 8 (11.4) 18 (12.9)

2 18 (8.5) 8 (8.9) 10 (14.3) 22 (15.7)

3 30 (14.2) 18 (20.0) 12 (17.1) 14 (10.0)

Post-PCI TIMI flow >2, n (%) 200 (94.3) 86 (95.6) 70 (100.0) 132 (94.3) 0.60

Number of stents 1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2) 0.87

Echocardiographic findings

Baseline

LVEF, % 48.5 (9.1) 49.7 (9.9) 50.1 (7.3) 48.4 (9.8) 0.10

LVEDV, ml 150 (130–171) 142 (126–167) 140 (113–165) 146 (129–171) 0.13

LVESV, ml 74 (60–104) 70 (57–98) 72 (49–94) 74 (62–97) 0.11

Stroke volume, ml 70.0 (16.1) 69.7 (17.0) 70.8 (15.8) 70.2 (17.6) 0.99

6 months

LVEF, % 48.3 (9.9) 51.2 (10.0) 54.2 (8.4) 49.6 (10) 0.01a

LVEDV, ml 154 (128–171) 140 (132–150) 138 (117–151) 143 (129–160) 0.04a

LVESV, ml 76 (55–95) 65 (54–82) 63 (50–72) 68 (53–99) 0.05a

Stroke volume, ml 73.7 (16.1) 75.9 (18.3) 74.8 (13.3) 73.3 (17.1) 0.84

LVAR, n (%) 72 (34.0) 22 (24.4) 14 (20.0) 22 (15.7) 0.04a

Categorical variables were shown as number percentages. Numerical variables are mean (SD) or median (IQR)
aP-value <0.05 shows statistical significance. Bold characters show the difference between groups

Abbreviations: Cx, circumflex artery; IRA, infarct-related artery; LAD, left anterior descending artery; LVAR, left ventricular adverse remodeling; LVEF, left ventricular ejection

fraction; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial 

infarction
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Figure 1. Box and whisker plots of SII and SIRI levels by time of onset of symptoms. Data are presented as median (interquartile range [IQR])
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Table 4. Independent predictors of LVAR

Variables Univariable regression Multivariable regression

OR 95% CI P-value OR 95% CI P-value

Lower Upper Lower Upper

Time of onset of symptoms

Morning hours 2.76 1.29 5.89 0.009a 2.92 1.32 6.10 0.03a

Daytime hours 1.74 0.68 4.43 0.25 1.89 0.75 4.80 0.32

Evening hours 1.34 0.47 3.83 0.58 1.45 0.53 4.04 0.62

Night hours ref ref

cTn-I 1.08 1.01 1.16 0.03a – – – –

WBC 1.04 1.01 1.08 0.04a – – – –

Neutrophils 1.30 1.12 1.50 <0.001a – – – –

Lymphocytes 0.46 0.31 0.68 <0.001a – – – –

Platelets 1.04 1.01 1.08 0.04a – – – –

Monocyte 25.34 6.73 95.43 <0.001a – – – –

SII 1.02 1.01 1.03 <0.001a – – – –

SIRI 3.00 2.21 4.07 <0.001a 3.03 1.46 6.28 <0.001a

HDL 0.94 0.91 0.97 <0.001a – – – –

hs-CRP 1.04 1.01 1.08 0.04a – – – –

Grace score 1.14 1.05 1.23 0.003a 1.16 1.06 1.25 0.01 a

C-Statistics = 0.85; P <0.001a

aP-value <0.05 shows statistical significance. The reference category (ref ) for the time of onset of symptoms variable was “Night hours”

Abbreviations: CI, confidence interval; cTn-I, cardiac troponin I; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; OR, odds ratio; SII, systemic immune 

inflammation index; SIRI, systemic inflammation response index; WBC, white blood cell counts
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Figure 2. Diagnostic performance of SII and SIRI in predicting LVAR

Abbreviations: AUC, area under the curve; CI, confidence interval;

SII, systemic immune inflammation index; SIRI, systemic inflamma-

tion response index

affect neutrophil functions [26]. This can release proteo-

lytic enzymes and reactive oxygen species and cause an 

exacerbation of cardiac damage by damaging surviving 

myocytes [27]. This may also favor long-term tissue dam-

age, resulting in poor wound healing due to exaggerated 

inflammation [28]. 

The relationships between LVAR and IIR indices are 

not surprising, as previous limited studies reported that

increased values of the neutrophil count/lymphocyte 

count ratio (NLR) or leukocyte components were predictive

of LVAR [29, 30]. The current findings both support and

expand this literature. This study is the first to report the

relationship between LVAR and SII and SIRI indices. The SII 

index and SIRI have been shown to be better prognostic 

markers as they contain all components of both the NLR 

and platelet count/lymphocyte count ratio [31, 32]. These

inflammatory indices peaked between the morning hours

of 06:00 and 11:59 AM. This suggests that the circadian

clock may play a role in IIR and LVAR.

Some important mechanisms of the active phase of the 

circadian cycle may explain the potential role of IIR indices

in the development of LVAR. In a healthy physiological 

state, circulating neutrophil and monocyte counts peak 

in the resting phase and are minimal in the active phase 

[33]. However, circadian variations in leukocyte trafficking

due to MI-induced IIR are sensitive to acute inflammatory 

impulses from the first moment of the acute phase [34].

This sensitivity can result in higher infiltration of neutro-

phils and monocytes into the myocardium. In addition to 

this trafficking of neutrophils and monocytes, increased 

platelet aggregation in the morning phase may exacerbate

inflammation [35]. This sequence of events may suggest

that neutrophils, which play a role in the modulation of 

other subtypes of leukocytes, are more affected by the 

circadian clock, which can result in increasing inflammation

or cardiac events. In the morning hours, excessive leukocyte

activation may cause increased levels of reactive oxygen

species and nitric oxide synthase activity, which play roles 

in the pathology of LVAR [36]. In nighttime hours, mela-

tonin may play a role in the regulation of these factors [37]. 
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Melatonin is known to influence the regulation of IIR 

responses, platelet aggregation, and leukocyte trafficking 

into damaged tissue [38]. Therefore, melatonin secreted in 

nighttime hours may cause both a more stable IIR and may 

protect cardiomyocytes from infarction. Administration 

of melatonin on admission in patients with early STEMI 

symptom onset was shown to result in reduced infarct 

size after pPCI [39].

In previous human studies, increased infarct size and 

mortality rate were associated with different circadian 

clocks [5–8]. The differences between studies may be due 

to patient selection. Previous studies included patients 

at elevated prognostic risk, such as those with a prior 

history of MI. When patients were evaluated in terms of 

the first incidence of STEMI, we found that the LVAR rate 

and IIR indices were higher in the morning hours. These 

findings are consistent with previous experimental studies 

that found that MI occurring in the active phase caused 

increased inflammation or infarct size and worse cardiac 

repair outcomes [9, 40]. Additionally, neutrophil modula-

tion was shown to reduce infarct size and improve cardiac 

function [9]. In another MI study in a mouse model, the 

daily rhythm was randomized to a normal diurnal rhythm 

or disrupted environment for 5 days after MI. Disruption of 

the circadian rhythm caused further increases in cytokines, 

neutrophil and macrophage infiltration, and altered innate 

immune responses. As a result, poor cardiac healing and 

exacerbated LVAR were observed [41]. 

All patients received antiplatelet therapy in accordance 

with the guidelines [42]. Despite similar treatment proto-

cols, patients with STEMI in the morning hours had elevated 

LV volumes at 6-month follow-up in the present study. In 

addition, there was a positive correlation between baseline 

IIR indices and change in LV volumes, and this relationship 

was more pronounced for the patients from the morning 

interval. These findings suggest that there may be a vicious 

circle between IIR indices, LV volumes, and the circadian 

clock in the development of LVAR.

Limitations of the study

The present study has some limitations. First, magnetic 

resonance imaging, the gold standard method in evalu-

ating cardiac remodeling, could not be performed due to 

the retrospective nature of the study. Therefore, infarct size 

could not be measured. Second, complete blood counts 

at the time of admission to the hospital were evaluated 

but were not taken into account after the acute phase. In 

addition, cytokines or chemokines that may play a role 

in leukocyte trafficking were not analyzed. Evaluation of 

subtypes of leukocytes by flow cytometry analysis may be 

more revealing in the development of LVAR. Evaluations of 

these factors in future studies might further highlight the 

role of IIR indices varying throughout the circadian cycle 

in cases of LVAR. 

CONCLUSIONS
In patients experiencing STEMI for the first time, an increased 

SIRI was independently associated with LVAR development. 

This relationship was more pronounced in the morning 

hours between 06:00 and 11:59 AM. Circadian variation in the 

onset of STEMI may play an important role in the severity of 

inflammation. Despite differences across the circadian peri-

ods, the SIRI may be a potential screening tool for identifying 

LVAR patients at long-term risk of heart failure.

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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A B S T R A C T

Background: Fractional flow reserve (FFR) and non-hyperemic resting pressure ratios, such as 

instantaneous wave-free ratio (iFR) and resting full-cycle ratio (RFR), are recommended for evaluat-

ing the significance of angiographically intermediate coronary stenoses. Despite their usefulness, 

approximately 20% of assessed lesions exhibit discordance between FFR and iFR/RFR.

Aims: The role of sex in this discrepancy remains uncertain; thus, we aimed to investigate its impact 

on the discordance between FFR and iFR/RFR.

Methods: We reviewed 417 consecutive intermediate stenotic lesions from 381 patients, stratified 

by sex and assessed with both FFR and iFR/RFR. FFR ≤0.80 and iFR/RFR ≤0.89 were considered 

positive for ischemia.

Results: Of the 381 patients, 92 (24.1%) were women. Women were older, had a lower estimated 

glomerular filtration rate (eGFR), higher ejection fraction, and were more likely to have peripheral 

artery disease than men. Median FFR and iFR/RFR values were lower in men than in women (FFR 

0.86 vs. 0.80; P <0.001; iFR 0.92 vs. 0.90; P = 0.049). However, overall discordance prevalence was 

similar for both sexes (20.6% vs. 15.1%; P = 0.22). In men, eGFR, insulin-treated diabetes mellitus, 

and arterial hypertension were predictors of positive FFR | negative iFR/RFR discordance, while 

eGFR, insulin-treated diabetes mellitus, atrial fibrillation, and chronic obstructive pulmonary disease 

were predictors of negative FFR | positive iFR/RFR discordance. No factors associated with either 

discordance were identified in women.

Conclusions: FFR and iFR/RFR results indicating significant ischemia were more common in men 

than women when assessing intermediate coronary stenoses. Nevertheless, sex did not predict 

discordant results.

Key words: borderline lesions; coronary artery disease; discordance; physiological assessment; sex
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INTRODUCTION
Current guidelines recommend assessing 

the significance of intermediate coronary 

stenoses, defined as luminal narrowing with 

stenosis diameter of 50% to 90% on angiog-

raphy, using invasive physiological methods 

(class I recommendation, level of evidence A) 

[1, 2]. Fractional flow reserve (FFR) remains 

the gold standard for detecting ischemia-in-

ducing stenoses during maximum hyperemia, 

achieved through adenosine administration. 

Instantaneous wave-free ratio (iFR) and 

resting full-cycle ratio (RFR) are alternative 

invasive measurements for evaluating coro-

nary stenosis significance without vasodila-

tors [3, 4]. FFR and non-hyperemic methods 

(iFR/RFR) results are closely correlated [4–9]. 

However, a notable 20% discordance exists in 

identifying significant ischemia between FFR 

and iFR/RFR [4, 10–15]. Several clinical and 

anatomical factors have been suggested to 

contribute to this discordance, including dia-

betes mellitus, chronic kidney disease, valvular 

heart diseases, diastolic dysfunction, heart 
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W H A T ’ S  N E W ?
This study explores the impact of sex on invasive assessment of intermediate coronary stenoses using hyperemic (fractional 

flow reserve) and non-hyperemic (instantaneous wave-free ratio/resting full-cycle ratio) pressure ratios. As both non-hyperemic 

methods are considered equal, their results were combined. Results reveal that men have more significant ischemia than women, 

but sex is not a predictor of discordant results between hyperemic and non-hyperemic methods. Furthermore, we were able 

to discern specific predictors for positive fractional flow reserve | negative instantaneous wave-free ratio/resting full-cycle ratio 

discordance and negative fractional flow reserve | positive instantaneous wave-free ratio/resting full-cycle ratio discordance in 

men, while no such associated factors were found in women.

rate, and coronary artery stenosis severity and location [4, 

16-18]. However, the role of sex in this discrepancy remains 

uncertain [4, 17]. Thus, we sought to investigate the impact 

of sex on the discordance between FFR and non-hyperemic 

methods (iFR/RFR) in patients undergoing invasive assess-

ment of angiographically intermediate lesions.

METHODS
The main results of our study have been previously pub-

lished [19]. Data were retrospectively collected for all con-

secutive patients hospitalized at the Clinical Department 

of Cardiology and Cardiovascular Interventions of the 

University Hospital in Kraków between January 2020 and 

December 2021, in whom invasive physiological assess-

ment of the angiographically intermediate coronary lesions  

was performed, regardless of the method used. For this 

analysis, patients were stratified by sex.

All procedures were performed according to standard 

clinical methods via the radial or femoral approach, based 

on individual operator preferences. FFR and another 

non-hyperemic method were conducted, with either di-

agnostic or guiding catheters. FFR was measured during 

maximal hyperemia, achieved through an intracoronary 

bolus of adenosine ranging from 100-400 μg. The iFR or RFR 

was used for the non-hyperemic assessment depending 

on the operator’s preferences and device availability. The 

mean value of three measurements was analyzed. As both 

methods are considered equal, iFR and RFR results were 

combined. Values of ≤0.89 for iFR/RFR and ≤0.80 for FFR 

were deemed positive for ischemia. In total, 599 vessels 

underwent FFR and/or iFR/RFR assessments, with both FFR 

and iFR/RFR measurements available for 417 vessels. Ves-

sels assessed by FFR or iFR/RFR only (182) were excluded 

from the analysis (Figure 1). Lesions were classified into four 

groups based on iFR/RFR and FFR concordance ([FFR+|i-

FR/RFR+] and [FFR-|iFR/RFR-]) or discordance ([FFR-|i-

FR/RFR+/] and [FFR+|iFR/RFR-]). Additional analyses were 

conducted separately for lesions within the left anterior 

descending artery (LAD) and non-LAD arteries (diagonal 

branch, circumflex artery, marginal branch, right coronary 

artery). Lesions within the left main coronary artery were 

not evaluated in this study.

Ethics approval for this retrospective registry (no. 

1072.6120.257.2022, November 16, 2022) was granted by 

381 consecutive patients with chronic coronary syndrome 

with physiological assessment of intermediate lesions

433 vessels assessed with FFR 

333 vessels assessed with iFR/RFR

289 (75.9%) 

male patients

140 vessels assessed with FFR 

110 vessels assessed with iFR/RFR

92 (24.1%) 

female patients

311 (74.6%) vessels assessed 

with both FFR and iFR/RFR

106 (25.4%) vessels assessed 

with both FFR and iFR/RFR

Figure 1. Patients and vessels allocation. Study groups marked with light grey color

Abbreviations: FFR, fractional flow reserve; iFR, instantaneous wave-free ratio; RFR, resting full-cycle ratio
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the institutional ethical board of the Jagiellonian University 

Medical College. 

Statistical analysis

Categorical variables were presented as numbers and per-

centages. Continuous variables were expressed as mean, 

standard deviation (SD), or median with interquartile range 

(IQR). Differences between groups were compared using 

Student’s t-test for normally distributed variables and the 

Wilcoxon test for non-normally distributed continuous 

variables. Categorical variables were compared by Pear-

son’s chi-squared test. Receiver operating characteristic 

(ROC) curves were created to assess the optimal cut-off 

values of FFR for predicting iFR/RFR ≤0.89 and iFR/RFR 

for predicting FFR ≤0.80. The optimal cut-off values were 

established by maximizing the Youden index. Univariable 

analyses based on logistic regression for FFR|iFR/RFR dis-

cordance predictors were presented. Two-sided P-values 

<0.05 were considered statistically significant. All calcu-

lations were performed with JMP®, Version 16.1.0 (SAS 

Institute Inc.).

RESULTS 
Data were collected for 381 patients hospitalized at the 

Clinical Department of Cardiology and Cardiovascular In-

terventions of the University Hospital in Kraków between 

2020 and 2021. A total of 599 vessels were assessed by FFR 

and/or iFR/RFR in these patients, with 92 (24.1%) of them 

being women (Figure 1). Women were older, had a lower 

estimated glomerular filtration rate (eGFR), higher ejection 

fraction, and were more likely to have peripheral artery 

disease than men (Table 1).

For further analysis, 417 vessels assessed with FFR and 

non-hyperemic methods (iFR or RFR) were selected. Among 

these, 106 vessels (25.4%) were assessed in women and 

311 (74.6%) in men. The distribution of FFR and iFR/FFR 

values stratified by sex is shown in Figure 2. Overall, the 

median FFR and iFR/RFR were higher in women than men 

(FFR 0.86 vs. 0.80; P <0.001; iFR/RFR 0.92 vs. 0.90; P = 0.049), 

and men more frequently achieved positive results for both 

FFR and iFR/RFR (Table 2). In the analysis limited to lesions 

within LADs, women had higher FFR and iFR/RFR results 

than men, and results indicating significant ischemia were 

less common (Table 2). The prevalence of overall discordant 

results of FFR and iFR/RFR was similar between women and 

men (15.1% vs. 20.6%; P = 0.22). However, FFR-|iFR/RFR- 

concordant results were more common in women, while 

FFR+|iFR/RFR+ concordant results were more common 

in men (Figure 3). In men, eGFR, insulin-treated diabetes 

mellitus, and arterial hypertension were predictors of 

FFR+|iFR/RFR- discordance, and eGFR, insulin-treated 

diabetes mellitus, atrial fibrillation, and chronic obstruc-

tive pulmonary disease were predictors of FFR-|iFR/RFR+ 

discordance. No factors associated with either discordance 

were identified in women (Table 3).

ROC analysis confirmed the optimal cut-off point for 

FFR to identify patients with iFR/RFR ≤0.89 of 0.83 for 

women and 0.80 for men. Additionally, the optimal cut-off 

point for distinguishing groups with FFR ≤0.80 for iFR/RFR 

was 0.90 for women and 0.91 for men (Table 4).

Table 1. Baseline clinical characteristic of study population

Variable Sex P-value

Female

92 (24.1%)

Male

289 (75.9%)

Age, years, mean (SD) 71.6 (9.6) 66.4 (10.1) <0.001

Height, cm, median (IQR) 162.0 (158.0–165.0) 174.0 (170.0-178.0) <0.001

Weight, kg, median (IQR) 78.0 (67.0–89.0) 85.0 (78.0-95.0) <0.001

BMI, kg/m2, median (IQR) 30.2 (24.9–33.4) 28.4 (25.7-31.2) 0.13

Diabetes mellitus, n (%) 39 (42.4) 115 (39.8) 0.66

Arterial hypertension, n (%) 83 (90.2) 248 (86.1) 0.31

Atrial fibrillation, n (%) 21 (23.1) 54 (18.7) 0.36

Previous MI, n (%) 36 (39.1) 142 (49.1) 0.09

Previous PCI, n (%) 42 (45.7) 154 (53.3) 0.20

Previous CABG, n (%) 7 (7.6) 46 (16.0) 0.38

PAD, n (%) 25 (16.3) 28 (12.3) 0.04

Current smoker, n (%) 34 (37.0) 156 (54.0) 0.005

COPD, n (%) 7 (7.6) 20 (6.9) 0.83

Previous stroke/TIA, n (%) 11 (12.0) 24 (8.3) 0.30

Dyslipidemia, n (%) 75 (81.5) 218 (75.4) 0.23

eGFR, ml/min/1.73 m2, mean (SD) 70.9 (27.0) 78.2 (25.6) 0.02

HbA
1c

, %, median (IQR) 6.7 (5.7–7.95) 6.8 (6.05-9.2) 0.24

LVEF, %, median (IQR) 55.0 (45.0–60.0) 50.0 (39.75-60.0) 0.02

Radial access, n (%) 79 (85.9) 234 (81.0) 0.29

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; IQR, 

interquartile range; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; SD, standard 

deviation; TIA, transient ischemic attack
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Discordant

FFR+ | iFR/RFR–

Female: 6/106

male: 37/311

0.4 0.6 0.8 1.0

FFR

0.2

0.4

0.6

0.8

1.0

iF
R

/R
F
R

Corcordant Abnormal

FFR+ | iFR/RFR–

Female: 30/106

male: 127/311

Discordant

FFR– | iFR/RFR+

Female: 10/106

male: 27/311

Concordant Normal

FFR– | iFR/RFR–

Female: 60/106

male: 120/311

Female

Male

Figure 2. Fractional flow reserve and instantaneous wave-free 

ratio/resting full-cycle ratio results depending on sex
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Figure 3. Frequency of different types of the discrepancy between 

fractional flow reserve and instantaneous wave-free ratio/resting 

full-cycle ratio stratified by sex

Abbreviations: FFR, fractional flow reserve; iFR, instantaneous wave-

free ratio; RFR, resting full-cycle ratio

Table 2. Results of vessel assessment in the study groups (per vessel)

Variable Sex P-value

Female

106 (25.4%)

Male

311 (74.6%)

Vessel assessed

LAD, n (%) 65 (61.3) 184 (59.2) 0.70

non-LAD, n (%) 41 (38.7) 127 (40.8)

All vessels

FFR ≤0.80, n (%) 36 (34.0) 164 (52.7) <0.001

FFR, median (IQR) 0.86 (0.77–0.90) 0.80 (0.75-0.86) <0.001

iFR/RFR ≤0.89, n (%) 40 (37.7) 154 (49.5) 0.04

iFR/RFR, median (IQR) 0.92 (0.87–0.95) 0.90 (0.85-0.94) 0.049

LAD

FFR ≤0.80, n (%) 26 (40.0) 123 (66.9) 0.001

FFR, median (IQR) 0.83 (0.77–0.88) 0.78 (0.73-0.83) <0.001

iFR/RFR ≤0.89, n (%) 30 (46.2) 115 (62.5) 0.02

iFR/RFR, median (IQR) 0.90 (0.86–0.93) 0.88 (0.83-0.91) 0.02

Non-LAD

FFR ≤0.80, n (%) 10 (24.4) 41 (32.3) 0.34

FFR, median (IQR) 0.89 (0.82–0.93) 0.84 (0.78-0.90) 0.03

iFR/RFR ≤0.89, n (%) 10 (24.4) 39 (30.7) 0.44

iFR/RFR, median (IQR) 0.94 (0.90–0.97) 0.93 (0.88-0.97) 0.69

Abbreviations: FFR, fractional flow reserve; iFR, instantaneous wave-free ratio; IQR, interquartile range; LAD, left anterior descending artery; RFR, resting full-cycle ratio

DISCUSSION
We found that among assessed intermediate coronary 

stenoses, median FFR and iFR/RFR values were lower in 

men than in women. As a result, FFR and iFR/RFR values 

indicating significant ischemia were more common in 

men. However, sex was not identified as an independent 

predictor of FFR and iFR/RFR discordance.

Numerous randomized studies have shown that coro-

nary revascularization guided by invasive measurements 

has better outcomes than revascularization guided by an-

giography alone [1, 3, 20]. Consequently, physiological test-

ing of borderline coronary lesions with either hyperemic or 

non-hyperemic methods is recommended for identifying 

stenoses responsible for ischemia [1]. The iFR-SWEDEHEART 

[21] and DEFINE-FLAIR [22] studies confirmed the non-in-

feriority of iFR compared to FFR in assessing borderline 

coronary lesions, but the relative performance of these 
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methods may be affected by sex [23, 24]. For instance, in 

DEFINE-FLAIR [25], the FFR-guided strategy was associated 

with a lower revascularization rate than the iFR-guided 

strategy in women, while this difference was not observed 

in men. Consistent with our study, FFR values were lower 

in men than women, and women had fewer functionally 

significant lesions [25]. However, iFR values were similar for 

both groups. Similarly, a study by Verdoia et al. evaluated 

371 intermediate coronary stenoses in 325 patients un-

dergoing coronary angiography and found that iFR values 

did not differ by sex [26]. In our study, iFR/RFR values were 

higher in women than men, but these differences were 

only marginally significant, possibly due to the inclusion 

of RFR-assessed patients.

Various factors might explain the higher FFR values in 

women than men, such as differences in myocardial masses, 

myocardial perfusion territories, vessel size, plaque struc-

ture, diastolic , and higher resting coronary blood flow in 

women [23, 24]. Additionally, women have higher resting 

coronary blood flow compared with men [27]. Thus, it may 

affect FFR measurement, which depends on net changes 

[3]. Microcirculatory disorders, more common in women, 

can also influence FFR values. A blunted coronary hyper-

emic response in patients with microvascular dysfunction 

could result in a smaller pressure gradient across a stenotic 

lesion and higher FFR values [16]. Women typically expe-

rience their first presentation of coronary artery disease 

about ten years later than men, often after menopause [24]. 

Older age is linked to a decrease in coronary flow reserve 

and an increase in microvascular resistance under hyper-

emia, which may lead to an underestimation of stenosis 

severity by FFR [28, 29]. Also, the absence of estrogens in 

postmenopausal women is thought to be related to the 

development and progression of microvascular dysfunc-

tion [30]. Female sex and older age are associated with the 

development of various comorbidities. In our study, women 

were more likely to have chronic kidney disease, resulting 

in lower eGFR observed in this group. Chronic kidney 

disease is associated with microcirculation damage and 

vessel calcifications; thus, the response to drugs inducing 

hyperemia may be falsified [16]. For instance, the FREAK 

study found a higher percentage of negative FFR values 

in patients with chronic kidney disease, suggesting a link 

between FFR results and creatinine levels [31]. Similarly, 

diabetes mellitus is often associated with diffuse vascular 

dysfunction in both large and micro-vessels [7, 18, 32–35]. 

Women have a longer life expectancy than men, so they 

are more likely to experience other age-related diseases, 

such as severe aortic stenosis [36]. Notably, in patients 

with severe aortic stenosis, FFR and iFR/RFR values may be 

affected by a falsely low aortic pressure due to the restricted 

orifice of the aortic valve [7, 16]. Furthermore, a reduced 

vasodilation ability in patients with severe aortic stenosis 

may result from myocardial hypertrophy, microvascular 

dysfunction, and elevated left ventricular end-diastolic 

pressure [16].

Table 3. Univariable analysis for predictors of discordance between fractional flow reserve and instantaneous wave-free ratio/resting full-cyc-

le ratio stratified by sex

Variables P-value Male

crude OR (95% CI)

P-value Female

crude OR (95% CI)

Predictors of FFR+ | iFR/RFR- discordance 

eGFR per 1 ml/min/1.73 m2 0.04 1.02 (1.01–1.03) 0.05 1.03 (0.99–1.06)

DM treatment (insulin vs. others) 0.02 0.20 (0.06–0.74) – –

Arterial hypertension (no vs. yes) 0.007 3.12 (1.37–7.08) – –

Predictors of FFR- | iFR/RFR+ discordance 

DM treatment (insulin vs. others) 0.047 5.14 (1.02–25.82) 0.07 5.83 (0.84–40.32)

AF (no vs. yes) 0.01 0.35 (0.15–0.80) 0.57 1.59 (0.32–7.96)

eGFR per 1 ml/min/1.73 m2 0.02 0.98 (0.96–0.99) 0.95 1.00 (0.98–1.02)

COPD (no vs. yes) 0.002 0.20 (0.07–0.56) 0.97 1.05 (0.12–9.14)

Predictors of overall concordance

AF (no vs. yes) 0.03 2.03 (1.07–3.85) 0.40 0.56 (0.15–2.13)

Abbreviations: AF, atrial fibrillation; CI, confidence interval; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; 

FFR, fractional flow reserve; iFR, instantaneous wave-free ratio; IQR, interquartile range; OR, odds ratio; RFR, resting full-cycle ratio

Table 4. Receiver operating characteristic curves: classification accuracy of fractional flow reserve and instantaneous wave-free ratio/resting 

full-cycle ratio stratified by sex

Optimal cut-off point AUC (95% CI) P-value

iFR/RFR to predict FFR ≤0.80

Female 0.90 0.94 (0.88-0.98) <0.001

Male 0.91 0.88 (0.84-0.91) <0.001

FFR to predict iFR/RFR ≤0.89

Female 0.83 0.90 (0.83-0.96) <0.001

Male 0.80 0.88 (0.84-0.91) <0.001

Abbreviations: AUC, the area under the curve; CI, confidence interval; FFR, fractional flow reserve; iFR, instantaneous wave-free ratio; RFR, resting full-cycle ratio
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In previous research, we found discrepancies between 

FFR and iFR/RFR in 19.2% of assessed angiographically 

intermediate stenoses [19]. The present analysis revealed 

that sex was not associated with increased risk of dis-

cordant results. However, studies by Lee et al. [12], Arashi 

et al. [37], and Aoi et al. [38] identified female sex as an 

independent predictor of FFR+|iFR- discordance. Several 

clinical, angiographic, and hemodynamic factors can con-

tribute to differences between FFR and iFR/RFR, including 

age, diabetes mellitus, chronic kidney disease, coronary 

artery stenosis location, atrial fibrillation, elevated left ven-

tricular end-diastolic pressure, diastolic dysfunction, and 

microcirculation dysfunction [4, 10–14]. Microcirculation 

dysfunction is particularly prominent in women and is the 

strongest predictor [16]. For instance, Legutko et al. [39] 

found that microcirculation disorders were more prevalent 

in discrepant FFR/RFR vessels, independently of sex. In our 

study, both insulin-treated diabetes mellitus and eGFR were 

identified as predictors of FFR-|iFR/RFR+ discordance in 

men. As mentioned, diabetes mellitus and chronic kidney 

disease are associated with microcirculation dysfunction 

and more complex and diffused coronary disease and 

thus influence hyperemic response during FFR measure-

ments. Our research suggests that not only the presence 

of diabetes mellitus but also its treatment and control may 

contribute to discrepancies. In addition, atrial fibrillation 

was a predictor of overall FFR vs. iFR/RFR discrepancy in 

men. A recent study highlighted increased beat-to-beat 

variability of individual iFR measurements in patients 

with atrial fibrillation, resulting in reduced reproducibility 

and increased lesion reclassification [40]. In contrast, FFR 

variability, reproducibility, and lesion reclassification were 

comparable between patients with atrial fibrillation and si-

nus rhythm. No predictors of discordance between FFR and 

iFR/RFR were identified in women, possibly due to a small 

sample size. In addition, microcirculatory dysfunction may 

be of particular importance in this subgroup.

The reliability of cut-off values of ≤0.80 for FFR and 

≤0.89 for iFR/RFR indicating significant ischemia has been 

confirmed in numerous clinical studies [1, 3]. However, 

women tend to have higher FFR values at maximum hy-

peremia than men [23]. This discrepancy may be attributed 

to women’s higher resting flow and more prevalent micro-

circulatory dysfunction. Previous studies on sex-related 

differences in FFR report an average difference of about 

0.02 (0.01 to 0.04) between men and women [23, 25, 41]. 

Based on our study, an FFR cut-off of ≤0.83 seems reason-

able for detecting ischemia-inducing lesions in women. On 

the other hand, in the DEFINE-FLAIR study [25], FFR-guided 

and iFR-guided strategies using standard cut-offs yielded 

similar clinical outcomes for both sexes. Clinicians should 

always take into account the influence of microcirculation 

dysfunction when interpreting FFR and iFR/RFR results 

[4, 16]. Notably, for women with borderline FFR values 

(0.80–0.83) and symptoms suggestive of ischemia, addi-

tional assessment of microvascular dysfunction using the 

index of myocardial resistance measurement should be 

strongly considered to guide treatment [23]. Microvascular 

disease is particularly concerning because it can contribute 

to adverse long-term cardiovascular outcomes even in the 

absence of significant coronary disease [42]. The suitability 

of applying a fixed FFR cut-off value for all patients is de-

batable and warrants further investigation.

Limitations

Our analysis is primarily limited by its small sample size 

and the imbalance between the number of women and 

men included. This may hinder assessment of the impact 

of comorbidities on FFR and iFR/RFR results in women. 

Additionally, the study did not include a noninvasive as-

sessment of myocardial ischemia, which could have served 

as an additional reference technique. Furthermore, we did 

not have data on microcirculatory dysfunction, coronary 

flow reserve, concomitant valvular heart disease, or central 

venous pressure. We did not collect data on active and prior 

SARS-CoV-2 infections for this study, so their impact on FFR 

and iFR/RFR results was not evaluated. Lastly, the study did 

not provide quantitative coronary angiography analysis.

CONCLUSIONS
FFR and iFR/RFR results indicate that significant ischemia 

was more common in men than women when assessing 

intermediate coronary stenoses. Nevertheless, sex did not 

predict discordant results.
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The impact of left circumflex coronary artery ostium stenosis 
on outcomes for patients after percutaneous coronary 
intervention for unprotected left main disease
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A B S T R A C T

Background: The impact of left circumflex coronary artery (LCx) ostium atherosclerosis in left main 

coronary artery (LM) bifurcation disease is not well-known. 

Aim: The study aimed to assess whether the involvement of LCx ostium carries prognostic implica-

tions in patients undergoing unprotected LM percutaneous coronary intervention (PCI).

Methods: Consecutive 564 patients with unprotected LM (ULMCA) disease who underwent LM PCI 

between January 2015 and February 2021, with at least 1 year of available follow-up were included in 

the study. The first group was composed of 145 patients with ULMCA disease with LCx ostium stenosis, 

and the second group consisted of 419 patients with ULMCA disease without LCx ostium stenosis.

Results: Patients in the group with ULMCA disease with LCx ostium stenosis were significantly older 

and had more comorbidities. The two-stent technique was used more often in the group with LCx 

ostium stenosis (62.8% vs. 14.6%; P <0.001). During 7-year follow-up, all-cause mortality did not differ 

significantly between groups with and without LCx ostium stenosis (P = 0.50). The use of one-stent 

or two-stent technique also did not impact mortality in patients with LCx ostial lesions (P = 0.75). 

Long-term mortality subanalysis for three groups of patients: (1) patients with LM plus LCx ostium 

stenosis; (2) LM plus left anterior descending artery (LAD) ostium stenosis; (3) LM plus LCx ostium 

plus LAD ostium stenosis also did not differ significantly (P = 0.63).

Conclusions: LCx ostium involvement in LM disease PCI is not associated with adverse long-term 

outcomes, which is highly beneficial for the Heart Team’s decision-making process.

Key words: left circumflex coronary artery ostium, percutaneous coronary intervention, unprotected 

left main coronary artery
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INTRODUCTION
Percutaneous coronary intervention (PCI) 

in left main coronary artery (LM) disease is 

widely used worldwide with documented 

favorable results in large studies. However, 

the impact of left circumflex coronary artery 

(LCx) ostium atherosclerosis in LM bifurcation 

disease is not well-known. Evidence from 

computed tomography angiography and 

fractional flow reserve (FFR) shows that the 

side branch supplies a smaller portion of the 

myocardium compared to the main branch 

and that a stenosis in the side branch is less 

likely to result in significant ischemia com-

pared to a similar stenosis in the main artery 

[1]. Nevertheless, side branch occlusion is 

one of the most significant potential compli-

cations after LM stenting and may be a major 

reason why operators choose the two-stent 

technique [2]. Significant ostium stenosis of 

the side branch has also been reported to be 

a frequent source of side branch occlusion 

after stent implantation in the main vessel [3]. 

The European Bifurcation Club advocates use 

of the “jailing wire” technique which involves 

leaving a wire in the side branch while a stent 
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W H A T ’ S  N E W ?
The impact of left circumflex coronary artery (LCx) ostium atherosclerosis in left main coronary artery (LM) bifurcation disease is not 

well-known. This study aimed to evaluate whether the involvement of LCX ostium significantly influences outcomes of patients 

undergoing unprotected LM percutaneous coronary intervention (PCI). The main finding is that the LCX ostium involvement 

in LM disease PCI is not associated with long-term mortality, which is highly beneficial for the Heart Team’s decision-making 

process. In patients with LM disease and LCx ostium stenosis, there is no significant difference in long-term mortality between 

groups operated on using one-stent or two-stent techniques. No significant differences in long-term mortality were observed 

regardless of the presence of coexisting lesions in the LCX ostium or left anterior descending artery ostium. A subgroup of pa-

tients without significant LCX ostium disease who underwent LCX stenting during LM PCI because of the plaque burden shift 

or carina shift presents favorable long-term outcomes.

is implanted in the main branch [4]. The study based on 

a small group showed that the patients with higher FFR in 

the jailed LCX had better long-term results than those with 

low FFR [5]. In terms of the one-stent technique in LM PCI, 

two mechanisms of acute luminal loss at the ostium of the 

left circumflex coronary artery have been suggested, i.e. 

carina shift and plaque shift [6–8]. Angioplasty in the area 

of huge atherosclerotic plaque around the bifurcation often 

results in plaque burden shifting to the coronary branch, 

sometimes causing subsequent occlusion [9]. However, 

recent articles demonstrated that the carina shift was the 

principal mechanism of ostial LCX lumen loss during LM 

PCI [10]. In the study performed by Kang et al., carina shift 

was associated with a narrow distal angle between the 

LAD and the LCX and a wide proximal angle between the 

LCX and the LM [10]. 

In this study, we aimed to assess whether the involve-

ment of LCX ostium carries prognostic implications in 

patients undergoing unprotected LM PCI.

METHODS
Our study is part of a larger project concerning LM disease 

[11–13]. Currently, we analyzed all 564 patients with unpro-

tected LM (ULMCA) disease PCI and with at least 1 year of 

available follow-up. Patients with significant LM stenosis 

(≥50% diameter) were prospectively enrolled in the study 

between January 2015 and February 2021 [14]. An ostial 

LCX lesion was defined as a lesion with at least 50% diam-

eter stenosis by visual assessment and within 3 mm of the 

left main stem. Patients were divided into two groups: the 

first group was composed of 145 patients with unprotected 

LM disease with LCX ostium stenosis and the second group 

consisted of 419 patients with unprotected LM disease 

without LCX ostium stenosis. Established primary outcomes 

were in-hospital death, in-hospital myocardial infarction 

(MI), and long-term all-cause death (median [interquartile 

range (IQR)] follow-up was 1411 (IQR, 908 [max 2553] days).   

Survival analysis data were gathered by telephone contact 

or with the use of National Health Fund information. IVUS 

or OCT imaging were used in 202 (35.8%) patients and were 

not analyzed in great detail. The antiplatelet regimens were 

low-dose aspirin (75 mg daily) and clopidogrel (75 mg daily) 

for a minimum of 6 months after PCI, with the intention of 

12 months of dual antiplatelet therapy. In patients without 

contraindications, a switch to ticagrelor or prasugrel was 

allowed. 

Statistical analysis

All continuous variables were presented as medians (inter-

quartile range [IQR]). Categorical variables were presented 

as numbers and percentages and were compared using the 

test for proportions or Fisher’s exact test. The normality of 

the distribution of variables was assessed using the Shap-

iro-Wilk test. Differences between continuous variables 

were evaluated with a nonparametric Mann-Whitney test. 

The survival probability at follow-up was calculated using 

the Kaplan-Meier method. Log-rank tests were used to 

compare survival between different groups. P-values be-

low 0.05 were considered significant. We used STATISTICA 

13.7 (StatSoft, Inc., Tulsa, OK, US).

RESULTS
Patients in the group with ULMCA disease with LCX os-

tium stenosis were older (median [IQR], 69.0 [65.0–79.0] 

years vs. 68.0 [62.0–74.0] years; P = 0.002) (Table 1). In 

this group, comorbidities such as chronic kidney disease 

(44.8% vs. 28.6%; P <0.001), diabetes (46.9% vs. 36.8%; 

P = 0.03), and previous stroke (13.1% vs. 7.9%; P = 0.06) 

were found more often. Naturally, the SYNTAX score was 

higher in the group with LCX ostium stenosis (28.0 [22.25– 

–34.0] vs. 21 [14.0–28.0]; P <0.001), also LM calcifications 

were found more often in this group (19.3% vs. 11.5%; 

P = 0.02). The number of implanted stents (2.0 [2.0–3.0] 

vs. 1.0 [1.0–2.0]; P < 0.001), total stent length (46.0 [36.0– 

–64.0] vs. 33.0 [22.0–50.0]; P <0.001), radiation time 

(19.5 [14.0–26.0] vs. 15.0 [11.0–21.0]; P <0.001), and radi-

ation dose (1436.5 [969–2151] vs. 1120.5 [706.5–1722.5]; 

P <0.001) were higher in patients with LCX ostium lesions 

(Table 2). The two-stent technique was used more often 

in the group with LCX ostium stenosis (62.8% vs. 14.6%; 

P <0.001). The trend toward more frequent use of crush 

techniques was observed in the group with LCX ostium 

involvement. Provisional stenting was performed more 

often in the group without LCX ostial disease. There were 

no differences between two study groups in terms of 

periprocedural complications, periprocedural mortality, 
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Table 1. Study population baseline characteristics

Variable Patients with unprotected LM disease  

with LCX ostium stenosis

(n = 145)

Patients with unprotected LM disease  

without LCX ostium stenosis

(n = 419)

P-value

Age, year, median (IQR) 69.0 (65.0–79.0) 68.0 (62.0–74.0) 0.002

Sex, female, n (%) 38 (26.2) 104 (24.8) 0.74

Hypertension, n (%) 123 (84.8) 344 (82.1) 0.45

CKD, n (%) 65 (44.8) 120 (28.6) <0.001

DM, n (%) 68 (46.9) 154 (36.8) 0.03

Stroke/TIA, n (%) 19 (13.1) 33 (7.9) 0.06

PVD, n (%) 27 (18.6) 61 (14.6) 0.25

AF, n (%) 26 (17.9) 58 (13.8) 0.23

Prior MI, n (%) 68 (46.9) 205 (48.9) 0.67

Stable angina, n (%) 76 (52.4) 239 (57.0) 0.33

Unstable angina, n (%) 35 (24.1) 119 (28.4) 0.32

NSTEMI, n (%) 28 (19.3) 55 (13.1) 0.07

STEMI, n (%) 6 (4.1) 15 (3.6) 0.76

Prior PCI LAD, n (%) 38 (26.2) 98 (23.4) 0.49

Prior PCI LCX, n (%) 27 (18.6) 66 (15.8) 0.42

Prior PCI RCA, n (%) 38 (26.2) 137 (32.7) 0.15

LVEDD, mm, median (IQR) 50.0 (47.0–56.0) 50.0 (46.0–55.0) 0.42

LVEF, %, median (IQR) 50.0 (45.0–60.0) 55.0 (45.0–60.0) 0.18

Coronary artery disease characteristics

SYNTAX score, median (IQR) 28.0 (22.25–34.0) 21 (14.0–28.0) <0.001

LM trifurcation, n (%) 23 (15.9) 50 (11.9) 0.22

LM calcification, n (%) 28 (19.3) 48 (11.5) 0.02

RCA recessive  (a), n (%) 11 (7.6) 32 (7.6) 0.98

RCA with critical stenosis (b), n (%) 30 (20.7) 56 (13.4) 0.03

RCA total occlusion (c), n (%) 22 (15.2) 66 (15.8) 0.87

Lack of RCA support for LMCAD  (a+b+c), n (%) 63 (43.4) 154 (36.8) 0.15

Abbreviations: AF, atrial fibrillation; DM, diabetes mellitus; CABG, coronary artery bypass graft; CAD, coronary artery disease; CKD, chronic kidney disease; LAD, left anterior 

descending; LCx, left circumflex; LM, left main; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NSTEMI, non-ST-

-segment elevation myocardial infarction; PVD, peripheral vascular disease; PCI, percutaneous coronary intervention; RCA, right coronary artery; STEMI, ST-segment elevation 

myocardial infarction; TIA, transient ischemic attack

Table 2. Left main percutaneous coronary intervention procedure characteristics

Variable Patients with unprotected LM disease  

with LCX ostium stenosis

(n = 145)

Patients with unprotected LM disease  

without LCX ostium stenosis

(n = 419)

P-value

Number of stents, median (IQR) 2.0 (2.0–3.0) 1.0 (1.0–2.0) < 0.001

Total length of  implanted stents, mm, median (IQR) 46.0 (36.0–64.0) 33.0 (22.0–50.0) < 0.001

Radiation time, min, median (IQR) 19.5 (14.0–26.0) 15.0 (11.0–21.0) < 0.001

Radiation dose, mGy, median (IQR) 1436.5 (969–2151) 1120.5 (706.5–1722.5) < 0.001

Contrast volume, ml, median (IQR) 250.0 (200–300) 227.5 (190–300) 0.13

Stenting LM  bifurcation, n (%) 145 (100) 363 (86.6)a –

One-stent technique, n (%) 54 (37.2) 310 (85.4) < 0.001

Two-stents technique, n (%) 91 (62.8) 53 (14.6)

Two-stents techniques n = 91 n = 53

Crush/DK-crush, n (%) 56 (61.5) 24 (45.3) 0.071

Cullote, n (%) 2 (2.2) 0 (0)

T-stenting, n (%) 17 (18.7) 8 (15.1)

Provisional  stenting, n (%) 16 (17.6) 21 (39.6)

IVUS/OCT, n (%) 36 (24.8) 166 (39.6) 0.001

aIn this group, the percentages do not add up to 100% because not all patients underwent LM bifurcation percutaneous coronary intervention

Abbreviations: IVUS, intravascular ultrasound; LM, left main, DK-crush, double kissing crush technique; OCT, optical coherence tomography

and myocardial infarction type 4a. Median patient (IQR) 

follow-up was 1411 (908–2553) days. At 7-year follow-up, 

all-cause mortality between groups with and without LCX 

ostium stenosis did not differ (P = 0.50) (Figure 1). There 

was no difference in long-term all-cause mortality in pa-

tients with LCX ostial lesions who underwent procedures 

with either one-stent or two-stent technique (P = 0.75) 

(Figure 2). In our cohort, there were some patients with-

out significant LCX ostium disease who underwent LCX 

stenting during LM PCI (13.4% of patients from the group 

without LCX ostium involvement) because of the plaque

burden shift or carina shift; long-term results of these 

patients were satisfactory (Figure 3). Subanalysis for three 

groups of patients: (1) patients with LM plus LCX ostium 
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stenosis, (2) LM plus LAD ostium stenosis, (3) LM plus LCX 

ostium plus LAD ostium stenosis was performed. Long-

term mortality rates also did not differ in these groups 

(P = 0.63) (P Figure 4).

DISCUSSION
The choice of stenting strategy in LM PCI is generally de-

termined by the stenosis at the LCX ostium, atherosclerotic

lesion length, and/or difficult coronary artery side branch 

access. These situations generally require initial use of two-

stent strategies. Bailout stenting of a diseased coronary side 

branch can often be more demanding than opting for an 

up-front two-stent strategy. In other LM bifurcation cases, 

a provisional stenting strategy is usually chosen [15]. In the

study performed by Park et al. [16], a group of patients with 

true bifurcation lesions had a significantly higher risk of ma-

jor adverse cardiovascular events than those with non-true 

bifurcations (HR, 1.39; 95% CI, 1.08–1.80; P = 0.01); however, P

this study was not performed only on the LM disease pop-

ulation. Moreover, patients with Medina 1-0-1 had a lower
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Figure 1. 

unprotected LM disease with LCx ostium stenosis vs. patients with 

unprotected LM disease without LCx ostium stenosis

Abbreviations: see Table 1

Figure 2. Kaplan-Meier analysis of all-cause mortality: one-stent 

vs. two-stent technique in patients with unprotected LM disease 

with LCx ostium stenosis

Abbreviations: see Table 1

Figure 3. Kaplan-Meier analysis of all-cause mortality: patients 

without LCx ostium disease with LCx ostium stenting during LM PCI

Abbreviations: see Table 1

Figure 4. Kaplan-Meier analysis of all-cause mortality: LM + LCx

ostium stenosis vs. LM + LAD ostium stenosis vs. LM + LCx osti-

um + LAD ostium stenosis

Abbreviations: see Table 1
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risk of cardiac death and MI than other patients with true 

bifurcation lesions [16]. Nevertheless, the LCX is not always 

last in the order of numbers in the Medina classification. 

In subanalysis from the EXCEL trial in 524 patients, both 

LM major side branches i.e. the LAD and LCX had ostial 

diameter stenosis ≥50% in 34.7% of cases [17]. In patients 

who underwent provisional stenting, a bailout stent was 

implanted in 28.6% of those with and 12.1% without both 

side branches ostium stenoses (P = 0.0005) [17]. Bailout 

stenting was performed in 1 in 6 cases in EXCEL, although 

it was needed more often when the major coronary side 

branch, usually the LCX, had ostium stenosis. In EXCEL, 

all-cause mortality rates were insignificantly lower in the 

group with LM bifurcation without involvement of both 

side branches ostia treated with the provisional approach 

vs. planned two-stent technique (6.1% vs. 13.0%; hazard 

ratio [HR], 0.46; 95% CI, 0.21–1.01). However, one- and two-

stent techniques in LM disease, where both ostial coronary 

side branches were affected, resulted in comparable mor-

tality rates [17]. In the EBC MAIN study, patients with true 

bifurcation of left main stem lesions who underwent PCI 

using the stepwise layered provisional method had fewer 

major cardiac incidents compared to planned dual stenting, 

although the difference was not statistically significant 

[18]. Therefore, the stepwise provisional approach should 

continue to be the preferred option for intervention in 

bifurcation of the distal left main stem [18].

Study limitations

One limitation of our study was the absence of a surgical 

group for comparison. Nevertheless, examining such 

a group alongside the coronary artery bypass grafting 

(CABG) group was not within the study’s intended scope. 

Additionally, while the study was based on a prospective 

registry, not all clinical data were accessible. Thirdly, the 

follow-up did not include analysis of the antiplatelet regi-

men or duration of dual antiplatelet therapy (DAPT) after 

discharge. Lastly, intravascular imaging (IVUS or OCT) were 

not analyzed in great detail.

CONCLUSIONS
In this study, we evaluated whether the involvement of LCX 

ostium significantly influences the results in real-world pa-

tients undergoing unprotected LM PCI. As far as we know, 

this is the first study to assess this issue broadly. The main 

finding of the study is that the LCX ostium involvement in 

LM disease PCI is not associated with increased long-term 

mortality, which is highly beneficial for the Heart Team’s 

decision-making process. Moreover, in patients with LM 

disease and LCX ostium stenosis, there was no significant 

difference in long-term mortality between groups operated 

on using one-stent or two-stent techniques. Also, there 

were no significant differences in long-term mortality re-

gardless of coexisting LCX ostium or LAD ostium lesions. An 

interesting subgroup of patients without significant LCX 

ostium disease who underwent LCX stenting during LM 

PCI, because of the plaque burden shift or carina shift, also 

presented good long-term outcomes.
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INTRODUCTION
Coronary artery disease (CAD) is the most 

frequent cause of heart failure with reduced 

ejection fraction worldwide. Observations 

that a large proportion of patients with 

ischemic heart failure have areas of dysfunc-

tional-yet-viable myocardium have led to the 

hypothesis that coronary revascularization 

might improve left ventricular function and 

outcomes in this population [1].

Randomized controlled trials (RCTs) pub-

lished in recent years did not demonstrate 

a significant superiority of routine coronary 

revascularization in patients with stable 

CAD over optimal medical therapy (OMT) 

[2]. However, patients with left ventricular 

systolic dysfunction (LVSD), who might 

potentially benefit the most from revascu-

larization, were mainly excluded from these 

trials. Only a few RCTs compared coronary 

revascularization with OMT alone in patients 

with severe LVSD. 

To the best of our knowledge, no me-

ta-analysis has summarized the results of 

these trials. Therefore, we aimed to perform 

a meta-analysis comparing outcomes fol-

lowing coronary revascularization (both 

percutaneous and surgical) with OMT alone 

in patients with LVSD based on the latest 

available evidence from RCTs.

METHODS
This systematic review was prospectively 

registered in the PROSPERO (International 

Prospective Register of Systematic Reviews) 

database (CRD42022379549) and conformed 

to the Preferred Reporting Items for System-

atic Reviews and Meta-analyses (PRISMA) 

guidelines [3].

PubMed and Scopus were systematically 

searched for original articles published in 

English before December 8, 2022. The search 

strategy is presented in Supplementary 

material, Table S1. Articles were eligible for 

inclusion in this meta-analysis if they pre-

sented results of RCTs comparing coronary 

revascularization (coronary bypass surgery 

[CABG] or percutaneous coronary interven-

tion [PCI]) with OMT alone in patients with 

severe LVSD (left ventricular ejection fraction 

of 35% or less). If multiple reports from the 

same RCTs were available, papers presenting 

the longest follow-up were included in the 

meta-analysis.

The following data were extracted from 

eligible reports: clinical trial name, publication 

year, sample size, inclusion and exclusion 

criteria, mode of revascularization, data on 

the baseline and angiographic characteris-

tics, event rates, and hazard ratios (HRs) with 

corresponding 95% confidence intervals (CI). 
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Subsequently, the included studies were assessed for 

bias using the Cochrane risk-of-bias tool for randomized 

trials version 2 (RoB 2). Any discrepancies between the 

two co-authors who independently searched for eligible 

papers, extracted data, and assessed data for bias were 

resolved by consensus.

The primary outcome of interest was cardiovascular 

death. Secondary outcomes included death from any 

cause and death from any cause or hospitalization for heart 

failure. All analyzed endpoints were defined according to 

the study protocols.

Statistical analysis

Random effects inverse variance meta-analysis was con-

ducted based on estimates (i.e., log HR) and standard 

errors. Log HR and standard errors were calculated from 

HRs, and the corresponding 95% CI extracted from analyz-

ed reports. If HRs and 95% CIs were unavailable, estimates 

and standard errors were calculated using reconstructed 

individual patient data from Kaplan-Meier survival curves 

using the freely available online tool: IPDfromKM Shiny 

app (https://www.trialdesign.org/one-page-shell.htm-

l#IPDfromKM). Heterogeneity was tested using Cochrane 

Q statistics. Publication bias was not assessed due to the 

small number of included studies. All statistical analyses 

were performed in R version 4.2.0 (R Core Team. R: A Lan-

guage and Environment for Statistical Computing, https://

www.r-project.org) with package meta. Relative treatment 

effects were presented as HR with 95% CI. A two-tailed 

P-value of <0.05 was considered significant.

RESULTS AND DISCUSSION
An electronic search revealed 4 762 records, and after 

removing duplicates, the titles and abstracts of 3 499 re-

cords were screened for eligibility. Nineteen records were 

selected for full-text assessment, and 3 RCTs that enrolled 

2 050 patients followed up for a weighted mean of 7.3 years 

fulfilled the inclusion criteria of this meta-analysis [4–6]. The 

PRISMA flowchart is presented in Supplementary material, 

Figure S1, and details on the included studies are presented 

in Supplementary material, Table S2. The risk of bias was 

low in all included studies. The baseline characteristics of 

patients included in these trials are summarized in Supple-

mentary material, Table S3.

Two of the three included reports provided data on 

the primary endpoint of cardiovascular death. Coronary 

revascularization was associated with reduced risk of 

primary endpoint compared to OMT alone (HR, 0.81; 95% 

CI, 0.70–0.94; P <0.01); (Figure 1A).  There was also a trend 

toward a lower risk of death from any cause in patients who 

underwent revascularization (HR, 0.88; 95% CI, 0.78–1.01; 

P = 0.06); (Figure 1B). However, there was no difference be-

tween treatment strategies regarding the composite end-

point of death from any cause or hospitalization for heart 

failure (Figure 1C). Event rates according to study groups 

are presented in Supplementary material, Table S4. No sig-

nificant statistical heterogeneity was identified regarding 

any of the analyzed outcomes.

The main finding of our meta-analysis is that coronary 

revascularization might be associated with improved sur-

vival, mainly driven by reduced cardiovascular mortality 

in patients with severe LVSD. This finding is in line with 

the data from observational studies, which were sum-

marized in the recent meta-analysis [1]. However, some 

important limitations should be acknowledged. First, the 

results of only three RCTs comparing revascularization 

with OMT have been published to date. The STICHES trial, 

an extended follow-up study of the STICH trial, which had 

the most significant impact on the pooled estimates for 

all analyzed endpoints in this meta-analysis, evaluated 

only surgical revascularization. This trial demonstrated 

a reduced mortality rate in revascularized patients at ten 

years of follow-up. The REVIVED-BCIS2 trial, which com-

pared OMT to PCI, demonstrated similar efficacy in terms 

of the primary endpoint of death from any cause or hos-

pitalization for heart failure. Only the HEART trial studied 

both modes of revascularization in the invasive strategy 

arm but enrolled only 138 of the planned 800 patients 

because of the withdrawal of funding.

An open question remains whether the benefit of 

both modes of revascularization in patients with LVSD is 

similar. Contemporary RCTs have shown the superiority of 

CABG over PCI in patients with higher disease burden and 

lesion complexity, which is often the case in patients with 

ischemic heart failure [7]. However, patients with severe 

LVSD were underrepresented or excluded from these 

trials. Because severe LVSD and high comorbidity burden 

accompanying heart failure strongly increase perioperative 

risks, the results of these trials should not be translated 

to patients with severely impaired ventricular function. 

Unfortunately, no RCTs compared PCI against CABG in 

this population to date. The only available evidence comes 

from observational studies, which showed similar all-cause 

mortality in patients treated with PCI using drug-eluting 

stents in comparison to CABG [1]. 

Second, most of the analyzed patients in this me-

ta-analysis were enrolled in the RCTs over a decade ago. 

Meanwhile, substantial progress in OMT was made. This 

might diminish the potential benefits from a revasculariza-

tion strategy. On the other hand, the outcomes of patients 

treated invasively, mainly with PCI, improved as well, owing 

to broader utilization of newer generation stents and phys-

iology- and imaging-guided revascularization [8].

Finally, considering the small number of included RCTs, 

statistical tools used in meta-analysis might be underpow-

ered to assess between-study heterogeneity. For the same 

reason, we were unable to perform any meta-regression or 

subgroup analyses to identify the groups of patients who 

benefit the most from revascularization. 

In conclusion, coronary revascularization in addition to 

OMT seems to be associated with reduced cardiovascular 

mortality in patients with severely impaired left ventricular 
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Figure 1. Forest plots presenting the meta-analysis results for primary (A) and secondary outcomes (B, C)

Abbreviations: CI, confidence interval; HEART, Heart Failure Revascularisation Trial; HR, hazard ratio; REVIVED-BCIS2, Revascularization for 

Ischemic Ventricular Dysfunction Trial; seTE, standard error of treatment estimate; STICHES, Surgical Treatment for Ischemic Heart Failure 

Extension Study; TE, estimate of treatment effect

function. However, whether this effect is independent of 

the mode of revascularization remains unclear.

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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INTRODUCTION
Each episode of acute decompensated heart 

failure (ADHF) is related to a worsening 

of prognosis in patients with heart failure 

(HF) with reduced ejection fraction (HFrEF), 

which results from developing or progressing 

dysfunction of vital organs [1]. The period fol-

lowing ADHF and peridischarge days is called 

the early vulnerable phase. An initiation of 

optimal medical therapy (OMT) in this phase 

improves outcomes after ADHF [2]. Thus, the 

2021 European Society of Cardiology guide-

lines highlight the need for OMT in patients 

with HFrEF and ADHF as soon as possible to 

reduce mortality and rehospitalization risk [3, 

4]. TRANSITION was the first while PIONEEF-HF 

was the second randomized and multicentre 

trial to confirm that initiation of angiotensin 

receptor/neprilysin inhibitor (ARNI) after 

hemodynamic stabilization in patients with 

HFrEF and ADHF might be effective and safe 

[5, 6]. The results of those studies were funda-

mental in introducing ARNI in patients with 

HFrEF and ADHF [7]. 

Our study aimed to assess the efficacy and 

safety of predischarge initiation of ARNI in pa-

tients hospitalized for ADHF, especially in those 

with severe left ventricular (LV) dysfunction.

METHODS
We conducted a retrospective observational 

real-life single-center study that enrolled 

patients hospitalized and followed in the 

Department of Noninvasive Cardiology of the 

Medical University of Lodz between 2019 and 

2021. The institutional review board approved 

the study (approval no. RNN/208/21/KE). 

The study enrolled 42 patients meeting the 

following inclusion criteria: (1) hospitaliza-

tion for ADHF; (2) hemodynamic stability; 

(3) left ventricular ejection fraction (LVEF) 

≤40%; (4) no prior therapy with ARNI. The 

exclusion criteria were: (1) age <18 years old;  

(2) estimated glomerular filtration rate (eGFR) 

<30 ml/min/1.73 m2; (3) serum potassium 

>5.4 mmol/l; (4) history of angioedema or 

hypersensitivity to angiotensin-converting 

enzyme inhibitor (ACEI)/angiotensin receptor 

blocker (ARB); (5) history of heart transplant 

(HTx) or ventricular assist device (VAD);  

(6) significant aortic or mitral valve disease 

(except for functional mitral regurgitation) 

or other significant structural heart diseases; 

(7) postpartum cardiomyopathy; (8) severe 

pulmonary disease; (9) severe liver disease.

Patients enrolled in the study were re-

ceiving HFrEF therapy, including ACEI/ARB, 

beta-blockers, mineralocorticoid receptor 

antagonists (MRA), and, when indicated, 

diuretics and cardiac devices; 2 patients in 

the studied population were ACEI/ARB naïve.

All patients who achieved hemodynamic 

stability, defined as no need for intravenous 

diuretics or inotropes for ≥24 hours and 

systolic blood pressure (SBP) ≥100 mm Hg, 

received ARNI ≥12 hours before discharge. 

ARNI was initiated both for ACEI/ARB-naïve 

patients and those treated with ACEI/ARB. 

ACEI/ARB treatment was stopped before ARNI 

initiation. The starting dose and up-titration 

to the target dose or maximum tolerated one 

was as per label recommendations [8].



K A R D I O L O G I A  P O L S K A

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a914

At baseline, a complete history, selected lab tests, electro-

cardiogram, and transthoracic echocardiography were taken. 

Subjects were followed for 1 year with mandatory on-site visits 

at months 6 and 12 and mandatory phone calls or optional 

on-site visits at months 3 and 9 after discharge. Such events as 

hospitalization for HF (HHF), acute kidney injury (AKI), HTx, or 

death were monitored during follow-up. Mortality data were 

obtained both from a proxy if subjects were lost to follow-up 

or from the records if subjects died during index HHF. 

We aimed to establish the efficacy and safety of pre-

discharge ARNI initiation regarding LVEF and N-terminal 

prohormone of B-type natriuretic peptide (NT-proBNP) 

values. The cut-off values for severe LV dysfunction were 

chosen as LVEF <25% [9] or NT-proBNP >1000 pg/ml [10]. 

Packer et al. [9] and Zile et al. [10] suggest that patients with 

LVEF <25% or NT-proBP >1000 pg/ml have a higher risk of 

HHF and death. The LVEF <25% and LVEF ≥25% groups 

and then the NT-proBNP >1000 pg/ml and ≤1000 pg/ml 

groups were compared.

The primary endpoint was composed of death or HHF 

within 1 year of follow-up. A secondary endpoint was com-

posed of ≤50% of the target dose or drug discontinuation 

within 6 or 12 months of follow-up. 

The baseline characteristics of the studied population 

were compared with the predischarge initiation group in 

the TRANSITION study.

The study flowchart is shown in Figure 1.

Statistical analysis

Baseline characteristics of participants were presented 

as means with standard devitions (SD) or medians with 

interquartile ranges depending on distribution for con-

tinuous variables or as numbers of subjects and percent-

ages for categorical variables. Distribution of continuous 

variables was evaluated using the Shapiro-Wilk test. To 

compare differences between groups Student’s, Welch’s, 

U Mann-Whitney, χ2, and Fischer’s tests were used. A P-val-

ue <0.05 was deemed significant. All analyses were made 

using R statistical package version 4.0.2.

RESULTS AND DISCUSSION
A comparison of participant characteristics between 

groups at baseline regarding LVEF or NT-proBNP is present-

ed in Supplementary material, Table S1 and S2. Patients with 

LVEF <25% at baseline had a significantly more frequent 

history of 1-year HHF, higher Meta-Analysis Global Group in 

Figure 1. Study flowchart 

Abbreviations: ADHF, acute decompensated heart failure; ARNI, angiotensin receptor/neprilysin inhibitor; LV, left ventricle; LVEF, left ventricu-

lar ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide
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Chronic Heart Failure (MAGGIC) score and 1-year mortality, 

NT-proBNP values, LV diameters/volumes, and lower tricus-

pid annular plane systolic excursion (TAPSE). Patients with 

NT-proBNP >1000 pg/ml at baseline had significantly more 

frequent history of 1-year HHF and recorded atrial fibrilla-

tion, higher MAGGIC score and 1-year mortality, proximal 

right ventricular diameter (RVD) and systolic pulmonary 

artery pressure (SPAP), lower SBP, diastolic blood pressures 

(DBP), LVEF and TAPSE. 

In patients with severe LV dysfunction, we observed 

a lower frequency of target dose and a higher frequency 

of medium dose of ARNI achieved during the follow-up. Ir-

respective of LV dysfunction severity, at least 82% and 76% 

of all participants achieved the target dose at months 6 and 

12, respectively. Interestingly, none of the participants was 

on dose 24/26 mg at follow-up points. It suggests that 

a well-tolerated dose of 24/26 mg allowed for its safe up-ti-

tration. ARNI dose reduction during the study (permanent 

or temporary) was observed more often in the group with 

severe LV dysfunction. The main reason for dose reduction 

was hypotension, which achieved significance in patients 

with NT-proBNP >1000 pg/ml (P = 0.02). 

The frequency of all monitored events was similar irre-

spective of LVEF or NT-proBNP values, except for HHF. This 

was more frequent in patients with severe LV dysfunction.

The study endpoint occurrence rate was higher in pa-

tients with severe LV dysfunction (Supplementary material, 

Tables S3–S4).

Patients enrolled in the study were at high risk of death 

and/or HHF related to being in the vulnerable phase [2]. On 

the other hand, it is well known that use of all fundamental 

therapy drugs, including ARNI, in populations with severe 

LV dysfunction might be limited due to the tendency for 

lower blood pressure, especially after ADHF in the predis-

charge period [2-4]. 

A comparison of baseline characteristics between the 

predischarge initiation group in the TRANSITION study 

and the studied population is presented in Supplementary 

material, Table S5. The studied population was younger and 

had lower LVEF, higher New York Heart Association (NYHA) 

class and eGFR. What is more, in the studied population 

there were more cases of ischemic HF and higher percent-

age of HFrEF therapy, including ACEI/ARB, beta-blockers, 

MRA, diuretics, and cardiac devices. The comparison with 

the TRANSITION study seems reasonable because both 

studies involved the European population [5, 11].

Our study shows that ARNI is well tolerated in patients 

with severe LV dysfunction hospitalized for ADHF, and its 

initiation before discharge might be effective and safe.

Limitations

The study was carried out with a proportionate but rela-

tively small group of patients during the 2019 coronavirus 

disease outbreak. Therefore, univariate or multivariate 

analyses were not feasible. The real-life and single-center 

protocol makes the study less reliable compared with 

randomized trials, i.e. the TRANSITION study. The study was 

conducted before flozins were established as a fundamen-

tal part of OMT in HF patients.

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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INTRODUCTION
The subcutaneous cardioverter-defibrillator 

(S-ICD), located outside the cardiovascular sys-

tem, has been developed to provide primary 

or secondary protection against sudden car-

diac death. That feature allows for a reduction 

in the rate of lead-related complications and 

infections, typical of transvenous systems. For 

that reason, S-ICD therapy expanded world-

wide. It was adopted in Poland in 2014 [1] 

and is successfully used nowadays in selected 

patients not requiring cardiac pacing [2]. 

Nonetheless, a significant rate of inadequate 

shocks due to oversensing of T-waves, noise, 

and myopotentials remains an issue despite 

improvements in sensing algorithms. 

Sensing and detection of the device rely 

on three electrical poles – two on the lead (dis-

tal sensing ring A and proximal sensing ring B) 

and the third on the can. Signals recorded 

between any two of them are called sensing 

vectors (primary [B to can], secondary [A to 

can], or alternate [A to B]). Recently, a novel 

clinical entity of inappropriate sensing has 

been identified in some of S-ICD recipients 

despite no apparent mechanical lead failure. 

It was named “sense-B-noise”, as it is related 

to sensing vectors involving sensing ring B 

(primary or alternate). Clinical presentation 

is related to oversensing of noise in ECG 

signals, and inappropriate shocks delivered 

by the device. The phenomenon has been so 

far described in one series of six cases, where 

intermittent signal saturation, diminished 

QRS amplitudes, and disappearance of the 

artifacts after the inappropriate shock were 

deemed typical of that new entity [3]. Those 

characteristics may be important for differen-

tial diagnosis with other possible reasons for 

inappropriate shocks, such as, for example, 

electromagnetic interference (EMI).

METHODS
We present a series of three patients, who 

received S-ICD systems in our Department 

and who suffered from complications that 

were diagnosed as sense-B-noise during 

follow-up. Each of those three patients had 

a slightly different clinical picture of the same 

underlying problem. 

RESULTS AND DISCUSSION
The first male patient with hypertrophic car-

diomyopathy received an S-ICD in 2016 at the 

age of 39 for primary prevention of sudden 

cardiac death (SCD). Preoperative screening 

was positive for all three sensing vectors. The 

implanted system consisted of an A219 S-ICD 

device and 3401 lead (neither of them subject 

to any recall). The alternate sensing vector 

with 1x gain and Smart Pass filter on, as well 

as 210/230 bpm detection zones (condition-

al/non-conditional, respectively) were pro-

grammed. In 2018 he was admitted to a hos-

pital in his residence area for inappropriate 

shocks (IAS) due to suspected noise. The first 

IAS occurred at an underground train station 

but the other three during transfer to the 

hospital; all of them without any symptoms 

suggestive of arrhythmia. The noise could not 

be reproduced with any maneuvers and was 

not consistent with EMI, and X-ray imaging 

did not reveal any lead failure. During surgical 

inspection, no abnormalities were found, so 

the system was explanted in one block (with 

the lead connected to the can), exchanged 
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Figure 1. A, B. Two examples of inappropriate shocks due to noise oversensing in a patient with a subcutaneous implantable cardiovert-

er-defibrillator (Patient 3, primary sensing vector). Note the noise itself, with a reduction of QRS amplitude, signal saturation, and normal-

ization of signals immediately after shocks. C, D. Two examples of noise recorded as non-sustained episodes, without high-voltage therapy 

(Patient 2, alternate sensing vector). E, F. Similar noise observed during device interrogation and body position change from supine to sitting 

(Patient 3, alternate sensing vector)

A

B

C

D

E

F
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for a new one, and the explanted system was sent to the 

manufacturer for investigation. No system failure was 

reported, the manufacturer proposed, as an explanation, 

sense-B-noise, and that diagnosis was finally accepted by 

our clinical team. 

The second male patient with non-ischemic cardiomy-

opathy and left ventricular ejection fraction (LVEF) of 30% 

received an S-ICD for primary prevention in 2020 at the age 

of 40 (A219 device, 3401 lead, alternate sensing vector with 

1× gain, Smart Pass on, 220/250 bpm detection zones). All 

three vectors were positive on screening. The lead was later 

subject to a recall, and the patient was included in the re-

mote monitoring system. During follow-up, non-sustained 

episodes of noise were recorded by the device (Figure 1), 

all of them during the patient’s normal life activity, with 

no suspected EMI. There was no apparent lead damage 

on X-ray imaging. The noise could not be reproduced with 

any provocative maneuvers. The manufacturer, similar to 

the first case, suggested sense-B-noise as the possible 

explanation and offered reprogramming to the secondary 

sensing vector as a solution. The patient refused to have the 

device reprogrammed and requested system replacement 

(being previously informed about the lead recall issue). His 

device was extracted in one block, and a new system was 

implanted during the same surgical procedure. Inspection 

of the explanted system by the manufacturer did not reveal 

any failure, and the sense-B-noise issue was again reported 

to us as the final diagnosis. 

The third male patient received his S-ICD system in 

July 2022 for primary prevention (A219 device, 3501 lead, 

no recall, 210/230 bpm detection zones). He was 34 years 

old and suffered from heart failure due to left ventricular 

non-compaction. His LVEF was 10% at the moment of 

implantation despite optimal medical therapy. All three 

vectors were acceptable on pre-implant ECG screening, 

and the primary vector was automatically selected by the 

device (1× gain, Smart Pass on). The patient experienced 

11 inappropriate shocks in December 2022, during normal 

activity at home, with no evidence of EMI. Oversensing of 

noise, with reduction of QRS amplitude, signal saturation, 

and normalization of signals immediately after shocks were 

found in recordings of the episodes at device interrogation 

(Figure 1). Those features are typical of sense-B-noise, 

so, on the basis of our previous experience, that was the 

initial diagnosis. But during interrogation of the device, 

the same noise could be seen in the live ECG window 

(alternate sensing vector active at that time), which was 

less indicative of sense-B-noise, but rather of lead failure. 

No apparent lead damage was found on the chest X-ray. 

The patient requested discontinuation of S-ICD therapy, his 

LVEF had improved to 45% by that time, and therefore the 

system was explanted and returned to the manufacturer 

for inspection. Thorough investigation did not reveal any 

electrical or mechanical failure of the lead or any other 

part of the system, so the sense-B-noise was eventually 

considered the most likely diagnosis reported back to us 

by the manufacturer. 

Available data regarding that new clinical entity (the 

sense-B-noise issue) are scarce, and the manufacturer 

has not yet officially released any report on the evidence 

collected so far. 

In the only available case series [3], patients had over-

sensing of noise and inappropriate shocks, which was also 

the case in our patients 1 and 3. What was different in our 

patient 3 is that the same noise could be observed during 

device interrogation although randomly (most likely during 

body position change). Our initial suspicion of lead failure 

was not confirmed either by X-ray or inspection of the 

explanted system by the manufacturer, and sense-B-noise 

was accepted as the final diagnosis. Conversely, patient 

2 had non-sustained episodes of noise, without shocks, 

which has not been reported before. It is not known wheth-

er non-sustained episodes might foretell the sustained 

ones, with inappropriate shocks, or, in other words, if the 

sense-B-noise phenomenon might be progressive in the 

course of time. 

The absence of mechanical lead failure in S-ICD recip-

ients does not exclude noise oversensing. On the other 

hand, recorded noise is not always consistent with lead 

failure. Therefore, the sense-B-noise issue should be re-

membered and included in differential diagnosis in S-ICD 

patients presenting with inappropriate shocks. At the 

moment, there are no data on how to solve this problem, 

and any further guidance from the manufacturer is keenly 

awaited. As for now, we deemed the recommendation to 

reprogram the device into the secondary vector unsatis-

factory. As long as we do not understand the nature of the 

phenomenon, we cannot accept any partial solution that 

does not offer absolute certainty that it will work.
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INTRODUCTION
In 2020 there were more than 740 000 pa-

tients with heart failure (HF) in Poland, and 

half of them suffered from heart failure with 

reduced ejection fraction (HFrEF) [1]. Four 

major therapeutic classes of drugs have been 

shown to reduce mortality in HFrEF patients: 

angiotensin-converting enzyme inhibitors 

(ACEi) or angiotensin receptor-neprilysin 

inhibitors (ARNi), beta-blockers, mineralo-

corticoid receptor antagonists (MRA), and 

sodium-glucose cotransporter 2 inhibitors 

(SGLT2i) [2, 3]. The 2021 European Society 

of Cardiology (ESC) HF guidelines departed 

from the traditional approach to HF treat-

ment and suggested that the four pillars of 

treatment should be prescribed to all HFrEF 

patients simultaneously [2]. More recently, in 

the American College of Cardiology/American 

Heart Association/Heart Failure Society of 

America (ACC/AHA/HFSA) guidelines, similar 

recommendation was included [3].  This study 

aimed to assess the implementation of the 

current guidelines in pharmacotherapy of 

HFrEF patients. 

METHODS
This survey was an investigator-initiated sur-

vey initially designed and drafted by the Heart 

Failure Association of the Polish Cardiac Soci-

ety. The survey was addressed to physicians 

caring for HFrEF patients, including cardiolo-

gists and physicians of other specialties. After 

validation, the survey was published on the 

website platform and shared via the group 

mailing list of the Heart Failure Association  

and Polish Society of Family Medicine. Physi-

cians completed the online survey (Supple-

mentary material, Table S1). The questions 

concerned their specialization, workplace 

characteristics, and pharmacotherapy used 

in HFrEF patients. Three main points for the 

proper implementation of the ESC guidelines 

have been identified: 

• initiation of therapy with four classes of 

drugs (ACEi/ARNi, beta-blockers, MRA, 

SGLT2i),

• introduction of SGLT2i therapy in almost 

every patient,

• use of ARNi in almost every patient.

Statistical analysis

Pearson’s χ2 test of independence was used 

to compare the groups.  P-values <0.05 were 

considered statistically significant. The calcu-

lations were done with the use of the STATIS-

TICA PL 13.3 statistical package.

RESULTS AND DISCUSSION 
The analysis was conducted in a group of 

117 physicians, including 64 cardiologists 

(54.7%), 19 internal medicine physicians 

(16.2%), 30 general practice physicians 

(25.6%), and 4 physicians of other speciali-

zations (3.5%). It showed that in the study 

group, the following percentage of physicians 

implemented the studied elements of phar-

macotherapy for HFrEF patients: 

• initiation of therapy with four classes of 

drugs (ACEi/ARNi, beta-blockers, MRA, 

SGLT2i) — 64.1%, 

• introduction of SGLT2i therapy in almost 

every patient — 53.8%;

• use of ARNi in almost every patient 

— 17.1% (Table 1). 

In all groups, the majority were cardiol-

ogists, in the group of physicians choosing 

ARNi in almost every patient, cardiologists 
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accounted for as many as 95% of the respondents. The 

cardiologists worked more often in academic centers 

(39% vs. 11.3%, P = 0.0005) than non-cardiologists. Most 

cardiologists (82.8%) had consultations with more than 

10 HFrEF patients per week compared to non-cardiologists 

(43.4%, P <0.0001). Initiation of the therapy with four main 

classes of drugs (ACEi/ARNi, beta-blocker, MRA, SGLT2i) was 

declared by 87.5% of cardiologists and 35.8% of non-car-

diologists (P <0.0001). The use of SGLT2i in almost every 

HFrEF patient was reported by 73.4% of cardiologists and 

30.2% of non-cardiologists (P <0.0001). The use of ARNi in 

almost every patient was declared by 31.2% of cardiologists 

and by no non-cardiologists (P <0.0001). A comparison of 

respondents’ workplace and HFrEF management between 

cardiologists and non-cardiologists is presented in Supple-

mentary material, Table S1.

The main findings of the survey are: (1) most physicians 

initiated HFrEF therapy with four major therapeutic class-

es; (2) new groups of drugs in HFrEF are implemented to 

varying degrees; (3) cardiologists implemented the ESC 

guidelines to a greater extent than non-cardiologists.  

Treatment of HFrEF is an undeniable real success of 

modern medicine. There are treatments of confirmed ef-

fectiveness in HFrEF patients, including recently ACEI/ARNi, 

β‐blockers, MRA, and SGLT2i, which reduce mortality and 

morbidity, and, therefore, are recommended as evidence‐

based treatments by the ESC and ACC/AHA/HFSA [2, 3]. Ad-

ministering all four medications in appropriate doses may 

be a panacea for HFrEF patients; however, it has not been 

prevalent in everyday clinical practice because patients 

either receive doses that are lower than recommended, or 

they are undertreated by receiving too few groups of the 

drugs [4]. In the presented study, 64.1% of physicians de-

clared prescribing all four groups of drugs in HFrEF patients, 

but we did not assess whether it was done synchronously or 

sequentially. In a study including 615 cardiologists, Fauvel 

et al. [5] showed that the number one drug prescribed for 

the sequential approach was ACEi/ARNi (74%), the second 

was beta-blockers (55%), MRA came as the third (52%), 

and SGLT2i (53%) was the fourth. Eighty-four percent of 

respondents perceived simultaneous administration of all 

four classes of medications as feasible during initial hospi-

talization, and 58% recognized dose optimization to be less 

important than introducing a new class [5]. In the presented 

study, we showed that new classes of drugs — ARNi and 

SGLT2i — are implemented in HFrEF patients with varying 

Table 1. Comparison of respondent characteristics and HFrEF treatment between  cardiologists and non-cardiologists

Characteristics All 

n = 117

Cardiologists

n = 64

Non-cardiologists

n = 53

P-value

Number of patients with heart failure consulted per week

<10 41 (35) 11 (17.2) 30 (56.6) <0.0001

10–25 59 (50.4) 39 (60.9) 20 (37.7)

26–50 13 (11.1) 11 (17.2) 2 (3.8)

>50 4 (3.4) 3 (4.7) 1 (1.9)

General principles of HFrEF treatment 

In accordance with post-hospital recommendations and aiming at dose 

optimization

24 (20.5) 5 (7.8) 19 (35.8) <0.0001

In accordance with post-hospital recommendations and without aiming  

at dose optimization

9 (7.7) 2 (3.1) 7 (13.2)

Initiating therapy with four classes of drugs 75 (64.1) 56 (87.5) 19 (35.8)

No experience with new drugs 9 (7.7) 1 (1.6) 8 (15)

Treatment of HFrEF in stable outpatients

Without a change in current treatment 15 (12.8) 0 (0.0) 15 (28.3) <0.0001

With changes in current treatment 82 (70.1) 54 (84.4) 28 (52.8)

The decision to modify the treatment depends on test results 20 (17.1) 10 (15.6) 10 (18.9)

General principles of SGLT2i therapy

Used in almost every patient 63 (53.8) 47 (73.4) 16 (30.2) <0.0001

More commonly used in patients with diabetes mellitus 26 (22.2) 5 (7.8) 21 (39.6)

Used as a subsequent therapy after beta-blockers, ACEi/ARNi, MRA 20 (17.2) 9 (14.1) 11 (20.8)

Used as a subsequent therapy after beta-blockers, ACEi/ARNi 8 (6.8) 3 (4.7) 5 (9.4)

General rules for ARNi use  

Used in almost every patient 20 (17.1) 20 (31.2) 0 (0.0) <0.0001

Used in fewer than one patient in three 76 (64.9) 30 (46.9) 46 (86.8)

More commonly used in the outpatient center 2 (1.7) 2 (3.1) 0 (0.0)

More commonly used in the hospital 19 (16.2) 12 (18.8) 7 (13.2)

Reasons for non-use or infrequent use of ARNi

Price barrier 65 (55.6) 28 (43.1) 37 (69.8) 0.0001

The need to monitor therapy 7 (6) 1 (1.6) 6 (11.3)

Fear of discontinuing ACE-I for 36 hours 3 (2.6) 1 (1.6) 2 (3.8)

Informing each patient about such therapy 42 (35.9) 34 (53.1) 8 (15.1)

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARNi, angiotensin receptor-neprilysin inhibitor; HFrEF, heart failure with reduced ejection fraction; SGLT2i, 

sodium-glucose cotransporter 2 inhibitors`
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frequency. SGLT2i added to ACEi/ARNi, beta-blocker, and 

MRA have been shown to reduce the risk of cardiovascular 

death and HF severity in HFrEF patients. However, 6% of 

the surveyed physicians had no experience with using 

SGLT2i in HFrEF patients. Treatment of chronic HFrEF 

patients with sacubitril/valsartan is safe and associated 

with significant clinical and objective improvement [6]. 

Taking into account the current state of knowledge, ac-

cording to the opinion of experts from the Heart Failure 

Association of the Polish Cardiac Society, ARNi should be 

the preferred drug over ACEi/ARB in HFrEF patients [7]. 

This is confirmed by the recommendations contained in 

the latest 2022 AHA/ACC/HFSA guidelines. However, the 

widespread unavailability of the drug due to the lack of 

reimbursement is the greatest obstacle to initiating treat-

ment with ARNi in HFrEF patients. In the presented study, 

only 17.1% of respondents prescribed ARNi in almost every 

HFrEF patient, and for 55.6% of physicians, the main barrier 

to introducing this therapy was its price. It is not surprising 

that the implementation of cardiac societies’ guidelines 

is better in the group of cardiologists; however, training 

of non-cardiologists should be intensified because most 

HFrEF outpatients are treated by non-cardiologists. 

We acknowledge several limitations. First, only HFrEF 

patients were included in the study, and no treatment 

intolerance or comorbidities were taken into account. 

Nevertheless, this complies with the previously proposed 

expert opinion strategy. Second, the presented study is 

a pilot study, hence the small number of respondents. Third, 

another limitation of the study is the incomplete participa-

tion of physicians invited to the study. 

In conclusion, this survey is the first to provide re-

al-life Polish data on the pharmacotherapy of HFrEF pa-

tients. Most physicians treating HFrEF patients adhere to 

two pillars of HFrEF treatment — they initiate therapy with 

four main classes of drugs and include SGLT2i in almost 

every patient. The use of pharmacotherapy in all patients 

with chronic cardiovascular diseases in accordance with the 

guidelines is not possible, if only because of contraindica-

tions to the use of given drugs. However, it is important to 

ensure that the guidelines are implemented in the largest 

possible number of patients. In addition, Polish doctors 

can use expert opinions of the Heart Failure Association 

of the Polish Cardiac Society, which facilitate guideline 

implementation [6–8].

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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Univentricular heart is a rare congenital 

heart malformation, and a life span of over 

60 years is very unusual in this population 

[1]. A 60-year-old woman with this congenital 

heart defect due to non-restrictive ventricular 

septal defect (VSD) with consequent cyanosis 

(oxygen saturation = 75%), transposition 

of the great arteries (TGA), and pulmonary 

stenosis has been followed up for 20 years in 

our outpatient center. She was stable on her 

first visit. The examination revealed central cy-

anosis and a systolic murmur in the second left 

intercostal space and parasternal on the right 

side. On ECG, she had regular sinus rhythm, 

atrioventrivular (AV) block I, and right bundle 

branch block. Transthoracic echocardiography 

showed a heart with single ventricular physiol-

ogy (82 mm) resulting from bidirectional VSD, 

ventricular wall — 13 mm, TGA with pulmo-

nary trunk stenosis (max gradient 102 mm Hg), 

and its post-stenotic widening (Figure 1). The 

function of both ventricles was moderately 

impaired. Pulmonary function was preserved 

with no future of restriction in spirometry. 

During the first 5 years of follow-up, the 

patient’s condition was stable (New York Heart 

Association [NYHA] class II), and there were 

only single ventricular and supraventricular 

extrasystoles. The first severe clinical compli-

cation appeared in 2008, with a well rehabili-

tated ischemic stroke.  Aspirin 75 mg/day was 

used. Subsequent hospitalization took place 

in 2019 due to worsening heart failure (HF) 

and pre-syncope, which resulted from signifi-

cant posthemorrhagic anemia caused by mas-

sive epistaxis during home oxygen therapy, 

aggravated by thrombocytopenia. Aspirin was 

discontinued. I.e. a further incident leading 

to decompensation bleeding occurred after 

tooth extraction in 2020. In both cases, clinical 

improvement followed monitored HF treat-

ment (low doses of diuretic, beta-blocker, al-

dosterone antagonist), blood transfusion, and 

iron supplementation. Two hospital admis-

sions in 2022 were caused by HF exacerbation 

due to the deterioration of ventricular systolic 

function. Due to unsatisfactory improvement 

after diuretic treatment, levosimendan was 

added, making the patient’s general condition 

better with decreased N-terminal prohor-

mone of brain natriuretic peptide (NT-pro- 

BNP). The last hospitalization (2023) occurred 

because of aggravation of the hemodynamic 

conditions. Apart from diuretics, the patient 

required catecholamines and intravenous 

iron supply. The patient, treated with these 

preparations orally, remains in home therapy 

under our supervision, in serious but sta-

ble condition.

Unoperated univentricular patients reach 

adulthood only when there is a hemodynamic 

balance between two-way communication 

between the systemic and pulmonary cir-

culation, which ensures sufficient oxygen 

supply within pulmonary stenosis and pro-

tects against severe pulmonary hypertension 

[2]. In our patient, over the years, inevitable 

complications have appeared due to leakage 

between the cavities (increasing pulmonary 

resistance, impaired ventricular function) 

and cyanosis, mainly in the form of throm-

boembolic complications, which are typical 

of these patients, due to an increase in blood 

viscosity resulting from chronic hypoxia [3]. 

The main management strategy is to provide 

medical care that will not disturb their fragile 

pathophysiological balance. It is important 

to use anticoagulants carefully and only in 

exceptional situations. Hemoglobin should be 

maintained at a higher level than the normal 

range, using iron supplementation for this 

purpose. Heart failure should be treated with 
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all possible and available drugs. However, excessive reduc-

tion of preload (diuretics, angiotensin-converting enzyme 

inhibitors) and high doses of negative inotropes should be 

avoided [4].  These patients should have close contact with 

an adult congenital heart disease center [5].
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Figure 1. A. Echocardiography, parasternal long axis view. B. Echocardiography, four-chamber apical view; arrow indicates the ventricular 

septal defect

Abbreviations: Ao, aorta; LA, left atrium; PT, pulmonary trunk; RA, right atrium
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Left ventricular pseudoaneurysm (LVP) is 

a rare and life-threatening complication that 

is most often reported after myocardial in-

farction or cardiac surgery but can also occur 

after bacterial endocarditis, chest trauma, or 

myocardial tumor invasion [1, 2]. LVP develops 

when a zone of free-wall cardiac rupture is 

contained by the pericardium or scar tissue, 

without myocardial tissue involvement. Fatal 

rupture can be prevented by urgent surgical 

aneurysmectomy [3]. LVP patients treated 

with surgery have a mortality rate of 23%, 

while those treated medically die in 48% of 

cases [4]. To the best of our knowledge, LVP 

as a late complication of Takotsubo syndrome 

(TS) has not been described in the literature 

while Jaguszewski et al. reported on ventricu-

lar rupture as an early complication of TS thus 

confirming that this entity might not always 

have a benign course [5]. 

A 77-year-old female with a medical 

history of arterial hypertension, non-insu-

lin-dependent type 2 diabetes mellitus, dys-

lipidemia, hypothyroidism, and rheumatoid 

arthritis presented with crushing substernal 

chest pain that started 5 hours earlier. Her 

ECG showed sinus tachycardia (104 bpm) 

and diffuse ST-segment elevations in the 

inferior and anteroseptal leads. She reported 

that the symptoms had started following an 

emotionally intense event (a large family reun-

ion dinner). Cardioselective biomarkers were 

markedly high (high-sensitivity troponin I lev-

el of 4894 ng/l and N-terminal prohormone of 

brain natriuretic peptide (NT-proBNP) level of 

4221 pg/ml). A diagnosis of acute coronary 

syndrome was made, and an urgent invasive 

work-up was undertaken. We performed 

coronary angiography with left ventriculog-

raphy that revealed the akinetic/dyskinetic 

midsegment and apical parts of the left ven-

tricle (LV) accompanied by apical ballooning 

and hyperkinesis of the basal LV segments, 

consistent with TS diagnosis (Figure 1, Supple-

mentary material, Video S1), with no obstruc-

tive coronary artery disease (Figure 1B). Fur-

thermore, a transthoracic echocardiographic 

examination (TTE) showed the formation of 

an inferoapical mural thrombus (Figure 1C, 

far left) and reduced left ventricular ejection 

fraction (LVEF) of 42%. Thus, the patient was 

discharged with an oral anticoagulant in full 

therapeutic dose along with optimal medical 

therapy. Eight weeks later, the patient received 

a follow-up TTE that showed an increase in 

systolic function (LVEF, 53%) with complete 

resolution of the thrombus while the presence 

of a small inferoapical LV aneurysm was noted 

(Figure 1C, middle image).

Eight months after this first hospitaliza-

tion, she presented again to the Emergency 

Department with worsening dyspnea upon 

minimal exertion, dry cough, and general-

ized weakness. Her NT-proBNP level was was 

3041 pg/ml, and urgent TTE was performed. 

It showed a gigantic oval non-contractile 

structure connected to the LV via a narrow 

neck (Figure 1C, far right). LVEF was preserved 
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(55%). Coronary angiography and left ventriculography 

were performed again — the coronary arteries were patent 

while ventriculography showed again the massive oval 

structure connected to LV via a narrow neck (Figure 1D, Sup-

plementary material, Video S2). Cardiac magnetic resonance 

showed that the pseudoaneurysm wall consisted predomi-

nantly of a “sickle-like” mural thrombus up to 15 mm in size 

surrounded by a thin layer of visceral pericardium up to 

2 mm, without perfusion, thus a diagnosis of giant LVP was 

made (Supplementary material, Video S3). Due to the high 

risk of spontaneous rupture, the patient was referred for ur-

gent surgical aneurysmectomy that was performed by using 

a double-layer heterologous pericardial patch (Figure 1E).  

The patient was discharged six days after surgery and was 

followed up for one year.

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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Figure 1. A. Left ventriculography performed during the first hospital admission showed apical ballooning with basal hypercontractility 

consistent with the diagnosis of Takotsubo syndrome as well as the presence of contrast filling defect in the inferoapical region indicating 

possible thrombus formation. B. Coronary angiography performed during the first hospital admission showed normal coronary anatomy 

without obstructive atherosclerotic disease. C. Images from transthoracic echocardiographic examination (TTE) performed during the first 

hospital admission showing a left ventricular (LV) thrombus (22 × 28 mm, white arrow) (the far left image) followed by complete dissolution 

of the thrombus 8 weeks later on follow-up TTE (middle image) and a huge oval non-contractile structure connected to LV via a narrow 

neck surrounded by the isoechogenic wall up to 17 mm of thickness visualized during the second hospitalization. D. Left ventriculography 

performed during the second hospitalization revealing an inferoapical pseudoaneurysm structure 72 × 65 mm in size, with a  neck diameter 

measuring approximately 21 mm. E. Surgical resection of the pseudoaneurysm (aneurysmectomy) and closure of the LV by a double-layered 

pericardial patch performed by cardiac surgeons
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A 67-year-old woman with atrial fibrillation 

and several hemorrhagic episodes was re-

ferred for percutaneous left atrial appendage 

occlusion (LAAO) [1]. We decided to perform 

LAAO with a Watchman FLXTM (Boston Sci-

entific, Minneapolis, MN, US) under general 

anesthesia and with transesophageal echocar-

diogram (TOE) monitoring. In the cath lab, TOE 

showed a windsock-shaped left atrial append-

age (LAA) with a landing zone of 20 × 23 mm, 

and fluoroscopy suggested an ostium size of 

24 mm. Considering the borderline value in 

the sizing chart and anatomic characteristics, 

we opted for a 35-mm Watchman FLXTM 

(Figure 1A and B) [2].

After transseptal puncture, the device 

was deployed in the LAA fulfilling stability 

criteria (Figure 1C) [3]. However, immediately 

after releasing the device, it dislodged to the 

left atrium in a perpendicular position to the 

LAA, with significant peri and intra-device 

leaks (Figure 1D). Numerous percutaneous 

maneuvers to recapture were performed 

using the delivery catheter and two snares 

simultaneously, with no success (Supplemen-

tary material, Video S1).

An endomyocardia l  b ioptome of 

6 Fr × 105 cm was also used to open the LAAO. 

Although we managed to catch the top of the 

device, after several attempts it was obvious 

the gripping power was not enough to remove 

the device. Hence, we used RescueTM Alliga-

tor Long Grasping Forceps (Boston Scientific, 

Minneapolis, MN, US), mostly used in endo-

scopic procedures, which have higher grasping 

strength. These forceps were introduced within 

an 8.5 Fr × 71 cm Agilis NXT steerable introduc-

er (Abbott Laboratories, Abbott Park, Chicago, 

IL, US) to orientate the forceps toward the 

device, and this succeeded in restraining it. To 

guarantee safe removal, a 20 Fr 65 cm GORE® 

DrySeal FlexIntroducer Sheath (Gore, Newark, 

DE, US), first manually given an archshape 

to orientate it toward the septum, softly ap-

proached the Watchman device, folding it into 

the sheath and pushing it outside (Figure 1E, 

Supplementary material, Video S2). 

We emphasize that the procedure was per-

formed under close TOE monitoring, with 3D 

echocardiography offering the most valuable 

guidance in this complex and risky retrieval, 

with success in the end. We concluded that 

the device had dislodged due to oversizing. 

Therefore, a 31-mm Watchman FLXTM was 

deployed, with complete sealing and no fur-

ther complications (Figure 1F).  

Supplementary material

Supplementary material is available at https://

journals.viamedica.pl/kardiologia_polska.
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Figure 1. Pre-procedure measurements: (A) transesophageal echocardiogram (TEE) showed a landing zone of 20 × 23 mm while (B) fluoros-

copy suggested a diameter of 24 mm. C. The 35-mm Watchman FLXTM device fulfilling the PASS (Position, Anchoring, Size, Seal) criteria on 

TEE. D. After releasing, the device moved to the left auricle in a perpendicular position to the left atrial appendage (TEE). E. Several attempts 

were made to remove the device, but only after using gastroenterological forceps, the device was captured and safely removed. F. A 31-mm 

Watchman FLXTM was deployed, with complete sealing and no further complications

A B

C D

E F



w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a928

 C L I N I C A L  V I G N E T T E

Vasculitis in acute cellular rejection early  
after heart transplantation

Zofia Lasocka1, Rafał Pęksa2, Jerzy Bellwon1, Marcin Gruchała1

11st Department of Cardiology, Medical University of Gdansk, Gdańsk, Poland
2Department of Pathomorphology, Medical University of Gdansk, Gdańsk, Poland 

Correspondence to:

Zofia Lasocka, MD,

1st Department of Cardiology, 

Medical University of Gdańsk,

Smoluchowskiego 17,  

80–214 Gdańsk, Poland,

phone: +48 58 584 47 10,

e-mail:  

zofia.lasocka@gumed.edu.pl

Copyright by the Author(s), 2023

DOI: 10.33963/KP.a2023.0148

Received:  

February 27, 2023

Accepted:  

June 11, 2023

Early publication date:  

July 2, 2023

We present a case of a 38-year-old male with 

cardiac graft rejection and concomitant vas-

culitis, admitted to our Department of Cardio-

logy for protocol monitoring of graft rejection. 

The patient underwent heart transplantation 

10 weeks earlier due to severe ischemic car-

diomyopathy. The early postoperative period 

was complicated with primary graft dysfunc-

tion, diagnosed on the basis of the current 

guidelines. Due to low output syndrome 

and, consequently, kidney and liver failure, 

the patient required temporary venoarterial 

extracorporeal membrane oxygenation, renal 

replacement therapy, and albumin dialysis.  

First endomyocardial biopsies (EMBs) showed 

no signs of rejection.

On current admission, the patient re-

ported exertional intolerance and dyspnea, 

NYHA (New York Heart Association) class II. 

Physical examination revealed no abnor-

malities. Blood tests demonstrated elevated 

B-type natriuretic peptide level — 253 pmol/l 

(normal <21 pmol/l), while troponin I was 

in the normal range — 0.023 μg/l (normal 

<0.036 μg/l). The immunosuppressive drugs 

taken by the patient included tacrolimus 4 mg 

b.i.d., mycophenolate mofetil 500 mg b.i.d., 

and prednisone 20 mg daily. Tacrolimus serum 

level was 15.5 μg/l, within the target range 

three months after heart transplantation. 

On the electrocardiogram, regular sinus 

rhythm of 88 bpm, narrow QRS complexes, 

and no significant ST-T-wave changes were 

detected. A transthoracic echocardiogram re-

vealed good systolic and diastolic function of 

the left ventricle and preserved right ventricu-

lar contractility, without any valvular defects. 

Coronary angiography showed no signifi-

cant stenosis in any of the epicardial arteries, 

while EMBs indicated infiltration of multiple 

inflammatory cells with myocyte injury, cor-

responding with acute cellular rejection (ACR) 

grade 2R. Additionally, lymphocyte infiltration 

was detected in the wall of intramyocardial 

arterial vessels, defined as vasculitis (Figure 1). 

The antibody-mediated rejection (AMR) was 

C4d-negative.

To treat the biopsy-proven graft rejec-

tion, a 3-day course of intravenous methyl-

prednisolone 1000 mg/day was used. Then, 

oral prednisone at an increased dose of 

1 mg/kg/day was introduced and then grad-

ually reduced. The dosage of tacrolimus and 

mycophenolate mofetil did not change. After 

two weeks of enhanced immunosuppression, 

a repeat EMB revealed no evidence of lympho-

cyte infiltration in either myocardium or vessel 

walls (ACR grade 0R). 

This is the first example of rejection-in-

duced vasculitis in over 100 cardiac transplant 

recipients in our Heart Transplantation Center, 

successfully reversed with increased immuno-

suppression.

Vasculitis, defined as an inflammatory 

process affecting intramyocardial arteries up 

to capillaries, was demonstrated to be a neg-

ative predictor of both humoral and cellular 

rejection [1]. Moreover, the presence of this 

histological feature, despite the grade and 

type of rejection, carries a poor prognosis in 

terms of mortality and rejection persistence 

[2]. Although most described cases concerned 

mixed rejection (pathological AMR plus ACR) 

associated with the worst outcomes [3], 

vasculitis might also be observed in positive 

ACR without any sign of humoral rejection in 

the same EMBs, as presented in our case. This 

is especially worth noting as the frequency 
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of ACR is approximately 45%, and both AMR and mixed 

rejection are detected in less than 5% of EMBs [4].

There are no specific guidelines concerning the 

management of heart transplant recipients with rejec-

tion-induced vascular damage. Only a few reports illus-

trated successful treatment of vasculitis with increased 

immunosuppression [5]. Our case corresponds with those 

outcomes, meaning that enhanced corticosteroid therapy 

should reverse lymphocyte infiltration in the myocardium 

and vessel wall.

Identification of cardiac recipients with rejection-in-

duced vasculitis that need temporally enhanced immuno-

suppression is of great clinical importance to avoid further 

immunological aggression against the graft.
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Figure 1. Interstitial, perivascular, and endocardial lymphocyte infil-

tration with prominent nucleoli associated with myocytolysis.  Note 

the lymphocyte infiltration of the vascular walls (arrows). H&E, ×10
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A 36-year-old woman was admitted to our cen-

ter for persistent atrial fibrillation (AF) with New 

York Heart Association (NYHA) class II/III symp-

toms. The patient had a history of surgery for 

atrial septal defect type ostium secundum and 

mitral valve annuloplasty at the age of four and 

five, respectively. Echocardiography revealed 

severely reduced left ventricular ejection frac-

tion (LVEF, 36%) with global hypokinesia and no 

significant valvular heart disease. Magnetic res-

onance imaging showed no signs of ischemic 

nor inflammatory cardiomyopathy, therefore, 

tachycardia-induced  cardiomyopathy was 

diagnosed, and the patient was qualified for 

pulmonary vein isolation. However, transe-

sophageal echocardiography (TEE) showed 

a massive thrombus located in the medial and 

distal part of the left atrial appendage (LAA) 

(Figure 1A). The strategy of rate control had 

to be chosen, as neither cardioversion nor 

cryoablation was permissible. 

After four weeks, control TEE revealed 

a persistent LAA thrombus despite using 

the nonvitamin K antagonist oral anticoag-

ulants (NOAC). The antithrombotic therapy 

was changed — NOAC was withdrawn and 

enoxaparin (1 mg per kg twice daily subcuta-

neously) with acetylsalicylic acid (75 mg/daily) 

were administered. Despite more aggressive 

antithrombotic treatment, the second control 

TEE, performed four weeks later, showed no 

thrombus resolution. 

Given highly symptomatic AF and deterio-

ration of heart failure symptoms to NYHA class 

III, the patient was qualified for left atrial ap-

pendage occlusion (LAAO) with a cerebral pro-

tection device to make possible cryoblation 

and electrical cardioversion. The procedure 

was performed using an Amplatzer Amulet 

28 mm occluder with the SENTINEL cerebral 

protection system to minimize the risk of cere-

bral arterial embolization (Figure 1B). Despite 

neuroprotection, we also used the “no-touch 

technique”, with no contrast injection and 

restriction on guidewire or catheter manip-

ulation within LAA. We achieved complete 

occlusion of the LAA (Figures 1C and 1D), with 

no periprocedural complications. The patient 

was discharged in good clinical state one 

day after the procedure. Cryoablation with 

subsequent effective electrical cardioversion 

were performed 3 weeks later. Control echo-

cardiography showed a significant increase in 

LVEF (LVEF, 50%).

The incidence of left atrial thrombus (LAT) 

in AF patients receiving oral anticoagulants 

varies from 1.6 to 8.0%, and over 90% of all 

thrombi are located within the LAA [1–3]. 

Thanks to more aggressive anticoagulation 

therapy, about 60% of thrombi might be re-

solved; however, such a strategy is burdened 

with significantly higher bleeding risk [1–3]. 

The presence of a LAT is associated with a sig-

nificant increase in the risk of ischemic stroke 

and other thromboembolic complications, 

especially during electrical/pharmacological 

cardioversion and in procedures involving 

catheterization of the left atrium (LA). There-

fore, both cardioversion and invasive proce-

dures within LA are strongly contraindicated 

in the case of  LAT presence [4]. However, 

a recent study demonstrated, that LAAO in 

the presence of LAT is feasible and quite safe, 

and the use of a cerebral protection device 

might reduce the risk of procedure-related 

thromboembolic events [5].
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To the best of our knowledge, we have reported the 

first case of LAAO performed to facilitate cryoablation in 

a patient with persistent thrombus within the LAA.

Article information

Conflict of interest: ZK and WS are proctors of Abbott company. TP 

declares no conflict of interest.

Funding: None.

Open access: This article is available in open access under Creative 

Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-

tional (CC BY-NC-ND 4.0) license, which allows downloading and 

sharing articles with others as long as they credit the authors and the 

publisher, but without permission to change them in any way or use 

them commercially. For commercial use, please contact the journal 

office at kardiologiapolska@ptkardio.pl.

REFERENCES

1. Zhan Y, Joza J, Al Rawahi M, et al. Assessment and management of the 

left atrial appendage thrombus in patients with nonvalvular atrial fibrilla-

tion. Can J Cardiol. 2018; 34(3): 252–261, doi: 10.1016/j.cjca.2017.12.008, 

indexed in Pubmed: 29395705.

2. Frenkel D, D’Amato SA, Al-Kazaz M, et al. Prevalence of left atrial thrombus 

detection by transesophageal echocardiography: a comparison of contin-

uous non-vitamin K antagonist oral anticoagulant versus warfarin therapy 

in patients undergoing catheter ablation for atrial fibrillation. JACC Clin 

Electrophysiol. 2016; 2(3): 295–303, doi:  10.1016/j.jacep.2016.01.004, 

indexed in Pubmed: 29766887.

3. Niku AD, Shiota T, Siegel RJ, et al. Prevalence and resolution of left atrial 

thrombus in patients with nonvalvular atrial fibrillation and flutter with 

oral anticoagulation. Am J Cardiol. 2019; 123(1): 63–68, doi: 10.1016/j.

amjcard.2018.09.027, indexed in Pubmed: 30360887.

4. Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for the diag-

nosis and management of atrial fibrillation developed in collaboration 

with the European Association for Cardio-Thoracic Surgery (EACTS). 

Russian Journal of Cardiology. 2021; 26(9): 4701, doi:  10.15829/1560-

4071-2021-4701.

5. Marroquin L, Tirado-Conte G, Pracoń R, et al. Management and outcomes 

of patients with left atrial appendage thrombus prior to percutaneous clo-

sure. Heart. 2022; 108(14): 1098–1106, doi: 10.1136/heartjnl-2021-319811, 

indexed in Pubmed: 34686564.

Figure 1. A. Visualization of the LAA thrombus on TEE. B. Sentinel cerebral protection system — arrows indicate the deployed device filters 

— fluoroscopy image. C. The LAA after closure with an Amplatzer Amulet occluder — TEE. D. The disc of Amplatzer Amulet occluder closing 

the LAA ostium — TEE 3D view

Abbreviations: LAA, left atrial appendage; TEE, transesophageal echocardiography
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We present a 69-year-old female, former to-

bacco smoker, with hypertension, diabetes, 

and a history of aortic aneurysm, qualified 

for a novel procedure of branched aortic 

arch stent-graft implantation, as her fourth 

intervention on the aorta. 

She underwent supra coronary ascending 

aorta replacement due to a large aneurysm 

(70 mm) and right lung upper lobe resection 

due to lung planocellular cancer four years 

earlier. After a year, a thoracoabdominal stent 

graft with visceral branches was implanted, 

followed by a thoracic stent graft below the 

left subclavian artery due to aortic aneurysm 

(Figure 1A).

Due to type IA endoleak, which occurred 

at the proximal end of the graft and resulted 

in persistent flow into the sac of the thoracic 

aneurysm (Figure 1B), the patient was quali-

fied for another intervention involving implan-

tation of a special stent graft with a branch to 

the brachiocephalic trunk.

Occlusion of the inflow towards the left 

common carotid artery and the left subclavian 

artery after implantation would have led to 

stroke and ischemia of the left upper limb; 

therefore, the patient underwent a carotid-ca-

rotid-subclavian bypass, one month before 

the procedure. 

However, due to transient left-sided chest 

pain and exertional dyspnea, it was necessary 

to extend cardiac diagnostics. Fortunately, 

the resting electrocardiogram did not reveal 

ischemic changes, and troponin levels were 

not increased. Transthoracic echocardiogra-

phy revealed proper function of the aortic 

valve, normal flow in the ascending aorta graft 

(Figure 1C, Supplementary material, Video S1) 

and aortic arch, and normal left ventricular 

ejection fraction (60%). Gated single-pho-

ton emission computed tomography with 

dipyridamole confirmed adequate coronary 

flow reserve. 

Finally, a novel single-branched stent graft 

(Nexus) was safely implanted in the aortic arch 

and brachiocephalic trunk (Figure 1D), which 

eliminated the leak and protected the pa-

tient against further growth of the aneurysm 

(Figure 1E). The patient, with three implanted 

aortic stent grafts (Figure 1F) was discharged 

in good condition after 5 days.

The Nexus system is indicated for patients 

with aortic arch pathologies, including an-

eurysms, dissection, pseudoaneurysms, or 

penetrating ulcers.  Planer et al. [1] described  

initial evaluation of the Nexus system in 28 pa-

tients. The thirty-day mortality rate was 7.1%, 

stroke rate was 3.6%, and one-year mortality 

was 10.7%, without device or aneurysm-re-

lated deaths.

In the described case, the Nexus system 

was used due to a type IA leak.  Endovascular 

leaks are the most common complications af-

ter aortic stent-graft implantation, which may 

lead to the expansion of the aortic aneurysm 

or even to its rupture [2].

Surgery-related risk estimation indicates 

an approximately 30-day risk of cardiovascular 

death, myocardial infarction, and stroke [3]. 

Endovascular abdominal aortic aneurysm 

repair is an intermediate surgical risk interven-

tion (1%–5%), while aortic arch interventions 

are procedures with a higher risk of complica-

tions, including stroke or aortic valve injury [4]. 

Our patient was challenging because 

of the history of previous ascending aorta 

surgery, two aortic stent-graft implantations, 

and a planned intervention on the aortic arch. 
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Biomarker measurements and noninvasive cardiac imaging 

were required because of transient unexplained symptoms 

in that high-risk patient [3]. O’Driscoll et al. [5] showed  

that echocardiographic indices obtained electively before 

surgery were more important in predicting outcomes than 

conventional risk factors in patients undergoing endovas-

cular abdominal aneurysm repair.

It seems reasonable to assess individually all cardio-

logic patients before aortic endovascular interventions 

because they are often a challenge and require compre-

hensive evaluation.
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Figure 1. Computed tomography angiography and transthoracic echocardiography in a patient with a history of four procedures on the 

aorta. A. Computed tomography angiography of the aorta in 3D option: thoracic stent graft below the left subclavian artery (white arrow) 

and thoracoabdominal stent graft with visceral branches (yellow arrow). B. Computed tomography angiography: endovascular leak (arrow). 

C. Transthoracic echocardiography (color Doppler, long axis view): blood flow in the ascending aorta graft (arrow); see also Supplementary 

material, Video S1. D. Computed tomography angiography of the aorta in 3D option after the procedure: Nexus aortic arch stent graft (yellow 

arrows) and a branch to the brachiocephalic trunk (white arrow). E. Computed tomography angiography after the procedure: no endovas-

cular leak (arrow). F. Computed tomography angiography: three aortic stent grafts in one patient (1–3); metal sutures on the sternum after 

cardiac surgery (arrows) 

Abbreviations: Ao, aorta; LV, left ventricle
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A 38-year-old male who was a current smoker 

with definite heterozygous familial hypercho-

lesterolemia based on the Dutch Lipid Clinic 

diagnostic criteria (premature coronary artery 

disease and low-density lipoprotein (LDL) 

cholesterol, 330 mg/dl) [1] was admitted with 

anterior ST-segment elevation myocardial 

infarction (STEMI).

A coronary angiogram revealed a sub-

acute occlusion of the proximal severely 

calcified left anterior descending (LAD) artery 

with TIMI 1 flow grade and further ather-

omatous disease at the mid and distal vessel 

(Supplementary material, Figure S1 and Videos 

S1 and S2).

Primary percutaneous coronary inter-

vention (PPCI) of the LAD was performed by 

right-femoral artery access. Initial high-pres-

sure (22 atm) pre-dilation with a non-com-

pliant balloon (NCB) 2.5 × 15 mm Solarice 

(Medtronic, Santa Rosa, CA, US) was per-

formed. Due to incomplete balloon expansion, 

inflations of a 3.0 × 10 mm Wolverine (Boston 

Scientific, Marlborough, MA, US) cutting 

balloon at nominal pressure were still unable 

to successfully “modify” the lesion (Figure 

1A). Therefore, we performed two runs of 

rotational atherectomy (RA) with a Rotablator 

(Boston Scientific) burr size 1.5 mm, with RA 

speed set at 150 000 rotations/min, trying to 

minimize platelet activation and prevent slow 

flow (Figure 1B). Subsequently, high-pressure 

(22 atm) inflation of a 3.0 × 12 mm NCB Solarice 

(Medtronic) was performed, but despite lesion 

preparation with RA, a significant “dog-bone 

effect” was still observed (Figure 1C). TIMI 

3 flow grade was achieved, with the presence 

of a mild non-flow limiting dissection at 

mid-vessel (Figure 1D, Supplementary materi-

al, Video S3), and stenting was deferred to avoid 

under-expansion in this emergency setting.

Hence, 3 months later, following healing of 

the LAD dissection (Figure 1E), we performed 

Shockwave Intravascular Lithotripsy (S-IVL) us-

ing a 3.5 × 12 mm catheter (Shockwave Medi-

cal, Inc.; Santa Clara, CA, US). After application 

of 40 ultrasonic pulses, full balloon expansion 

was obtained. A NCB 3.5 × 15 mm was success-

fully used, and a 3.5 × 38 mm drug-eluting 

stent Promus Premier (Boston Scientific) was 

implanted, followed by a Quantum Apex 

(Boston Scientific) 4.0 × 20 mm (20 atm) NCB 

post-dilation (Figure 1F). A good final angio-

graphic result was achieved (Supplementary 

material, Video S4).

We described a successful staged imple-

mentation of a complex advanced plaque-mod-

ifying strategy (Primary Rota-CUT atherectomy 

and S-IVL deferred PCI) in a young STEMI 

patient. Similar combined treatment modali-

ties have been described [2]. It is increasingly 

apparent that despite increasing the lumen 

size with RA and allowing catheter passage, 

there may still be extensive unaltered restrictive 

calcific plates within the intima and media, even 

after balloon dilation. This deeper calcium is not 

impacted by RA but can usually be modified by 

subsequent IVL. Intravascular imaging gives 

significant additional insights in addition to 

angiography into the distribution, concentricity, 

and severity of calcific disease. These data can 

then direct our initial therapeutic approach.
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Moderate/severe calcification, present in approximate-

ly 30% of culprit lesions in acute coronary syndromes, 

adversely affects the safety/efficacy of primary PCI and 

suggests worse post-PCI outcomes [3]. Although RA is 

applied only in selected STEMI patients [4], IVL may miti-

gate adverse consequences of severe calcification [5]. The 

DISRUPT-CAD trials, however, have excluded patients with 

STEMI [6]. The safety of IVL in thrombus-laden lesions is un-

known, and its “off-label” use in acute STEMI is not currently 

recommended till further data shed light on this high-risk 

scenario. However, IVL could be used in a staged fashion in 

STEMI patients to facilitate stenting at a time when there is 

less thrombus burden and myocardial electrical instability 

as in our case. 

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.

Figure 1. A. Pre-dilation with a cutting balloon still having a waist (red arrow). B. Successful RA. C. High-pressure (22 atm) inflation of an NCB 

post-RA was performed — a significant “dog-bone effect” was still observed (red arrow). D. Final angiographic result with TIMI 3 flow. Stent-

ing was deferred while a mild non-flow limiting dissection can be noted just after a large diagonal branch.  

E. CTCA (left panel) and angiographic PA cranial view (right panel) demonstrating distal LAD dissection healing (white arrow). F. Post-stent 

deployment dilatation with an NCB — there is no waist anymore 

Abbreviations: CTCA, computed tomography coronary angiography; LAD, left anterior descending; NCB, non-compliant balloon; PA, postero-

anterior; RA, rotational atherectomy 
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A 32-year-old male was admitted to our hos-

pital due to chest pain. He experienced chest 

pain with ST-segment depression during the 

treadmill test. Coronary angiography was 

performed and revealed 70% long segment 

stenosis in the left anterior descending artery 

(LAD), and percutaneous intervention was 

planned (Figure 1A, Supplementary material, 

Video S1). After predilatation, a 2.75 × 28.0 mm 

stent was deployed, and the in-stent segments 

were postdilated with a 3.0 × 15 mm noncom-

pliant balloon. At that point, angiography 

revealed extravasation of contrast material 

at the proximal stent segment (Figure 1B, 

Supplementary material, Video S2). The pa-

tient remained hemodynamically stable, but 

chest pain appeared. Prolonged balloon in-

flation and reversal of anticoagulation failed. 

A 3.5 × 19 mm graft stent (GS) was implanted 

via a GuideLiner catheter. Subsequent angiog-

raphy showed the absence of extravasation at 

the proximal location of the stent but multiple 

focal jets of contrast extravasation at the distal 

stent segment (Figure 1C, Supplementary 

material, Videos S3, S4). Then we performed 

implantation of a 2.8 ×19.0 mm GS in the 

drainage site of the LAD stent (Figure 1D). The 

patient’s hemodynamic condition was stable, 

and echocardiography showed no pericardial 

effusion. After the second GS implantation, 

the subsequent angiographic image revealed 

a dissection just before the proximal GS (Sup-

plementary material, Video S5). A 3.0 × 23.0 mm 

stent was successfully deployed restoring nor-

mal antegrade flow (Figure 1E, 1F). The patient 

had an uneventful recovery. 

In this case, we evaluated the stenosis as 

a mid-segment atherosclerotic LAD lesion 

with low risk of procedural complication due 

to less angulation and tortuosity. We applied 

nominal pressure created by the balloon, 

but subsequent angiography demonstrated 

apparent contrast extravasation first from 

the proximal stented segment and after the 

distal stented segment into the right ventri-

cle.  At the end of the procedure, we noticed 

a dissection on the angiogram just before the 

proximal GS, and we also deployed a coronary 

stent. In retrospect,  the stenotic LAD segment 

might have had an intramyocardial course, 

which, in the presence of atherosclerosis, 

could explain why flow was tracked into the 

right ventricle. Following the GS implanta-

tion, an intimal tear completely penetrated 

the arterial wall leading to extravasation 

from multiple sites along the distal stented 

segment. Similarly, a proximal dissection, 

which is encountered as a final complication, 

may be associated with a corner dissection 

caused by the proximal GS or using a Guide-

Liner catheter, which may also represent the 

expansion upward of the ruptured segment 

causing intimal tear. 

Cavity-spilling perforations are rare com-

plications of PCI, and there are limited data in 

the literature about how they should be man-

aged. Fortunately, they have a benign course 

since they are less often associated with peri-

cardial tamponade or acute hemodynamic 

compromise.  In this case, we encountered 

Ellis grade III coronary perforation, and our 

therapeutic approach was determined by  the 

patient’s hemodynamic stability, distal coro-

nary artery flow, and size of the fistula [1–3]. 

Multiple overlapping stents may be required 

in cases of coronary artery perforations [4]. 

The main reasons can be stent malposition, 

disruption of the integrity of the GS coating 

at high pressure, and extension of the intimal 

tear proximally and distally. To avoid the last 

scenario, the GS length should not only cover 

the ruptured segment but also the proximal 

and distal parts to prevent further dissection 

or intimal tear. 
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Figure 1.  A. Coronary angiography showing left anterior descending artery (LAD) long segment stenosis (blue arrows). B. Angiographic im-

age showing extravasation of contrast material into the right ventricle (yellow arrows). Red arrows show the proximal and distal zones of the 

coronary stent. C. Angiographic image after deployment of a covered stent showing the absence of extravasation at the proximal location 

of the LAD stent but progressively multiple focal jets of contrast extravasation at the distal stent segment (yellow arrows). Red arrows show 

the proximal and distal zones of the graft stent. D. Red arrows show the proximal and distal zones of the second graft stent. E. Angiographic 

image revealing a dissection just before the proximal graft stent (yellow arrowhead). F. Final angiogram
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