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In the last 2 decades, the wide use of cardiac 

magnetic resonance imaging (CMR) has revo-

lutionized the diagnostic approach to patients 

with suspected cardiac sarcoidosis (CS). Sev-

eral case series have shown that CMR alone 

was superior to the former (2007) Japanese 

Ministry of Health and Welfare (JMHW) guide-

lines on detecting myocardial involvement 

in patients with systemic sarcoidosis [1–8]. 

Furthermore, the identification of late gadolin-

ium enhancement (LGE) on CMR; a marker for 

myocardial damage associated with cardiac 

sarcoidosis, was strongly associated with ma-

jor adverse outcomes during follow-up [1–5]. 

As a result, CMR was considered a major diag-

nostic criterion in the Heart Rhythm Society 

expert consensus statement for diagnosis of 

CS in 2014 [9]. In that document, LGE on CMR 

in a pattern compatible with CS in patients 

with extra-cardiac sarcoidosis was consistent 

with at least probable cardiac involvement, 

when other causes were reasonably excluded. 

This was also acknowledged in the revised 

JMHW guidelines for diagnosis of CS [10].

While the role of CMR as a diagnostic tool 

has been widely accepted as the gold stand-

ard, its role as a screening tool in the general 

sarcoidosis population remains controversial. 

In the latest American Thoracic Society clinical 

practice guidelines in sarcoidosis, CMR was 

not recommended as part of the screening 

strategy [11]. Baseline evaluation of the 

general sarcoidosis population with cardiac 

symptoms and a 12-lead electrocardiogram 

(ECG) remain the recommended screening 

strategy [11]. Although CMR is expected to 

detect a higher prevalence of myocardial 

damage in the sarcoidosis population, clini-

cal implications for an asymptomatic patient 

without rhythm or morphological abnormal-

ities remain unclear. On the other hand, CMR 

was strongly recommended as the first-choice 

imaging modality in patients with suspected 

CS patients with cardiac symptoms and/or 

ECG abnormalities.

In this issue of the Kardiologia Polska (Po-

lish Heart Journal), we read with interest the 

article regarding the role of CMR in the asymp-

tomatic sarcoidosis population, which aims to 

shine light on the use of CMR in a subclinical 

setting [12]. In a cohort of 55 sarcoidosis pa-

tients with evidence of extra-cardiac disease, 

CMR managed to detect only 6% of cardiac 

involvement when used as a screening tool. 

None of the patients had cardiac symptoms, 

while all patients had no significant ECG ab-

normalities or morphological abnormalities 

on echocardiography or CMR at baseline. In 

addition, none of the patients was found to 

have elevated cardiac biomarkers such as tro-

ponin or BNP. Therefore, CS was an incidental 

finding in this population. No follow-up data 

were provided to evaluate the prognostic role 

of CS in this group of patients. A similar prev-

alence of CS (13%) was reported in a cohort 

of 61 Japanese sarcoidosis patients without 

any cardiac manifestations of CS [13]. In that 

study, the detection of LGE was not associated 

with any adverse events during follow-up. In 

a larger cohort of patients with extra-cardiac 

disease demonstrated by biopsy, CMR detect-

ed approximately 20% of CS in a subclinical 
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setting (lack of cardiac symptoms and/or ECG abnormal-

ities) [3]. However, LGE on CMR was not associated with 

major adverse events during follow-up in the patients with 

subclinical disease in that study [3].

Current literature indicates that CMR has high sensi-

tivity and specificity in identifying patients with CS and 

particularly those at higher risk of major arrhythmias during 

follow-up. CMR has clear superiority in evaluating cardiac 

morphology, in particular myocardial fibrosis, which has 

greater prognostic value than any other imaging modality 

in current use. In the study by Kouranos et al. [3], CMR was 

found to be superior to conventional tests such as 12-lead 

ECG, Holter monitoring, echocardiography, or a combina-

tion of those. What becomes crucial is identifying which 

suspected sarcoidosis patients should undergo CMR. 

Kysperska et al. [12] showed that it is unlikely to detect CS 

in the asymptomatic population without ECG or echocar-

diographic abnormalities, supporting the current guideline 

recommendations. However, we should acknowledge that 

the authors performed a comprehensive baseline assess-

ment with all conventional tests such as 12-lead ECG, Holter 

monitoring, and echocardiography, as well as biomarker 

testing outside the guideline recommendations.

We support the measurement of serum biomarkers, 

such as NT-proBNP, and echocardiography for screening 

the sarcoidosis population. Modern echocardiographic 

techniques, such as speckle tracking, have been shown 

to be more sensitive in detecting myocardial involvement 

than conventional echocardiographic modalities. Such an 

approach in addition to the current strategy of assessment 

of cardiac symptoms and ECG abnormalities should be 

able to identify a higher number of patients suspected of 

CS. BNP and NT-proBNP are associated with both left and 

right ventricular strain, even at an early stage, and have 

been linked with CS [14]. Speckle tracking analysis is an 

echocardiographic technique that measures myocardial 

deformation and may be able to detect cardiac involve-

ment of sarcoidosis earlier than conventional echocardio-

graphic modalities [15]. In addition, regional wall motion 

abnormalities appear to be strongly associated with CS, 

which should be part of the routine echocardiographic 

assessment [15]. Finally, there was a weak association 

between elevated angiotensin converting enzyme levels 

and CS detection in the latest study presented in this is-

sue of the Kardiol Pol [12]. This would raise suspicion as to 

whether the clinical impression of disease activity should 

be included in the screening strategy, and it should indi-

cate the performance of CMR as a screening test. Further 

studies are warranted to identify the optimal screening 

strategy for CS. The association of CS with sudden cardiac 

death and high morbidity and mortality requires early and 

accurate diagnosis.
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Atrial fibrillation post-coronary or cardiac surgery:
A transient inflammation-related event or the expression  
of a pre-existing arrhythmogenic atrial substrate?
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Atrial fibrillation (AF) is a common cardiac 

arrhythmia, occurring as a result of a com-

plex interaction between cardiac substrate, 

triggers, precipitating factors, and altered 

autonomic nervous system activity [1]. AF 

may occur in the setting of patients under-

going both cardiac and non-cardiac surgery 

and may depend on several factors (Figure 1) 

[2–5]. Postoperative AF (POAF) usually occurs 

during the first postoperative week, more 

frequently after cardiac surgery than after 

non-cardiac surgery, and it is associated with 

worse outcomes as compared to patients who 

do not develop AF [2–5]. A recent systematic 

review and meta-analysis pooling data from 

six studies enrolling more than 2 000 000 pa-

tients showed that patients developing POAF 

after non-cardiac surgery had a four-fold 

higher risk of stroke and mortality as com-

pared to controls during a median follow-up 

of 12 months [2]. In the setting of patients 

undergoing cardiac or coronary surgery, 

POAF usually occurs within the first 2 weeks, 

with a peak of incidence on the second and 

third postoperative day. POAF is considered 

the expression of an inflammatory process 

occurring at the cardiac level, which may be 

transient [5–7]. However, it is associated with 

lengthening of hospitalization, need for acute 

treatment, and need for anticoagulation [6].

In the current issue of Kardiologia Polska 

(Polish Heart Journal), Smukowska-Gorynia 

et al. [7] reported an interesting study on 

neopterin as a biomarker associated with the 

occurrence of AF following coronary artery 

bypass grafting (CABG). Neopterin is a marker 

of cellular inflammation linked to processes 

involving macrophages and dendritic cells, 

and its increase expresses increased oxidative 

stress [7]. The authors evaluated 101 consec-

utive patients with advanced coronary artery 

disease and without a history of AF under-

going CABG. They found that preoperative 

neopterin levels were associated with the 

occurrence of POAF, which was observed in 

30% of patients. Other significant predictors 

of POAF were (1) higher body mass index,  

(2) history of pulmonary disease, (3) increased 

diastolic thickness of the interventricular 

septum, and (4) duration of operation. Most 

patients experienced POAF within the first 

2–3 days after intervention and AF recurrence 

was observed in one-third of patients during 

the hospital stay. POAF required treatment 

with intravenous amiodarone in almost all cas-

es, while only 1 patient was treated with elec-

trical cardioversion. These findings suggest 

that preoperative neopterin levels may be 

a marker of AF occurrence, whose mechanism 

may be linked to the activation of inflamma-

tory pathways. According to these interesting 

findings, this marker could be clinically helpful 

in discriminating between episodes of POAF 

elicited by transient inflammatory factors 

and episodes of POAF that are mainly an 

expression of a pre-existing arrhythmogenic 

atrial substrate, characterizing an “AF suscep-

tibility” whereby patients are more prone to 
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develop AF in case of stressors typical of a post-operative 

phase, but also with a tendency to have recurrences of AF 

in the long term [2, 8] and AF progression. From a wider 

perspective, we could hypothesize that neopterin could 

be of clinical value in differentiating between the two 

conditions previously described and, therefore, help in 

better predicting the risk of AF recurrence in the long term 

after CABG, related to the underlying atrial substrate, inde-

pendently of inflammation, thus contributing to improved 

knowledge in this complex field. Indeed, POAF has been 

traditionally considered as an event substantially linked 

to transient factors, therefore, with a limited risk of recur-

rences. However, recent long-term observational studies 

[2, 5] showed that both the risk of recurrences and the 

risk of stroke in the long term are much higher in patients 

with POAF (either after CABG or other types of surgery) as 

compared to controls. Unfortunately, no controlled study 

on the management of patients presenting with de novo 

AF in the postoperative phase is available, and also the 

guidelines [6] do not deliver evidence-based recommen-

dations on how to manage patients with POAF in the long 

term. In the European Society of Cardiology guidelines [6], 

the recommendations for long-term oral anticoagulants 

(OAC) in POAF patients at risk of stroke (according to the 

CHA
2
DS

2
-VASc score) are of relatively low-grade: class IIb 

for patients in the setting of post-cardiac surgery and class 

IIa for non-cardiac surgery. In the setting of patients with 

AF treated with rhythm control, recent evidence-based 

recommendations suggest that early restoration of sinus 

rhythm is associated with a lower risk of adverse cardio-

vascular outcomes in the long term [9]. However, these 

recommendations are not strictly related to POAF and di-

rect evidence is needed in this context. Indeed, no specific 

trial addressed the issue of cardioversion of recent-onset 

AF after surgery. We think that in POAF with no resump-

tion of sinus rhythm within a few hours, a personalized 

approach to cardioversion should be advocated, including 

a“watchand-wait” approach, pharmacological cardiover-

sion, or electrical cardioversion depending on the patient’s 

profile (e.g.: hemodynamic status, presence of structural 

heart disease, symptoms, and fluid and electrolyte balance) 

and organizational issues [10].

We think that the findings of the study by Smu-

kowska-Gorynia et al. [7] can help to characterize the 

occurrence of POAF as mainly related to transient in-

flammatory factors rather than linked to an underlying 

arrhythmogenic substrate prone to AF. This distinction 

can be of value for future prospective studies aiming to 

assess the risk of stroke and adverse outcomes in the long 

term and the effectiveness of OAC in POAF patients at 

risk. Unfortunately, the study by Smukowska-Gorynia et 

al. [7] did not provide information on long-term follow-up. 

Therefore, long-term clinical implications of high levels of 

neopterin and the real incidence of AF in the long-term 

in this cohort of patients remain at present unknown and 

deserve future prospective studies.

Figure 1. Pre, intra, and postoperative factors associated with postoperative atrial fibrillation after cardiac surgery and risk of long-term  

recurrences

Abbreviations: CABG, coronary artery bypass grafting; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HFmrEF, 

heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced 

ejection fraction; LA, left atrial; LAA, left atrial appendage; OSAS, obstructive sleep apnea syndrome
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The issue of detecting POAF is particularly complex 

since AF may occur as an asymptomatic event, and the 

ability to identify this arrhythmia may strictly depend on 

the intensity of cardiac monitoring. This may vary and range 

from the duration of monitoring with telemetry, execution 

of 12-lead ECG at standardized time intervals after surgery, 

up to the planning of intermittent Holter recordings, or 

even continuous monitoring through implanted devices, 

further enhanced by remote monitoring functions [11]. In 

the latter context, indeed, it is known that episodes of atrial 

tachyarrhythmia lasting a few minutes are commonly de-

tected by cardiac implantable electronic devices and may 

progress to clinical AF in up to 30% of patients at 2-year 

follow-up [12, 13]. Since AF is strictly linked to a variety 

of factors (Figure 1), such as patients’ age and a variable 

combination of cardiac substrate, triggers, precipitating 

factors, and altered autonomic modulation, it appears that, 

in this context, individualized decision-making is needed 

also with regard to indication for long-term OAC and ex-

tent of monitoring for patients in whom anticoagulation 

is not established or is prescribed for a limited period after 

surgery [14]. In the future, improved and more specific 

diagnostic tools to better characterize the underlying car-

diac substrate in terms of atrial cardiomyopathy will help 

to predict the risk of AF in the long term, independently of 

transient risk factors, and this is a field of increasing interest 

and research [15]. So far, clinical guidelines [6] have not spe-

cifically addressed in depth the complex scenario of POAF, 

either in coronary/cardiac surgery or non-cardiac surgery. 

Notably, it is still unclear how to optimally stratify the risk 

of recurrences and the risk of stroke in these patients [2, 6]. 

Finally, the findings by Smukowska-Gorynia et al. [7] 

can open the way to prospective studies evaluating the 

impact of interventions aimed to reduce inflammation in 

patients at higher risk of POAF, who could be identified by 

higher baseline neopterin levels. A baseline status prone 

to more intense activation of the inflammatory pathway 

may portend a higher risk of POAF and identify a subset of 

patients who may benefit from specific prophylactic inter-

ventions aiming at reducing peri-operative inflammation. 

In more general terms, improvement in risk stratification 

and effectiveness of treatments for AF patients, including 

patients with POAF, will depend on the close collaboration 

between basic scientists and physicians involved in clinical 

trials, trying to bridge the gap between bench and bedside.

Article information

Conflict of interest: GB received a small speaker fee from Bayer, 

Boehringer Ingelheim, Boston, Daiichi-Sankyo, and Janssen outside 

the present article. No fees are received personally. The other authors 

declare 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, allowing to download articles and 

share them 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 

REFERENCES

1. Boriani G, Vitolo M, Diemberger I, et al. Optimizing indices of atrial 

fibrillation susceptibility and burden to evaluate atrial fibrillation 

severity, risk and outcomes. Cardiovasc Res. 2021; 117(7): 1–21, doi: 

10.1093/cvr/cvab147, indexed in Pubmed: 33913486.

2. Albini A, Malavasi VL, Vitolo M, et al. Long-term outcomes of postop-

erative atrial fibrillation following non cardiac surgery: A systematic 

review and metanalysis. Eur J Intern Med. 2021; 85: 27–33, doi: 10.1016/j. 

ejim.2020.12.018, indexed in Pubmed: 33402281.

3. Rostagno C, Cartei A, Rubbieri G, et al. Postoperative atrial fibrillation 

is related to a worse outcome in patients undergoing surgery for hip 

fracture. Intern Emerg Med. 2021; 16(2): 333–338, doi: 10.1007/s11739-

020-02372-6, indexed in Pubmed: 32440983.

4. Conen D, Alonso-Coello P, Douketis J, et al. Risk of stroke and other adverse 

outcomes in patients with perioperative atrial fibrillation 1 year after 

non-cardiac surgery. Eur Heart J. 2020; 41(5): 645–651, doi: 10.1093/eu-

rheartj/ehz431, indexed in Pubmed: 31237939.

5. Saxena A, Dinh DT, Smith JA, et al. Usefulness of postoperative atrial 

fibrillation as an independent predictor for worse early and late outcomes 

after isolated coronary artery bypass grafting (multicenter Australian study 

of 19,497 patients). Am J Cardiol. 2012; 109(2): 219–225, doi: 10.1016/j. 

amjcard.2011.08.033, indexed in Pubmed: 22011556.

6. 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): 

The Task Force for the diagnosis and management of atrial fibrillation 

of the European Society of Cardiology (ESC) Developed with the special 

contribution of the European Heart Rhythm Association (EHRA) of the 

ESC. Eur Heart J. 2021; 42(5): 373–498, doi: 10.1093/eurheartj/ehaa612, 

indexed in Pubmed: 32860505.

7. Smukowska-Gorynia A, Perek B, Jemielity M, et al. Neopterin as 

a predictive biomarker of postoperative atrial fibrillation following 

coronary artery bypass grafting. Kardiol Pol. 2022; 80(9): 902–910, doi: 

10.33963/KP.a2022.0143, indexed in Pubmed: 35698968.

8. Maisano A, Vitolo M, Imberti J, et al. Atrial fibrillation in the setting of acute 

pneumonia: not a secondary arrhythmia. Rev Cardiovasc Med. 2022; 23(5): 

176, doi: 10.31083/j.rcm2305176.

9. Schnabel RB, Marinelli EA, Arbelo E, et al. Early diagnosis and better rhythm 

management to improve outcomes in patients with atrial fibrillation: the 

8th AFNET/EHRA consensus conference. Europace. 2022 [Epub ahead of 

print], doi: 10.1093/europace/euac062, indexed in Pubmed: 35894842.

10. Boriani G, Bonini N, Albini A, et al. Cardioversion of recent-onset atrial 

fibrillation: current evidence, practical considerations, and controversies 

in a complex clinical scenario. Kardiol Pol. 2020; 78(11): 1088–1098, doi: 

10.33963/KP.15638, indexed in Pubmed: 33021354.

11. Imberti JF, Tosetti A, Mei DA, et al. Remote monitoring and telemedicine in 

heart failure: implementation and benefits. Curr Cardiol Rep. 2021; 23(6): 

55, doi: 10.1007/s11886-021-01487-2, indexed in Pubmed: 33959819.

12. Imberti JF, Bonini N, Tosetti A, et al. Atrial high-rate episodes detected by 

cardiac implantable electronic devices: Dynamic changes in episodes and 

predictors of incident atrial fibrillation. Biology (Basel). 2022; 11(3), doi: 

10.3390/biology11030443, indexed in Pubmed: 35336817.

13. Boriani G, Vitolo M, Imberti JF, et al. What do we do about atrial high rate 

episodes? Eur Heart J Suppl. 2020; 22(Suppl O): O42–O52, doi: 10.1093/eu-

rheartj/suaa179, indexed in Pubmed: 33380943.

14. Boriani G, Imberti JF, Valenti AC, et al. Managing atrial fibrillation: the 

need for an individualized approach even in the emergency department. 

Intern Emerg Med. 2020; 15(1): 9–12, doi: 10.1007/s11739-019-02260-8, 

indexed in Pubmed: 31863292.

15. Boriani G, Vitolo M, Imberti JF. The search for a gold standard to clinically 

diagnose and monitor atrial cardiomyopathy. Eur J Intern Med. 2022; 101: 

34–36, doi: 10.1016/j.ejim.2022.05.019, indexed in Pubmed: 35606288.



880 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

Correspondence to:

Nikolaos PE Kadoglou, MD, PhD, 

Medical School,

University of Cyprus, 215/6  

Old Road Lefkosias- 

-Lemesou, CY-2029, Aglantzia, 

Nicosia, Cyprus,

phone: +357 22 895 260,

e-mail: nikoskad@yahoo.com, 

kadoglou.nikolaos@ucy.ac.cy

Copyright by the Author(s), 2022 

DOI: 10.33963/KP.a2022.0155

Received: 
May 31, 2022

Accepted: 
June 10, 2022

Early publication date: 
June 13, 2022

 R E V I E W

A new approach to statin therapy in carotid atherosclerosis: 
Targeting indices of plaque vulnerability in addition  
to lipid-lowering. A narrative review

Nikolaos PE Kadoglou1, Elina Khattab1, Nikolaos Velidakis1, Nikolaos Patsourakos2, Vaia Lambadiari3

1Medical School, University of Cyprus, Nicosia, Cyprus
2Department of Cardiology, “Tzanio” General Hospital of Piraeus, Piraeus, Greece
32nd Department of Internal Medicine, Research Institute and Diabetes Center, Athens University Medical School, Attikon University General Hospital, Athens, Greece

A B S T R A C T

Novel imaging techniques and biomarkers have emerged as surrogate markers of carotid plaque 

vulnerability. In parallel, statin administration in patients with established carotid atherosclerosis 

not requiring revascularization has reduced the number of consequent cerebrovascular events. This 

reduction is not only attributed to the lipid-lowering properties of statins but also to their pleiotropic 

actions. The present literature review aimed to summarize the stabilizing effects of statins on carotid 

plaques based on imaging modalities and biomarkers and propose an alternative approach to their 

implementation. Moreover, we assessed the perioperative use of statins in patients undergoing ca-

rotid revascularization and the impact of aggressive vs. conventional statin therapy. Recent studies 

using: (1) ultrasound indices of plaque echogenicity; (2) fluorodeoxyglucose (FDG)-positron emis-

sion tomography (PET)/computed tomography (CT) scans for plaque inflammation assessment; or  

(3) magnetic resonance imaging (MRI) scans quantifying intraplaque hemorrhage, and lipid-rich 

necrotic core (LRNC) have shown quite promising results in evaluation of carotid plaque vulner-

ability. Based on those imaging modalities, a growing number of studies have demonstrated 

a very modest carotid plaque regression due to/induced by statins, while their stabilizing impact is 

disproportionally higher. Other studies assaying several biomarkers (e.g. inflammation, etc.) have 

confirmed a statin-induced carotid plaque stabilization. All the aforementioned benefits followed 

a dose-dependent pattern of statins, on top of the low-density lipoprotein cholesterol (LDL-C) target 

in current guidelines. In the case of symptomatic patients with carotid atherosclerosis suitable for 

revascularization, robust evidence implicates a significant statin-related reduction of perioperative 

cardiovascular risk only in patients undergoing endarterectomy.

Key words: statins, carotid plaque vulnerability, pleiotropic effects, biomarkers

INTRODUCTION
Carotid atherosclerosis has been associated 

with acute ischemic cerebrovascular events 

and high morbidity and mortality in western 

countries [1]. It is undoubtful that symptomat-

ic patients with carotid atherosclerosis should 

be treated with invasive methods. So far, the 

risk stratification of asymptomatic patients 

with established carotid atherosclerosis has 

been based on the degree of carotid artery 

lumen encroachment. However, such an 

approach cannot predict ischemic strokes or 

transient ischemic attacks (TIAs) that occur 

frequently in patients with more or less mod-

erate carotid stenosis. The unstable carotid 

plaque, prone to rupture, is strongly related 

to cerebrovascular ischemic events and does 

not parallel the degree of carotid stenosis [2]. 

Unstable plaques have specific characteristics, 

like lipid accumulation, inflammatory cell 

infiltration, less calcification, thin fibrous cap, 

etc. [3]. The early detection of those plaques 

before symptoms occurrence remains a great 

challenge for imaging techniques. In the 

absence of a “gold standard” imaging mo-

dality, several imaging markers have been 
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proposed, such as low echogenicity on ultrasound, high 

inflammatory burden on positron emission tomography 

(PET) scans, and large lipid core or neovascularization on 

magnetic resonance imaging (MRI) views, monitoring the 

aforementioned pathophysiologic mechanisms. Despite 

the growing evidence, their application in current clinical 

decision-making and risk stratification of patients with 

carotid atherosclerosis is limited.

Moreover, the presence of vulnerable carotid plaques is 

associated with a high risk of not only ischemic strokes but 

also other atherosclerotic cardiovascular events implicating 

a systematic process in a “vulnerable” patient [4, 5]. As an 

adjunct to vascular imaging, a long list of circulating mol-

ecules, known as biomarkers, has been proposed for the 

detection of vulnerable plaques and “vulnerable” patients 

[6–8]. Among biomarkers, those depicting inflammation 

[9], vascular calcification [10], and neovascularization [11] 

have been more studied showing a strong relationship with 

histopathological features of carotid plaque vulnerability 

and cardiovascular events [12, 13].

The majority of patients with carotid atherosclerosis are 

asymptomatic, requiring close monitoring and intensive 

pharmaceutical therapy to prevent the destabilization 

of initially stable carotid plaques. Statins have long been 

the mainstay of treatment of patients with asymptomat-

ic significant (>50%) carotid stenosis [14]. The current 

guidelines recommend a target of serum low-density 

lipoprotein cholesterol (LDL-C) <70 mg/dl or decreasing 

by ≥50% if the initial LDL-C level ranges between 70 and 

135 mg/dl in patients with peripheral artery disease [15]. 

Such a pharmaceutical approach is associated with reduced 

all-cause and cardiovascular mortality and cerebrovascular 

morbidity [16, 17]. In the case of patients requiring carotid 

revascularization (symptomatic and asymptomatic), most, 

but not all, studies have shown favorable outcomes from 

the perioperative use of statins [18, 19].

In all aforementioned algorithms with statins, their 

prescription is entirely guided by LDL-C levels. However, 

their efficacy is dose-dependent, and it is attributed not 

only to their lipid-lowering effects but additionally to 

the pleiotropic actions leading to the improvement of 

carotid plaque texture and the reduction of the overall 

cardiovascular risk [20]. Therefore, it is wise to modify the 

therapeutic target of statin therapy to a composite end-

point combining LDL-C reduction with favorable changes 

in plaque stability and the patient’s risk profile quantified 

by imaging techniques and biomarkers. The present liter-

ature review summarizes the stabilizing mechanisms of 

statins using imagingand biomarkers-based data in either 

asymptomatic patients with carotid atherosclerosis under 

pharmaceutical treatment or patients undergoing carotid 

revascularization, supporting an alternative target of their 

usage. We also comment on the perioperative manipula-

tion of statins ending up with more aggressive therapy.

SEARCH STRATEGY
This is a traditional literature review with a more critical 

appraisal of the targets of lipid-lowering therapy in pa-

tients with carotid atherosclerosis. A literature search in 

the English language was conducted for publications in 

MEDLINE and EMBASE, Web of Science, Cochrane, and 

Google Scholar databases from 1990 to June 2021. The 

reference lists of the identified articles were checked for 

any additional relevant articles. The following search terms, 

in titles and abstracts, including Medical Subject Headings 

(MeSH) were used: carotid plaque, carotid artery stenosis, 

carotid atherosclerosis, carotid artery disease, lipid-rich 

necrotic core, magnetic resonance imaging, plaque imag-

ing, carotid artery stenting (CAS), carotid endarterectomy 

(CEA), statins, and 3-hydroxy-3-methylglutaryl coenzyme 

A (HMG-CoA) reductase inhibitor. Two investigators (NV 

and EK) independently performed the literature search. We 

further limited our literature search by setting the following 

inclusion criteria: randomized and non-randomized pro-

spective studies, published only in the English language, 

enrolling at least 10 patients in each pharmaceutical arm. 

We excluded studies with retrospective or cross-sectional 

or review designs and those using animals, children, or 

adolescents. Applying several terms and inclusion and 

exclusion criteria, we attempted a more systematic ap-

proach to reviewing the existing literature. However, we 

did not follow the methodology of full systematic review, 

weakening the power of our review.

Based on abstracts and titles, we initially found 

1649 potentially eligible studies. After full-text screening, 

we excluded another 1584 studies because they did not 

provide adequate information (conference abstracts, small 

samples, wrong design, etc.). We ended up with 65 clinical 

trials including five systematic reviews and meta-analyses 

for several aspects of our subject (Figure 1).

EFFECTS OF STATINS ON IMAGING-BASED 
ASSESSMENT OF CAROTID PLAQUE 

VULNERABILITY

Effects of statins on MRI-based carotid plaque 

vulnerability

High-resolution MRI has been recently proposed for the 

evaluation of atherosclerotic plaque vulnerability. MRI can 

illustrate in detail the components of the atherosclerotic 

plaque, arterial wall, and surrounding soft tissues [21–24]. 

Notably, it can adequately quantify the main features of the 

vulnerable plaque, lPH, ulceration, lipid-rich necrotic core 

(LRNC), calcification, intraplaque neovascularization (IPN), 

and inflammation [25–27]. Both intraplaque hemorrhage 

and LRNC have emerged as predictors of both cardiovas-

cular and cerebrovascular events in patients with carotid 

atherosclerosis, indicating their clinical significance as 

indices of systemic, high cardiovascular risk [28, 29].
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Despite some integral technical limitations, such as 

being time-consuming, showing artifacts, and contrast-in-

duced artifacts, MRI can assess non-invasively statin-in-

duced changes in carotid plaque morphology [23, 30]. 

A recent systematic review [31] included seven prospective 

studies (a total of 361 patients with carotid atherosclerotic 

disease) and examined changes in LRNC volumes and lu-

men volumes after statin therapy for at least one year. The 

vast majority of prospective studies reported a significant 

reduction in LRNC volumes, without any significant change 

in plaque burden. The small sample size of included studies 

and their large heterogeneity in doses and types of statins 

were important limitations of that meta-analysis.

Lipid-core regression can be a representative mecha-

nism of statin-induced plaque stabilization [32]. The latest 

prospective studies [22, 33] using 3T MRI imaging have 

confirmed the statin-induced reduction in lipid percentage 

and lipid volume within the carotid plaque after intensive 

statin therapy. Notably, MRI images showed a dose-de-

pendent counterregulatory effect of pitavastatin (4 mg/d 

vs. 2 mg/d) on lipid core, plaque thickness, and lumen area 

[22]. In parallel, MRI can detect IPN, which is associated 

with a high risk of plaque rupture and consequent events 

[34–36]. A recent prospective study (Du et al. 2019 [34]) 

reported a significant reduction in adventitial and IPN over 

two years with rosuvastatin therapy. Notably, that effect 

peaked in the first 3 months after rosuvastatin initiation.

Therefore, MRI has the potential to quantify carotid 

plaque vulnerability and stabilizing effects of statin ther-

apy by assessing the changes in lipid content and neovas-

cularization [33, 34]. Future studies will clarify whether an 

MRI-based algorithm could tailor the optimal statin therapy 

in patients with carotid atherosclerosis.

Effects of statins on ultrasound-based carotid 

plaque vulnerability

Ultrasonography of the carotid arteries is an old, widely 

used imaging modality for the assessment of carotid 

plaque morphology. Carotid ultrasound constitutes 

a cost-effective, easily performed, non-invasive, reproduc-

ible technique for the evaluation of the degree of carotid 

stenosis and the vulnerability of carotid atheromatous 

plaques. Plaques rich in lipid and hemorrhagic content ap-

pear echolucent while those with fibrous or calcific content 

appear echogenic. Prospective studies have documented 

the strong association between low echogenicity and ca-

rotid plaque vulnerability, the latter clinically manifested 

with neurological symptoms and/or ipsilateral to plaques 

ischemic lesions on brain scans [12]. Moreover, plaque 

echolucency has been also associated with a high occur-

rence of adverse cardiovascular events, as an expanded 

measure of “vulnerable” patients[5]. The traditional role of 

ultrasound in this context is the estimation of the grayscale 

median (GSM) or the integrated backscatter. Both scales 

have been applied in carotid atherosclerosis, but their 

validation as prognostic modalities requires more evidence.

A meta-analysis of nine studies (566 patients) published 

in 2015, investigated the impact of statins on carotid 

plaque echogenicity [37]. The important finding of that 

meta-analysis was the statin-induced amelioration of 

carotid plaque echogenicity and other features of plaque 

stability, independently of changes in the plaque size (e.g. 

1649 records screened 
by their title and abstract

98 full-text articles 
screened for eligibility

65 full articles included 
in qualitative analysis

33 excluded 
(unavailable data, no clear results)

1584 excluded (conference abstracts, 
small samples, wrong design, 
wrong patient’s population, 
unavailable full-text articles)

Figure 1. Flow chart showing a selection of studies in the literature review
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thickness, area, volume). Most importantly, the authors de-

scribed a dose-dependent pattern of statin-induced plaque 

echogenicity since it was more profound when higher 

doses were administered. Probably, the pleiotropic (e.g. 

anti-inflammatory) rather than lipid-lowering properties 

of statins, might provide a plausible explanation for this 

pattern. Since 2015, three more studies [38–40] have been 

published investigating the effect of statins on carotid 

plaque echogenicity. Those studies examined different 

statin class members (atorvastatin 20–80 mg/d, pitavastatin 

2 mg/d, pravastatin 10 mg/d) in patients with already ex-

isting carotid plaques and stroke or hypercholesterolemia 

for 6–12 months. All three studies showed an increase 

in carotid plaque echogenicity. Notably, statin-related 

reduction in high-sensitivity C-reactive protein (hs-CRP) 

was inversely correlated with the increase of the GSM [38]. 

Advances in carotid ultrasound allow for the measurement 

of carotid total plaque area, which has been associated with 

a high rate of cardiovascular events (stroke/myocardial 

infarction/revascularization) [41]. Intensive pharmaceutical 

interventions, among them statin administration, reduce 

total plaque area, which results in a decline in clinical 

adverse events. Newer ultrasonographic techniques have 

also emerged, such as superb microvascular imaging 

(SMI), contrast-enhanced ultrasound (CEUS), and carotid 

plaque elasticity [42]. Preliminary data have suggested 

the association of statin therapy with less IPN, based on 

SMI and CEUS, but their diagnostic accuracy should be 

further tested [40]. Regarding the underlying mechanisms 

of statin-induced carotid plaque echogenicity (a higher 

GSM score), this probably derives from increased plaque 

calcification, usually observed with statins [10]. Hence, ca-

rotid ultrasound has the potential to easily assess changes 

in plaque composition, but more studies are required to 

validate the impact of statin therapy on ultrasound-based 

“vulnerable” plaques and clinical outcomes.

Effects of statins on fluorodeoxyglucose-positron 

emission tomography/computed tomography- 

-based assessment of carotid plaque vulnerability 

PET/computed tomography (CT) has been proposed as 

a useful tool for the detection of arterial wall inflammation 

implicating atherosclerotic plaque vulnerability [43]. In 

assessing the noninvasive quantification of inflammation- 

-related plaque metabolism, 18-fluorodeoxyglucose (FDG) 

radiotracer accumulates in plaque macrophages, depicting 

the severity of atherosclerotic plaque inflammation [44]. In 

other words, PET/CT can detect even small changes in arte-

rial wall inflammation, which is a unique property among 

other imaging techniques or biomarkers. So far, seven pro-

spective studies have used scintigraphy to evaluate the im-

pact of statins on carotid plaque inflammation by measur-

ing target-to-background ratio (TBR) (n = 5 studies) [45–48] 

and/or standardized uptake value (SUV) (n = 3 studies) [39, 

49, 50]. Most of them supported a significant reduction of 

arterial wall inflammation after either 3-month atorvastatin 

(10–80 mg/d)[46, 48–50] therapy, or 1-month atorvastatin 

(20 mg/d) [45] administration, or 6-month therapy with 

either simvastatin (10 mg/d), rosuvastatin (10 mg/d) [39], 

pitavastatin (2 mg/d), or pravastatin (10 mg/d) [39]. Only 

one study failed to show such an effect [46]. Although none 

of those studies co-evaluated the clinical outcomes along 

FDG-PET/CT scan findings, the results indirectly suggest 

that statin administration favorably changes plaque texture 

by suppressing intraplaque inflammation [48]. This could 

decide unambiguously the dosage of statins.

Table 1 summarizes the up-to-date data on statin- 

-induced effects on novel imaging markers of carotid 

plaque vulnerability based on imaging modalities.

Limitation of imaging markers

Overall, the absence of cut-off values remains the great 

disadvantage of novel imaging markers for their clinical 

application in patients with carotid atherosclerosis. The 

favorable statin-induced changes in imaging parameters 

should be graded based on validation studies. Unambigu-

ously, carotid ultrasound seems to be the most cost-effec-

tive among all imaging techniques; and it is also superior in 

terms of saving time, feasibility, and reproducibility. There 

is a plethora of prospective data supporting its accuracy, 

which makes it a first-line choice for monitoring patients 

with asymptomatic carotid atherosclerosis.

EFFECTS OF STATINS ON BIOMARKERS  
OF CAROTID PLAQUE VULNERABILITY

Inflammatory biomarkers

Inflammatory biomarkers play a key role in carotid artery 

disease, mediating plaque progression and vulnerability. 

In parallel, statins exert anti-inflammatory properties with 

potential stabilizing effects on atherosclerotic plaques [51]. 

Twenty-four prospective clinical trials have assessed the 

influence of statins on carotid plaque vulnerability con-

comitantly with the modulation of circulating inflammatory 

biomarkers. Based on imaging indices of plaque vulnera-

bility, such as PET scans [47, 48–50, 52] and carotid plaque 

echogenicity [53, 54], most of those studies suggested an 

improvement in plaque stability after statin administration, 

accompanied by a significant reduction in inflammatory 

biomarkers. Those studies used the most known inflam-

matory biomarkers, like CRP [47–49, 53–59], interleukin 

(IL)-6 [53, 55–57, 59], tumor necrosis factor (TNF)-a [49, 

54, 56, 59], and monocyte chemoattractant protein-1 [49]. 

Nevertheless, two studies[52,58] failed to demonstrate the 

stabilizing effects of statins despite their anti-inflammatory 

action while other studies failed to find any effect of statins 

on the aforementioned anti-inflammatory biomarkers at 

all. Using less-known inflammatory biomarkers such as 

tumor necrosis factor receptor (TNFR)-I and II [58], IL-2, 

-8, -10, -18, -23, interferon-γ, transforming growth factor  

(TGF)-β [59], pentraxin-3 [49], and others, statins have 

shown anti-inflammatory impact as well. The association 
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Table 1. Studies investigating the effects of statins on carotid plaque vulnerability based on novel imaging modalities

Authors Population (number, underlying 

disease) 

Protocol design (type, duration, groups, 

dose) 

Novel imaging markers 

MRI 

Feng T 2017 [22] 50 patients with carotid atherosclerosis Randomized (48 weeks)

• 26 patients PITA (2 mg/d)

• 24 patients PITA (4 mg/d)

 Lipid core area

 Plaque thickness

 Wall area

 Normalized wall index 

 Lumen area

(dose-dependent effect of PITA)

Brinjikji W 2017 [31] Systematic review: 7 studies (8 treat-

ment arms), 361 patients with carotid 

atherosclerosis 

Non-randomized (3–24 months) 

Various statins 

 Wall volume 

 Lumen volume 

 LRNC volume 

Alkhalil M 2018 [33] 21 statin-naive patients with ACS Non-randomized (3 months) 

ATOR (80 mg/d)

 Carotid lipid (%) 

 Carotid fibrous (%)

Du R 2019 [34] 43 statin-naive patients with asympto-

matic carotid atherosclerosis underwent 

Non-randomized (3, 12 and 24 months) ROSU 

(5–20 mg/d) & DCE-MRI

 Adventitial & plaque vascu-

larity 

 Adventitial & plaque vascular 

permeability 

Carotid ultrasound 

Ibrahimi P 2015 [37] Systematic review: 9 studies (11 

treatment arms), 566 participants with 

carotid atherosclerosis

5 prospective open-label studies and 4 RCTs

Mean follow up: 7.2 months

ATOR, SIMVA, PRAVA, PITA, and ROSU 

 Plaque echogenicity

 hs-CRP

(dose-dependent statin effect) 

Marchione P 2015 [38] 210 patients with recent symptomatic 

ischemic cerebrovascular event (TIA, 

minor stroke, major stroke)

Randomized (12 months)

• 68 patients ATOR (80 mg/d)

• 69 patients ATOR (40 mg/d)

• 73 patients no statin 

 Plaque echogenicity 

 GSM score

 Plaque thickness 

 Degree of stenosis

 hs-CRP

Zhu Y 2019 [40] 82 patients with carotid atherosclerosis Randomized (6 months) 

• 39 patients ATOR (20 mg/d) 

• 43 patients control group 

 Intraplaque neovascularization 

(CEUS and SMI) 

F18-FDG-PET

Kim CJ 2020 [45] Statin-naive patients with ACS and non-

calcified carotid plaques 

Non-randomized (1 month)

ATOR (20 mg/d) 

 TBR

Hoogeveen RM 2021 [46] 14 patients with CKD stage 3 or 4  

(eGFR = 15–60 ml/min/1.73 m2)

Non-randomized (12 weeks)

ATOR (40 mg/d)

 TBR

Oh M 2019 [47] 50 patients with ACS Randomized (6 months) 

• 25 patients Ezetimibe/SIMVA (10/10 mg/d)

• 25 patients ROSU (10 mg/d)

 Plaque inflammation

 TBR

Tawakol A 2013 [48] 67 subjects with risk factors or esta-

blished carotid atherosclerosis 

Randomized (4 weeks and 12 weeks)

• ATOR (10 mg/d)

• ATOR (80 mg/d)

 TBR

(dose-dependent reduction) 

Komatsu T 2021 [49] 31 statin-naive patients w/ carotid 

atherosclerosis 

Randomized (12 weeks) 

• 15 patients dietary management 

• 16 patients ATOR (10 mg/d) 

 Arterial inflammation (carotid 

and thoracic aorta)

 18-FDG uptake

Van der Valk F 2016 [50] 24 patients with AS

20 controls age- and sex-matched 

Non-randomized (3 months)

ATOR (40 mg/d)

 Carotid arterial wall inflam-

mation

 18-FDG uptake 

F18-FDG-PET + carotid ultrasound

Watanabe T 2015 [39] 20 patients high risk of atherosclerosis 

or in need of statin treatment

Randomized (6 months)

• 10 patients PITA (2 mg/d)

• 10 patients PRAVA (10 mg/d)

 TBR (in the PITA group)

 CIMT (PITA group)

 CIMT (PRAVA group)

 SUV

 Plaque echogenicity

Abbreviations: ACS, acute coronary syndrome; AS, ankylosing spondylitis; ATOR, atorvastatin; CEUS, contrast enhanced ultrasound; CIMT, carotid intima-media thickness; 

DCE-MRI, dynamic contrast-enhanced MRI; FDG, fluorodeoxyglucose; GSM, gray scale median; hs-CRP, high-sensitivity C-reactive protein; LRNC, lipid-rich necrotic core;  

MRI, magnetic resonance imaging; PET, positron emission tomography; PITA, pitavastatin; PRAVA, pravastatin; RCTs, randomized controlled trials; ROSU, Rosuvastatin;  

SIMVA, simvastatin; SMI, superb microvascular imaging; SUV, standardized uptake value; TBR, target-to-background ratio; TIA, transient ischemic attack

between carotid plaque stabilization and suppressed 

inflammation after statins was observed across hetero-

geneous studies using a wide spectrum of statins, doses, 

and therapy duration. Nevertheless, the inhibition of 

inflammatory pathways remains among the predominant 

pleiotropic mechanisms of intensive statin therapy, leading 

to histopathologically stable carotid plaques and fewer car-

diovascular events [60–62]. Provisionally, close monitoring 

of those biomarkers in statin-treated patients could predict 

atherosclerotic plaque destabilization and cardiovascular 

disease progression (Figure 2).

Neovascularization

Intraplaque neovascularization is a characteristic feature 

of vulnerable plaques, associated with carotid plaque 

rupture and stroke recurrence [63]. Unfortunately, only 

small-cohort studies have examined the impact of statins 

on IPN. Four previous studies have assessed IPN using 
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CEUS. All of them suggested reduced IPN after either 

6-month statin therapy [40, 64], or 24-month atorvastatin 

administration (20 mg/d) [65], or angiotensin-converting 

enzyme inhibitors and statins treatment [66]. Similarly, in 

45 statin-naive patients with asymptomatic carotid ath-

erosclerosis, 24-month rosuvastatin therapy (5–20 mg/d) 

reduced the MRI-based IPN[34]. The main limitations of the 

existing studies are the small number of participants and 

short duration of therapy [34]. To our knowledge, a single 

study [67] has reported an inverse relationship between 

the statin-induced regression of IPN within carotid plaques 

and stroke incidence. Those atheroprotective mechanisms 

of statins may be attributed to their favorable effects on 

endothelial cell proliferation and nitric oxide (NO) bioavail-

ability [68–70]. Therefore, larger studies are needed to con-

firm the negative impact of statins on IPN, the underlying 

mechanisms, and the clinical relevance.

Calcification

Osteopontin (OPN) and osteoprotegerin (OPG) constitute 

potent inhibitors of osteoclastogenesis and vascular 

calcification and are secreted by a plethora of tissues, 

including endothelial cells, vascular smooth muscle 

cells, and macrophages [71–72]. OPN is a multifunctional 

phosphoprotein, and OPG is a member of the TNF-related 

family and part of the receptor activator of nuclear factor-B 

ligand (RANKL). Both of them have been involved in several 

inflammatory conditions, such as autoimmune diseases, 

atherosclerosis, and vascular calcification [73], and they 

have been associated with cardiovascular mortality [74, 75]. 

Scarce data support the influence of statins on blood 

regulators of vascular calcification [76].So far, only three 

studies have investigated the effect of statins on circulat-

ing levels of OPN and OPG in patients with carotid artery 

disease [77–79]. In particular, patients with symptomatic  

Figure 2. Stabilizing effects of statins on the carotid atherosclerotic plaque by suppressing inflammation and neovascularization

Abbreviations: CRP, C-reactive protein; IL, interleukin; MCP, monocyte chemoattractant protein; OPG, osteoprotegerin; OPN, osteopontin; 

TNF-a, tumor necrosis factor-a

or asymptomatic established carotid atherosclerosis 

were treated with atorvastatin 10–80 mg/d for 6 to 

12 months. Statin administration significantly reduced 

OPN and OPG levels in a dose-dependent manner. Simul-

taneously, the GSM score was inversely correlated to the 

atorvastatin-induced changes in OPN and OPG levels [77, 

78]. That led to a mechanistic explanation of an inverse 

relationship between atherosclerotic calcification triggered 

by statins and carotid plaque vulnerability. Although this 

hypothesis seems attractive, it has two important draw-

backs. First, it should be further tested in studies evaluating 

clinical outcomes and not only surrogate markers, like 

the GSM [10]. Second, the interplay between statins and 

vascular calcification is more complex. The latter compris-

es an essential part of atherosclerosis development but 

is a less common characteristic in advanced, vulnerable 

atherosclerotic plaques. Statins seem to exert a dual action. 

On the one hand, in developing atherosclerotic plaques, 

they can slow down or even inhibit atherogenic mech-

anisms, like calcium deposition [80]. On the other hand, 

in established and advanced atherosclerotic lesions, they 

may increase the calcification density [81]. This working 

hypothesis has been derived from extensive research about 

the interpretation of higher calcium scores in the coronary 

artery tree among statin users [82]. The calcium score is an 

unambiguous index of atherosclerosis progression, but the 

clinical meaning of its modification by statins is still com-

plex. Extrapolating those results to carotid artery disease, 

more studies with a larger number of patients need to be 

conducted to verify the interplay between statin use, the 

serum levels of vascular calcification inhibitors, the stabi-

lization process via calcification, and the net effect on the 

overall cardiovascular risk. Table 2 depicts the combined 

application of biomarkers and imaging techniques for the 

assessment of carotid plaque vulnerability.
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Thrombosis

A few other biomarkers have been targeted by statin inter-

ventions with regard to their correlation to carotid plaque 

vulnerability and cardiovascular morbidity and mortality. 

Tissue factor (TF) is a glycoprotein, derived from activated 

macrophages and T cells. It is highly expressed in unstable 

atheromatous plaques and relates to the coagulation cas-

cade [83]. Two studies have examined the effect of statin 

use on TF expression in carotid plaques extracted from 

patients undergoing CEA. Both of them found less TF pro-

tein expression within carotid plaques from statin-treated 

patients, without any influence on tissue factor pathway 

inhibitor [84, 85]. Perhaps, this may lead to a suppressed 

thrombotic response to plaque rupture, and consequently 

to a reduced incidence of ipsilateral stroke.

Limitations of biomarkers

Biomarkers are easy to use, accessible, relatively cheap, and 

repeatable tools for the surveillance of many diseases and 

Table 2. Studies investigating the effects of statins on carotid plaque vulnerability based on a combined assessment of biomarkers and 

imaging markers

Authors Population (number,  

underlying disease) 

Protocol design  

(type, duration, groups, dose) 

Biomarkers Novel imaging markers 

Komatsu T 2021 

[49]

31 statin-naive patients carotid 

atherosclerosis 

Randomized (12 weeks): 

15 patients dietary management 

16 patients ATOR (10 mg/d) 

 CRP

 S100A12

 TNF-a

 MCP-1

 Pentraxin 3

 Arterial inflammation 

(carotid and thoracic aorta) 

by FDG-PET/CT

 FMD

Oh M 2020 [52] 48 patients ACS Randomized (6 months) 

ROSU (20 mg/d)

Ezetimibe/ROSU (10 mg/5 mg/d) 

 hs-CRP (ezetimibe/ 

/ROSU group) 

 TBR (PET)

Oh M 2019 [47] 50 patients ACS Randomized (6 months) 

25 patients Ezetimibe /SIMVA (10/10 

mg/d)

25 patients ROSU (10 mg/d)

 hs-CRP  Atherosclerotic plaque 

inflammation

 TBR

Van der Valk F 

2016 [50] 

24 patients AS

20 age-, sex- matched controls 

Non-randomized (3 months)

ATOR (40 mg/d)

 CRP  Carotid arterial wall inflam-

mation (by FDG-PET/CT)

Watanabe T 2015 

[39]

20 patients Randomized (6 months)

10 patients PITA (2 mg/d)

10 patients PRAVA (10 mg/d)

 -CRP  TBR (PITA group)

Tawakol A 2013 

[48]

67 patients cardiovascular risk 

factors or established atherosc-

lerosis 

Randomized (4 weeks and 12 weeks)

ATOR (10 mg/d)

ATOR (80 mg/d)

 hs-CRP  TBR

(dose-dependent reduction)

Yamagami H 2008 

[53] 

81 patients hypercholesterolemia 

+ carotid atherosclerosis 

Non-randomized (12 months):

41 patients no statin 

24 patients SIMVA (10 mg/d)

16 patients ATOR (5 mg/d)

 hs-CRP

 IL-18

 IL-6 

 Plaque thickness

 Plaque echogenicity 

Nakamura T 2008 

[54]

65 patients ACS + echolucent 

carotid plaque

Randomized (1 month):

33 patients PITA (4 mg/d)

32 patients placebo 

 CRP

 VEGF

 TNF-a

 Total cholesterol 

 Triglycerides

 LDL-C

 Plaque echogenicity

Kadoglou N 2008 

[77]

97 patients with carotid atherosc-

lerosis mot requiring intervention

52 age- and sex-matched 

controls

Non-randomized (6 months)

97 patients ATOR (10–80 mg/d) target 

LDL-C <100 mg/dl

52 controls no treatment

 hs-CRP

 OPG

 OPN

 GSM

Kadoglou N 2010 

[79]

140 patients with symptomatic or 

asymptomatic moderate carotid 

atherosclerosis not requiring 

intervention

Randomized (12 months)

70 patients moderate therapy: ATOR 

(10–20 mg/d) target LDL-C <100 mg/dl

70 patients aggressive therapy: ATOR (80 

mg/d) target LDL-C <70 mg/dl

 hsCRP

 OPG

 OPN

(dose-dependent 

manner)

 GSM

(significant increase after 

aggressive therapy)

Abbreviations: AS, ankylosing spondylitis; CT, computed tomography; FMD, flow-mediated dilatation; hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; MCP, mono-

cyte chemoattractant protein; OPG, osteoprotegerin; OPN, osteopontin; TBR, target-to-background ratio; TNF-a, tumor necrosis factor-a; VEGF, vascular endothelial growth 

factor; other — see Table 1

monitoring the efficacy of their therapeutic regimens. Nu-

merous biomarkers can be easily assayed in blood samples, 

but their levels may be affected by co-morbidities or 

medications while their circulating levels do not exclusively 

express the local plaque destabilization process, confound-

ing the interpretation of their changes. Moreover, their use 

at the moment is limited to research purposes.

PERIOPERATIVE TREATMENT WITH STATINS 
OF PATIENTS WITH CAROTID 

ATHEROSCLEROSIS
The systematic use of statins is increasing during the 

perioperative period of carotid revascularization, either 

CEA or CAS. Substantial evidence supports using statins 

before major vascular operations as a measure to reduce 

the perioperative incidence of major complications/death 

[86]. A meta-analysis of six studies (7 053 patients) under-

going CEA demonstrated a lower periprocedural death 

rate in statin-treated patients compared to statin-naive  
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patients, without affecting the risk of stroke [87]. A more 

recent systematic review analyzed seven studies of 

21 387 CEA-treated patients and confirmed reduced 

mortality associated with statin treatment persistent for 

a longer mean follow-up period (62 months) [88]. That 

meta-analysis described also a lower incidence of peripro-

cedural stroke as a result of statin administration. Lastly, 

a similar meta-analysis (four studies of 4 978 patients) 

showed better survival rates and decreased risk of stroke 

when statins were used before CEA [89]. In conclusion, in 

patients undergoing CEA, the early prescription of statins 

unambiguously reduces mortality and, possibly, stroke 

incidence, but more studies are needed.

In the case of patients undergoing CAS, a single me-

ta-analysis including 11 studies and 4 088 patients docu-

mented lower rates of perioperative ischemic stroke and 

death in patients treated with statins before intervention 

[90]. However, the risk of perioperative TIAs was not affect-

ed by statins. Since then, one randomized control trial (RCT) 

and three retrospective studies have been published with 

controversial results. In particular, the RCT confirmed that 

patients receiving statins had a lower incidence of post-op-

erative TIAs and stroke in comparison to placebo receivers 

[91]. However, the latest three retrospective studies did 

not detect any benefit from statin administration in terms 

of stroke incidence [92–94]. Thus, the evidence about the 

advantages of statins’ use in patients undergoing CAS is 

still controversial. Further data, especially from powered 

RCTs are needed.

AGGRESSIVE VS. CONVENTIONAL  
STATIN THERAPY

The benefits of aggressive over conventional statin treat-

ment in patients with carotid stenosis is a highly challeng-

ing topic. The term “aggressive” describes the prescription 

of the highest dose of statins independent of LDL-C levels, 

while the “conventional” approach determines the dose 

based on the achievement of LDL-C targets. We have previ-

ously demonstrated a dose-dependent increase in carotid 

plaque stability expressed by the GSM score in patients with 

carotid atherosclerosis receiving statins and not requiring 

revascularization [81]. Growing evidence supports the 

aggressive statin therapy over the conventional one with 

regard to its impact on plaque stability in asymptomatic 

patients with carotid atherosclerosis without the need for 

revascularization [95]. Most importantly, the higher doses 

of statins have been extensively shown as an effective 

measure to reduce morbidity and mortality in patients 

with other atherosclerotic manifestations at very low risk 

of adverse events [96, 97].

On the other hand, only a few retrospective and obser-

vational studies have comparatively evaluated aggressive 

versus conventional perioperative statin therapies in pa-

tients undergoing either CEA or CAS. The results regarding 

the perioperative stroke rates were contradictory [94, 98, 

99]. Interestingly, the higher the dose of statins, the lower 

the frequency of new lesions on MRI after 48 hours of CAS. 

In a retrospective study of 21 277 individuals undergoing 

CEA, aggressive statin therapy did not further reduce the 

perioperative stroke rates [100]. As a result, RCTs with 

larger populations need to be conducted to clarify whether 

higher statin doses confer greater cardiovascular and cer-

ebrovascular protection on patients with carotid stenosis 

undergoing revascularization. After aggressive statin ther-

apy, a further decrease in LDL-C levels is expected. This is 

in line with the current recommendations of the scientific 

societies for very low LDL-C targets in patients with signif-

icant carotid atherosclerosis. However, the bottom LDL-C 

limit has not been yet established, maintaining “the lower 

LDL-C, the better for the patient” as a general rule. In this 

case, the therapeutic target should be re-considered from 

lipid-lowering to other indices of plaque vulnerability.

CONCLUSION
The current literature review recommends a multi-level 

guided statin therapy based on blood LDL-C levels, novel 

imaging modalities, and systematic biomarkers in patients 

with established asymptomatic carotid atherosclerosis not 

requiring revascularization. Such an approach, in addition 

to lipid-lowering, will assist in patient risk stratification 

and guide an aggressive statin therapy, with favorable 

effects on the clinical course. On the other hand, periop-

erative statin usage has not shown consistently beneficial 

results. Only the pre-operative commencement of statins 

in patients undergoing CEA has been shown to be bene-

ficial independently of the dose. More unambiguous data 

are needed to alter the therapeutic targets of statins in 

patients with carotid atherosclerosis undergoing, or not, 

carotid revascularization.
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A B S T R A C T 

Mitral valve prolapse (MVP) is the most common primary valvular abnormality, associated with various 

degrees of incompetent function and sequelae, including heart failure and sudden cardiac death. 

Recent improvements in echocardiographic techniques and new insights into mitral valve anatomy 

and physiology have rendered the diagnosis of this condition more accurate and reliable. Here we 

review the genetic etiology, clinical significance, diagnosis, and treatment options for MVP patients. 

Key words: echocardiography, genetics, heart valve, mitral valve prolapse

INTRODUCTION
Mitral valve prolapse (MVP) is a common car-

diac valvular disorder occurring in 1.2%–3% 

of the general population. The characteristics 

of mid-systolic click were already described 

in 1887 by Cuffer and Barbillon [1]. In 1936, 

Barlow further attributed the physical finding 

to the mitral valve-chordal origin, describing 

mitral insufficiency in these patients [2]. The 

prolapse, as a distinct syndrome, was later de-

scribed using surgical and autopsy specimens 

[3], and since then, it has remained a clinical 

and scientific challenge.

MVP has at least two histological types. The 

first MVP is caused by fibromyxomatous 

changes in the valve leaflets characterized 

by alterations in collagen organization and 

an increase in glycosaminoglycans causing 

thickening of the leaflets. This gives the valve 

the pathological appearance designated 

“myxomatous degeneration”. The second, 

termed fibroelastic deficiency, is more prev-

alent in elderly people and is characterized 

by thickening of the spongiosa and accumu-

lation of collagen [4]. These changes lead to 

biomechanically impaired leaflets, resulting in 

redundancy and prolapse into the left atrium 

(Figure 1) [5, 6]. This further creates abnormal 

strain on the chordae, which may lead to rup-

ture and worsen the regurgitation. 

ETIOLOGY

MVP genetics

MVP can be classified as sporadic (isolated 

cardiac presentation), familial or syndromic. 

Syndromic MVP, also referred to as secondary 

MVP, is the presence of MVP and other known 

disorders, most commonly, a connective tis-

sue disease. The prominent related syndromes 

include Marfan syndrome [7], Loeys–Dietz 

syndrome, Ehlers–Danlos syndrome, and 

osteogenesis imperfecta, among others [8]. 

A summary of the main syndromes is present-

ed in Table 1.

Familial MVP is diagnosed whenever 

MVP is present as an isolated malformation 

in a first-degree relative. About 35%–50% of 

MVP cases are familial, suggesting a strong 

genetic component in its etiology. The prev-

alence of MVP among first-degree relatives 

is higher than in the general population and 

is estimated at 5%–20%. Familial studies of 

non-syndromic MVP suggest an autosomal 
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A

B

Figure 1. A. Mitral valve prolapse (MVP) is defined by the abnormal 

position of the mitral leaflets to their surrounding structures. Car-

diac ultrasound is well suited for MVP phenotyping. B. Parasternal 

long-axis view of a human heart with MVP. The leaflets are above 

the annular line (the dotted line) during systole (the white arrows). 

The gap between the leaflets generates the potential for regurgita-

tion (the yellow arrow). Adapted from [6]

Abbreviations: Ao, aorta; LA, left atrium; LV, left ventricle 

Table 1. Genetics of syndromic mitral valve prolapse 

Genes Gene’s function Presence 

of MVP

Inheritance 

mode

Main features

Marfan syndrome FBN1 Structural component in the 

extracellular matrix

40%–80% AD MVP is one of the diagnostic 

criteria 

Loeys–Dietz 

syndrome

TGF-β receptor 1 (TGFBR1); 

TGFBR2; SMAD3; TGFB2; TGFB3

TGF-β singling — well-esta-

blished pathway for connective 

tissue disorders

25% AD/AR Lower rate of MVP in comparison 

to FBN1

Ehlers–Danlos 

syndrome

COL5A1 or COL5A2 or COL1A1 

and TNXB

Connective tissue components AD Mainly vascular phenotype, MVP 

in ~6%

Williams–Beuren 

syndrome

ELN Encode major structural protein 

involved in organization of 

vascular smooth muscle

6% AD Cardiac phenotype includes supra-

valvular and pulmonary stenosis 

(45%–75%) and MVP (6%)

Osteogenesis 

imperfecta

COL1A1, COL1A2, CRTAP, and 

P3H1

Proteins involved in the extra-

cellular matrix of connective 

tissues

5.4% AD Cardiac phenotype includes aortic 

root dilatation and aortic valve 

abnormalities

Trisomies Trisomies in chromosomes 18, 

13, and 15

Most cases are 

sporadic

Sever global phenotype (including 

growth retardation and cognitive 

impairment)

Stickler syndrome COL2A1, COL11A1,  

COL11A2, COL9A1, COL9A2,  

COL9A3

Proteins involved in the extra-

cellular matrix of connective 

tissues

4% AD/AR

The main syndromes which may present with MVP, their genetic origin, and the prevalence of MVP within each syndrome

Abbreviations: AD, autosomal dominant; AR, autosomal recessive;  TGF-β, transforming growth factor β; other — see Figure 1

dominant mode of inheritance with incomplete and 

age-dependent penetrance [9–12]. 

Genes that are associated with non-syndromic MVP are 

detailed in Table 2. The first genetic mutation for non-syn-

dromic MVP has been successfully linked to FLNA (filamin 

A mutations) in the family with X-linked inheritance [13]. 

The FLNA gene encodes an actin-binding protein that 

crosslinks actin filaments and links them to membrane 

glycoproteins. Later on, mutations in the DCHS1 gene were 

also identified as causing MVP [14]. DCHS1 is a member of 

the cadherin superfamily that encodes calcium-dependent 

cell-cell adhesion molecules. Using zebrafish and mouse 

models, it has been demonstrated that mutated valves 

exhibit abnormal planar cell polarity architecture in the 

valve matrix resulting in myxomatous degeneration and 

prolapse. Six loci reached genome-wide statistical sig-

nificance in a genome-wide association study (GWAS) of 

1412 MVP cases and 2439 controls. Through functional 

analysis, clinical importance was demonstrated for two 

genes: LMCD1 (LIM and cysteine-rich) and TNS1 (tensin1) 

by altered valve phenotype in zebrafish. A recent study 

found that mutations in the DZIP (DAZ interacting zinc 

finger protein 1) gene, involved in primary cilia formation, 

can cause MVP. Combining analyses of mitral valve devel-

opment in mice with human genetic data suggested that 

MVP can be caused by abnormal cilia function [15]. Recent 

studies have also found epigenetics involvement in the 

pathogenesis of MVP [16], such as evidence from in vivo 

and in vitro studies demonstrating a regulatory role for mi-

croRNAs (miRNAs) [17]. While these genetic findings point 

out potential mechanisms for myxomatous degeneration, 

they currently lack clinical implications. 
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Structural mechanisms 

The mitral valve annulus has a characteristic saddle-shaped 

shape, with high anterior and posterior points and concave 

leaflets toward the left ventricle in the zone of coaptation. 

This determines the anatomical definition of MVP in which 

prolapse is defined when the leaflet or leaflets prolapse into 

the left atrium above the line connecting the two annular 

high points [6]. The practical aspect of this is that prolapse 

can only be safely diagnosed by echocardiography (such 

as in parasternal long-axis view on echocardiography) 

whenever both high points are in the image plane.

It has been suggested that structural and functional 

remodeling, as shown by cardiac magnetic resonance, may 

lead to early focal or diffuse fibrosis of the papillary muscles, 

which play a role in reentry circuits, leading to a high-risk 

MVP phenotype [18]. 

CLINICAL SIGNIFICANCE
MVP is a progressive disease, found with increased rates 

and severity with age [19]. It has a broad spectrum of 

clinical presentations, from silent disease to severe cardiac 

events. While incorrectly considered by many a benign con-

dition, it often manifests from the fourth to sixth decades of 

life as a severe cardiac event [9]. Clinical symptoms may in-

clude atypical chest pain, exertional dyspnea, palpitations, 

and the classical sign is mid-systolic click. MVP is the most 

common cause of isolated mitral regurgitation requiring 

surgical repair. The lifelong serious adverse complication 

rate for MVP is 30% [20, 21]. MVP often results in mitral 

regurgitation, which can lead to cardiac chamber dilation, 

arrhythmias, bacterial endocarditis, and congestive heart 

failure [22]. 

Importantly, MVP has recently been recognized as 

a common cause of arrhythmias, including sudden cardiac 

death (SCD). This life-threatening phenotype is referred to 

as “arrhythmogenic” or “malignant” MVP [23], and its exact 

prevalence is unclear [24, 25]. In our preliminary results, 

9.4% of the MVP families had a history of SCD (unpublished 

data). The risk of SCD in MVP is estimated to be 3-fold higher 

than in the general population (0.1% per year) [26]. Four 

percent of SCDs among young athletes are attributed to 

MVP [27]. Arrhythmogenic MVP has been associated with 

abnormalities of T-waves, which can be a result of the 

endocardial and mid-myocardial changes of the papillary 

muscles or the left ventricle [24]. Other factors include 

bileaflet involvement, polymorphic inferiorly triggering 

ventricular premature beats, mitral annular disjunction, 

Pickelhaube sign on tissue Doppler tracing of the mitral an-

nulus, and female sex [28]. Mitral annulus disjunction (MAD) 

is an abnormal atrial displacement of the posterior mitral 

leaflet hinge point. This creates a separation of the mitral 

valve annulus-left atrial wall. Although MAD is a common 

finding in MVP and could also be found in normal hearts, it 

has recently been associated with ventricular arrhythmias 

and SCD [29]. Few studies have also evaluated the effect 

of the MAD length, suggesting a cut-off value of 6–8.5 mm 

on transthoracic echocardiography (TTE) for the predica-

tion of arrhythmia [30]. Pickelhaube sign is a high-velocity 

(usually >16 cm/s) mid-systolic spike in the tissue Doppler 

velocity profile of the mitral valve annulus in patients with 

bileaflet MVP. 

The high morbidity of MVP leads to a significant eco-

nomic burden for both the patient and the healthcare 

system. The annual hospitalization cost for treating mitral 

regurgitation in France only was €292 million, including 

surgical and non-surgical cases [31]. The yearly cost for 

surgical interventions only was estimated at €80 million. 

Due to the described variability, further studies to 

develop a risk-stratification model for MVP are pertinent. 

This will allow personalized treatment that could  address 

individual risks for adverse outcomes, saving unnecessary 

interventions. 

DIAGNOSIS
The classic physical auscultatory findings of mid-systolic 

clicks and/or late systolic murmurs are associated with MVP 

but are not sufficient for diagnosis. 

The first-line and most commonly used imaging mo-

dality for MVP is TTE. The seminal work by Robert Levine 

on the saddle shape of the mitral valve annulus informed 

the definition of MVP in the American Society of Echocar-

diography guidelines as displacement of 2 mm or more of 

 Table 2. The main genes associated with non-syndromic mitral valve prolapse

Gene Gene function Genetic approach

DCHS1 Member of the cadherin superfamily that encodes calcium-dependent cell-cell adhesion molecules Familial segregation study

FLNA Promotes orthogonal branching of actin filaments and links actin filaments to membrane glycoproteins Familial segregation study

TNS1  Encodes for tensin 1, actin-binding protein GWAS

LMCD1  Transcription factor repressor of GATA6 GWAS

DZIP Role in primary cilium formation Familial segregation study

LMCD1, NMB, and 

ALPK3

Known to be involved in cardiomyopathies GWAS

LTBP2, TGFB2, Encodes an extracellular matrix protein involved in regulation of TGF-β signaling. LTBP2 is associated with 

connective tissue disorders

SPTBN1 Encodes β2-spectrin, a scaffold protein that connects the actin cytoskeleton to the plasma membrane

Abbreviation: GWAS, genome-wide association study; other — see Table 1
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the valve leaflets above the annular line in the long-axis 

view during systole (Figure 1A).  The European Society of 

Cardiology (ESC) guidelines refer to the superior displace-

ment of the mitral valve coaptation point relative to the 

annulus [32, 33].

Transthoracic echocardiography is also the gold stand-

ard for assessing the grade of MR severity. Transesophageal 

echocardiography can define the abnormal position of the 

mitral leaflets to their surrounding structures based on 

specific and validated criteria (Figure 1B), and can further 

delineate MAD. Three-dimensional echocardiographic 

studies [5, 6] have significantly increased the specificity of 

diagnostic criteria for MVP. 

In recent years, the role of structural imaging is becom-

ing significant as it has the potential to identify patients at 

risk of complications. Risk features for arrhythmia include 

thickened leaflets, fibrosis of the papillary muscles and 

inferobasal wall, and MAD as described above. These may 

be used for early detection of arrhythmias allowing for 

appropriate preventative intervention. 

Cardiac magnetic resonance for MVP evaluation is cur-

rently gaining popularity. It can facilitate diagnosis [34], and 

with the use of gadolinium, it can offer benefits in better 

characterizing the tissue, for example detecting myocar-

dial and papillary muscle fibrosis and defining its pattern 

(macro or diffuse fibrosis). Cardiac magnetic resonance is 

the gold standard for left ventricular and right ventricular 

volumetric assessment and can accurately measure regur-

gitant volume and fraction. 

MANAGEMENT 
Currently, our arsenal for the management of MVP is mostly 

surgical. While it is customary to treat MVP with after-load 

reduction with medications such as angiotensin-convert-

ing enzyme inhibitors or angiotensin receptor blockers, 

none of the pharmacologic treatments for MVP have ever 

been shown efficacious in slowing disease progression. The 

only treatments for MVP that are thought to be efficacious 

are surgical and thus palliative. The goal of surgical inter-

vention for MVP is to relieve papillary muscle stretching 

and facilitate ventricular remodeling, which aims to reduce 

ventricular arrhythmias. The options include mitral valve 

repair or replacement, with continuous debate in the liter-

ature regarding the best method. These interventions carry 

a significant complication rate and up to 6.5% mortality 

rate in one study. 

For arrhythmic events prevention and treatment, be-

ta-blockers are the first-choice treatment for symptomatic 

or asymptomatic patients with non-sustained or sustained 

ventricular arrhythmias. However, high-risk features such 

as ventricular arrhythmias, hypercontractility, and fibrosis 

may prompt further electrophysiologic study investigations 

[23]. Some authors have considered ablation protocols to 

relieve the arrhythmia burden with high procedural suc-

cess, although recurrence of ventricular arrhythmia was 

not uncommon [35].

Interestingly, higher levels of soluble suppression of 

tumorigenicity-2 serum levels were associated with MAD 

and ventricular arrhythmias. This biomarker was suggested 

to indicate myocardial stretch. It may have a potential in 

arrhythmogenic MVP diagnosis: the prolapsing leaflets 

in MVP lead to stretching of the papillary muscles and 

adjacent myocardium, which has been associated with 

ventricular arrhythmias. 

One of the key questions in treating MVP is whether 

pharmacological interventions are effective in prevent-

ing complications, particularly given that MVP is seen as 

a structural disease. Recent advances in genetic and mo-

lecular techniques may enable the identification of genetic 

mechanisms leading to preventive treatment that reduces 

disease complications. Marfan syndrome is characterized 

by a high prevalence of mitral valve myxomatous degener-

ation leading to MVP [36]. Mice with a missense mutation 

in FBN1 are known to phenocopy Marfan syndrome. In one 

study, both heterozygous and homozygous mice with a ful-

ly expressed missense mutation in FBN1 were compared 

to wild-type mice. Adult heterozygous mutant mice were 

shown to have MVP by high-resolution echocardiography. 

Treatment with a TGFβ-neutralizing antibody successfully 

normalized morphologic characteristics of myxomatous 

degeneration in both the length and the thickness of the 

mitral valve leaflets [37]. These data suggest that in the 

future medical treatment will be used to modify disease 

progression. 

Cascade screening 

The familial presentation of MVP raises the question of “cas-

cade screening” for first-degree relatives of the MVP index 

case. Cascade screening refers to the common practice of 

identifying individuals at risk of a genetic condition through 

the process of systematic screening. It is a common practice 

for MVP in many centers but has yet to be recommended in 

guidelines. There are several accepted criteria for screening 

methods, including clinical significance, cost-effectiveness, 

test acceptability, and options for early treatment. Screen-

ing for MVP by echocardiography is a simple procedure that 

does not involve risk for the patient or radiation exposure 

as in other imaging modalities. It has the benefit of de-

tecting MVP or associated pathologies at an early stage. 

This allows appropriate follow-up and timely intervention. 

On the other hand, the emotional burden on the patient 

and his family should also be considered. Cost-effective 

data is also lacking in this preliminary stage for systematic 

screening implantation. 

CONCLUSIONS 
MVP clinical variability poses a great challenge to clinicians 

who aim to identify high-risk cases at an early stage. In 

addition to the basic thorough anamnestic, clinical, and 

echocardiographic examination, a deeper understand-

ing of the disease development and mechanism may be 

achieved through combining information about genetics, 
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structural features on advanced imaging, and electrophys-

iological characteristics. 
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A B S T R A C T

Background: Sarcoidosis is a systemic inflammatory disease of unknown etiology, which can affect 

almost any organ. Cardiac involvement determines the prognosis of the affected individuals. Its 

prevalence in patients with extracardiac sarcoidosis with the absence of cardiac symptoms remains 

unclear. Cardiac magnetic resonance (CMR) provides excellent diagnostic accuracy in the detection 

of heart involvement by sarcoidosis.

Aim: We sought to determine the prevalence of cardiac sarcoidosis in asymptomatic individuals 

with newly diagnosed extracardiac sarcoidosis using CMR.

Methods: We prospectively evaluated 55 consecutive patients including 23 women with newly 

diagnosed extracardiac sarcoidosis who underwent contrast-enhanced CMR and had no symptoms 

of heart disease. The mean (standard deviation) age of patients was 43 (11) years. The presence of 

myocardial late gadolinium enhancement (LGE) of non-ischemic etiology on CMR examination was 

considered diagnostic for cardiac sarcoidosis.

Results: In 3 (6%) patients, the LGE pattern consistent with cardiac sarcoidosis was detected. In all 

patients, preserved left ventricular systolic regional and global function was present, and in none 

of them, the elevation of blood biomarkers of myocardial injury or overload was found.

Conclusions: Our study suggests that the prevalence of cardiac involvement in patients with newly 

diagnosed extracardiac sarcoidosis and no symptoms of heart disease is very low as assessed by 

CMR. However, CMR may be considered as part of routine evaluation of patients with extracardiac 

sarcoidosis due to its higher diagnostic yield in comparison with echocardiography and electrocar-

diography, respectively.

Key words: cardiac sarcoidosis, cardiac magnetic resonance, late gadolinium enhancement

INTRODUCTION
Sarcoidosis is a systemic inflammatory disease 

of unknown origin characterized by epithe-

lioid non-necrotizing granulomas, which can 

affect almost any organ. The most common 

form of the disease is pulmonary sarcoido-

sis. However, the presence of cardiac involve-

ment determines the prognosis of affected 

individuals. The heart may be involved as part 

of the systemic disease or in an isolated form. 

Approximately only 5% of patients with sys-

temic disease have symptoms of cardiac sar-

coidosis [1]. However, the prevalence of heart 

involvement seems to be more frequent and 
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W H A T ’ S  N E W ?
Our study shows the prevalence of cardiac involvement in patients with newly diagnosed extracardiac sarcoidosis and no 

symptoms of heart disease. Our data suggest that the prevalence is very low as assessed by cardiac magnetic resonance. 

Nevertheless, based on the current knowledge the detection of heart involvement has significant impact on the management 

of these patients. 

present in about 25% of patients with systemic sarcoidosis 

based on autopsy studies [2]. Nevertheless, the frequency 

of cardiac involvement in living subjects diagnosed primar-

ily with extracardiac sarcoidosis remains unclear.

Cardiac sarcoidosis may remain asymptomatic or pres-

ent as dilated or less frequently restrictive cardiomyopathy 

with symptoms of heart failure, or in the form of several 

types of arrhythmias. Conduction disorders, especially atri-

oventricular blocks and ventricular arrhythmias, are of great 

clinical importance. Furthermore, these life-threatening 

arrhythmias may be the first manifestation of the disease 

and lead to sudden cardiac death [3]. Echocardiography 

is typically used as a first-line method for the detection of 

cardiac sarcoidosis. However, its sensitivity is low for de-

tection of the early stages of the disease. Cardiac magnetic 

resonance (CMR) has excellent diagnostic accuracy in the 

diagnosis of cardiac sarcoidosis including its subclinical 

forms [4]. Therefore, we aimed to prospectively assess the 

presence of cardiac involvement using contrast-enhanced 

CMR in patients with newly diagnosed extracardiac sar-

coidosis and no symptoms of heart disease.

METHODS
In this prospective study, we included 55 consecutive pa-

tients with no symptoms of heart disease who were referred 

to our institution between August 2015 and November 

2021 for evaluation of the presence of cardiac sarcoido-

sis. In all of them, the extracardiac form of sarcoidosis had 

been confirmed in the previous 12 months. The diagnosis 

of extracardiac sarcoidosis was based on the positive 

histology characterized by the presence of epithelioid, 

non-caseating, non-necrotizing granulomas with varying 

degrees of lymphocytic inflammation.

 The diagnostic evaluation included physical exami-

nation, assessment of heart failure symptoms according 

to the New York Heart Association (NYHA) classification, 

standard 12-lead electrocardiogram (ECG), 24-hour ECG 

Holter monitoring, transthoracic echocardiography, blood 

analysis for biomarkers of myocardial injury and overload, 

creatinine and serum levels of angiotensin-converting 

enzyme (sACE), and performing CMR. 

Transthoracic echocardiography imaging was per-

formed using the GE Vivid 9 or GE Vivid E95 system (GE 

Healthcare, Chicago, IL, US), and all measurements were 

done according to the current recommendations of Ame-

rican Society of Echocardiography/European Association 

of Cardiovascular Imaging [5]. 

CMR imaging was performed using a 1.5 T system 

Philips Achieva (Philips Healthcare, Eindhoven, the Neth-

erlands). Our protocol included a series of steady-state free 

precession images in the vertical, horizontal, short-axis, 

and four-chamber views. The sequence parameters were 

echo time (TE) — 1.46 ms, repetition time (TR) — 2.9 ms, 

flip angle — 60 degrees, matrix — 204 × 192, field of view 

(FOV) — from 320 to 440 mm with phase FOV — from 

0.75 to 1.0 mm, and 8-mm slice thickness without any 

interslice gap. Left ventricular (LV) end-diastolic and 

end-systolic volumes, LV ejection fraction, right ventricular 

end-diastolic and end-systolic volumes, right ventricular 

ejection fraction, and cardiac output were analyzed. 

The presence of myocardial edema was evaluated on 

T2-weighted spectrally selective inversion recovery (SPIR) 

images. Late gadolinium enhancement (LGE) images were 

obtained from 5 to 15 minutes after intravenous adminis-

tration of 0.2 mmol/kg gadoterate meglumine (Dotarem®, 

Guerbet, France) with segmented inversion recovery fast 

gradient echo sequences (TE, 1.19 ms; TR, 3.7 ms; flip angle, 

15 degrees; matrix, 209 × 164; FOV, 310 mm). The presence 

of myocardial LGE of non-ischemic etiology on CMR ex-

amination was considered diagnostic for the presence of 

cardiac sarcoidosis as stated in the Heart Rhythm Society 

2014 criteria for the diagnosis of cardiac sarcoidosis. 

Signed informed consent was obtained from all pa-

tients in a format standardized by our institution. The study 

conformed to the principles outlined in the Declaration 

of Helsinki.

Statistical analysis

Data are expressed as mean and standard deviation (SD) 

or median and interquartile range (IQR), or as number and 

percentage of subjects. The normality of data was tested 

with the Shapiro-Wilk test. All analyses were performed 

using the STATISTICA version 12 software (Statsoft, Inc., 

Tulsa, OK, US).

RESULTS
The baseline characteristics of the study population are 

summarized in Table 1. The study cohort included 55 sub-

jects, 23 (42%) were women. The mean age of the patients 

was 43 (11) years. Fifty-four (98%) patients had pulmonary 

sarcoidosis, and 34 (62%) patients had multiple organ in-

volvement.

The elevated values of natriuretic peptides (brain natriu-

retic peptide [BNP] or N-terminal pro-BNP) were found in 
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4 patients. In all subjects, normal values of troponin I were 

present. None of the patients had renal insufficiency. sACE 

levels were increased in 17 (31%). 

The 12-lead ECG and 24-hour ECG Holter monitoring 

data are presented in Table 2. All patients were in sinus 

rhythm. The first-degree atrioventricular (AV) block was 

found in 2 (4%) patients, and second-degree AV block 

(Wenckebach type), was detected in other 2 (4%) pa-

tients. None of the individuals had second-degree AV 

block (Mobitz type) or third-degree AV block. ECG Holter 

monitoring did not document sustained or nonsustained 

ventricular tachycardia or a significant number of prema-

ture ventricular extrasystoles in any subject. 

In patients who were subsequently diagnosed with 

CMR signs of cardiac sarcoidosis, no ECG changes including 

conduction defects or any significant arrhythmia on ECG 

Holter  monitoring were detected.

Echocardiographic and CMR data are shown in Tables 

3 and 4, respectively. The LV was not dilated in any subject 

based on either echocardiographic or CMR measure-

ments. The right ventricle was of a borderline size in one 

patient. None of the patients had reduced right or left 

ventricular global systolic function, and no regional wall 

motion abnormality was observed either. No moderate or 

severe valvulopathy was found in any patient. The values of 

estimated pulmonary artery systolic pressure were within 

the normal range in all individuals. A small pericardial effu-

sion was found in 6 patients (11%). LGE of the pericardium 

was found in none of these 6 patients. 

Myocardial edema was not present in any patient on 

CMR examination. In 3 patients (6%), the non-ischemic 

pattern of LGE was found, always involving basal segments 

of the LV. In more detail, isolated midmyocardial LGE in the 

basal segment of the interventricular septum was present 

in one subject, and in two individuals midmyocardial LGE 

in the interventricular septum together with subepicardial 

LGE in the lateral LV wall were seen (Figure 1). One of these 

patients had a very small pericardial effusion. The sACE 

level was increased in one subject with LGE positivity. In 

all LGE-positive patients, the levels of cardiac biomarkers 

were within the normal range.

DISCUSSION
CMR represents currently the preferred non-invasive 

method for the initial evaluation of patients with suspected 

cardiac sarcoidosis [6]. Its major advantage, in comparison 

Table 1. Clinical characteristics of patients

Number of subjects 55

Age, years, mean (SD) 43 (11)

Females, n (%) 23 (42)

Height, cm, mean (SD) 176 (11)

Weight, kg, mean (SD) 86 (19)

SBP, mm Hg, mean (SD) 129 (18)

DBP, mm Hg, mean (SD) 75 (14)

Arterial hypertension, n (%) 14 (25)

Diabetes mellitus, n (%) 5 (9)

Active smoking, n (%) 11 (20)

Dyslipidemia, n (%) 8 (15)

Coronary artery disease 0

Chronic renal insufficiency 0

Bronchial asthma, n (%) 6 (11)

Pulmonary sarcoidosis, n (%) 54 (98)

Cutaneous sarcoidosis, n (%) 5 (9)

Gastrointestinal sarcoidosis, n (%) 4 (7)

Ocular sarcoidosis, n (%) 6 (11)

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure

Table 2. Electrocardiographic and 24-hour Holter ECG monitoring 

parameters

Heart rate, min-1, mean (SD) 77 (12)

Sinus rhythm, n (%) 55 (100)

PQ, ms, mean (SD) 150 (11)

QRS, ms, mean (SD) 88 (6)

QTc, ms, mean (SD) 414 (23)

PACs, median (IQR) 4 (0–13)

PVCs, median (IQR) 2 (0–14)

Interventricular conduction delay, n (%) 2 (4)

NSVT 0

PVC over 10% QRS 0

AV block first-degree, n (%) 2 (4)

AV block second-degree Wenckebach, n (%) 2 (4)

AV block second-degree Mobitz 0

AV block third-degree 0

Abbreviations: AV, atrioventricular; ECG, electrocardiogram; NSVT, non-sustained 

ventricular tachycardia; PAC, premature atrial contraction; PVC, premature ventri-

cular complex

Table 3. Echocardiographic parameters

IVS, mm, mean (SD) 9 (2)

LVEDD, mm, mean (SD) 48 (4)

LVEF, %, mean (SD) 63 (5)

LAVi, ml/m2, mean (SD) 26 (7)

DD absent/grade I/grade II/grade III, n (%) 35 (63)/20 (37)/0/0

MR absent/mild/moderate/severe 3 (5)/52 (95)/0/0

RVEDD, mm, mean (SD) 33 (5)

PASP, mm Hg, mean (SD) 25 (5)

TAPSE, mm, mean (SD) 25 (3)

PEEF, n (%) 6 (11)

Abbreviations: DD, diastolic dysfunction; IVS, interventricular septum; LAVi, left 

atrial volume index; LVEDD, left ventricular end-diastolic diameter; LVEF, left ven-

tricular ejection fraction; MR, mitral regurgitation; PASP, pulmonary artery systolic 

pressure; PEEF, pericardial effusion; RVEDD, right ventricular end-diastolic diameter; 

TAPSE, tricuspid annular plane systolic excursion

Table 4. Cardiac magnetic resonance parameters

LVEDV, ml, mean (SD) 146 (32)

LVEF, %, mean (SD) 63 (4)

CO, l/min, mean (SD) 7 (2)

RVEDV, ml, mean (SD) 133 (37)

RVEF, %, mean (SD) 58 (7)

Myocardial edema 0

LGE, n (%) 3 (6)

Abbreviations: CO, cardiac output; LGE, late gadolinium enhancement; LVEDV, left 

ventricular end-diastolic volume; RVEDV, right ventricular end-diastolic volume; 

RVEF, right ventricular ejection fraction; other — see Table 3
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with the endomyocardial biopsy, is its sensitivity for detec-

tion of cardiac sarcoidosis, which is reported to be 90%– 

–100% [7, 8], whereas the sensitivity of the endomyocardial 

biopsy is only about 25% [9]. The diagnosis of myocardial 

involvement based on the CMR study is traditionally based 

on the presence of LGE of non-ischemic etiology found in 

the subepicardial or midmyocardial segments of the LV 

walls, often involving the basal LV segments including the 

interventricular septum [10]. 

Based on the so far published studies using CMR in 

patients with known extracardiac sarcoidosis, the pres-

ence of myocardial involvement varies between 20% and 

35% [11–14]. In our study, we detected clinically probable 

cardiac sarcoidosis based on the presence of LGE in only 

6% of the study cohort. This lower prevalence could be 

explained by the fact that we screened patients with newly 

diagnosed extracardiac sarcoidosis who did not have any 

cardiac symptoms, including those that are suggestive of 

cardiac sarcoidosis, such as syncope, light-headedness, 

palpitations, or chest pain. In all the above-mentioned 

studies, the authors performed screening in mixed cohorts 

of individuals for the presence or absence of cardiac symp-

toms. On the other hand, our results are in concordance 

with a recently published study by Panovsky et al. [15]. 

Those authors screened only patients without known cardi-

ovascular diseases and no cardiac symptoms, and detected 

possible myocardial involvement based on the presence 

of LGE in 7% of their study population. In contrast to our 

study, they found only questionable small LGE, which did 

not have the expected pattern of cardiac involvement in 

all cases. To our best knowledge, our study is the first to 

show the prevalence of clear myocardial involvement in 

patients with newly diagnosed extracardiac sarcoidosis 

lacking cardiac symptomatology. 

An early diagnosis of cardiac sarcoidosis is of utmost 

importance because it makes it possible to administer 

immunosuppressive therapy. Moreover, the presence of 

LGE is well known to be associated with worse clinical 

outcomes including heart failure, arrhythmias, and sudden 

cardiac death [16]. 

Echocardiography, due to its wide availability, safe-

ty, and relatively low cost, still represents the first-line 

imaging method for screening for cardiac involvement 

in subjects with extracardiac sarcoidosis. However, its 

sensitivity in the early stages of cardiac sarcoidosis is very 

low and reaches only about 25% [17]. Following that, we 

were unable to detect any specific features of cardiac 

sarcoidosis, such as the presence of thinning of the basal 

segment of the interventricular septum or the presence 

of the phenotype of dilated or restrictive cardiomyopathy 

in our study subjects. We documented the presence of 

a small pericardial effusion in 11% of individuals. How-

ever, none of these subjects expressed pericardial LGE 

that would suggest pericardial involvement associated 

with sarcoidosis.

Twelve-lead ECG and ECG Holter monitoring are of-

ten used as screening tools in patients with extracardiac 

sarcoidosis. Unfortunately, none of these methods has 

satisfying accuracy in the detection of cardiac sarcoidosis 

[18]. In our study, we did not detect any second-degree AV 

block (Mobitz type), third-degree atrioventricular block, or 

sustained ventricular tachycardia, which are traditionally 

considered diagnostic for cardiac sarcoidosis in patients 

with a confirmed extracardiac form of the disease. 

Study limitation

The main limitation of our study is the relatively small 

number of patients. Furthermore, newer CMR parametric 

techniques such as T1 or T2 mapping were not performed.

CONCLUSIONS
The prevalence of myocardial involvement in patients with 

newly diagnosed extracardiac sarcoidosis and the absence 

of obvious signs or symptoms suggesting cardiac disease 

seems to be very low as assessed by CMR. Nevertheless, 

we believe that CMR with its ability to detect the early 

stages of the disease may still be considered for routine 

evaluation of heart involvement in patients with extracar-

diac sarcoidosis.
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Figure 1. The presence of subepicardial late gadolinium enhance-

ment (the arrow) in the lateral wall of the left ventricle detected by 

cardiac magnetic resonance
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Editorial 

by Boriani et al.

A B S T R A C T

Background: The pathophysiology of postoperative atrial fibrillation (POAF) is multifactorial. In-

flammation and increased oxidative stress play a significant role in POAF development. Neopterin, 

a biomarker of cellular immune response that enhances oxidative stress and increases the cytotoxic 

potential of activated macrophages and dendritic cells, was recently found as an independent 

predictive biomarker of non-operative atrial fibrillation. However, as far as we know, neopterin has 

never been investigated in POAF.

Aims: The study aimed to assess neopterin concentration as a prognostic biomarker of POAF fol-

lowing coronary artery bypass grafting (CABG).

Methods: One hundred one patients (80.2% males, 85% off-pump, 15% on-pump) were included. 

Blood samples were taken from patients for analysis of serum neopterin and high-sensitive C-reactive 

protein (hs-CRP) at three time points: (1) before operation (NP0); (2) on the first day after operation 

(NP1); and (3) between the fifth and eighth day after the procedure (NP5–8). All factors (preoperative, 

echocardiographic, and surgical), significant in univariate analysis, were included in a multivariable 

logistic regression analysis.

Results: POAF occurred in 30 patients (30%). In the analyzed multivariable logistic regression models, 

the independent predictors of POAF occurrence were: higher NP0 concentration (odds ratio [OR], 

1.16; 95% confidence interval [CI], 1.02–1.38 for continuous and OR, 3.75; 95%  CI, 1.39–10.1 for 

NP0 cut-off >8.7 nmol/l), higher body mass index (OR, 1.15; 95% CI, 1.02–1.29), history of pulmonary 

disease (OR, 6.72; 95% CI, 1.57–28), increased diastolic thickness of the interventricular septum (OR, 

1.45; 95% CI, 1.14–1.83), and duration of operation (OR, 1.01; 95% CI, 1.03–1.36).

Conclusions: We found that elevated neopterin concentration before CABG may be a predictive 

biomarker of POAF.

Key words: coronary artery bypass grafting, inflammatory biomarker, neopterin, postoperative 

atrial fibrillation
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W H A T ’ S  N E W ? 
The study investigated the prognostic value of neopterin in postoperative atrial fibrillation occurrence following elective coronary 

artery bypass. Neopterin, a biomarker of inflammation, has been recently found as an independent predictive factor of non-op-

erative atrial fibrillation. In the current study, for the first time, we have documented that elevated neopterin concentration can 

also be an useful prognostic biomarker in postoperative arrhythmia. Multivariable logistic regression analysis identified neopterin 

concentration before operation, adjusted for body mass index, age, total cholesterol concentration and left atrium diastolic 

diameter, echocardiographic factors, as well as operative factors, as independent predictors of postoperative atrial fibrillation.

INTRODUCTION
Most episodes of postoperative atrial fibrillation (POAF) 

occur within the first six days after cardiac operations, with 

a peak of incidence on the second and third postoperative 

days [1]. The occurrence of POAF is associated with not only 

postoperative complications, increased duration and costs 

of hospitalization [2], but also with higher late mortality 

and more frequent episodes of atrial fibrillation during 

long-term follow-up [3]. The pathophysiology of POAF 

is highly complex, and its development is a net result of 

numerous factors. Many of them enhance and promote 

an inflammatory process that is considered crucial in POAF 

development [4]. It was observed that POAF incidences 

reached a peak on the second and third postoperative 

days, simultaneously with the highest concentrations of 

C-reactive protein (CRP) [5], interleukin 2 [6], and interleukin 

6 [7]. Interestingly, cardiopulmonary bypass (CPB) has also 

been documented as a factor associated with systemic in-

flammation through complement activation. However, CPB 

application was not a predictive factor of POAF in several 

studies [8, 9], while it was an independent POAF predictor 

in other studies (e.g., in the elderly with high surgical risk) 

[10, 11]. Furthermore, oxidative stress is known to be one 

of the mechanisms of POAF development [12–14]. 

Neopterin is a biological marker for cellular inflamma-

tion, generated by activated (stimulated via interferon  ) 

macrophages and dendritic cells. The principal mode of 

action for neopterin is to enhance cytotoxic activity of 

macrophages and dendritic cells [15] through intensifying 

oxidative stress and the the formation of reactive oxygen 

species. Neopterin generation at the cost of tetrahyd-

robiopterin synthesis, which is a cofactor of nitric oxide 

synthase (NOS), leads to tetrahydrobiopterin depletion 

and, in turn, to NOS uncoupling and creation of reactive 

oxygen (O
2
) [16]. Increased concentration of neopterin 

has been observed in diseases that are characterized by 

inflammation and upregulated inflammatory response. 

Higher neopterin concentration was associated with 

ischemic heart disease [17], chronic heart failure with 

reduced [18] and preserved ejection fraction [19], pul-

monary arterial hypertension, and inoperable chronic 

thromboembolic pulmonary hypertension [20]. Moreover, 

dedicated studies showed that higher neopterin concen-

tration was a predictive biomarker of death and adverse 

events. Increased postoperative neopterin concentration 

was predictive of postoperative complications following 

cardiac surgery such as circulatory, respiratory, liver, and 

renal failure, as well as blood coagulation disorders [21, 

22]. Similarly, a higher concentration of neopterin was 

associated with cognitive disorders in elderly patients 

after coronary artery bypass grafting (CABG) or CABG with 

valve replacement [23]. To our knowledge, the prognostic 

value of neopterin for POAF development after CABG has 

never been investigated.

In the current study, the predominant purpose was 

to evaluate neopterin concentration as a prognostic bio-

marker of POAF following CABG. In addition, the study was 

designed to determine if the preoperative or postoperative 

concentration was a better prognostic factor of POAF.

METHODS

Patients

One hundred one patients (80.2% males) with advanced 

coronary artery disease were found to be eligible for 

elective CABG by our Heart Team and recruited in a sin-

gle-center prospective observational study. Detailed pa-

tient characteristics are shown in Tables 1 and 2.

Exclusion criteria included emergency operation, other 

operation than isolated CABG, history of atrial fibrillation 

or flutter, pacemaker implantation, clinical symptoms of 

infection (body temperature >38°, current antibiotic or 

systemic steroid therapy, acute or chronic renal failure 

on dialysis, current hyperthyroidism). Medical interview, 

physical examination, 12-lead electrocardiogram, and 

transthoracic echocardiography were performed on every 

patient. All subjects signed informed consent and the Ethics 

Committee of the University of Medical Sciences in Poznan, 

Poland, approved the study (no. 546/13).

Surgery

The method of CABG was a choice of the surgeon. Only op-

erations done by surgeons with at least 5-year experience 

were taken into consideration.

On-pump operations were performed via median 

sternotomy, in moderate systemic hypothermia (27°–29°). 

CPB was conducted through an arterial cannula in the 

ascending aorta and a venous cannula in the right atrium. 

Cold cardioplegic (4°) arrest with the use of St. Thomas 

Hospital No. 2 solution, in an initial dose of 10 ml/kg, then 
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Table 1. Detailed baseline patient characteristics and comparison of preoperative factors in patients with postoperative atrial fibrillation (the 

POAF group) and without POAF (the non-POAF group)

All patients

(n = 101)

POAF group

(n = 30)

Non-POAF group

(n = 71)

P-value

Age, years, mean (SD) 62.6 (7.3) 65 (6) 62 (8) 0.03

Sex 0.59

Female, n (%) 19 (18) 7 (23) 13 (18)

Male, n (%) 81 (82) 13 (77) 58 (82)

Weight, kg, mean (SD) 83.3 (13) 86 (10) 82 (14) 0.15

Height, cm, mean (SD) 169.9 (9) 169 (8) 170 (9) 0.68

BMI, kg/m², median (IQR) 28.8 (26.8–30.9) 29.6 (27.8–32.8) 28.1 (25.8–30.7) 0.03

Heart failure with LVrEF, n (%) 17 (17) 7 (23) 10 (14) 0.26

Diabetes mellitus, n (%) 38 (38) 15 (50) 23 (32) 0.12

History of stroke or TIA, n (%) 10 (10) 5 (17) 5 (7) 0.15

History of AMI, n (%) 68 (68) 22 (73) 46 (65) 0.49

History of PCI, n (%) 33 (33) 11 (37) 22 (31) 0.64

Hypertension, n (%) 88 (87) 29 (97) 59 (83) 0.10

Pulmonary disease, n (%) 11 (11) 7 (23) 4 (6) 0.01

Hypothyroidism, n (%) 10 (10) 3 (10) 7 (10) 1.0

LM stenosis, n (%) 35 (35) 13 (43) 19 (27) 0.11

Two vessel-disease, n (%) 19 (19) 5 (16.7) 14 (19.7) 0.94

Three vessel-disease, n (%) 82 (81) 25 (83.3) 57 (80.3) 0.94

SYNTAX II score, mean (SD) 30.8 (4.5) 31.2 (4.5) 30.3 (5.9) 0.68

LAD stenosis, % of stenosis, median (IQR) 80 (60–95) 80 (60–90) 80 (70–95) 0.73

Cx stenosis, % of stenosis, median (IQR) 78 (20–90) 80 (70–90) 75 (20–90) 0.28

RCA stenosis, % of stenosis, median (IQR) 87 (60–100) 90 (80–100) 85 (60–100) 0.25

Peripheral artery stenosis, n (%) 22 (22) 8 (27) 14 (20) 0.29

Carotid artery stenosis, n (%) 8 (8) 3 (10) 5 (7) 0.69

Lower limb artery stenosis, n (%) 14 (14) 5 (17) 9 (13) 0.75

Atheromatic plaque in the aorta, n (%) 14 (14) 4 (13) 10 (14) 1.0

Cigarette smoking

Active, n (%) 35 (35) 11 (37) 24 (34) 0.65

Within last 10 years, n (%) 6 (6) 1 (3) 5 (7) 0.67

 >10 years ago, n (%) 35 (35) 10 (33) 25 (35) 1.0

Drugs

ACEI, n (%) 73 (73) 23 (76) 50 (70) 0.63

ARB, n (%) 12 (12) 3 (10) 9 (13) 1.0

ASA, n (%) 97 (96) 27 (90) 70 (100) 0.08

β-blocker n (%) 83 (82) 24 (80) 59 (83) 0.78

Ca-blocker, n (%) 23 (23) 6 (20) 17 (24) 0.80

Spironol/eplerenone, n (%) 14 (14) 7 (23) 7 (10) 0.11

Statin, n (%) 100 (99) 30 (100) 70 (100) 1.0

Diuretics, n (%) 28 (28) 12 (40) 16 (23) 0.09

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; ASA, acetylsalicylic acid; BMI, body mass 

index; Cx, circumflex artery; IQR, interquartile range; LAD, left descending coronary artery; LM, left main; PCI, percutaneous coronary intervention; POAF, postoperative atrial 

fibrillation; RCA, right coronary artery; LVrEF, left ventricular reduced ejection fraction; SD, standard deviation; TIA, transient ischemic attack

repeated every 30 minutes; infused antegrade to the aortic 

root was applied as a protective measure. Distal anasto-

moses were done during cardiac arrest, whereas proximal 

anastomoses were performed on the beating heart, with 

a partially clamped aorta.

Off-pump operations were also performed via median 

sternotomy but in normothermia. Distal anastomoses were 

done on the beating heart, using negative pressure-based 

stabilizers and intravascular shunts, while proximal anasto-

moses were done with a partially clamped aorta.

Blood sampling

Peripheral venous blood samples were taken from every 

patient at three time points: (1) before operation (NP0); 

(2) on the first day after operation, and (3) between the 

fifth and eighth day after operation for analysis of serum 

neopterin and hs-CRP. The blood samples for preoperative 

neopterin testing were obtained the day before operation. 

Then they were centrifuged at 10000 g (10 min) and pre-

served at −80°C for future analysis. Enzyme immunoassay 

Neopterin (ELISA, DRG International, Inc., Springfield, NJ, 

US) was used to assess serum neopterin concentration.

Heart rhythm analysis

Heart rhythm was monitored with continuous telemetry 

during the time from surgery to discharge from the hos-

pital. Episodes of atrial fibrillation lasting at least 30  se-

conds were classified as POAF. When POAF occurred, short 

episodes that lasted less than one hour and that were 

well tolerated were managed without any antiarrhythmic 
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Table 2. Detailed baseline patient characteristics and comparison of preoperative, surgical, and postoperative factors in patients with po-

stoperative atrial fibrillation (the POAF group) and without POAF (the non-POAF group)

All patients

(n = 101)

POAF group

(n = 30)

Non-POAF group

(n = 71)

P-value

Echocardiography

EF, %, median (IQR) 55 (50–60) 55 (50–60) 57 (50–60) 0.42

LV, mm, median (IQR) 48 (43–52) 51 (43–55) 47 (43–51) 0.07

LA, mm, mean (SD) 38 (5) 39 (5) 37 (5) 0.06

RV, mm, mean (SD) 29 (4) 30 (4) 29 (4) 0.54

Ao asc., mm, mean (SD) 33 (6) 34 (7.5) 32 (6) 0.18

PWd, mm, mean (SD) 12 (3) 12.5 (2.3) 12 (2.5) 0.35

IVSd, mm, median (IQR) 13 (11–14) 13.5 (13–15) 12 (11–13) <0.001

ECG

Beats per minute, median (IQR) 62 (58–73) 63 (57–73) 62 (58–72) 0.95

Pathological Q or QS, n (%) 55 (54) 18 (60) 37 (52) 0.51

Laboratory parameters

ESR, mm/h, median (IQR) 11 (5–18) 10 (5–13) 12 (5–18) 0.29

Hb, mmol/l, mean (SD) 8.9 (0.7) 9.0 (0.7) 8.9 (0.8) 0.54

WBC, 103/μl, mean (SD) 7.8 (1.9) 8.1 (2.2) 7.6 (1.7) 0.30

RDW, %, median (IQR) 13.8 (13.4–14.2) 14 (0.8) 13.7 (1.0) 0.29

T-chol, mmol/l, median (IQR) 3.8 (3.2–4.5) 3.4 (3.0–4.17) 4.0 (3.4–4.7) 0.02

LDL-cholesterol, mmol/l, median (IQR) 2.0 (1.6–2.6) 1.8 (1.5–2.4) 2.0 (1.6–2.7) 0.10

HDL-cholesterol, mmol/l, median (IQR) 1.13 (0.9–1.3) 1.1 (0.9–1.2) 1.2 (0.9–1.4) 0.25

TAG, mmol/l, median (IQR) 1.2 (0.9–1.7) 1.3 (0.9–1.6) 1.2 (0.9–1.8) 0.85

eGFR, ml/kg/1.73 m2, mean (SD) 90.8 (24.5) 86 (23) 93 (25) 0.24

Off-pump, n (%) 26(86) 60 (85) 1.0

On-pump, n (%) 4 (14) 11 (15)

Number of grafts, median (IQR) 3 (2–3) 2 (2–3) 0.24

Duration of operation, min, mean (SD) 191 (42) 165 (80) 0.08

IABP, n (%) 0 (0) 2 (3) 1.0

Red blood concentrate transfusions, median (IQR) 2 (0–2) 1 (0–2) 0.24

Abbreviations, Ao (asc.), dimension of the ascending aorta; ECG, electrocardiogram; EF, ejection fraction; eGFR, estimated glomerular filtration rate; ESR, erythrocyte sedimen-

tation rate; Hb, hemoglobin; HDL-cholesterol, high-density lipoprotein cholesterol; IABP, intra-aortic balloon pump; IVSd, diastolic interventricular septum dimension; LA, left 

atrium; LDL-cholesterol, low-density lipoprotein cholesterol; LV, left ventricle; PWd, posterior wall of the left ventricular diastolic dimension; RDW, red blood cell distribution 

width; RV, right ventricular dimension; TAG, triglycerides; T-chol, total cholesterol; WBC, white blood cells count; other — see Table 1

treatment. Longer episodes of POAF or POAF leading to 

hemodynamic worsening were treated with intravenous 

amiodarone; in cases of pharmacotherapy failure, electrical 

cardioversion was performed.

Postoperative period 

All patients routinely received I generation cephalosporin 

intravenous for up to 48 hours as the infection prophy-

laxis. The following postoperative complications were 

recorded: postoperative wound infection, body tempe-

rature ≥38°C, Clostridium difficile infection, urinary tract 

infection, pleural abscess or pneumonia, several red blood 

cell concentrate transfusions, prolonged antibiotic therapy, 

cognitive impairment, pericardial effusion or tamponade, 

renal failure with the need of hemofiltration, pleural effu-

sion, pneumothorax, acute heart failure, increased alanine 

transaminase (ALAT) or aspartate transaminase (ASPAT) 

>8 times the upper limit of normal (ULN), acute limb is-

chemia. Additionally, the duration of hospitalization was 

compared in the POAF and non-POAF groups.

Statistical analysis

The normality distribution of all variables was checked with 

the Shapiro-Wilk test. Data are presented as mean (stand-

ard deviation [SD]) or median values (interquartile range 

[IQR]) as appropriate. Group comparison was conducted 

using a t-test or Mann–Whitney U test for continuous data 

depending on distribution, and an exact Fisher test for cate-

gorical variables. A receiver operating characteristics (ROC) 

curve was plotted to establish a cut-off point of variables 

in the POAF group vs. the non-POAF group. The area under 

the curve (AUC) of the ROC curve of more than 0.60 was 

regarded as good discrimination. The univariable logistic 

regression was used to discriminate significant prognostic 

factors of POAF. The multivariable logistic regression anal-

ysis model included the variables with the P-value logistic 

regression (p[LR]) <0.2 and information value (IV) >0.3 in the 

univariable model. IV was derived by statistical quantitative 

analysis of data based on information theory. We used 

a combined model of IV and p(LR) to predict POAF occur-

rence. The multivariable models were divided into three 

models: preoperative, surgical, and echocardiographic. 

These results were shown as odds ratio (OR) with 95% con-

fidence intervals (CI). Neopterin concentration was analyzed 

both as continuous and dichotomous variables (the cut-off 

value derived from ROC curve analysis). P-values <0.05 were 

considered statistically significant. Statistical analysis was 

performed using Statistica 12 and PQStat 1.6.6.
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RESULTS
The mean age in the study group was 62.6 (7.3) years. POAF 

occurred in 30 patients (30%). Most patients experienced 

the onset of POAF on the second (n = 13, 43%) and third 

(n = 9, 30%) postoperative days, while in two patients (7%) 

POAF occurred on the fourth day, and on the first, sixth, 

seventh, ninth, tenth, and thirteenth day each in one pa-

tient (20%). In 10 patients (33.3%) recurrence of POAF was 

observed. The median duration time of POAF was 7 (2.5–18) 

hours. In four patients (13.3%), POAF lasted longer than 

48 hours. In two of them (6%) oral anticoagulants (antag-

onists of vitamin K) were introduced. Twenty-seven (90%) 

patients with POAF received intravenous amiodarone; in 

three patients (10%), POAF resolved spontaneously without 

any additional treatment, and in one patient (3%), electrical 

cardioversion was successfully performed. No sustained 

ventricular arrhythmias were observed during the postop-

erative period. Fifteen (15%) patients underwent surgery 

with CPB. All patients were in sinus rhythm at the time of 

hospital discharge.

In the intergroup comparison (the POAF group vs. the 

non-POAF group), statistically significant factors associat-

ed with POAF included higher neopterin concentration 

before operation (NP0, Figure 1; Supplementary material, 

Figure S1), on the first day after operation (NP1, Figure 1; 

Supplementary material, Figure S1) and between the fifth 

and eighth day after operation (NP5–8, Supplementary 

material, Figure S1); older age, higher body mass index, 

lower total cholesterol concentration (T-chol), higher dias-

tolic interventricular septum thickness (IVSd), pulmonary 

disease, left atrial (LA) diastolic dimension (Tables  1–3). 

Neither hs-CRP concentration before operation nor hs-CRP 

concentration after operation showed any difference in 

the POAF group vs. the non-POAF group (Table 3). There 

was no significant difference in neopterin concentration 

concerning the operation method: on-pump vs. off-pump 

(Table 3). Moreover, neither the number of coronary arteries 

involved nor SYNTAX Score II differed markedly between 

the POAF and non-POAF subset of surgically treated indi-

viduals (Table 2). 

The cut-off value derived from ROC curve analysis was 

8.7 nmol/l (AUC, 0.66; 95% CI, 0.54–0.77; P = 0.01) for NP0, 

10.6 nmol/l (AUC, 0.64; 95% CI, 0.52–0.75; P = 0.03) for NP1, 

and 10.6 nmol/l (AUC, 0.64; 95% CI, 0.52–0.75; P = 0.03) for 

NP5-8; 64 years (AUC, 0.66; 95% CI, 0.54–0.77; P = 0.01) for 

age; 29.2 kg/m² (AUC, 0.64; 95%  CI, 0.52–0.75; P = 0.03) 

for body mass index (BMI); 3.7 nmol/l (AUC, 0.64; 95% CI, 

0.52–0.77; P = 0.03) for T-chol concentration; and 13 mm 

(AUC, 0.71; 95% CI, 0.6–0.82; P <0.001) for IVSd (Figure 1).

In univariate logistic regression analysis significant pre-

dictive factors of POAF were: NP0, NP0 cut-off >8.7 nmol/l, 

BMI, age, T-chol, history of pulmonary disease, IVSd, left 

ventricular diastolic dimension (LVd), ascending aorta 

diameter (Ao asc), LA and duration of operation (Table 1; 

Supplementary material, Figure S1).

Stepwise multivariable logistic regression analysis, 

adjusted for BMI, age, T-chol, and pulmonary disease iden-

tified NP0 (OR, 1.19; 95% CI, 1.02–1.38 for continuous and 

Figure 1. Cut-off values derived from receiver operating characteristic analyses. A. 64 years (area under the curve [AUC], 0.66; 95% confi-

dence interval [CI], 0.54–0.77) for age; B. 29.2 kg/m² (AUC, 0.64; 95% CI, 0.52–0.75; P = 0.03) for body mass index; C. 8.7 nmol/l (AUC, 0.66; 

95% CI, 0.54–0.77) for neopterin concentration before operation (Neopt0); D. 10.6 nmol/l (AUC, 0.64; 95% CI, 0.52–0.75) for neopterin concen-

tration 1 day after operation (Neopt1); E. 10.6 (AUC, 0.64; 95% CI, 0.52–0.75) for neopterin concentration between 5 and 8 days after opera-

tion (Neopt5–8); F. 13 mm (AUC, 0.71; 95% CI, 0.6–0.82) for interventricular septum (IVS), and G. 3.7 nmol/l (AUC, 0.64; 95% CI, 0.52–0.77)  

for total cholesterol concentration (TC)

[(Diagnostic variable = 64) × (2.464, 0.014)]

[(Diagnostic variable = 10.586) × (2.123, 0.034)]

[(Diagnostic variable = 29.21) × (2.144, 0.032)]

[(Diagnostic variable = 13) × (3.315, 0.001)] [(Diagnostic variable = 3.66) × (2.241, 0.025)]

[(Diagnostic variable = 8.7295) × (2.464, 0.014)] [(Diagnostic variable = 10.586) × (2.131, 0.033)]
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Table 3. Comparison of neopterin and high sensitivity C-reactive protein (hs-CRP) concentrations before operation (NP0, hs-CRP0), on the 

first day (NP1, hs-CRP1), and between the fifth and eighth day after operation (NP5–8, hs-CRP5–8) in patients with postoperative atrial fibrilla-

tion (POAF) vs. without POAF and with cardiopulmonary bypass (CPB, on-pump) vs. without CPB (off-pump)

POAF group

(n = 30)

Non-POAF

group (n=71)

P-value On-pump group

(n = 15)

Off-pump group

(n = 86)

P-value

NP0, nmol/l, 

median (IQR)

9.2

(7.0–10.4)

8.0

(5.8–9.5)

0.01 6.5

(5.3–9.6)

8.5

(6.0–10.0)

0.18

NP1, nmol/l,

median (IQR)

10.9

(9–17.5)

10.0

(7.1–11.7)

0.03 10.3

(7.2–15.0)

10.2

(8.2–15.2)

0.84

NP5-8, nmol/l,

median (IQR)

11.0

(9.5–12.8)

9.6

(7.9–11.3)

0.03 9.3

(7.1–14.0)

10.5

(8.3–11.5)

0.22

hs-CRP, nmol/l,

median (IQR)

1.4

(0.06–5.0)

1.4

(0.2–3.1)

0.69 1.1

(0.06–5.0)

1.5

(0.1–3.3)

0.32

hs-CRP1, nmol/l,

median (IQR)

19.5

(15.6–33.2)

19.0

(15.1–26.0)

0.70 21.2

(17.1–41.1)

19.1

(15.1–26.0)

0.48

hs-CRP5-8, nmol/l,  

median (IQR)

17.1

(8.5–21.0)

15.5

(12.0–19.6)

0.79 14.6

(9.5–23.0)

15.8

(11.8–19.6)

0.92

Abbreviations: IQR, interquartile range; other — see Table 1

Table 4. Multivariable logistic regression models for postoperative atrial fibrillation (POAF) following coronary artery bypass grafting (CABG)

NP0 continuous NP0 dichotomous (>8.7 nmol/l)

OR (95% CI) OR (95% CI)

Preoperative factors

NP0 1.19 (1.02–1.38) 3.75 (1.39–10.1)

BMI, kg/m2 1.15 (1.02–1.29) 1.14 (1.02–1.29)

Pulmonary disease 6.72 (1.57–28.74) 6.52 (1.51–28.19)

Age, years 1.05 (0.97–1.13) 1.06 (0.98–1.15)

T-chol 0.73 (0.43–1.23) 0.74 (0.43–1.26)

Surgical factors

NP0 1.18 (1.0–1.02) 3.5 (1.41–8.66)

Duration of operation 1.01 (1.03–1.36) 1.00 (0.99–1.02)

Echocardiographic factors

NP0 1.13 (0.97–1.31) 3.26 (1.26–8.4)

IVSd 1.45 (1.14–1.83) 1.42 (1.11–1.81)

LVd 1.06 (0.97–1.16) 1.06 (0.97–1.16)

Ao (asc) 1.00 (0.93–1.09) 0.99 (0.91–1.07)

LA 1.04 (0.94–1.16) 1.06 (0.95–1.17)

Abbreviations: LVd, diastolic dimension of the left ventricle; NP0: concentration of neopterin before operation; OR, odds ratio; other — see Tables 1 and 2

OR, 3.75; 95% CI, 1.39–10.1 for cut-off >8.7 nmol/l) as an 

independent predictor of POAF (Table 4). After adjustment 

for echocardiographic factors, NP0 >8.7 nmol/l was also an 

independent predictive factor (OR, 3.26; 95% CI, 1.26–8.4; 

Table  4), as well as after adjustment for surgical factors 

(OR, 1.18; 95%  CI, 1.0–1.02 for NP0 continuous and OR, 

3.5; 95% CI, 1.41–8.66 for NP0 >8.7 nmol/l, Table 4). Other 

independent predictors of POAF were BMI, pulmonary 

disease, IVSd, and duration of operation (Table 4).

In-hospital mortality was 0%. Postoperative complica-

tions occurred in 38 (38%) patients. The length of hospitali-

zation was significantly longer in the POAF group (10 [7–13] 

days) vs. the non-POAF group (8 [7–9] days; P <0.01). The 

most common complication was postoperative wound 

infections (14% of patients). In the POAF group compared 

to the non-POAF group, all postoperative complications 

combined (P <0.001; OR, 9.5; 95% CI, 3.5–25.2), wound 

infections (P <0.001; OR, 8.4; 95% CI, 2.4–29.6), all infec-

tions combined (P <0.001; OR, 7.2; 95% CI, 2.38–21.9), and 

cognitive impairment (P = 0.02; OR, 6.9; 95% CI, 1.3–37.9) 

occurred significantly more frequently. All observed post-

operative complications in the POAF and non-POAF groups 

are presented in Table 5.

DISCUSSION
In our series of patients, postoperative atrial fibrillation 

occurred in 30 subjects (30%), which is consistent with the 

incidence of POAF after elective CABG reported in other 

studies with continuous rhythm monitoring [2]. The use 

of CPB did not significantly affect the incidence of POAF, 

which may indicate that inflammation associated with sur-

gical trauma itself, change of pressures in the atria, volume 

overloading, activation of the sympathetic nervous system, 

patient comorbidities, as well as atrial remodeling have 

a greater influence on POAF development than a surgical 

technique. This supports findings from the study by Kim 

et al. [13], in which no difference in nicotinamide adenine 

dinucleotide phosphate (NADPH) activity before and after 

CPB use was observed. In addition, in the current study, 

neopterin concentration also did not significantly differ 
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Table 5. Postoperative complications in the postoperative atrial fibrillation (POAF) group vs. the non-POAF group

POAF group

(n = 30)

Non-POAF group

(n = 71)

P-value

All postoperative complications combined, number of patients (%) 22 (73) 16 (23) <0.001

Length of hospitalization, days, median (IQR) 10 (7–13) 8 (7–9) 0.01

Packed red blood cell concentrate, median (IQR) 2 (0–2) 1 (0–2) 0.45

Temperature ≥38°C, n (%) 2 (7) 2 (3) 0.58

All infections combined, n (%)

postoperative wound infection, n (%)

other infections (Clostridium difficile, urinary tract infection, pleural  

abscess, or pneumonia), n (%)

12 (40)

10 (33)

2 (7)

6 (8)

4 (6)

2 (3)

<0.001

<0.001

0.58

Prolonged antibiotic therapy, n (%) 7 (23) 6 (8) 0.05

Cognitive impairment, n (%) 5 (17) 2 (3) 0.02

Pericardial effusion or tamponade, n (%) 3 (10) 2 (3) 0.15

Hemofiltration, n (%) 1 (3) 1 (1) 0.51

Pleural effusions, n (%) 4 (13) 4 (6) 0.23

Acute heart failure, n (%) 3 (10) 1 (1) 0.08

Other complications: increased  ALAT or ASPAT >8 × ULN

Acute limb ischemia, pneumothorax, n (%) 2 (7) 2 (3) 0.58

Abbreviations: ALAT, alanine transaminase; ASPAT, aspartate transaminase; ULN, upper limit of normal; other — see Table 1

in the on-pump group compared to the off-pump group. 

However, in the previous study, CPB use was shown to be 

associated with higher postoperative neopterin concen-

tration when compared to the off-pump group [30]. In the 

literature, four studies were designed to evaluate neopterin 

concentration in relation to non-operative atrial fibrillation 

(AF) [31–34]. In these reports, a higher concentration of 

neopterin was found in patients with AF compared to those 

without arrhythmia. However, to the best of our knowledge, 

the association of neopterin concentration with POAF 

occurrence after CABG has never been investigated. In the 

current study, we have documented a higher concentration 

of neopterin (NP0, NP1, and NP5–8) in patients with the 

new onset of AF compared to patients without POAF deve-

lopment following elective CABG. Furthermore, a stepwise 

multivariable analysis adjusted for age, BMI, T-chol, history 

of pulmonary disease, echocardiographic parameters, and 

surgical factors, showed NP0 as a significant factor in the 

prediction of POAF. These results indicate that inflammation 

plays an important role in POAF development. Similarly, in 

a recent large cohort study, a higher neopterin concentra-

tion after adjustment for age, sex, BMI, creatinine, current 

smoking, diabetes mellitus, systemic hypertension, as 

well as hs-CRP level was an independent predictor of non- 

–operative AF. The limitation of the mentioned study is that 

none of the echocardiographic nor electrocardiographic 

variables were included in the analysis [31]. In our study, 

apart from elevated preoperative neopterin concentration, 

significant independent factors of POAF included a thicker 

interventricular septum (IVS), higher BMI, and a history of 

pulmonary disease. In addition, the efficacy of electrical 

cardioversion of non-operative atrial fibrillation was higher 

in non-obese patients compared to the obese group [35]. 

While higher BMI and pulmonary disease are well-estab-

lished predictive factors of POAF, a thicker IVS as a predictor 

of POAF has not been widely described in the literature [36, 

37]. Thus, even though in the current study the diagnosis 

of systemic hypertension was not identified as a predictive 

factor of POAF, we speculate that a higher diastolic IVS 

dimension might be a marker of uncontrolled systemic 

hypertension and may be a better prognostic factor of the 

arrhythmia. Among surgical factors, in the univariate anal-

ysis, the duration of operation had the highest predictive 

value of POAF. Preoperative, as well as postoperative white 

blood cell (WBC) count, was found higher in patients with 

POAF in one study, but WBC count as a predictive factor of 

POAF was not confirmed in other studies [8]. Moreover, it 

has been found previously that CRP was a predictive factor 

of non-operative AF [9], while results of studies evaluating 

the impact of CRP concentration on POAF have been so 

far inconclusive [1, 10–12]. In the previous study, a syn-

thesis-based review article, CRP and some other markers 

(e.g., BNP or interleukin 6) had controversial clinical utility 

in predicting POAF [13]. Thus, it should be stressed that of 

the laboratory parameters examined in the current study 

(such as hs-CRP, WBC, RDW, erythrocyte sedimentation 

rate, and creatinine concentration), only neopterin concen-

tration (NP0, NP1, and NP5–8) was significantly higher in 

the POAF group compared to the non-POAF group, while 

T-chol concentration was lower in POAF group. According 

to the univariate analysis, NP0 concentration (continuous 

and cut-off >8.7) was the highest predictive value of POAF 

compared to NP1 and NP5–8 concentrations. The explana-

tion why the preoperative concentration of neopterin was 

a better predictor of POAF than postoperative neopterin 

concentration, may be that other significant chronic factors 

existed before operation, such as age, left atrial or ventricu-

lar remodeling and patient comorbidities have a stronger 

influence on POAF occurrence than acute factors directly 

related to operation, such as CPB use or operation duration. 

All these chronic factors are potentially reflected by higher 

NP0 concentration. However, it is well known that blockade 

of the upregulated sympathetic nervous system during 

operation is of relevance too; therefore, in the current 
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study, most patients (82%) received beta-blockers before 

and after operation. According to our results, the POAF 

occurrence was associated with longer hospitalization, as 

well as postoperative complications. Interestingly, among 

them, the infective complications (P <0.001) and cognitive 

impairment (P = 0.02) were significantly more frequent in 

the POAF group compared to the non-POAF group, thus, 

we hypothesize these complications may be reflected 

by higher concentration of an inflammatory marker like 

neopterin. Contrary to the neopterin concentration, the 

concentration of CRP showed only a trend toward higher 

values in the POAF group but did not reach statistical sig-

nificance, which indicates that neopterin may be a more 

accurate prognostic biomarker. 

In summary, in terms of the multifactorial etiology 

of POAF and worse outcomes for patients who develop 

this type of arrhythmia, there is a great need to introduce 

a simple test to identify patients at the highest risk of POAF 

and implement additional preventive strategies such as 

administration of amiodarone. Thus, our findings have 

a clinical impact on the selection and further manage-

ment of patients at the highest risk of POAF occurrence 

who should be treated with particular caution during the 

postoperative period. Therefore, we believe that a higher 

serum neopterin concentration before operation (cut-off 

value, 8.7 nmol/l) may help in the identification of patients 

at risk of POAF development.

Limitations 

This study has several limitations that may have an impact 

on the findings. Firstly, the number of on-pump patients 

(15%) was relatively small, and any attempt to find detailed 

differences between coronary artery bypass grafting on the 

beating heart and in CPB would have been afflicted with 

likely bias. Therefore, it must be stressed that comparison 

between these groups was not the main purpose of our 

analysis. Secondly, evaluation of left atrial remodeling was 

presented exclusively as an anterior-posterior dimension 

of the left atrium measured on transthoracic echocardiog-

raphy. We are aware of the fact that the left atrial volume 

is regarded to be a more specific parameter.

CONCLUSIONS 
We found that neopterin concentration before operation 

adjusted for age, BMI, T-chol, pulmonary disease, echocar-

diographic parameters, and surgical factors may be POAF 

predictive. Regarding the highly complex pathophysiology 

of POAF, elevated preoperative serum neopterin concen-

tration is one of the potential predictive factors of POAF.

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: Endothelial dysfunction and oxidative stress were hypothesized to be involved in the 

pathogenesis of coronary microvascular angina (MVA). NADPH oxidase-2 (NOX2) activation could 

provoke increased oxidative stress and endothelial dysfunction, but data on MVA have not been 

provided yet. 

Aims: This study aimed to evaluate the interaction among NOX2 activation, serum lipopolysaccharide 

(LPS) levels, as well as oxidative stress production as potential causes of endothelial dysfunction 

in MVA patients.

Methods: In this study, we wanted to compare serum levels of soluble NOX2-dp (sNOX2-dp), 

H
2
O

2
 production, hydrogen peroxide breakdown activity (HBA), nitric oxide (NO) bioavailability, 

endothelin 1 (ET-1), serum zonulin (as intestinal permeability assay), and LPS in 80 consecutive 

subjects, including 40 MVA patients and 40 controls (CT), matched for age and sex. 

Results: Compared with CT, MVA patients had significantly higher values of sNOX2-dp, H
2
O

2
, ET-1, LPS, 

and zonulin. Conversely HBA and NO bioavailability were significantly lower in MVA patients. Simple 

linear regression analysis showed that sNOX2 was associated with serum LPS, serum zonulin, H
2
O

2
, 

and ET-1. Furthermore, an inverse correlation between sNOX2, HBA, and nitric oxide bioavailability 

was observed. Multiple linear regression analysis showed that LPS and zonulin emerged as the only 

independent predictive variables associated with sNOX2.

Conclusions: This study provides the first report attesting that patients with MVA have high LPS 

levels, NOX2 activation, and an imbalance between pro-oxidant and antioxidant systems, in favor 

of the oxidizing molecules that could be potentially implicated in the endothelial dysfunction and 

vasoconstriction of this disease. 

Key words: coronary microvascular angina, LPS, NADPH oxidase, NOX2, oxidative stress
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W H A T ’ S  N E W ?
The role of oxidative stress and low-grade endotoxemia is unclear in patients with coronary microvascular angina (MVA). This 

study aimed to evaluate NADPH oxidase-2 activation, serum lipopolysaccharide levels, as well as oxidative stress production, 

and endothelial dysfunction in MVA patients and controls. The results of this study show that MVA patients have high circu-

lating levels of serum lipopolysaccharide, oxidative stress, and endothelin 1. NADPH oxidase-2 activation could contribute to 

provoking an imbalance between pro-oxidant and antioxidant systems, which could determine endothelial dysfunction and 

vasoconstriction in MVA.

INTRODUCTION
Microvascular angina (MVA) is defined as microvascular 

dysfunction of the coronary arteries. It is characterized by 

typical chest pain, evidence of myocardial ischemia on an 

electrocardiogram, and the absence of obstructive coro-

nary artery disease (CAD) [1]. MVA represents an increas-

ingly growing problem when we consider that up to 50% of 

patients with angina who undergo coronary angiography 

have not any significant artery obstruction [2–4]. Despite 

the absence of significant coronary lesions, its prognosis 

is not benign, because MVA is an independent risk factor 

for major adverse cardiovascular events [5, 6]. 

Microvascular dysfunction is studied invasively with 

coronary angiography and use of pharmacological tests 

to evaluate the endothelial reactivity [7]. It has been 

demonstrated that it mainly embraces two aspects: firstly, 

inadequate vasodilatation to a stimulus, and secondly, 

exaggerated vasoconstriction (coronary microvascular 

spasm) [7]. Experimental studies suggested a major role of 

oxidative stress in the initiation and progression of micro-

vascular dysfunction in MVA [8]. NADPH oxidase-2 (NOX2) 

is considered one of the main sources of superoxide anion 

in humans, a modulator of the arterial tone [9–12], and an 

enzyme directly implicated in microvascular dysfunction 

[13]. The role of NOX2 in MVA has not been yet elucidated. 

Lipopolysaccharide (LPS) is an endotoxin derived from 

the membrane of gram-negative bacteria that, by binding 

to Toll-like receptor 4 (TLR4), activates intracellular transcrip-

tion of several inflammatory mediators in the vessels [14]. 

An impairment of tight junction causes translocation of LPS 

from the gut to the systemic circulation where it initiates 

pro-inflammatory and pro-oxidant effects in the vessels [15]. 

Moreover, a recent experimental study showed that LPS 

from Escherichia coli was localized in human plaque and may 

contribute to atherosclerotic damage via TLR4-mediated 

oxidative stress and NOX2 activation [16, 17]. A relationship 

between LPS and NOX2 activation has been previously 

described in other clinical settings such as non-alcoholic 

fatty liver disease (NAFLD), pneumonia [18], and neurode-

generative disease [19], but no data have showed its role 

in MVA yet. Thus, in this study, we evaluated the potential 

role of low-grade endotoxemia by LPS in eliciting systemic 

Nox2 activation and the balance of pro-oxidant molecules, 

such as H
2
O

2
, and the antioxidant system, such as hydrogen 

peroxide breakdown activity (HBA), in MVA.

METHODS
The study was supported by the Sapienza University in 

cooperation with Nicolae Testemitanu State University of 

Medicine and Pharmacy, Chisinau, Republic of Moldova, to 

strengthen institutional competencies and the manage-

ment of partner universities, finalized to cardiovascular 

prevention [20].

Forty consecutive Moldovan patients with coronary 

MVA and 40 controls (CT) matched for age and sex agreed 

to participate in the study, which was performed between 

July 2018 and December 2020. These patients were re-

cruited at the Moldavian Research Institute of Cardiology, 

Chisinau, Republic of Moldova.

Coronary MVA was diagnosed according to the cri-

teria suggested by the Coronary Vasomotion Disorders 

International Study Group [21]; these criteria include (1) 

presence of symptoms suggestive of myocardial ischemia; 

(2) objective documentation of myocardial ischemia, as 

assessed by currently available techniques; (3) absence 

of obstructive CAD (<50% coronary diameter reduction 

and/or fractional flow reserve >0.80) documented by CT 

coronary scan or coronary angiography, as in our case; (4) 

confirmation of a reduced coronary blood flow reserve 

and/or inducible microvascular spasm [21]. Microvascular 

disorder was confirmed by using the angiographic flow as-

sessment criteria based on the thrombolysis in myocardial 

infarction (TIMI) flow grade or TIMI frame count (TFC/cTFC). 

TIMI-2 flow  grade, which means partial perfusion (i.e. re-

quiring three or more beats to opacify the distal vessel) or 

a corrected TIMI frame count >27 frames,  in at least one 

major coronary vessel, have been frequently used and were, 

therefore, preliminarily assumed. The latter is based upon 

images acquired at 30 frames/second and a correction fac-

tor of 1.7 for the left anterior descending artery (LAD). The 

speed with which the dye reaches the distal bifurcation of 

LAD from the ostium is measured in frame counts. In right 

coronary artery, the flow was measured from the ostium 

to the origin of the first posterolateral branch. In the left 

circumflex, the flow was measured from the ostium to the 

most distal branch of the last OM. A correction factor of 

1.7 was used for LAD (for corrected TFC). The normal count 

was considered 21 ± 3 frames.

Considering the COVADIS (Coronary Vasomotion Dis-

orders International Study Group) criteria, our cohort of 

patients had a definitive diagnosis of MVA.
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From all patients included in the study, blood samples 

for analysis of oxidative stress, LPS, and zonulin levels were 

collected after a fasting period of 8 hours.

Subjects were excluded from the study if they had 

liver insufficiency, advanced chronic kidney disease, acute 

cerebrovascular disease, acute myocardial infarction, recent 

abdominal surgery or were taking antioxidants. We also 

excluded patients with active cancer, uncontrolled blood 

pressure or diabetes, inflammatory bowel disease, and 

those taking or with a recent intake of antibiotics.

Informed written consent was obtained from all sub-

jects: the study conformed to the ethical guidelines of the 

1975 Declaration of Helsinki and was approved by the Eth-

ical Committee of the Nicolae Testemitanu State University 

of Medicine and Pharmacy, Chisinau, Republic of Moldova 

(no. 3-9-19/41/49).

Serum sNOX2-dp detection

NOX2 activation was measured as soluble NOX2-derived 

peptide (sNOX2-dp) with an ELISA method, as previously 

described [22]. Briefly, the peptide is recognized by bind-

ing to a specific monoclonal antibody against the amino 

acid sequence (224–268), the extra membrane portion of 

NOX2. Values were expressed as pg/ml; intra-assay and 

inter-assay coefficients of variation were 8.95% and 9.01%, 

respectively.

H
2
O

2
 production

The H
2
O

2
 was evaluated by a Colorimetric Detection Kit 

(ArborAssay, Ann Arbor, MI, US) and expressed as μM. 

Intra-assay and inter-assay coefficients of variation were 

2.1% and 3.7%, respectively.

Determination of % HBA in serum 

Serum hydrogen peroxide (H
2
O

2
) HBA was measured with 

an HBA assay kit (Aurogene, Rome, Italy; code HPSA-50). 

The percentage of HBA was calculated according to the 

following formula: % of HBA = [(Ac–As) / Ac] × 100, where 

Ac is the absorbance of H
2
O

2
 1.4 mg/ml, and As is the ab-

sorbance in the presence of the serum sample.

NO bioavailability

A colorimetric assay kit (Abcam, Cambridge, UK) was used 

to determine NO bioavailability as previously described 

[23]. Intra-assay and inter-assay coefficients of variation 

were 2.9% and 1.7%, respectively.

Serum zonulin 

Serum zonulin was used as an intestinal permeability assay. 

Serum zonulin levels were measured using a commercial 

ELISA kit (Elabscience, Houston, TX, US). Antibody specific 

for zonulin has been pre-coated onto a microplate and 

100 μl of standards, and patient sera samples were added 

and incubated for 90  min at 37°C. Then, a biotinylated 

detection antibody specific for zonulin and Avidin-Horse-

radish Peroxidase (HRP) conjugate was added to each mi-

croplate. Values were expressed as ng/ml; both intra-assay 

and inter-assay coefficients of variation were within 10%.

Serum LPS assay 

LPS levels in serum were measured using a commercial 

ELISA kit (Cusabio, Houston, TX, US). The standards and 

samples were plated for 2 hours at room temperature into 

a micro-plate pre-coated with the antibody specific for LPS. 

After incubation, samples were read at 450 nm. Values were 

expressed as pg/ml; intra-assay and inter-assay coefficients 

of variation were <10%. 

Serum endothelin 1 assay 

Serum endothelin 1 (ET-1) levels were measured using 

a commercial ELISA kit (Thermo Fisher Scientific, Waltham, 

MA, US).

Statistical analysis 

Statistical analyses were undertaken using SPSS 25.0 soft-

ware for Windows (IBM, Armonk, NY, US). The Kolmogor-

ov–Smirnov test was used to determine whether variables 

were normally distributed. Normally distributed data 

are described as means and standard deviations (SD). 

Between-group differences were analyzed by Student 

t-test. Differences between percentages were assessed by 

the χ2 test. Bivariate analysis was performed by Spearman 

correlation; the variables with evidence of an association 

P <0.10 were included in a multivariable linear regres-

sion using an automated procedure. The results of the 

multivariable linear regression analysis were expressed 

as standardized coefficient beta (β) with standard error 

(SE). Moreover, the coefficient of determination was pro-

vided (R2). A P-value of <0.05 was considered statistically 

significant. 

Sample size determination

We computed the minimum sample size with respect to 

a two-tailed, one-sample Student t-test considering, on 

the basis of data from a previous pilot study (data not 

shown): a difference of 7.3 pg/ml for sNOX2-dp levels 

between patients and controls (mean patients, 32; mean 

controls, 24.2 pg/ml), 10 as SD, 0.05 (α) as type-I error 

probability and 0.95 as power 1−β. The sample size was 

40 patients/group.

RESULTS
Clinical characteristics of MVA patients and controls are 

reported in Table 1. There was no significant difference in 

age, sex, and classic cardiovascular risk factors between 

the two groups (Table 1).

LPS and zonulin 

MVA patients had increased levels of LPS (mean [SD], 

37.5 [12.9] pg/ml vs. 20.7 [10.1] pg/ml; P <0.001) and zonulin 

(3.0 [0.9] ng/ml vs. 1.57 [0.5] ng/ml; P <0.001) compared to 

the control group (Figure 1A and B). 
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Oxidative stress 

Compared with CT, MVA patients had significant higher 

mean values of sNOX2-dp (57.4 [13.1] pg/ml vs. 27.4 [11.5] 

pg/ml; P <0.001) and H
2
O

2 
production (47.7 [21.4] μM 

vs. 22.1 [10.3] μM; P <0.001) (Figure 2A and B). Conversely 

HBA were significantly lower in patients with MVA com-

pared to controls (27.8 [10.8] vs. 56.1 [21.2] %; P <0.001) 

(Figure 2C).

Endothelial dysfunction and NO bioavailability

MVA patients had significant lower NO bioavailability 

(28.1 [10.5] μM vs. 35.6 [14.4] μM; P = 0.01) and higher lev-

els of ET-1 (15.6 [6.2] pg/ml vs. 10.2 [5.6] pg/ml; P <0.001) 

(Figure 3A and B). 

Associations among the studied variables 

Univariate analysis by Spearman correlation test showed 

that sNOX2 was associated with serum LPS (Rs = 0.629; 

P <0.001), serum zonulin (Rs = 0.641; P <0.001), H
2
O

2 

(Rs = 0.590; P <0.01), and ET-1 (Rs = 0.410; P <0.001). 

Furthermore, an inverse correlation between sNOX2 and 

HBA (Rs = –0.646; P <0.001) and nitric oxide bioavailability 

(Rs = –0.312; P <0.01) was observed. LPS was also associated 

with serum ET-1 (Rs = 0.243; P = 0.03), zonulin (Rs = 0.474; 

P <0.001), and oxidative stress, as shown by its correlation 

with H
2
O

2
 (Rs = 0.490; P <0.001) and HBA (Rs = –0.560; 

P <0.001). 

Multiple linear regression analysis, adjusted for statins, 

beta-blockers, calcium antagonists, diabetes and hyperten-

Table 1. Clinical characteristics of the patients with and without microvascular angina

Patients with microvascular

angina (MVA)

n = 40

Patients without microvascular

angina (control group)

n = 40

P-value

Age, years 62.7 (8.1) 61.7 (5.7) 0.56

Male sex 14 (35) 20 (50) 0.17

Diabetes 10 (25) 4 (10) 0.11

Dyslipidemia 36 (90) 38 (95) 0.39

Hypertension 37 (92) 36 (90) 0.69

Current smokers 6 (15) 8 (20) 0.46

Obesity 15 (37) 18 (45) 0.49

Anticoagulants 3 (7.5) 2 (5) 0.74

Βeta-blockers 34 (85) 19 (47) <0.01

Calcium antagonists 28 (70) 10 (35) <0.01

ACE inhibitors 23 (57) 15 (37) 0.14

Renin-angiotensin-aldosterone system inhibitors 12 (30) 2 (5) 0.01

Statins 33 (82) 25 (62) 0.11

Diuretics 17 (42) 3 (7.5) <0.01

Anti-platelet drugs 35 (87) 21 (52) <0.01

Continuous variables are reported as mean (SD); categorical variables are expressed as n and percentage

Abbreviations: ACE, angiotensin-converting enzyme

Figure 1. Gut-permeability analysis: serum lipopolysaccharide concentration (A) and serum levels of zonulin (B) in microvascular angina 

(MVA) patients (n = 40) and controls (CT) (n = 40)
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Figure 2. Oxidative stress production: serum sNOX2-dp levels (A), serum H
2
O

2
 production (B), and serum hydrogen peroxide breakdown 

activity (C) in microvascular angina (MVA) patients (n = 40) and controls (CT) (n = 40)
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Figure 3. Endothelial dysfunction evaluation: serum NO bioavailability (A) and serum levels of endhotelin 1 (ET-1) (B) in microvascular angina 

(MVA) patients (n = 40) and controls (CT) (n = 40)
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sion, showed that LPS (SE, 0.129; standardized coefficient 

β, 0.335; P =0.001) and zonulin (standardized coefficient β, 

0.279; SE, 1.828; P =0.006) emerged as the only independ-

ent predictive variables associated with sNOX2 (R2 = 61%). 

Furthermore, sNOX2 (standardized coefficient β, 0.469; 

SE, 0.099; P = 0.001) and HBA (standardized coefficient β, 

–0.258; SE, 0.082; P = 0.04) were the independent predictive 

variables associated with LPS (R2 = 44%).

DISCUSSION
The study shows for the first time that MVA patients have 

increased LPS serum levels. To find if gut permeability may 

account for LPS increase in patients with MVA, we measured 

the circulating levels of zonulin, which modulates gut per-

meability by disassembling the intercellular tight junctions 

[24]. Experimental and clinical studies demonstrated that 

zonulin up-regulation increases gut permeability [25]. The 

increased serum levels of zonulin in patients with MVA and 

its correlation with serum LPS could provide evidence that 

gut permeability is enhanced in this cohort and may be 

responsible for the high circulating levels of LPS. 

LPS is a pro-inflammatory molecule that may favor 

endothelial dysfunction with an oxidative stress-mediated 

mechanism. In particular, LPS binds to TLR4 complex and 

activates a series of proteins and kinases in endothelial 

cells (as nuclear factor-kappa B [NF-κB]), interleukin 

1 receptor-associated kinase (IRAK), tumor necrosis factor 

receptor-associated factor 6, NF-kB-inducing kinase, and 

inhibitor kappa B, which increase the production of proin-

flammatory molecules (as cytokines/chemokines) [26].

In accordance with this, LPS directly correlated with 

NOX2, suggesting a role for LPS as a trigger for oxidative 

stress [8]. The high levels of H
2
O

2
 and the close relation 

with sNOX2 observed in this study suggest that systemic 

oxidative stress in MVA could derive from LPS-induced 

NADPH oxidase activation as hypothesized by previous 

papers [8, 27].

NOX2 is considered an important modulator of artery 

vasodilation in endothelial cells; previous studies showed 

that NOX2 activation increases oxidative stress and im-

paired NO biosynthesis determining vasoconstriction [9, 

11, 28]. 

No description of an association between LPS, NOX2, 

and endothelial dysfunction in MVA has been reported. 

Previously, in other settings, such as neurodegenerative dis-

eases and neuropsychiatric disorders, associations among 

increased LPS, NOX2, oxidative stress, and endothelial 

dysfunction were reported [19, 29]. Experimental studies 

in animals showed that LPS could induce cardiac micro-

vascular dysfunction [30]. Mice treated with LPS showed 

cardiac endothelial dysfunction and higher mortality that 

could be related to the loss of pericytes [30]. Other stud-

ies showed that LPS impaired endothelial dysfunction by 

reducing vasodilatory response to acetylcholine and eNOS 

phosphorylation [31, 32]. 

Our report supports and extends these previous 

findings in patients with MVA by demonstrating that 

NOX2 activation could increase oxidative stress and could 

determine endothelial dysfunction by reduction of NO 

bioavailability [33] and by increased ET-1 production. 

Reactive oxygen species generated by NOX2 activation 

could stimulate ET-1 secretion and provoke microvascular 

dysfunction [34]. In line with several previous studies, we 

found increased serum ET-1 levels in MVA patients [8, 35]; 

however, we cannot exclude that genetic dysregulation of 

ET-1 could be implicated [36]. 

The study has some limitations and implications. We did 

not perform all the invasive tests to evaluate the coronary 

function, including measurements of CFR, microvascu-

lar resistance, acetylcholine, or adenosine provocation 

Figure 4. Low-grade endotoxemia could trigger activating NOX2, which increases oxidative stress and decreases antioxidant status and nitric 

oxide bioavailability, causing endothelial dysfunction in patients with microvascular angina (MVA)
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test. We did not evaluate other NADPH isoforms, such 

as NOX1 and NOX4, and other antioxidant systems such 

as catalase, SOD, and glutathione peroxidase that could 

also contribute to increased oxidative stress in MVA. The 

mechanism accounting for LPS translocation from the gut 

microbiota to systemic circulation was not addressed by the 

present study. However, changes in gut permeability might 

be a plausible mechanism as increased serum zonulin, 

which reflects enhanced gut permeability, is significantly 

correlated with blood LPS. Nevertheless, zonulin is an in-

direct marker of gut permeability, and we cannot exclude 

that serum LPS could also be derived from other sources, 

thereby a further study is necessary to elucidate this issue. 

Furthermore, some sources of chronic inflammation such 

as periodontitis [37] that may have affected LPS levels were 

not analyzed in this study.

Future studies are necessary to assess if improvement 

of gut permeability and eventually lowering of low-grade 

endotoxemia improve artery dysfunction in MVA.

In conclusion, this study provides the first report 

attesting that patients with MVA have high LPS levels, 

NOX2 activation, and an imbalance between pro-oxidant 

and antioxidant systems, in favor of the oxidizing molecules 

that could be potentially implicated in the endothelial 

dysfunction and vasoconstriction of this disease. These 

results could open new therapeutic strategies to modulate 

gut microbiota and oxidative stress to reduce the cardio-

vascular risk in MVA patients.
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A B S T R A C T

Introduction: Cardiac implantable electronic devices (CIED) are a recognized form of therapy in car-

diology. Apart from the benefits, the use of CIEDs is also associated with the risk of complications, and 

the most important ones influencing treatment results and prognosis are infectious complications.

Aim: This study aimed to calculate the cost of treatment of CIED-related infections, including 

transvenous lead extraction and device reimplantation, from the perspective of a Polish hospital.

Methods: A retrospective analysis of hospitalization costs of patients referred to transvenous lead 

extraction (TLE) for CIED infection was performed. The study covers cases from three Polish refer-

ence centers specializing in the comprehensive treatment of cardiac electrotherapy complications.

Results: It was shown that the average cost of treating a CIED infection is 34 000 PLN (8010 EUR) 

and is the highest in the cardiac resynchronization therapy with defibrillator function (CRT-D) group, 

where it amounts to almost 50 000 PLN (11 440 EUR). Thus, treatment of CIED infections is associated 

with an average loss of 3000 PLN for the healthcare provider and the length of hospitalization has 

a major influence on final outcomes.

Conclusions: The hospital cost of treatment of CIED-related infections was high and related mainly 

to the type of device and length of hospitalization. Despite the low utilization of costly extraction 

tools, the hospitalization was still likely to be unprofitable.

Key words: CIED-related infectious complications, healthcare costs, transvenous lead extraction

INTRODUCTION
Cardiac implantable electronic devices (CIEDs) 

have long been an important tool in the 

treatment of many cardiac diseases. Their use 

is associated with a significant improvement 

in the quality of life or better prognosis [1]. 

Continuous progress in this field and the 

development of electrotherapy have led to 

the implementation of more complex devic-

es than standard pacemakers (PM), such as 

implantable cardioverter-defibrillators (ICD) 

and cardiac resynchronization therapy (CRT). 

Despite the benefits of CIEDs, there is a risk 

of complications. One of the most important 

problems is CIED-related infection, which 

leads to a number of consequences including 

an increased risk of death, the need for system 

removal and new implantation, or prolonged 

hospitalization [2].

Determining the prevalence of CIED in-

fections is difficult due to the heterogeneity 

of the populations analyzed, the lack of a pre-

cise definition, and different methodologies 

used. There is a clear difference between the 

incidence of infection in prospective studies 

where a risk of 0.6%–1.3% [3, 4] is observed 
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W H A T ’ S  N E W ?
This was a multicenter Polish study that analyzed the contemporary real-world costs of treatment of cardiac implantable 

electronic device-related infections from the perspective of the healthcare provider and not the public payer. The results of 

the study analyses indicate a high cost of care despite low utilization of costly extraction tools, and that this cost may not be 

entirely covered by the dedicated National Health Fund tariffs.

compared to retrospective studies where the incidence of 

infection was 2.3%–3.4% [5, 6] within the first year of im-

plantation. The most commonly isolated microorganisms 

are Staphy lococcus aureus and coagulase-negative staph-

ylococci [5]. Several risk factors for infectious complications 

have been identified such as renal failure, especially in the 

final stage with dialysis, history of device infections, diabe-

tes, use of anticoagulants and antiplatelet agents, malnu-

trition, fever, and active infection before the procedure, 

temporary pacing, and long duration of the procedure [6, 

7]. The cornerstone of CIED-related infection treatment 

is the extraction of the whole device together with leads 

(transvenous lead extraction [TLE]) and reimplantation 

of a new one after curing the infection. It seems that the 

best way to reduce the costs of treatment of infectious 

complications is their prevention [6, 8]. Preventive stra-

tegies with proven effectiveness include the creation of 

high-volume centers performing an appropriate number 

of procedures per center and operator, an appropriate sur-

gical technique limiting the frequency of reinterventions, 

and the prevention of hemorrhagic complications [9]. In 

addition, the use of antibacterial envelopes, which reduce 

the risk of staphylococcal infections in high-risk patients, 

i.e. patients with de novo cardiac resynchronization the-

rapy with defibrillator function (CRT-D) implantation and 

those undergoing device replacement procedures, has 

proved effective [10]. In scientific publications regarding 

cost analyses in cardiology in Poland, we can find single 

studies on the costs of outpatient treatment of patients 

with heart failure or the costs of treatment of patients with 

supraventricular arrhythmia [11, 12], and one single-center 

analysis of TLE costs, which showed an underestimation of 

the procedure’s reimbursement TLE [13]. There is a general 

belief among Polish cardiologists that the reimbursement 

of these procedures based on diagnosis-related groups of 

patients (DRG) is underestimated and in most cases does 

not cover the costs of standard tools used during the pro-

cedure, thus discouraging the use of more modern and 

safer but more expensive techniques. 

This study aimed to calculate the cost of treatment of 

CIED-related infections, including transvenous lead ex-

traction and device reimplantation, from the perspective 

of a Polish hospital.

METHODS
A retrospective analysis of hospitalization costs of patients 

referred for TLE due to the CIED infection was performed. 

The study covers cases from three Polish reference centers 

specializing in comprehensive treatment of cardiac electro-

therapy complications: Górnośląskie Centrum Medyczne 

im. prof. Leszka Gieca Śląskiego Uniwersytetu Medycznego 

w Katowicach, Szpital Kliniczny Przemienienia Pańskiego 

Uniwersytetu Medycznego im. Karola Marcinkowskiego 

w Poznaniu, and Kliniczny Szpital Wojewódzki Nr 2 im. Św. 

Jadwigi Królowej w Rzeszowie. As a case study, this analysis 

has no intent to mimic the whole population of patients 

with CIED infections. The analysis specifically covers pa-

tients hospitalized for CIED infections in the 2016–2018 pe-

riod. Information on diagnostics, type of CIED, applied 

treatment and length of hospitalization was extracted from 

medical records. The extracted data were accompanied by 

information on the direct real gross costs of every good 

products and service contributing to patients’ hospital-

ization outlays obtained from financial departments of 

individual centers. The financial data were then divided into 

the following cost categories: manhours (fixed cost of an 

hour of hospital stay), personnel, medical tests, total drugs 

and medical devices, antibiotics, CIED with leads, drugs and 

medical devices used either for extraction or implantation, 

as well as other drugs and medical devices. It needs to be 

borne in mind that, depending on how costs are calculated 

in a particular center, the category ‘personnel’ may not be 

consistent between analyzed centers, though the problem 

of inconsistency does not affect the total costs. Further-

more, the financial data on public payer reimbursement 

of each patients’ therapy were also obtained, which made 

it possible to assess economic viability of CIED infection 

treatment in current systemic conditions.

In Poland, the treatment of CIED infections is reim-

bursed by the single central national insurer — the Na-

tional Health Fund (NHF) based on the DRG — standard 

payment rates dependent on the diagnosis and treatment 

provided. This is the basic way of accounting for all hos-

pitalizations in Poland. In exceptional cases, when the 

cost of hospitalization exceeds three times the valuation 

of the relevant DRG, the NHF may, but is not obliged, to 

cover the cost of hospitalization following a case-based 

decision. To maintain consistency and reproducibility of 

the results presented, hospitalizations financed in this 

way were excluded from the present analysis. Moreover, 

hospitalizations of patients who did not complete therapy 

in a given center and were subsequently transferred to 

other hospitals were excluded from the study, as in such 

cases the identification of the total cost of treatment was 

precluded. Our calculation does not take into account op-

portunity costs related to prolonged hospitalizations and 
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additional costs of a cardiac surgery team being on alert 

in case of serious complications.

For each patient in the identified sample, the analysis 

included every cost element cataloged by a particular 

health center at their gross value in PLN. The costs were 

also presented in EUR, using the National Bank of Poland 

exchange rates from the end of each analyzed year (mean 

exchange rate 1 EUR = 4.3 PLN).

Statistical analysis

The cost elements were grouped in categories mentioned 

earlier while the results were presented using descriptive 

statistics for the analyzed sample in the form of the av-

erage cost of treating a patient with a CIED infection in 

the analyzed sample. Descriptive statistics were applied 

to investigate cost categories with the highest impact 

on the financial result of CIED infection treatment. Vari-

ables were summarized with mean (standard deviation 

[SD]) or as counts and percentages while the basic ones 

were also analyzed for their skewness using Pearson’s 

formula. Additionally, median and quartile deviation 

was included for the variables that exhibit a relatively 

high skewness. The relatively high amount of data, 

which includes the type of CIED used, sex, age, types of 

extraction devices used, etc. allowed for further analysis 

in the form of statistical regressions, used specifically to 

identify factors influencing hospitals’ financial results for 

each treatment. The statistical regression was used to 

analyze the relationship between the number of hospital-

ization days and the profit/loss per treatment. Standard 

significance level of 5% was applied, while the presented 

regression met the requirements of homoscedasticity, 

lack of residuals’ autocorrelation, and normal distribution 

of the residuals. All calculations were performed using 

MS Office Excel and PSPP GNU.

RESULTS
Between 2016 and 2018, 169 patients with CIED infections 

were treated at three reference centers: 17 hospitaliza-

tions were billed individually and for a further 81 cases 

treatment data were incomplete (part of the treatment 

process was carried out at another center). The exclusion 

of these patients from the sample most probably results in 

the underestimation of treatment costs against the overall 

number of CIED infections treated in the chosen medical 

centers. Finally, data from 71 hospitalizations were inclu-

ded in the final analysis. In 80.3% of cases, pocket infection 

was diagnosed, whereas the remaining 19.7% of patients 

experienced systemic infection.

In the study group, the average cost of treatment of 

a CIED infection was 34 346 PLN; SD 17 342 (8010 EUR) 

and was the highest in the CRT-D group, where it reached 

49 038 PLN; SD 11 583 (11 440 EUR) (Figure 1). Mean treat-

ment cost in the case of pocket infection was 3206 PLN; SD 

16 601, whereas in the case of systemic infection the cost 

amounted to 43 627 PLN; SD 17 794. There was no sign of 

total costs’ distribution skewness.

Two categories of direct costs account for more 

than two-thirds of the total costs of treating CIED infec-

tions. These are hospital stay costs (39.1% of total costs) and 

CIED devices including leads (31.2% of total expenditure). 

The costs of the devices depend on the type of device 

0 20000 40000 60000

PM

ICD

CRT-P

CRT-D

Average costs of treating CIED infections per device used (PLN )

Hospital stay

Personnel

Diagnostics

Antibiotics

 CIED devices with leads

Drugs and medical devices in extraction
procedures

Drugs and medical devices in implantation
procedures

Other drugs and medical items

Other costs

Figure 1. Average costs of treating CIED infections per device used (PLN)

Abbreviations: CIED, cardiac implantable electronic devices; CRT-D, cardiac resynchronization therapy with defibrillator; CRT-P, cardiac resyn-

chronization therapy with pacemaker; ICD, implantable cardioverter-defibrillator; PM, pacemaker
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used, with CRT-Ds being the most expensive devices on 

average (Figure 2).

The distribution of expenditures on patient treatment 

in the study group depended on the type of device. As only 

two patients underwent cardiac resynchronization therapy 

with peacemaker function (CRT-P) implantation, the inter-

pretation of their treatment costs is highly dependent on 

case characteristics. 

For PM and ICD systems, the largest cost category 

was hospital stay (Figure 2). Among patients with the 

relatively most complex CRT-D system, it was the de-

vice costs that had been highest when compared with 

other categories. Nevertheless, hospital stay costs were 

relatively high.

The cost of devices increased proportionally to their 

complexity while the cost of hospitalization depended on 

the length of hospital stay. The longest stays were for pa-

tients with the most complex systems and resulted from the 

need to treat infection before reimplantation. The average 

length of stay was 21 days: SD 11 for all patients.

Distribution of days spent in hospital in the study group 

(Figure 3).

The high cost of hospitalization resulted not only from 

the length of stay but also from the more frequent need 

39%

6%
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1% 0%

Composition of costs of treatment CIED infection 
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Personnel

Diagnostics

Antibiotics

 CIED devices with leads
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Drugs and medical devices in implantation
procedures

Other drugs and medical items

Other costs
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Figure 2. Composition of costs of treatment of CIED infections

Abbreviations: see Figure 1

Figure 3. The average number of hospitalization days

Abbreviations: see Figure 1
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for prolonged monitoring and longer stay in the intensive 

care unit. In most cases, it was not possible to discharge 

a patient before reimplantation. 

Considering the aforementioned costs of hospitali-

zation, the costs of devices used for reimplantation and 

other financial outlays, in many cases the treatment of 

CIED infection complications was a source of financial loss 

for the hospital. The average financial loss related to the 

treatment of CIED infections for all types of devices in the 

study sample amounted to 2957 PLN, while the median 

equaled 1090 PLN, with a quartile deviation of  6253 PLN. 

The profit and loss distribution exhibits negative skewness.

The highest cost burden on average was related to pa-

tients with an implanted CRT-P system, but the low number 

of cases does not allow for valid conclusions to be drawn 

on this basis. The distribution of revenues and costs per 

device is shown in Figure 4.

The regression analysis revealed that the number of 

days a patient spends in the hospital was a statistically 

significant factor influencing financial losses (PLN –871.86; 

95% confidence interval [CI], –1091.48–[652.24]; P-value 

<1%). With each additional day of stay in the facility, the 

hospital’s financial result decreases on average by more 

than 870 PLN — a number higher than the average cost 

of one-day hospitalization.

The third largest cost category is the equipment and 

drugs used in the TLE procedure. These costs constitute 

on average 12% of all expenditures and on average 

equaled 4191 PLN, while the median equaled 3183 PLN 

with a quartile deviation of 2332 PLN. However, extraction 

expenditures were curbed by the application of basic, 

low-cost solutions instead of more effective and expensive 

extraction methods, e.g. rotational sheaths were used only 

in 6% of cases. Table 1 shows a detailed cost breakdown.

DISCUSSION
The main outcomes of the study which calculated costs of 

CIED-related infection treatment from the hospital perspec-

tive are: (1) the average cost of treatment of a CIED-related 

infection was 34 000 PLN and was highest in CRT-D patients; 

(2) the cost of hospital stay and CIED-device, including 

leads, were two main factors driving the cost of hospital-

-20000
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0

10000

20000

30000

40000

50000

60000

PM ICD CRT-P CRT-D

Treatment reimbursement of CIEDs by type of devices (PLN)

Total costs Total revenues Profit/loss

Figure 4. Treatment of reimbursement of cardiac implantable electronic devices (CIED) by type of devices

Abbreviations: see Figure 1

Table 1. Detailed breakdown of CIED infection treatment (PLN) costs

  PM ICD CRT-P CRT-D Average

Hospital stay 10 283.67 15 297.59 9764.72 16 400.15 13 435.43

Personnel 1194.96 2236.85 2354.54 3241.49 2125.90

Diagnostics 2068.88 2033.21 2373.28 2381.15 2165.17

Antibiotics 384.98 406.87 733.35 447.23 419.63

CIED devices with leads 3504.36 12 063.70 5 551.96 19 629.88 10 728.66

Drugs and medical devices in extraction procedures 4111.34 3205.96 13 863.16 4223.43 4191.24

Drugs and medical devices in implantation procedures 307.06 297.78 507.91 2 210.89 900.28

Other drugs and medical items 302.91 332.39 126.20 480.19 360.34

Other costs 22.91 — — 23.80 16.73

Total costs 22 181.07 35 874.36 35 360.46 49 038.21 34 345.79

Total revenues 18 634.53 33 348.38 27 610.96 46 940.97 31 388.66

Profit/loss –3546.54 –2525.98 –7749.50 –2097.25 –2957.13

Abbreviations: see Figure 1
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ization; (3) the average financial loss for the hospital due 

to treatment of CIED-related infection amounted to almost 

3000 PLN; (4) the use of rotational extraction sheets in the 

study population was very low (6%).

 The study is the first in Poland to analyze the real 

costs of treatment of CIED-related infections from the 

perspective of the healthcare provider and not the payer. 

The analysis shows that patients with the most complex 

devices, i.e. CTD-D, are hospitalized for the longest time, 

and also the cost of the reimplantation device in this group 

is the highest. Therefore, in this group, the treatment of 

infectious complications is the most costly, and, moreover, 

patients with the most complicated devices run the high-

est risk of infectious complications. Taking into account 

the total cost of CIED-related infection treatment in the 

analyzed period in Poland, it amounted to an average of 

34 000 PLN, i.e. 8010 EUR.

Diagnosis and treatment of CIED-related infection 

is an expensive procedure usually involving many days 

of hospitalization and the need to remove the infected 

device. Procedures for transvenous removal of CIEDs re-

quire, especially in the case of multiple leads, the use of 

additional tools like rotational sheaths or excimer laser 

that uses external energy in the process of separating leads 

from the vessel wall. This entails additional costs as the 

procedure reimbursement does not take into account its 

complexity or the number of tools necessary to perform it. 

The cost of using a mechanical sheath alone exhausts the 

reimbursement for the whole procedure – transvenous 

lead removal. Nevertheless, it should be noted that such 

solutions increase the success rates of the procedure to 

over 95% while reducing its perioperative risk. In the study 

group, mechanical sheaths were used in only 6% of proce-

dures, which was probably due to their price and concern 

for the economic calculation. Another problem associated 

with the procedure of lead extraction is the need to im-

plant a new system on the contralateral side or epicardial 

lead placement. Solutions that broaden the spectrum of 

therapeutic options include using leadless pacemakers, 

in which the entire system is contained in a small capsule 

implanted directly into the lumen of the right ventricle, 

and using subcutaneous implantable cardioverter-defi-

brillators (S-ICDs) without intravascular access. Both in 

the case of subcutaneous cardioverter-defibrillators and 

leadless pacemakers, a reduction in the risk of infectious 

complications was observed [13–15], especially in the latter 

case. It must be stressed that a comprehensive strategy is 

needed to limit the incidence of infectious complications, 

starting with the provision of appropriate standards in 

the operating room, diagnostics and pre-implantation 

treatment of asymptomatic infections, preparation of the 

patient and the operating field (surgical field), appropriate 

personnel training, perioperative antibiotic prophylaxis 

and, finally, using absorbable mesh envelopes that locally 

release highly concentrated antibiotics: minocycline and ri-

fampicin in high-risk populations. The cost-effectiveness of 

gentamycin-collagen sponge as part of a multicomponent 

prevention strategy has also been reported [16].

Analysis of all costs has shown that the treatment 

of CIED infection is associated with an average loss of 

3000 PLN per case. An optimal solution would be to change 

the way of financing the treatment of CIED infections, 

bearing in mind the need for additional reimbursement 

in more complex cases. The cost estimation of a TLE pro-

cedure according to DRG does not differentiate the scale 

of difficulty of these procedures, does not include the cost 

of involving a cardiosurgical team, and finally, despite the 

constantly rising hospital operational costs, its amount is 

not subject to appropriate valorization. A previous study 

on the TLE procedures reimbursement in our country 

from 2012 also indicated the lack of proper valuation [13]. 

Studies on the treatment costs of CIED infections in other 

countries are largely based on the information from the 

public payer and show that the treatment of infectious 

complications doubles the cost of care for patients with 

CIED within a year [14]. In a prospective study in France, the 

average cost of treating a CIED infection was 23 000 EUR for 

de novo implantations and 21 000 EUR for reimplantations 

[4]. An interesting conclusion is provided by a study of the 

American population from 2016, which shows that an addi-

tional cost of treating such infections exceeded 45 000 USD 

over 12 months [18]. A disadvantage of these calculations is 

the fact that this estimation is from the payer’s perspective 

and does not reflect the actual cost accrued by the center, 

while its advantage is a large database. Few data are avail-

able from studies on the cost of treating CIED infections 

from a provider’s perspective. The results then relate to 

two different healthcare systems, small groups of patients, 

and different periods analyzed. For example, the cost of 

treating a pacemaker-related infection was estimated at 

11 555 EUR according to an analysis performed in Germany 

in 2010 [19], while a study conducted in 2019 in Manchester 

revealed the cost of 8000 GBP in the case of pacemakers 

and 22 000 GBP for CRT-Ds [20]. In our country, we do not 

have a consistent database to determine the actual fre-

quency of infectious complications in CIED patients and 

to estimate the cost of treatment. The paucity of such data 

does not allow us to conclude that the NHF reimbursement 

for therapies in this group of patients is realistic. In 2019, 

some progress was made in the availability of therapies 

for the treatment of infectious complications in patients 

with CIED. This concerns the NHF’s reimbursement for 

S-ICD implantations. Both antimicrobial envelopes, which 

reduce the risk of pocket infection, especially in high-risk 

patients, and leadless pacemakers should become part of 

services financed by the NHF.

Limitations of the study

The study is conducted retrospectively and prone to typ-

ical biases of this methodology. The presented results of 

the study have some limitations such as a relatively small 

but homogenous group and the involvement of three 
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high-volume hospitals — the results may be different in 

less experienced centers. The standard of cost calculation 

for different cost categories may differ between individual 

centers, but the total cost of hospitalization is comparable.

CONCLUSIONS
The hospital cost of treatment of CIED-related infections 

was high and related mainly to the type of device and 

length of hospitalization. Despite the rare use of costly 

extraction tools, the hospitalization was still likely to 

be unprofitable.
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A B S T R A C T

Background: The left circumflex (LCx) artery is the most diagnostically challenging of the coronary 

branches in terms of diagnostics because the clinical presentation and electrocardiography (ECG) 

do not always suggest critical occlusion despite its presence. Therefore, it is important to determine 

the factors contributing to the clinical manifestation and outcome, such as the culprit location.

Aims: To determine the relationship between the location of the culprit plaque and clinical out-

comes in the LCx artery.

Methods: Data from the Polish Registry of Invasive Cardiology Procedures (ORPKI) from the years 

2019–2020 concerning percutaneous coronary intervention (PCI) procedures were extracted and 

analyzed using appropriate statistical tests.

Results: 97 899 clinical records were analyzed. Patients with proximal occlusion received a worse 

grade using the Killip classification. Patients with Thrombolysis in Myocardial Infarction (TIMI) score 

0 had worse clinical presentation in each of the occlusion locations. The periprocedural cardiac 

arrest and death rates were the highest among patients with proximal circumflex (Cx) occlusion. 

The death rate among patients with proximal occlusion and non-ST-segment elevation myocardial 

infarction (NSTEMI) was greater than among patients with distal occlusion and ST-segment elevation 

myocardial infarction (STEMI).

Conclusions: Among patients with proximal occlusions of the Cx artery and TIMI 0 grade flow on 

initial angiogram, a STEMI-like approach should be undertaken apart from initial ECG findings. This 

is driven by a higher rate of critical and fatal complications such as cardiac arrest and periproce-

dural death. Fatal complications occur more often in patients with proximal occlusion of  Cx than 

in medial or distal occlusion. Grade IV according to the Killip classification can suggest a proximal 

culprit location.

Key words: acute coronary syndromes, clinical outcomes, culprit lesion, Killip classification, left 

circumflex artery

INTRODUCTION

Acute coronary syndromes (ACS) encompass 

ST-segment elevation myocardial infarction 

(STEMI), non-ST-segment elevation myocar-

dial infarction (NSTEMI), and unstable angina 

(UA). When typical symptoms of myocardial in-

farction (MI) are associated with STEMI chang-

es on baseline electrocardiography (ECG), cur-
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W H A T ’ S  N E W ?
Data from the Polish Registry of Invasive Cardiology Procedures (ORPKI) have shown that the location of the culprit plaque 

has a great impact on the severity of myocardial infarction. Patients with proximal occlusion and non-ST-segment elevation 

myocardial infarction (NSTEMI) are at a greater risk than patients with distal occlusion and ST-segment elevation myocardial 

infarction (STEMI). This correlation indicates how important it is to consider other factors alongside the presence of ST-segment 

elevation, most importantly the Killip score, as a patient with NSTEMI may require more urgent and careful treatment than 

a patient with STEMI.

rent guidelines recommend urgent primary percutaneous 

coronary intervention (PCI) with a maximum reduction of 

door-to-balloon time [1]. In the NSTEMI subgroup, recom-

mendations are not so strict and depend upon the clinical 

and hemodynamic condition of the patient [2]. Moreover, 

among MI patients, those with an occluded or critically 

stenosed left circumflex (LCx) coronary artery seem to be 

the most challenging group to identify and immediately 

qualify for urgent angiography due to non-conclusive ECG 

changes on admission and confusing clinical presentation 

[3–11]. Our investigation has gone further, and we focused 

on assessing whether a different localization of the culprit 

plaque (proximal vs. medial vs. distal segment) within the 

circumflex artery responsible for MI has any implications 

on procedural aspects and clinical outcomes for these 

patients. The present study aimed to assess the influence 

of culprit plaque location within the circumflex artery 

segments (proximal vs. medial vs. distal) on procedural 

characteristics and clinical outcomes in patients with ACS 

treated using primary PCI. The impact of the culprit plaque 

location within the ACS-related artery on the preliminary 

diagnosis (STEMI, NSTEMI, UA) in different Thrombolysis 

in Myocardial Infarction (TIMI) flow grade subgroups was 

also investigated.

METHODS
All data were obtained from the electronic database of the 

Polish Registry of Invasive Cardiology Procedures (ORPKI) 

operated by the Jagiellonian University Medical College in 

Kraków. The ORPKI is a national registry with data compiled 

from all cardiology percutaneous interventions performed 

in Poland. Data in the ORPKI registry have been gathered 

via electronic case report forms at the majority of interven-

tional cardiology centers in Poland since 2004. No personal 

data is collected in the registry. The presented archive is 

a single-arm registry of PCIs performed at Polish cath labs 

within the years 2019–2020 [12–14]. Core lab assessment 

was not applied. The MI, STEMI, NSTEMI, and UA were 

defined according to the fourth universal definition of 

myocardial infarction (2018) [15]. The segmentation visual 

assessment was performed in accordance with the Coro-

nary Artery Surgery Study (CASS) [16]. The Killip-Kimball 

classification was used to evaluate the stage of heart failure 

among patients with acute myocardial infarction [17]. The 

TIMI score was used to assess coronary artery flow [18]. 

In the study, the ORPKI patients who were included 

were admitted to a cath lab with ACS and underwent a pri-

mary PCI of a significant circumflex (Cx) artery occlusion. 

The exclusion criterion was a significant incomplete med-

ical records. Patients were divided according to the culprit 

location in the Cx artery. Primary endpoints compared 

between the groups were the intra- and peri-procedural 

cardiac arrest and death rates.

The study complied with ethical principles for clin-

ical research based on the Declaration of Helsinki and 

appropriate consent was obtained from the institutional 

review board.

Statistical analysis

Categorical variables are presented as numbers and 

percentages. The normality of quantitative variables was 

assessed via the Shapiro-Wilk test. As the distribution 

of all quantitative data was other than normal, they are 

expressed as median (interquartile range [IQR]) and were 

compared using the Kruskal-Wallis ANOVA with the post 

hoc Dunn tests. Categorical variables were compared with 

the Pearson χ2 or Fisher exact tests if 20% of cells had an 

expected count of fewer than 5 (Monte Carlo simulation 

for tables larger than 2 × 2). The significance level (α) was 

set at 0.05. Based on the results of univariate analysis, 

multivariable logistic regression models were construct-

ed to find predictors of periprocedural deaths, cardiac 

arrests, and all complications in the analyzed group of 

patients. In the multivariable analysis, we included indices 

with P <0.1 based on the results of univariate analysis. The 

best model was obtained using the stepwise regression 

with minimization of the Bayesian Information Criterion 

as a target. Statistical analysis was performed using JMP, 

version 15.2.0 (SAS Institute Inc., Cary, NC, US).

RESULTS

Characteristics

Initially, 97 899 clinical records were analyzed. All pa-

tients  were divided according to localization of the 

culprit plaque within the Cx artery: group A — proxi-

mal segment (n = 43 444); group B — medial segment 

(n = 45 363), and group C — distal segment (n  = 9092), 

based on initial angiography. Patient characteristics and 

data concerning past medical history are presented in 
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Table 1. On admission, patients were assessed according 

to the Killip-Kimball classification. The patients with 

proximal occlusion received, on average, the worst 

score. The results of the assessment on this scale are 

presented in Table 2.

Clinical status at baseline — whole group 

(independent of TIMI grade)

On admission, cardiac arrest was observed in 2.31% of 

patients. The highest rate of cardiac arrest was observed in 

group A — the proximal segment of Cx, followed by groups 

B and C (Table 2). This difference was concordant with the 

Killip classification — the percentage of grade IV in group 

A was twice as high as in groups B and C. The differences 

were statistically significant (Table 2).

Hypothermia was used extremely rarely in all groups 

— most commonly in group A, followed by groups B and 

C — proportionally to the differences in cardiac arrest in 

analyzed groups (Table 2). In all groups, direct transport to 

the Cath lab was relatively rare (8.03%).

Clinical status at baseline — patients with TIMI 0 

on initial angiogram

On admission, cardiac arrest was observed in 4.89% of 

patients in the TIMI 0 subgroup, which was over 2 times 

higher than in the general comparison (Table 2). In the 

TIMI 0 subgroup, the highest rate of cardiac arrest was 

also observed in group A — the proximal segment of Cx, 

followed by groups B and C (Table 2). This difference was 

concordant with the Killip classification — the percentage 

of grade IV was the highest in group A, followed by groups B 

and C. The differences were statistically significant (Table 2).

Hypothermia was used extremely rarely in all groups 

– most commonly in group A, followed by groups B and 

C — proportionally to differences regarding cardiac arrest 

in analyzed groups (Table 2). In the TIMI 0 subgroup, direct 

Table 1. Demographics and characteristics of the analyzed populations

All patients

Cx narrowing location Proximal — A Medial — B Distal — C Total P-value

Age, years 68 (61–76) 67 (60–75) 66 (60–75) 67 (60–76) <0.001

Sex F: 14029 (32.47)

M: 29175 (67.53)

F: 14549 (31.11)

M: 30759 (67.89)

F: 2659 (29.51)

M: 6352 (70.49)

F: 31237 (32.93)

M: 66286 (67.97)

<0.001

Weight, kg 80 (70–90) 80 (70–90) 80 (73–90) 80 (70–90) <0.001

Diabetes 11209 (25.79) 10584 (23.32) 2356 (25.90) 24149 (24.66) <0.001

Previous MI 13897 (31.98) 12682 (27.94) 2715 (29.85) 29294 (29.91) <0.001

Previous PCI 15106 (34.76) 14767 (32.54) 3138 (34.50) 33011 (33.70) <0.001

Previous CABG 3938 (9.06) 2324 (5.12) 477 (5.24) 6739 (6.88) <0.001

Previous stroke 1663 (3.83) 1442 (3.18) 348 (3.83) 3453 (3.53) <0.001

Smoking (overall) 9165 (21.09) 10301 (22.70) 2116 (23.26) 21582 (22.04) <0.001

Psoriasis 175 (0.40) 208 (0.46) 46 (0.51) 429 (0.44) 0.27

Hypertension 30763 (70.78) 31945 (70.39) 6523 (71.71) 69231 (70.68) 0.03

Kidney disease (GFR <60 ml/min/1.73 m2 or renal  

replacement therapy)

3164 (7.28) 2374 (5.23) 538 (5.91) 6076 (6.20) <0.001

COPD 1102 (2.54) 991 (2.18) 204 (2.24) 2297 (2.35) 0.002

Initial TIMI 0 patients

Cx narrowing location Proximal — A Medial — B Distal — C Total P-value

Age, years 65 (58–73) 65 (58–72) 65 (57–73) 65 (58–73) <0.001

Sex F: 3054 (30.95)

M: 6814 (69.05)

F: 2631 (29.34)

M: 6337 (70.66)

F: 697 (30.15)

M: 1383 (69.85)

F: 6282 (30.18)

M: 14534 (69.82)

0.06

Weight, kg 80 (70–90) 80 (70–90) 80 (72–91) 80 (70–90) <0.001

Diabetes 2107 (21.28) 1780 (19.83) 449 (22.60) 4336 (20.78) 0.005

Previous MI 2005 (20.25) 1671 (18.61) 374 (18.82) 4050 (19.41) 0.01

Previous PCI 1873 (18.92) 1586 (17.67) 363 (18.27) 3822 (18.32) 0.09

Previous CABG 389 (3.93) 227 (2.53) 57 (2.87) 673 (3.23) <0.001

Previous stroke 360 (3.64) 287 (3.20) 77 (3.88) 724 (3.47) 0.15

Smoking (overall) 2723 (27.50) 2694 (30.01) 571 (28.74) 5988 (28.70) <0.001

Psoriasis 41 (0.41) 47 (0.52) 17 (0.86) 105 (0.50) 0.04

Hypertension 6305 (63.67) 5798 (64.58) 1349 (67.89) 13452 (64.47) 0.002

Kidney disease (GFR <60 ml/min/1.73 m2 or renal 

replacement therapy)

508 (5.13) 367 (4.09) 107 (5.39) 982 (4.71) 0.001

COPD 203 (2.05) 175 (1.95) 43 (2.16) 421 (2.02) 0.79

Data presented as median (interquartile range [IQR]) or n (%)

Abbreviations: CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; Cx, circumflex branch of left coronary artery; F, female; GFR, glomerular 

filtration rate; M, male; MI, myocardial infarction; PCI, percutaneous coronary intervention
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transport to the cath lab was observed more frequently 

than in the whole cohort (16.11%).

Initial diagnosis based on ECG and troponin level 

(STEMI vs. NSTEMI vs. UA)

The most common reason for the procedure in all of the 

groups was UA. STEMI was most common in group C, fol-

lowed by groups A and B.

Based on initial diagnosis, the cardiac arrest rate was 

significantly higher in patients with STEMI on the initial 

ECG, and considering segment division, more frequent in 

the proximal segments: 1.51% in group A; 0.75% in group 

B and 0.74% in group C (P <0.001). In NSTEMI patients, this 

totaled 0.56% vs. 0.24 % vs. 0.30%, respectively (P = 0.007), 

while in UA patients, this was 0.17% vs. 0.08% vs. 0.03% 

(P = 0.015).

Vascular access 

The most frequently used access during the procedures 

in all of the groups was the right radial approach. More 

specific data concerning vascular access are presented in 

Supplementary material, Table S1.

Angiographic characteristics

Multivessel coronary artery disease (CAD) without left 

main coronary artery (LMCA) involvement was present in 

more than half of the performed procedures. Single-ves-

sel CAD was the second most common finding. Specific 

data concerning the results of the angiograms are given 

in Table 3.

Advanced morphology and functional assessment

Additional assessments, such as intracoronary ultrasound 

(ICUS), plaque assessment with optical coherence tomog-

raphy (OCT), or functional assessment with fractional 

coronary flow reserve measurement (FFR) were rarely 

performed in all groups. Further data are presented in 

Supplementary material, Table S2.

Procedural characteristics — the amount 

of contrast and radiation dose

In the whole group, the median contrast volume used 

during the procedure was 160 (120–210) ml. The smallest 

amount of contrast was used in group B (medial segment) 

followed by the C and A groups. In the TIMI 0 subgroup, 

the median general contrast usage was greater compared 

to the whole group: 170 (135–220) ml; with the same pro-

portion between segments. It was significantly higher in 

group B (medial segment) in comparison to groups A and 

C. A detailed comparison is provided in Table 4.

When we evaluated the contrast volume between 

assessed segments and stratified it by differential diag-

noses, we found that patients with STEMI were related to 

the greatest contrast volume use during the procedures 

and this concerned proximal and distal occlusion; while 

in NSTEMI — the greatest contrast volume was used in 

Table 2. Clinical characteristics of the groups

Initial diagnosis based on ECG and troponin level

Proximal — A Medial — B Distal — C General P-value

STEMI 11039 (25.41) 11214 (24.72) 2425 (26.67) 24678 (25.21) <0.001

NSTEMI 15575 (35.85) 14802 (32.63) 2979 (32.76) 33356 (34.07)

UA 16830 (38.74) 19347 (42.65) 3689 (40.57) 39866 (40.72)

TIMI 0 without ST-segment elevation 4637 (51.67) 4084 (50.03) 893 (46.22) 9614 (50.59) 0.02

Cardiac arrest on admission 1234 (2.84) 903 (1.99) 132 (1.45) 2269 (2.32) <0.001

Cardiac arrest on admission (TIMI 0) 575 (5.81) 390 (4.35) 55 (2.79) 1020 (4.89) <0.001

Therapeutic hypothermia 52 (0.12) 32 (0.07) 1 (0.01) 85 (0.09) 0.001

Therapeutic hypothermia (TIMI 0) 28 (0.28) 11 (0.12) 1 (0.05) 40 (0.19) 0.01

Killip classification

All patients

Killip class Proximal — A Medial — B Distal — C General P-value

I 36814 (84.74) 40654 (89.62) 8145 (89.58) 85613 (87.45) <0.001

II 3893 (8.96) 3248 (7.16) 706 (7.77) 7847 (8.02)

III 1208 (2.78) 785 (1.73) 120 (1.32) 2113 (2.16)

IV 1529 (3.52) 680 (1.50) 121 (1.33) 2330 (2.38)

Initial TIMI 0

Killip class Proximal — A Medial — B Distal — C General P-value

I 7711 (77.88) 7675 (85.52) 1729 (87.04) 17115 (82.04) <0.001

II 1117 (11.28) 745 (8.30) 173 (8.70) 2035 (9.74)

III 402 (4.06) 237 (2.64) 35 (1.76) 674 (3.22)

IV 671 (6.78) 319 (3.55) 49 (2.49) 1039 (4.97)

Data presented as n (%)

Abbreviations: ECG, electrocardiography; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction; TIMI, Thrombolysis in 

Myocardial Infarction; UA, unstable angina 
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Table 3. Angiographic characteristics of the groups — results of angiography

All patients

Result of angiography Proximal — A Medial — B Distal — C General P-value

No significant stenosis 4 (0.01) 14 (0.03) 1 (0.01) 19 (0.02) <0.001

No atherosclerotic changes 9 (0.02) 14 (0.03) 5 (0.05) 28 (0.03)

Single-vessel CAD 12768 (29.39) 17624 (38.85) 3312 (36.43) 33704 (34.43)

Multi-vessel CAD without LMCA involvement 24802 (57.09) 25576 (56.38) 5378 (59.15) 55756 (56.95)

Multi-vessel CAD with LMCA involvement 5787 (13.32) 2096 (4.62) 387 (4.26) 8270 (8.45)

Only LMCA disease 70 (0.16) 41 (0.09) 9 (0.10) 120 (0.12)

Initial TIMI 0

Result of angiography Proximal — A Medial — B Distal — C General P-value

No significant stenosis 0 (0.00) 5 (0.06) 0 (0.00) 5 (0.03) <0.001

No atherosclerotic changes 2 (0.02) 4 (0.05) 2 (0.10) 8 (0.04)

Single-vessel CAD 3139 (31.70) 3277 (36.51) 767 (38.61) 7183 (34.44)

Multi-vessel CAD without LMCA involvement 5802 (58.60) 5241 (58.39) 1128 (56.78) 12171 (58.33)

Multi-vessel CAD with LMCA involvement 946 (9.55) 441 (4.91) 87 (4.40) 1474 (7.06)

Only LMCA disease 13 (0.13) 7 (0.08) 2 (0.10) 22 (0.11)

Data presented as n (%)

Abbreviations: CAD, coronary artery disease; LMCA, left main coronary artery; other — see Table 2

proximal and distal occlusion; and in UA — the greatest 

contrast volume was used in proximal occlusion (Table 4).

The radiation dose received during the procedure was 

higher in the TIMI 0 subgroup than in the main comparison. 

In this subgroup, the radiation exposure was the greatest 

in group C, followed by groups A and B, whereas in the 

general comparison, it was greatest in group A, followed 

by groups C and B (Table 4).  

Comparing the radiation dose according to initial diag-

nosis; in patients with STEMI, the highest dose of radiation 

was used during the procedures which concerned distal 

occlusion; in NSTEMI — distal occlusion; in UA — distal 

occlusion (Table 4).

COMPLICATIONS
Lesions in the proximal segment of the Cx artery resulted 

in significantly greater rates of intra-procedural cardiac 

arrests and death compared to other locations, both in the 

TIMI 0 subgroup and in the main comparison. There was 

no difference in terms of puncture-site bleeding (Table 4).

On division into subgroups according to the initial di-

agnosis, the results were concordant with the whole group 

comparison — the cardiac arrest and death rates were the 

highest in the A group (proximal occlusion), followed by 

the B and C groups. This relationship occurred in every 

subgroup (STEMI, NSTEMI, UA). The death rate in NSTEMI 

patients with proximal occlusion was comparable to that 

in STEMI patients with medial occlusion and was twice as 

high as the death rate in STEMI patients with distal occlu-

sion (Table 4). 

Procedural characteristics: time delays

Time from first contact to inflation or angiogram was the 

shortest in groups C and A, followed by group B, consider-

ing the whole group. In the TIMI 0 subgroup, the time from 

first contact to inflation or angiogram was the shortest in 

the C group (distal), followed by the A and B groups. The 

results were statistically significant (Table 5).

Regarding the initial diagnosis: in each occlusion 

location group, patients with STEMI had undergone an 

angiography much faster than patients with NSTEMI, and 

even faster than patients with UA. NSTEMI patients had 

undergone an angiography slightly faster than UA patients 

(Table 5).

Stenting

Stenting comparison was performed in the TIMI 0 sub-

group. In each group, the most commonly used stent type 

was drug eluting stent. Bioresorbable vascular stent was 

used extremely rarely — in fewer than 0.5% of cases. Stents 

were implanted most commonly in the medial location. 

A substantial percentage of patients did not receive any 

implant (Supplementary material, Table S3).

Risk factors for periprocedural death  

and complications

Among risk factors influencing periprocedural death, there 

is the culprit location (the worst survival in the proximal 

location), the type of ACS (the worst survival in STEMI, fol-

lowed by NSTEMI and UA), TIMI flow after the intervention 

(worse survival in cases of smaller flow) and the Killip class 

(worse survival in higher class) and others. The presence 

of multi-vessel disease also increased the risk of death. All 

risk factors found are presented in Figure 1. 

When it comes to periprocedural cardiac death, similar 

risk factors have been determined. The risk factors include, 

among others: unsuccessful PCI (TIMI 0 vs. TIMI 3 after 

PCI), Killip class (worse survival in higher score), and initial 

diagnosis (STEMI worse than NSTEMI, followed by UA). 

Surprisingly, intervention on vessel bifurcation were found 
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Table 4. Contrast, radiation and complications

All patients

Proximal — A Medial — B Distal — C General P-value

Contrast volume, ml 170 (130–220) 150 (120–200) 170 (130–220) 160 (120–210) <0.001

Post hoc test A vs. C: P = 0.02 B vs. A:  P <0.001 C vs. B: P <0.001

Radiation dose, mGy 956 (527–1630.50) 826 (459–1407) 908 (524–1557.50) 889 (493–1518) <0.001

Post hoc test A vs. C:  P <0.001 B vs. A: P <0.001 C vs. B:  P <0.001

Bleeding at the puncture site, % 70 (0.16) 68 (0.15) 18 (0.20) 156 (0.16) 0.45

Cardiac arrest during procedure, % 569 (1.31) 236 (0.52) 50 (0.55) 855 (0.87) <0.001

Death during procedure, % 478 (1.10) 172 (0.38) 21 (0.23) 671 (0.69) <0.001

Initial TIMI 0

Proximal — A Medial — B Distal — C General P-value

Contrast volume, ml 180 (140–220) 170 (130–220) 180 (140–220) 170 (135–220) <0.001

Post hoc test A vs. C: P = 0.81 B vs. A: P <0.001 C vs. B: P <0.01

Radiation dose, mGy 973 (543–1668) 920 (526–1547) 1000 (581.75–1675.50) 952 (540–1619) <0.001

Post hoc test A vs. C:  P =0.85 B vs. A: P <0.001 C vs. B: P <0.01

Bleeding at the puncture site, % 18 (0.18) 19 (0.21) 4 (0.20) 41 (0.20) 0.90

Cardiac arrest during procedure, % 308 (3.11) 123 (1.37) 20 (1.01) 451 (2.16) <0.001

Death during procedure, % 264 (2.67) 90 (1.00) 8 (0.40) 362 (1.73) <0.001

Exposition compared according to initial diagnosis and location of narrowing

Diagnosis Proximal — A Medial — B Distal — C P-value

STEMI Contrast volume, ml 170 (130–220) 150 (120–200) 170 (130–220) <0.001

Radiation dose, mGy 957 (530–1656) 825 (459–1404.50) 922 (529–1597.50) <0.001

NSTEMI Contrast volume, ml 175 (130–220) 160 (120–200) 175 (130–220) <0.001

Radiation dose, mGy 974 (544–1665.75) 850 (484–1439.25) 949 (553–1600) <0.001

UA Contrast volume, ml 170 (120–220) 150 (120–200) 160 (130–210) <0.001

Radiation dose, mGy 937.00 (505.75–1593.00) 806.00 (442.00–1391.00) 871.50 (498.00–1484.50) <0.001

Complications compared according to initial diagnosis and location of narrowing

Diagnosis Proximal — A

Medial — B

Distal — C General P-value

STEMI Bleeding at puncture 

site

26 (0.24)

17 (0.15)

6 (0.25) 49 (0.19) 0.27

Cardiac arrest during 

procedure

317 (2.87)

132 (1.18)

25 (1.03) 476 (1.93) <0.001

Death during procedure 281 (2.54)

110 (0.98)

14 (0.58) 405 (1.65) <0.001

NSTEMI Bleeding at puncture 

site

25 (0.16)

27 (0.18)

3 (0.10) 55 (0.16) 0.61

Cardiac arrest during 

procedure

187 (1.20)

75 (0.51)

18 (0.60) 280 (0.83) <0.001

Death during procedure 161 (1.03)

44 (0.30)

5 (0.17) 210 (0.62) <0.001

UA Bleeding at puncture 

site

18 (0.11)

22 (0.11)

11 (0.30) 51 (0.13) 0.01

Cardiac arrest during 

procedure

66 (0.39)

27 (0.14)

7 (0.19) 100 (0.25) <0.001

Death during procedure 36 (0.21)

17 (0.09)

2 (0.05) 55 (0.14) <0.001

Data presented as median (interquartile range [IQR]) or n (%)

Abbreviations: see Table 2

to be a protective factor. All risk factors determined in this 

study were presented in Figure 2. 

In terms of overall complications, the risk factors in-

clude, among others: unsuccessful PCI, Killip class (greater 

odds of complications in higher score), initial diagnosis, 

and application of non-standard vascular access (mostly 

brachial) instead of radial access. The access site was not 

a risk factor for previously mentioned outcomes (fatal 

complications). All risk factors determined in this study 

were presented in Figure 3. 

DISCUSSION
The study has shown that the culprit location in the Cx 

artery greatly impacts the clinical manifestation in patients 

with ACS. Patients with the proximal location of the culprit 

lesion are generally in a worse condition — considering 
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Figure 1. Risk factors for periprocedural death 

Abbreviations: BMS, bare metal stent; CI,  confidence interval; MVD, multivessel disease; OR, odds ratio; SVD, single-vessel disease; other 

— see Tables 1–3

Figure 2. Risk factors for periprocedural cardiac death

Abbreviations: ASA, ace tylsalicylic acid; UFH, unfractionated heparin; VA, vascular access; other — see Figure 1 and Tables 1–3
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Figure 3. Risk factors for the overall periprocedural complications occurrence

Abbreviations: DES, drug-eluting stent; other — see Figures 1–2 and Tables 1–3

the Killip class upon admission — and suffer from higher 

periprocedural mortality. Further multifactorial investi-

gation confirmed these findings, determining the culprit 

location and Killip classification upon admission as inde-

pendent risk factors for periprocedural death. Other risk 

factors worth mentioning are the unsuccessful PCI and 

initial diagnosis (STEMI/NSTEMI/UA).

In comparison to other coronary arteries, the culprit 

location in the Cx artery remains the most difficult and 

challenging to properly diagnose in patients with acute 

myocardial infarction (AMI) [19]. This may be associated 

with the location on the lateral and posterior wall of the 

left ventricle and limited effectiveness of ECG to detect is-

chemia/infarction in this area [20, 21]. Time delays or failure 

in the case of the Cx artery occlusion diagnosis have serious 

clinical consequences because it supplies a significant area 

of the left ventricle myocardium [22]. This is extremely im-

portant when the left coronary artery is the dominant one 
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[23]. Delayed treatment of the culprit artery located within 

Cx results in the worst clinical outcomes [3, 24].

The most serious periprocedural complications during 

primary PCI are cardiac arrest and death. Despite frequent 

lack of ischemic changes on ECG and less pronounced clin-

ical symptoms, cardiac arrest and death are also observed 

in patients with AMI of the Cx artery, as in the case of AMI 

of the right coronary artery, left anterior descending artery, 

or bypass grafts. Our study revealed that when the culprit 

plaque is located in the proximal segment of the Cx artery, 

fatal complications occur more frequently — both on 

admission and during the procedure. The location of the 

culprit plaque within the proximal segment also results in 

a higher rate of left ventricular dysfunction, which could 

predispose these patients to further fatal complications. All 

these findings could be explained by the significantly larger 

mass of the left ventricle muscle affected by an infarct in the 

case of proximal segment occlusion compared to medial 

and distal ones.

Surprisingly, ST-segment elevation was present more 

frequently in patients with a distal plaque location. It is 

hard to explain this phenomenon, however, we suspect 

that this difference might be due to artery thrombosis or 

embolization, which occurs more likely in smaller vessel 

diameters, thus in the distal location [25]. This reduces 

the myocardial perfusion completely, contrary to proxi-

mal occlusions where total thrombosis is less likely, and 

additionally, the affected myocardium can be partially 

supplied by collateral circulation. However, the difference 

in the occurrence of STEMI between the groups was small, 

and we believe that significant result of the statistical test 

could be caused by the disproportion in the occurence of 

NSTEMI and UA in different culprit plaque locations, which 

was much greater than the disproportion in the occurence 

of STEMI. Moreover, as previously mentioned, the Cx artery 

supplies an area where ischemia is exceptionally difficult 

to detect on an ECG [20], which additionally impacts the 

results. Another consequence of these anatomical con-

ditions was observed in this study, where total occlusion 

(TIMI 0) did not cause ST-segment elevation in a substantial 

percentage of patients, further proving that ST-segment 

elevation depends on many factors and its absence can 

be misleading in regard to the Cx area.

Considering the initial diagnosis (STEMI vs. NSTEMI 

vs. UA), the fatal complications were more frequently 

observed in patients with STEMI, which may be explained 

by higher intensification of ongoing ischemia in these 

subgroups. Regarding both serious complications: cardiac 

arrest and death — they were more frequently observed 

in patients with an initially occluded artery on index an-

giogram — TIMI 0 flow. This is probably justified by the 

earlier appearance of large-area total necrosis followed 

by serious rhythm disturbances in this case, compared to 

arteries with critical stenosis but still preserved flow in the 

coronary artery. 

The median contrast volume in the whole group was 

high probably due to difficulties with the visualization 

caused by the spatial conditioning of the Cx artery. The 

larger contrast volume in the proximal segments could be 

explained by the larger diameter of the vessel and greater 

area of the distal vascular bed, as well as a more difficult 

procedure, often resulting in complications that prolong 

the procedure. In turn, almost the same median volume of 

contrast used during procedures within the distal segments 

is most likely due to the difficulties with the infero-basal 

area visualization despite smaller vessel diameters.

Regarding initial diagnosis in all comparable seg-

ments, the greatest volume of contrast was used in 

patients with NSTEMI. It was previously shown that total 

procedural time in NSTEMI is longer than in STEMI [26]. 

In this subgroup, a further difficulty is observed in iden-

tifying the culprit plaque in patients with multi-vessel 

coronary artery disease. Additional tools such as ICUS 

or OCT, were, unfortunately, applied too rarely during 

procedures in this registry. 

Regarding radiation dose, a smaller dose was used 

during interventions on the medial segments of the Cx 

artery. Again, this is probably due to spatial conditioning as 

proximal and distal segments are more difficult to visualize 

in the Cx artery. 

Table 5. Time from first healthcare contact to inflation or angiogram in minutes, excluding cases over 24 hours

Compared according to the location of narrowing

Proximal — A Medial — B Distal — C General P-value

All patients 140.00  (70.00–345.00) 150.00  (75.00–355.00) 140.00  (70.00–346.75) 145.00  (72.00–350.00) <0.001

Post hoc test A vs. C: P = 0.72 B vs. A:  P <0.01 C vs. B: P = 0.59

Initial TIMI 0 113.00  (60.00–240.00) 117.00  (63.00–240.00) 110.00  (60.00–229.50) 115.00  (60.00–240.00) 0.04

Post hoc test A vs. C: P = 0.60 B vs. A:  P = 0.16 C vs. B: P = 0.10

Compared according to initial diagnosis and location of narrowing

Proximal — A Medial — B Distal — C P-value

STEMI 85.00 (59.00–140.00) 90.00 (60.00–145.00) 89.00 (58.00–144.00) 0.002

NSTEMI 240.00 (115.00–512.50) 260.00 (120.00–540.00) 270.00 (120.00–565.00) <0.001

UA 253.50 (148.50–825.00) 330.00 (72.00–426.00) 629.00 (37.00–1222.50) 0.79

Data presented as median (interquartile range [IQR])

Abbreviations: see Table 2
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Regarding time delays, we observed greater delays in 

the whole group in comparison to the TIMI 0 subgroup 

when time delays were shorter. This could be explained 

by more significant clinical symptoms associated with the 

occluded infarct-related artery in the TIMI 0 group. This 

condition could influence medical staff to make quicker 

decisions when directing the patient to urgent angiog-

raphy. Estimating time delays in different diagnoses, we 

observed smaller delays in STEMI patients in all analyzed 

segments similarly due to more pronounced ischemia and 

clinical symptoms in this situation. 

In comparison to other coronary vessels (RCA and 

LAD), the percentage of patients who underwent PCI 

more than 24 hours from pain onset is higher in the case 

of the Cx artery: 30% vs. 20% vs. 17%, respectively, which 

was explained by the lower sensitivity of ST-segment ele-

vation in the detection of acute Cx occlusion [3, 20]. This 

hypothesis is also consistent with an underrepresentation 

of the Cx artery as the culprit artery among patients with 

STEMI [8, 27].

Risk factors determined in this study indicate that 

vascular access do not have an impact on serious com-

plications, and thus on clinical outcomes in patients with 

ACS. However, they do influence overall complications, 

probably due to the most common, mild complication 

— puncture-site hematoma, which occurs more often in 

brachial access [28]. 

Regarding therapeutic hypothermia, it was most com-

monly applied in patients with proximal lesions and TIMI 0.  

This can be again explained by greater ischemia, which was 

associated with a worse Killip score, and, therefore, a worse 

clinical condition of the patient. This may be an indication 

for therapeutic hypothermia due to its cardioprotective 

effect during transport to a cath lab [29, 30]. However, 

these cases were rare in our study, which can be explained 

by the fact that the network of cath labs in Poland is dense 

and highly developed, and the time of patient transport to 

a cath lab is relatively short [31].

The results show that patients with NSTEMI and 

proximal occlusion are at a greater risk than patients with 

STEMI and distal occlusion. However, according to the 

results of our study, which are concordant with the cur-

rent guidelines, NSTEMI patients are treated less urgently 

than patients with STEMI [1, 2], as the initial ECG diagnosis 

greatly impacts time delay. Unfortunately, the location of 

the culprit plaque cannot be considered in initial diagnosis, 

as it is known only after performing a coronary angiogram. 

Therefore, apart from the initial ECG diagnosis, it is crucial 

to make decisions according to the whole clinical presenta-

tion, with special emphasis on the Killip score, as there is 

a group of patients with NSTEMI who require as urgent 

intervention as patients with STEMI.

Limitations

Considering major limitations, the leading one is the retro-

spective nature of the present study. Another one is due to 

the variability in the area that is supplied with blood by the 

Cx artery, which affects patients’ characteristics and clinical 

outcomes. However, this random bias should be excluded 

thanks to the large number of patients that we assessed. 

CONCLUSIONS
Among patients with culprit lesions located in the proximal 

segment of the Cx artery and TIMI 0 grade flow on the initial 

angiogram, a STEMI-like approach should be undertaken 

apart from initial ECG findings. This is caused by a higher 

rate of critical and fatal complications such as cardiac ar-

rest and periprocedural death. Fatal complications occur 

more often in patients with proximal occlusion of Cx than 

in medial or distal occlusion. The location of the occlusion 

should be considered, alongside an ECG diagnosis, as a risk 

factor for periprocedural cardiac arrest and death. The Killip 

classification can be used to predict the suspected culprit 

location, as patients with proximal occlusion more often 

receive grade IV.
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 INTRODUCTION
Heart failure with reduced ejection fraction 

(HFrEF) is diagnosed when left ventricular 

ejection fraction (LVEF) is less than 40% in pa-

tients with adequate symptoms and signs. As 

the disease progresses, atrial fibrillation (AF) 

occurs in up to 50% of patients [1, 2]. We have 

shown before that in patients with AF, right 

ventricular function (RV) is worse [3]. The 

current study aimed to search for independent 

prognostic factors of depressed RV function 

in patients with HFrEF and AF. 

METHODS
This was an observational, case-control, two-

center study. Patients were recruited in the 

years 2013–2016.

Patients with HFrEF of ischemic etiology, 

on optimal current heart failure medical ther-

apy, the New York Heart Association (NYHA) 

class II–III, LVEF ≤40%, with sinus rhythm (SR) 

or permanent AF for at least one year, under-

went echocardiography to assess RV. All the 

patients had two- and three-dimensional 

echocardiography (2DE and 3DE; sonograph 

Phillips iE33 xMATRIX; Phillips Medical Sys-

tems, Netherlands, transducer iE33 X5-1). 

Right ventricular ejection fraction (RVEF) was 

assessed on three-dimensional echocardiog-

raphy (4 D RV-Function 2.0 TomTec Imaging 

Systems GmbH, Munich, Germany). 

 Independent prognostic factors of depres-

sed RVEF <45% were searched. The following 

variables were analyzed: age, sex, body mass 

index, NYHA class, history of percutaneous 

intervention (PCI) and coronary by-pass graft-

ing (CABG), diabetes, arterial hypertension, 

systolic and diastolic blood pressure, chronic 

kidney disease, thyroid disease, history of 

stroke or transient ischemic attack, left ven-

tricular end-diastolic diameter, left ventricular 

ejection fraction, presence of significant mitral 

or aortic regurgitation, heart rate (HR), right 

ventricular pacing, and cardiac resynchroni-

zation therapy. The study was supported by 

the State Committee for Scientific Research 

grant (3/5/VII/2013). The design and protocol 

of the study were approved by the institutional 

Ethics Committee at the National Institute of 

Cardiology, Warsaw (IK-NP-0021-28/1365/13, 

IK-NP-0021-7/1365/14).

Statistical analysis

The results are presented as mean and stand-

ard deviation (SD) (continuous variables with 

normal distributions — the Shapiro–Wilk 

test) or counts and frequencies. Baseline 

characteristics are compared using the t-test, 

the χ2 test, or the Fisher exact test. To identify 

independent factors of depressed right ven-

tricular function (defined as RVEF <45%), mul-

tivariable logistic regression was performed. 

The stepwise variable selection procedure 

was used. Odds ratios with 95% confidence 

intervals (CI) were calculated. The statistical 

software package (SAS 9.4, Cary, NC, US) was 

used for the analysis. 

RESULTS AND DISCUSSION
Clinical and echocardiographic character-

istics of the study group (n = 126 patients) 

have been published before [3]. In the AF 

group (94 patients), the mean HR was higher 

than in the SR group (32 patients), 76.7 (13) 



938

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 a

bpm vs. 70.2 (9.5) bpm, respectively; P = 0.003. In the AF 

group, more patients had significant mitral and tricuspid 

regurgitation, and mean right ventricular systolic pressure 

was higher (Supplementary material, Table S1). A reliable 

analysis of 3DE data was possible in 116 patients (30 in 

the SR group, 86 in the AF group). In the AF group, RVEF 

was worse than in SR group, 37.2% (7.3%) vs. 48.2% (7.5%), 

respectively; P <0.0001. Among other analyzed parameters 

of RV function, longitudinal strain of RV free wall acquired 

while analyzing 3DE data sets and s’ in 2DE were worse 

in the AF group (Supplementary material, Table S1). Only 

a few correlations between 2DE and 3DE were found 

(Supplementary material, Table S2). RVEF <45% was found 

in 74 patients with AF (86.1% ) and 11 patients with SR 

(36.7%). Multivariable analysis of the whole study group 

(both AF and SR patients) showed that AF, HR, and history 

of CABG were independent predictors of RVEF <45% (Ta-

ble 1 and Supplementary material, Figure S1). Odds ratios 

(OR) were for AF — 9.14 (3.20–26.12); P <0.001; for HR (by 

one beat per minute) — 1.07 (1.02–1.13); P = 0.006; for 

CABG — 5.53 (1.34–22.80); P = 0.018. The area under the 

curve (AUC; 95% CI) for the model was 0.83 (0.74–0.92). An 

increase in HR by five beats per minute was associated with 

an OR of 1.42 (1.11–1.78); P = 0.006 of RVEF <45% in the 

whole study group (both AF and SR). Multivariable analysis 

made only in the patients with AF showed that only HR 

was an independent factor of RVEF <45%: OR (95% CI), 

1.06 (1.003–1.12); P = 0.037; AUC (95% CI), 0.69 (0.53–0.84). 

An increase in HR by five beats per minute was associated 

with an OR of 1.35 (1.10–1.78); P = 0.037 in the AF group. 

In the SR group, the only prognostic factor of RVEF <45% 

was CABG, 7.08 (1.07–46.7); P = 0.042; AUC, 0.675 (0.505– 

–0.844). In this group HR was not found to be a prognostic 

factor of RVEF <45% in univariable analysis: OR (95% CI), 

1.02 (0.94–1.10); P = 0.62. However, the analysis could only 

be made in 30 patients who had a reliable 3DE, and only 

11 of them presented RVEF <45%. 

It is debatable what was a direct cause of right ven-

tricular dysfunction in the AF group. In both AF and SR 

groups, direct damage due to ischemia or RV dysfunction 

as an effect of interventricular interdependence was pos-

sible. However, impaired RV function may be a marker of 

a more advanced stage of HFrEF, similarly to AF. Patients 

with HFrEF and AF may be more prone to volume and, 

subsequently, pressure overload. When its compensation 

capacity expires, the RV dilates, and its myocardial con-

tractility deteriorates. An increase in HR maintains cardiac 

output but also increases myocardial strain and oxygen 

demand, which leads to decompensated RV failure [4]. RV 

dysfunction may also result from a primary reduction of 

myocardial contractility due to arrhythmia, which leads to 

impaired RV filling and increased right atrial pressures and 

tricuspid regurgitation [5]. RV failure has been repeatedly 

shown to compromise the prognosis in heart failure. In 

a recent study, it was confirmed to be an independent 

prognostic factor of all-cause mortality and rehospitali-

zation for heart failure [6]. It underlines the need for the 

search for therapies focused on preserving RV function in 

heart failure. The patients in this study were recruited in the 

years 2013–2016. Since that time new therapeutic agents 

have been introduced to the standard treatment of heart 

failure. A few studies showing an RV function improvement 

Table 1. Patients’ characteristics stratified by right ventricular dysfunction. Results of univariable and multivariable logistic regression to 

identify independent prognostic factors of right ventricular ejection fraction <45%

Univariable analysis Multivariable analysis

RVEF <45%  

(n = 85)

RVEF >45%

(n = 31)

OR (95% CI)a Pb OR (95% CI)a Pb

Age, years, mean (SD) 72.9 (8.4) 71.6 (9.4) 1.019 (0.971–1.068) 0.44 —

Male sex, n (%) 76 (89.4) 27 (87.1) 1.251 (0.356–4.397) 0.73 —

BMI, kg/m2, mean (SD) 27.8 (4.5) 27.2 (4.9) 1.031 (0.940–1.130) 0.52 —

HF NYHA class III, n (%) 30 (35.3) 5 (16.1) 2.836 (0.987–8.149) 0.053 —

History of PCI, n (%) 51 (60.0) 25 (80.6) 0.360 (0.134–0.970) 0.043 —

History of CABG, n (%) 21 (24.7) 4 (12.9) 2.215 (0.694–7.065) 0.18 5.53 (1.341–2.80) 0.018

Diabetes, n (%) 25 (29.4) 11 (35.5) 0.758 (0.317–1.810) 0.53 —

Arterial hypertension, n (%) 61 (71.8) 19 (61.3) 1.605 (0.677–3.806) 0.28 —

Chronic kidney disease, n (%) 27 (31.8) 6 (19.3) 1.940 (0.713–5.279) 0.19 —

Thyroid disease, n (%) 19 (22.3) 3 (9.7) 2.687 (0.736–0.913) 0.13 —

History of stroke, n (%) 18 (21.2) 1 (3.2) 7.123 (0.958–52.96) 0.055 —

LVEDD, cm, mean (SD) 6.1 (1.0) 5.7 (0.9) 1.610 (1.049–2.472) 0.029 —

LVEF, %, mean (SD) 28.2 (8.5) 30.6 (7.3) 0.963 (0.914–1.015) 0.16 —

MR (>III), n (%) 25 (30.1) 6 (19.3) 1.796 (0.656–4.916) 0.25 —

AF, n (%) 74 (87.1) 12 (38.7) 10.65 (4.07–7.84) 0.01 9.14 (3.20–6.12) <0.001

HR, bpm, mean (SD) 77.2 (13.0) 69.4 (10.2) 1.058 (1.018–1.101) 0.005 1.07 (1.02–1.13) 0.006

The results are presented as mean values and standard deviations or counts and proportions or odds ratios with a 95% confidence interval. aRisk of right ventricular dysfunc-

tion for increasing the feature by one unit or for the category “yes” vs. “no”. bP-value for the likelihood ratio test

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CABG, coronary artery bypass grafting; HF, heart failure; HR, heart rate; LVEDD, left ventricular end-diastolic dimen-

sion; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; NYHA, New York Heart Association class; PCI, percutaneous coronary intervention; RVEF, right ventricular 

ejection fraction
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and clinical short-term outcomes in patients treated with 

sacubitril/valsartan have been published [7, 8]. Other 

agents are at the stage of clinical trials. We are aware of 

other study limitations — the small number of patients in 

the two-center study and the observational design of the 

study with no prospective assessment. Further research 

is needed to establish the clinical value of the presented 

observations.  

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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INTRODUCTION
Nowadays, the widespread use of transtho-

racic echocardiography (TTE) as a routine 

checkup test, especially amongst the elderly 

population, has increased the prevalence 

of incidental findings, with one of the most 

frequent being the sigmoid interventricular 

septum (SIVS). According to data from the 

Framingham Heart study, the overall prev-

alence of SIVS in the general population is 

only 1.5% and significantly increases to 18% 

in the eighth decade [1, 4]. Furthermore, 

observational studies show a prevalence of 

50%–80% of arterial hypertension in the SIVS 

population, proving their strong correlation 

[2, 3]. As far as the electrocardiogram (ECG) is 

concerned, SIVS can be indicated by abnormal 

Q waves, especially in V1–V2 precordial leads, 

voltage criteria for ventricular hypertrophy, 

and ST/T wave changes. Our study aimed to 

determine the echocardiographic features 

of SIVS that predispose the appearance of 

Q wave in V1–V2 leads of the surface ECG in 

a group of hypertensive and normotensive 

patients diagnosed incidentally with SIVS. 

METHODS

Study population

Our study was conducted in the Department 

of Cardiology of the General Hospital of Chios, 

Greece. The study population included adult 

patients with an incidental finding of SIVS 

during a routine TTE. Both hypertensive and 

normotensive patients were studied. Patients 

with a history of hypertrophic cardiomyopa-

thy, infiltrative heart disease, cardiac surgery, 

aortic/subaortic stenosis, or prior myocardial 

infarction with fibrosis/scar of the ventricular 

septum were excluded. Informed written 

consent was obtained from all patients, and 

the study was approved by the local eth-

ics committee.

Echocardiographic analysis

The presence of SIVS was defined as a hyper-

trophied proximal focal area within the first 

third of the ventricular septum, with thickness 

>13 mm in men and >12 mm in women and 

a proximal-to-mid/distal septal thickness ratio 

of 1.3–1.5 [1, 2]. The mid-ventricular septum 

thickness (Mid IVS), the maximum thickness 

of the proximal part of the sigmoid septum 

(Max IVS sigmoid), as well as the thickness of 

the posterior wall of the left ventricle (LVPW) 

were measured from the parasternal long axis 

view at end-diastole. The aortoseptal angle 

(Asep), defined as the angle between the long 

axes of the aorta and the left ventricle, was 

also measured. Considering that the latter 

is highly dependent on the position of the 

transducer and thus is poorly reproducible, 

the aortosigmoid angle (Asig), which is less 

position dependent, was measured. It was 

defined as the angle between the long axis 

of the aorta and the tangent of the distal part 

of the sigmoid septum (Figure 1A). All angles 

were measured, as described in Figure 1, on 

the Digital Imaging and Communications 

in Medicine (DICOM) echo images of each 

patient with the use of the RadiAnt DICOM 

Viewer software (v.2021.2, Medixant, Poznań, 
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Poland). The Max/Mid IVS ratio, Max/Posterior IVS ratio, 

Mid/Posterior IVS ratio, the Asig/Asep ratio, and the Asep-

Asig subtraction were also calculated. 

ECG analysis

All patients underwent a 12-lead surface ECG and were 

divided into the Q and non-Q groups based on the pres-

ence of Q waves in V1–V2 precordial leads (Figure 1 B, C). 

Statistical analysis

Categorical variables were compared with the χ2 test. 

Continuous variables were compared with the t-test or 

Mann–Whitney U test if normally or non-normally distrib-

uted, respectively. Statistical significance was defined as P 

<0.05. Multivariable regression analysis was performed to 

find the significant predictors of the presence of Q waves 

in leads V1 and/or V2 on 12-lead surface ECG. The analysis 

was performed with the IBM SPSS Statistics v.23 software. 

The Mann–Whitney test was not conducted. 

RESULTS AND DISCUSSION
A total of 103 patients at a mean age of 68.5 (10.7) years 

were included in the analysis (52 male and 51 female).

Sixty patients (58.3%) were included in the Q group 

(36 males and 24 females), and 43 patients (41.7%) were 

included in the non-Q group (16 males and 27 females). 

There were statistically significant differences betweent 

the two groups in terms of sex, Mid IVS, Max IVS, and 

LVPW thickness, Asep and Asig, Asep-Asig subtraction, 

the Asig/Asep ratio, and presence of arterial hypertension 

(Supplementary material, Table S1).

To confirm the last observation, a binomial logistic 

regression was performed to ascertain the effects of sex, 

age, Asig ≤90º, Max IVS thickness, and arterial hyperten-

sion (HTN) on the likelihood that patients display Q waves 

in leads V1 and/or V2 on 12-lead surface ECG. The logistic 

regression model was statistically significant, P <0.0001 and 

correctly classified 83.5% of cases. Sensitivity was 96.7%, 

specificity was 65.1%, positive predictive value was 79.5%, 

Figure 1. A. Measurements of angle and thickness on the echocardiographic image. All measurements performed at end-diastole. B. 12-lead 

surface electrocardiography (ECG) of a patient with sigmoid septum and Q waves in V1 and V2 leads. C. 12-lead surface ECG of a patient with 

sigmoid septum and non-Q waves in V1 and V2 leads (small initial r wave). D. Association between the aortosigmoid angle and the Q wave 

presence in V1–V2 leads, as analyzed in the second model. The odds ratio and 95% confidence interval are presented

Abbreviations: IVS, interventricular septum; LVPW, posterior wall of the left ventricle

ArtHTN

MaxIVSthick

SigAortic 
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Age

Gender

0 1 2 3 4
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and negative predictive value was 93.3%. Of the five 

predictor variables, only two were strongly correlated 

with the presence of Q waves in V1–V2 ECG leads: Asig 

≤90º (odds ratio [OR], 30.07; 95% confidence interval [CI], 

5.97–151.43; P <0.001) and Max IVS thickness (OR, 1.99; 95% 

CI, 1.17–3.39; P = 0.011). An Asig ≤90o increased the likeli-

hood of presenting a Q wave in leads V1 and/or V2 more 

than 30 times compared to an obtuse angle. Similarly, Max 

IVS thickness increased by 1 mm raising that likelihood by 

almost 2 times (Supplementary material, Table S2).

A second model was created to assess the effect of 

the Asig as a continuous variable, with all other variables 

remaining the same as in the previous model. This model 

was also statistically significant (P <0.0001) correctly clas-

sifying 80.6% of cases. Sensitivity was 85%, specificity was 

74.4%, positive predictive value was 82.3% and negative 

predictive value was 78%. Of the five predictor variables, 

only two were strongly correlated with the presence of 

Q waves in V1–V2 ECG leads: Max IVS thickness (OR, 1.93; 

95% CI, 1.06–3.52; P = 0.031) and Asig (OR, 0.8; 95% CI, 

0.76–0.88; P <0.001) (Figure 1D). In the Q group, the mean 

Asig was 74.5 (10.5) degrees, and the Max IVS thickness was 

14.7 (1.3) mm. In the non-Q group, these measurements 

were 94.6 (11.9) degrees and 13.5 (0.9) mm, respectively. An 

increase in the Max IVS thickness by 1 mm and a decrease 

in the Asig by 1 degree were associated with a higher 

likelihood, by 1.9 and 1.2 times respectively, of presenting 

a Q wave in leads V1 and/or V2. Age, arterial HTN, and sex 

were not independent predictors of Q waves on the ECG 

(Supplementary material, Table S3).

When comparing the OR between the two models, 

we observed that the Asig when assessed with a cut-off 

value of ≤90o (Model 1), resulted in a higher OR (and 

higher likelihood) of Q wave presence in V1–V2 leads than 

when assessed as a continuous variable (Model 2) (OR, 

30.07 vs. 1.2 between the two models). On the other hand, 

the OR for the Max IVS thickness was quite similar in the 

two models (OR, 1.99 vs. 1.93).

SIVS is one of the most frequent incidental findings 

during TTE in asymptomatic populations.  Most studies 

correlate SIVS and its relevant echocardiographic features 

with the presence of arterial HTN or subclinical hypertro-

phied cardiomyopathy/subaortic stenosis, with cardiac 

magnetic resonance imaging being the best diagnostic tool 

for further evaluation [4–6]. Thus, based on the lack of data 

from the existing literature our study aimed to highlight the 

predisposing clinical and echocardiographic parameters 

for the appearance of Q waves in leads V1 and/or V2 of the 

ECG in subjects with SIVS. 

In our study, the Asig was an additional parameter 

that was measured in comparison to previous studies, 

making our results more dependent on SIVS character-

istics. The latter, along with the Max IVS thickness, were 

the main predictive factors of the appearance of Q waves 

on the ECG. It is important that an Asig ≤90º increased 

the likelihood of presenting a Q wave in leads V1 and/or 

V2 more than 30 times compared to an obtuse angle as 

it was ascertained by the statistical analysis, making the 

acute Asig a strong predictor of the presence of Q waves 

on the surface ECG. This was highlighted by the fact that 

every decrease of the Asig by one degree increased the 

likelihood of the appearance of the Q waves in leads V 

and V2 by 1.2 times, so the presence of more acute angles 

resulted in a higher probability of appearance of Q waves 

on the ECG.

In conclusion, the measurement of the Max IVS thick-

ness, and especially the finding of an acute Asig ≤90o, is 

a widely available and reproducible diagnostic tool for the 

evaluation of patients with incidental finding of SIVS. In clin-

ical practice, it could assist cardiologists in distinguishing in 

which patients the presence of Q waves in V1 and V2 leads 

of the ECG are not associated with characteristics of the 

SIVS, so alternative etiologies should be sought.

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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Gastrointestinal bleeding as a symptom of failing Fontan 
circulation
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Fontan procedure is a standard surgical pal-

liation for single ventricle congenital heart 

defects. As a result of the procedure, systemic 

venous return is directly connected to pulmo-

nary circulation without the interposition of 

the ventricle which leads to chronic venous 

hypertension. There are many widely known 

late consequences of Fontan physiology [1] 

such as the development of plastic bronchi-

tis, protein-losing enteropathy, Fontan-as-

sociated liver disease, portal hypertension 

with esophageal varices, splenomegaly, 

and hypersplenism. We present a case that 

demonstrates a different manifestation of 

failing Fontan circulation.

A 10-year-old girl with a congenital heart 

disease including a double-outlet right ventri-

cle, hypoplastic aortic arch, subvalvular aortic 

stenosis, and large ventricular septal defect 

was admitted to the hospital with symptoms 

of heart failure and acute lower gastrointes-

tinal bleeding. She had undergone surgical 

palliation at 6 years of age: nonfenestrated 

extracardiac Fontan operation (with an addi-

tional source of pulmonary blood flow from 

the ventricle).

Laboratory investigations showed hypoal-

buminemia, hypoproteinemia, and elevated 

stool alpha-1-antitrypsin level. Technetium 

labeled albumin scintigraphy was performed 

and confirmed protein-losing enteropathy.

Cardiac imaging was planned to assess 

the anatomy of Fontan circulation. Computed 

tomography angiography showed endothelial 

hyperplasia causing left pulmonary artery 

in-stent restenosis. The patient underwent 

successful percutaneous stent redilatation.

Although the signs of active gastrointesti-

nal bleeding diminished, the patient suffered 

from severe recurrent anemia that required 

repetitive blood transfusions and during the 

hospital stay, melena was present. Abdominal 

ultrasound showed portal hypertension. There 

were no endoscopic signs of active or recent 

bleeding, but esophageal varices were found 

in gastroscopy. Bone marrow biopsy analysis 

showed normal hematopoietic function. Due 

to persistent positive fecal occult blood test 

(FOBT) — technetium labeled erythrocyte 

scintigraphy was scheduled and localized the 

source of bleeding.

Both scintigraphy examinations (Figure 

1A — with albumin and 1B — with erythro-

cytes) show leakage in a similar region of the  

small intestine. After excluding other causes 

of intestinal bleeding, regarding the same lo-

calization of protein and erythrocyte leakage, 

failing Fontan circulation was identified as the 

most probable underlying cause of enteric 

erythrocyte loss [2, 3].

Treatment in our patient involved op-

timization of Fontan hemodynamics and 

pharmacotherapy: propranolol, lisinopril, 

spironolactone, low-fat high-protein diet, 

and enoxaparin (as data are showing good 

effects on intestinal epithelial cells of heparin 

therapy in protein-losing enteropathy [4]). 

Surgical segmental resection of the abnormal 

region of the small bowel was considered. One 

month later, as soon as laboratory assessment 

showed no anemia with negative FOBT, serum 

albumin, and protein levels within a normal 

range; any surgical intervention was post-

poned. The patient remained stable in a one-

year follow-up.

Chronically elevated central venous pres-

sure in Fontan physiology has a significant 

impact on subdiaphragmatic hemodynamics.  

Potentially, the same mechanism may play 

a role in erythrocyte enteric loss causing in-
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creased vascular permeability for larger cells or molecules: 

lymphocytes, erythrocytes, serum albumin, and protein. 

Recurrent anemia resulting from enteric erythrocyte loss 

may be another significant complication related to Fontan 

palliation. Future studies are needed to confirm that.
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Figure 1. A. Technetium 99m-labeled human serum albumin scintigraphy (the arrows show leakage of albumin in the region of the small 

intestine). B. Technetium 99m-labeled erythrocytes scintigraphy, the arrows show leakage of erythrocyte in the region of the small intestine 

A

B

REFERENCES

1. Hsia TY, Khambadkone S, Deanfield JE, et al. Subdiaphragmatic venous 

hemodynamics in the Fontan circulation. J Thorac Cardiovasc Surg. 2001; 

121(3): 436–447, doi: 10.1067/mtc.2001.112527, indexed in Pubmed: 

11241078.

2. Seewoodhary J. Gastrointestinal haemorrhage in protein-losing enterop-

athy associated with the Fontan circulation. QJM. 2010; 103(5): 347–349, 

doi: 10.1093/qjmed/hcp170, indexed in Pubmed: 19917646.

3. Vyas H, Driscoll DJ, Cetta F, et al. Gastrointestinal bleeding and pro-

tein-losing enteropathy after the fontan operation. Am J Cardiol. 2006; 

98(5): 666–667, doi: 10.1016/j.amjcard.2006.03.049, indexed in Pubmed: 

16923458.

4. Bode L, Murch S, Freeze HH. Heparan sulfate plays a central role in a dy-

namic in vitro model of protein-losing enteropathy. J Biol Chem. 2006; 

281(12): 7809–7815, doi: 10.1074/jbc.M510722200, indexed in Pubmed: 

16434407.



945w 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

Correspondence to:

Andrzej Gackowski, MD, PhD,

Department of Coronary Disease 

and Heart Failure,  

Institute of Cardiology, 

Jagiellonian University Medical 

College, John Paul II Hospital, 

Prądnicka 80,  

31–202 Kraków, Poland,

phone: +48 12 614 22 18,

e-mail: agackowski@gmail.com

Copyright by the Author(s), 2022

DOI: 10.33963/KP.a2022.0176

Received:  

June 20, 2022

Accepted:  

July 20, 2022

Early publication date:  

July 28, 2022

 C L I N I C A L  V I G N E T T E

A complicated course of Salmonella endocarditis leading  
to heart transplantation
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A 39-year-old woman with symptomatic se-

vere mitral regurgitation due to myxoid valve 

disease was admitted to the cardiac surgery 

department (Figure 1A– B; Supplementary 

material, Video S1). She underwent mitral valve 

repair (posterior leaflet P2 segment resection 

followed by annuloplasty). Preoperative left 

ventricular ejection fraction (LVEF) was 65%. 

The perioperative course was uneventful.

Due to a prolonged fever (with no other 

symptoms), 6 weeks after the surgery, tran-

sthoracic and transesophageal echocardi-

ography revealed a giant, mobile vegetation 

attached to the mitral annulus (Figure 1C; 

Supplementary material, Video S2). Further-

more, a smaller vegetation and perforation 

of the non-coronary cusp of the aortic valve 

were observed. The blood cultures revealed 

Salmonella enterica ssp. The patient initially 

did not give consent for reoperation and 

was treated with ceftriaxone and trimethop-

rim/sulfamethoxazole based on an antibio-

gram. The fever resolved, however, despite 

6 weeks of antibiotic treatment, vegetations 

persisted and an acute spleen embolism was 

diagnosed. Finally, urgent reoperation was 

performed — mechanical mitral and aortic 

valves were implanted with the aorto-mitral 

curtain reconstruction using CorMatrix (com-

mando procedure). Blood cultures repeated 

after surgery revealed persistent infection 

with the same bacteria, and antimicrobial 

treatment was continued. Despite that, a se-

ries of transesophageal echocardiography 

studies revealed recurrent vegetations on 

the mitral valve prosthesis (Figure 1D; Supple-

mentary material, Video S3) and a significant 

paravalvular leak caused by laceration of the 

CorMatrix patch (Figure 1E–F; Supplementary 

material, Video S4–5). LVEF was 45%. 

Three months after the second surgery, 

due to persistent endocarditis and significant 

paravalvular leak, the Heart Team decided 

on the third operation — this time biologi-

cal mitral valve and aortic homograft were 

implanted. The periprocedural period was 

complicated by acute heart failure, treated 

with temporary extra corporeal membrane 

oxygenation (ECMO) support, inotropic 

therapy (dobutamine, milrinone), and intra-

venous loop diuretics. Immediately after car-

diac surgery, LVEF severely decreased to 20% 

with an improvement to 40% at discharge, 

but persistent severe right ventricular failure 

was observed.

After several weeks,  normalization of 

inflammatory markers and negative blood 

cultures were observed. The patient was qual-

ified for a heart transplant and received the 

graft several months later. Two years after the 

heart transplantation she remains stable, with 

functional New York Heart Association class II.

Cardiovascular complications of salmo-

nellosis are rare and occur in fewer than 

5% of patients with Salmonella bacteremia.

There are only a few reports in the literature 

describing myocarditis, pericarditis, or mycotic 

aneurysm [1–5]. Most of them are caused by 

immune deficiency in the course of lupus 

erythematosus, corticosteroid therapy, or hu-

man immunodeficiency virus (HIV) infection. 

None of the above risk factors were found in 

our patient. Nonetheless, the course was very 

severe with massive destruction of cardiac 
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tissues, several reoperations, mechanical support, and 

cardiac transplantation.

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska
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Figure 1. Transesophageal echocardiography: A–B. Preoperative study showing posterior mitral leaflet prolapse with severe MR; C. Control 

study post mitral valve repair — there is no MR but massive vegetations (Veg) are visible (the white arrows); D–F. Next study after AVP and 

MVP implantation and CorMatrix reconstruction of the aorto-mitral curtain — recurrence of endocarditis and PVLs are visible (the red arrows)

Abbreviations: AVP, aortic valve prosthesis; LAA, left atrium appendage; MR, mitral regurgitation; MVP, mitral valve prosthesis; PVL, paravalvu-

lar leak  
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Large field-of-view intravascular ultrasound for 
periprocedural cross-sectional assessment of right ventricular 
outflow tract anatomy offering a detailed tomographic 
perspective

Wiktor Skotarczak1, Piotr Nikodem Rudziński1, Łukasz Kalińczuk1, Katarzyna Biernacka2, Gary S Mintz2,  

Marcin Demkow1
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A 35-year-old male born with tetralogy of 

Fallot with total surgical correction at the 

age of 3 years and reoperation at the age 

of 15 years with homograft insertion in the 

right ventricular outflow tract (RVOT) was 

admitted due to deterioration in exercise 

tolerance and arrhythmia. Echocardiography 

showed severe pulmonary insufficiency and 

stenosis (pressure half-time of 89 ms with 

maximal/mean gradient of 67/44 mm Hg). 

Pulmonary regurgitant volume measured in 

cardiac magnetic resonance was 13 ml with 

a regurgitant fraction of 16% and a substan-

tially increased right ventricular end-diastolic 

volume (219 ml/m2). Multi-slice computed 

tomography (MSCT) angiography (384-row 

SOMATOM® Definition Flash, Dual Source, 

SIEMENS, Forchheim, Germany) showed 

diffusely calcified and narrowed RVOT with 

minimal lumen cross-sectional area (CSA) 

of 1.89 cm2 measured in systole (Figure 1, 

panels 3 and 4). Lumen CSAs measured in 

systole at the proximal and distal references 

were 2.99 and 3.15 cm2, respectively (Figure 1, 

panels 1 and 7) with calculated stenosis area 

of 40% (1.89 cm2/3.07 cm2). Given our recent 

experiences documenting a unique 60-mm 

periprocedural tomographic imaging per-

spective offered by a Vision PV035 10 MHz 

intravascular ultrasound (IVUS, Philips North 

America Corporation, Andover, MA, US), 

novel imaging instrumentation was used 

to verify its diagnostic performance in the 

highly calcified RVOT (Figure 1, panel 3, the 

white arrow indicates the transducer location) 

[1–4]. Intravascular ultrasound cross-sectional 

visualization measured lumen dimensions 

that corresponded closely with those made 

in angio-MSCT (Figure 1, the lower row). 

Contrast-free cross-sectional imaging using 

a large field of view IVUS is feasible even in 

highly calcified RVOT anatomy, offering an 

understanding of the target zone anatomy 

and its dimensions that are crucial for plan-

ning transcatheter intervention.
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Simultaneous use of implantable cardioverter-defibrillator 
in a patient with a preexisting deep brain stimulator: 
A proposed protocol of implantation to avoid dangerous 
interactions

Lidia Chmielewska-Michalak, Jacek Migaj, Agnieszka Katarzyńska-Szymańska, Aleksandra Ciepłucha,  
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Recently, the number of implantations of 

cardiac implantable electronic devices (CIED) 

has increased. Similarly, the field of extra-

cardiac stimulation devices including deep 

brain stimulation (DBS) in medically refractory 

Parkinson’s disease or essential tremor has 

also expanded. The DBS stimulator delivers 

continuous pacing of the subthalamic nucleus 

or internal globus pallidus with a frequency 

range of 130–185 Hz, a target amplitude typ-

ically 1.0–3.5 V, and a pulse width of 60–120 μs 

(depending on symptoms). Simultaneous 

indications for both types of the device may 

cause CIED malfunction induced by electro-

magnetic interference, namely inhibition 

of cardiac pacing, asynchronous pacing, 

inadequate high voltage therapy, or mode 

switch. Likewise, the high voltage therapy of 

implantable cardioverter-defibrillator (ICD) 

may cause damage to DBS or reset its pro-

gramming [1–3]. Thus, proper programming 

(including bipolar configuration of pacing 

pulse if possible) of both devices, patient 

education, and testing for the “worst case” 

scenarios diminish the risk of interactions [1, 

3–5]. It is also important to separate both de-

vices by more than 20 cm. Close cooperation 

of a multidisciplinary team (including a cardi-

ologist, neurologist, technicians, and nurses) is 

mandatory during preparation, implantation, 

and follow-up.

A 73-year-old male was referred for a sin-

gle chamber cardioverter-defibrillator (VVI-

ICD) implantation procedure as secondary 

prophylaxis of sudden death. This patient 

had a DBS implanted in the left subclavian 

region to treat tremors of the right upper ex-

tremity resistant to standard medications. The 

neurostimulator was programmed to deliver 

2.6 V/60 μs unipolar impulses with a frequency 

of 130 Hz. Additionally, we checked the device 

for the minimal energy of DBS at which the 

neurological side effects of the stimulation 

occurred (the setting of 4.0 V/60 μs revealed 

a slow speech and muscle spasticity).

Due to the localization of the DBS can (left 

subclavian region), we decided to implant 

a VVI-ICD system (dual coil, active fixation, 

DF4 RV-HV Medtronic 6947 — 62 cm lead 

and Medtronic Visia AF MRI S VR SureScan 

generator) on the contralateral side using 

the right subclavian vein access and keeping 

the maximal possible distance (above 20 cm) 

between both devices. 

The first check-up of the ICD system was 

performed after the lead implantation and 

before attaching it to the generator. It fol-

lowed a routine protocol (impedance, sensing, 

pacing threshold), and it included a gradual in-

crease of the neurostimulator impulse energy 

from 2.6 V to 4.0 V with the sensing at 0.3 mV, 

which did not provoke any artifacts in the 

V-EGM record. After attaching the lead to the 

generator and suturing the pocket, the second 

check-up was performed (R wave amplitude, 

9.9 mV; pacing threshold, 0.5 V/0.4 ms; imped-

ance, 399/55/55 Ohm). Again, the neurostimu-

lator impulse energy was gradually increased 

and did not provoke any artifacts in the V-EGM 

record. Some far-field can-coil artifacts were 
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observed, albeit they did not disturb the proper sensing 

of QRS complexes. The setting of the ICD was as follows: 

sensing 0.3 mV (standard programming), ventricular tachy-

cardia, and fibrillation detection thresholds: 171–200 bpm 

and >200 bpm, respectively. The defibrillation vector was 

set between the superior vena cava and right ventricular 

coil, omitting the can of ICD (“cold can”). 

Subsequently, defibrillation tests (DFT) were per-

formed. Firstly, we tested the energy of 25 J (lower than the 

maximum energy by 10 J). The DFT confirmed the efficacy 

of defibrillation delivered with the programmed vector by 

the ICD implanted in the right subclavian region. Secondly, 

the maximal energy of 35 J was delivered to evaluate its 

potential effect on the neurostimulator’s function. Both 

energies effectively restored the sinus rhythm. Notably, 

the DBS function was re-checked, and we confirmed that 

its initial settings were preserved. 

We found no dysfunction in either device during the 

2-year follow-up.
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Figure 1. A. A protocol proposed to be followed during the procedure of ICD implantation in patients with preexisting neurostimulator.  

B. Our patient’s electrocardiogram with the neurostimulator switched on (cycles 1 to 6) and off (cycles 7 to 9). The artifacts seen on all leads 

caused by EMI (the orange arrows). C. Our patient’s chest X-ray after the procedure depicting the ICD generator with the RV-HV lead (the 
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A rare but challenging iatrogenic complication after 
radiofrequency ablation of atrial fibrillation could be worse 
than the original disease: The role of multimodal imaging
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Pulmonary vein stenosis (PVS) is a rare com-

plication of radiofrequency ablation (RFA) 

in atrial fibrillation (AF). Significant stenosis 

of all 4 pulmonary veins (PV) could lead 

to pulmonary hypertension (PH), which, if 

treated improperly, is associated with poor 

prognosis. It is essential to be aware of that 

dangerous complication.

A 65-year-old man with a history of AF 

and triple RFA (12, 9, and 4 years earlier) was 

admitted with significant dyspnea, which had 

progressed over the last 6 months. Transtho-

racic echocardiography (TTE) showed right 

ventricular (RV) enlargement and features 

of pressure overload (Figure 1A–B). The RV 

systolic pressure was estimated at 80 mm Hg. 

There was prominent turbulent flow across 

the right superior PV with increased velocity 

(Supplementary material, Video S1). Second-

ary PH resulting from the post-ablative PVS 

was the initial diagnosis. Transesophageal 

echocardiography (TEE) confirmed turbulent 

flow through PV (Figure 1C). In a three-di-

mensional reconstruction, the significantly 

narrowed PV ostium was visualized (Figure 

1D). Computed tomography (CT) showed 

significantly stenotic PV (Figure 1E), which 

eventually confirmed the diagnosis. The 

patient was qualified for invasive treatment, 

which was performed in three PV (balloon 

angioplasty) with a satisfactory outcome 

(Supplementary material, Video S2–S7, Figure 

S1). A reduction in right ventricular systolic 

pressure (52 mm Hg), disappearance of the 

D-shape, and a complete resolution of the 

patient’s symptoms were observed within two 

weeks. An RV catheterization with a further 

decision on CT is scheduled within the next 

three months. 

Severe PVS due to RFA is a rare compli-

cation encountered in ca. 0.5% of RFA pro-

cedures due to AF [1]. The frequency of mild 

or moderate PVS, whose long-lasting effects 

are unknown, could be significantly higher, 

reaching even 20.8% [2]. At the same time, the 

benefits of treating AF with RFA significantly 

outweigh the risk of possible PV. 

The stenosis of only one or two PV may be 

asymptomatic for a long time, whereas signif-

icant stenosis of all four PV could lead to PH. 

Quick diagnosis and treatment are crucial for 

preventing total occlusion of the PV.

The clinical symptoms of PVS are not 

specific, and this complication can be easily 

misdiagnosed [3]. Therefore, clinicians should 

evaluate the possibility of PVS in patients 

with a history of RFA. The role of TTE is lim-

ited, whereas TEE, CT, and cardiac magnetic 

resonance are recommended to confirm that 

diagnosis. Fusion imaging, possible during 

PV recanalization, is associated with lower 

contrast and radiation exposure compared 

to 2D angiography [4]. As first-line therapy, 

all symptomatic patients with confirmed 

PVS should be considered for PV stenting [5]. 

Interventional treatment of even one vessel 

may be sufficient to reduce pulmonary pres-

sure and relieve the symptoms significantly, 

and if performed in specialized centers, it is 

associated with promising results and a low 
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risk of complications. Balloon angioplasty is considered to 

be a method with a higher risk of restenosis; however, in 

our patient, that decision was made by a very experienced 

operator due to the large caliber of the PV. 

As the number of RFA performed due to AF increases, 

so will the number of PVS cases. Delayed diagnosis and 

untreated pathology can lead to secondary PH with poor 

prognosis. The non-specific symptoms and challenging 

diagnosis of PVS in TTE make it necessary to be especially 

vigilant in the case of patients monitored after RFA proce-

dures. A multimodality approach should be considered for 

proper diagnosis. 
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Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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Figure 1. A. D-shape of the RV during systole when assessed in the parasternal short-axis view (TTE); B. A 4-chamber view showing dilated 

right heart cavities (TTE); C. Significantly increased flow velocity in CW in the PV (up to 3.2 m/s, pressure gradient 41 mm Hg) (TEE);  

D. The significantly narrowed PV ostium (3-dimensional TEE reconstruction); E. Confirmation of the diagnosis of PVS — sites of narrowing 

marked with the white arrows (CT)

Abbreviations: CT, computed tomography; CW, continuous wave; PV, pulmonary vein; PVS, pulmonary vein stenosis; RAA, right atrial area; 

RSPV, right superior pulmonary vein; RVID, right ventricular internal diameter; RV, right ventricle; TEE, transesophageal echocardiography; 

TTE, transthoracic echocardiography



954 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

Correspondence to: 

Mateusz Barycki, MD,

Department of Cardiology, 

Provincial Specialist Hospital 

Legnica, 

Iwaszkiewicza 5,  

59–220, Legnica, Poland,

phone: +48 76 72 11 443,

e-mail:  

mateuszbarycki@gmail.com 

Copyright by the Author(s), 2022

DOI: 10.33963/KP.a2022.0180

Received:  

June 22, 2022

Accepted:  

July 29, 2022

Early publication date:  

August 2, 2022

 C L I N I C A L  V I G N E T T E

Coincidence of cor triatriatum sinistrum and bicuspid aortic 
valve in an adult patient
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A 58-year-old female with uncontrolled arteri-

al hypertension and obesity (body mass index 

[BMI], 35 kg/m2) was admitted to the emergen-

cy department with elevated blood pressure 

(180/100 mm Hg) with concomitant dyspnea 

at rest. The patient had a 6-month history of 

worsening exertional dyspnea along with 

non-adherence to antihypertensive therapy 

which included ramipril 5 mg/day, nebivolol 

5 mg/day, and doxazosin 4 mg/day. The pa-

tient discontinued amlodipine 5 mg/day due 

to intolerance. Upon admission to the hospi-

tal, physical examination showed mild lower 

extremity edema and a diastolic murmur on 

aortic valve auscultation. Lung auscultation 

was normal. The B-type natriuretic peptide 

and serum troponin I levels were within the 

normal range. Electrocardiogram presented 

sinus rhythm 75/min without ST-T chang-

es. Blood pressure lowering therapy was ad-

ministrated, and the patient was transferred to 

the Department of Cardiology for further as-

sessment. Transthoracic and transesophageal 

echocardiography demonstrated preserved 

ejection fraction (60%) without left ventricle 

wall motion abnormalities, bicuspid aortic 

valve (BAV) with a fusion of non-coronary 

cusp and right-coronary cusp (Figure 1B and 

D; Supplementary material, Video S2, Video 

S4) with moderate central regurgitation jet 

(vena contracta width <0.4 cm, pressure 

half-time 380 ms), without any visible valve 

calcifications. The ascending aorta was dilated 

to 45 mm, while the size of the sino-tubular 

junction was 34 mm and the aortic root di-

ameter at the Valsalva level was 38 mm. Left 

ventricular diastolic and systolic diameters 

were 51 mm and 44 mm, respectively. The 

left atrium (LA) was slightly enlarged (43 mm) 

and divided by a membrane into two parts 

with pulmonary veins draining into the 

“accessory” superior chamber of LA. The LA 

appendage without thrombus was connected 

with the “true” inferior chamber of LA (Figure 

1A and D; Supplementary material, Video S1, 

Video S3). A wide single large opening in the 

intra-atrial membrane (Group 3 of Loeffler cor 

triatriatum classification [1]) was present in 

the inferomedial part of LA. Continuous wave 

Doppler across the orifice in the intra-atrium 

membrane did not reveal flow acceleration. 

Multislice computed tomography confirmed 

an intra-atrial membrane and a moderate 

dilatation of the aorta (Figure 1C and F). As 

coronary arteries were not sufficiently visible, 

coronary angiography was performed show-

ing no coronary lesions. During the hospital 

stay, anti-hypertensive pharmacotherapy was 

optimized with good clinical response. It was 

assumed that the main pathology that was 

not sufficiently treated was hypertension, and 

other abnormalities were not responsible for 

the symptoms. At discharge, the patient was 

prescribed ramipril 10 mg/day, nebivolol 

5 mg/day, doxazosin 4 mg/day, torsemide 

5 mg/day, and spironolactone 25 mg/day 

for anti-hypertensive treatment. A periodic 

check of the aortic diameter and aortic regur-

gitation was scheduled. The 1-year follow-up 

was uneventful.
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Cor triatriatum sinistrum (CTS) is a unique congenital 

abnormality with prevalence of 0.1%–0.4% in congenital 

heart disease [1]. It is usually corrected in childhood either 

surgically or percutaneously in highly symptomatic CTS 

group 1 (no connection between chambers) and 2 (small 

connection between chambers) according to the Loeffler 

classification [2]. It is incidentally recognized in adults in 

CTS group 3 (wide connection) [3]. The clinical presentation 

of CTS is similar to mitral stenosis. The coincidence of CTS 

with BAV is a unique finding — with only a few reports in 

adult patients available so far [4, 5].

Supplementary material

Supplementary material is available at https://journals.

viamedica.pl/kardiologia_polska.
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Figure 1. A. Transthoracic echocardiography — apical view. B. Transesophageal echocardiography — the bicuspid valve and left atrium 

membrane. C. Computed tomography angiography. D. Transthoracic echocardiography — long axis view. E. Transesophageal echocardiogra-

phy — the left atrium membrane. F. Computed tomography angiography. The white arrow in all panels indicates the left atrium membrane
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 C L I N I C A L  V I G N E T T E

Lightning 12: A new player in the field of pulmonary 
percutaneous mechanical thrombectomy

Aleksander Araszkiewicz, Sylwia Sławek-Szmyt, Stanisław Jankiewicz, Marek Grygier, Maciej Lesiak

1st Department of Cardiology, Poznan University of Medical Sciences, Poznań, Poland

A  32-year-old male professional driver with 

a few days’ dyspnea was admitted to our 

department. Physical examination revealed 

a heart rate (HR) of 110 bpm, respiratory 

rate (RR) of 31/min, and blood pressure (BP) 

of 114/62 mm Hg. Laboratory tests showed 

elevated troponin I (0.6 ng/ml; normal value 

<0.01 ng/ml) and low arterial saturation (SaO
2
) 

— 89% despite oxygen supplementation 

through a mask with a reservoir bag (12 l/min). 

Computed tomography pulmonary angiog-

raphy showed a large thrombus burden in 

both right (RPA) and left pulmonary artery 

(LPA). Echocardiography demonstrated right 

ventricular (RV) overload (increased RV/left 

ventricular [LV] ratio, 1.2) and decreased 

tricuspid annular plane systolic excursion 

(TAPSE), 18 mm (Figure 1A). The Pulmonary 

Embolism Severity Index indicated intermedi-

ate risk (102 points — class III). Initial therapy 

with low-molecular-weight heparin (LMWH) in 

a weight-adjusted dose for 24 hours was in-

effective, with symptoms worsening (increase 

of HR and oxygen demand, without hypoten-

sion) and further RV failure progression (RV/LV, 

1.3; TAPSE, 16 mm). Thus, our institutional 

Pulmonary Embolism Response Team (PERT) 

qualified the patient for catheter-directed 

mechanical thrombectomy (CDMT).

The procedure was performed via right 

internal jugular venous access obtained with 

a 12 F vascular sheath. In a first step, selective 

angiography of RPA and LPA was performed 

and revealed large central thrombi bilaterally 

Figure 1. A. Echocardiography (apical four-chamber view) showing enlargement of the right ventricle (RV) 

before the procedure. B. Selective angiography of the right (RPA) and left pulmonary artery (LPA) before the 

procedure. C. The catheter-directed mechanical aspiration thrombectomy procedure with the Lightning 12 sys-

tem in the LPA. D. Selective angiography of the RPA and LPA after the procedure. E. An image of the removed 

clots. F. Echocardiography (apical four-chamber view) showing normalization of the RV dimension after the 

procedure
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mainly in the RPA and left lobar pulmonary arteries (Figure 

1B). Subsequently, a 115 cm CAT12 HTORQ 12 F catheter 

of the Lightning 12 system (Penumbra, Alameda, CA, US) 

was inserted (the first use in Poland) through a 90-cm, 12 F 

Flexor sheath (Cook Medical, Bloomington, IN, US). Several 

repeated aspirations were performed in branches of the 

RPA and LPA with separator-wire-facilitated thrombus 

fragmentation (Figure 1C, E). The procedure resulted in sig-

nificant bilateral thrombus burden reduction and a drop in 

mean pulmonary artery pressure from 28 mm Hg to 22 mm 

Hg, with no complications. However, increased stiffness of 

the device (due to a larger diameter of the catheter) result-

ed in worse maneuverability. The periprocedural blood loss 

was 300 ml. Twenty-four hours after CDMT, the patient’s HR 

was 84 bpm, RR was 22/min, and SaO
2
 was 94% on nasal 

cannula with a flow rate of 3 l/min, respectively. Echocar-

diography showed significant RV function improvement 

(RV/LV ratio, 0.9; TAPSE, 24 mm) (Figure 1F), and troponin 

I decreased to 0.08 ng/ml. LMWH was continued 48 hours 

after CDMT, and then warfarin was introduced (the patient 

was diagnosed with antiphospholipid syndrome).

The recent development of advanced endovascu-

lar therapies aims to reduce PE-related morbidity and 

mortality [1, 2]. CDMT involves devices for mechanical 

thrombus fragmentation and aspiration to quickly relieve 

the blockage and restore pulmonary blood flow with 

a subsequent improvement in the hemodynamic status in 

intermediate or high-risk PE [3, 4]. The key innovations of 

the novel Lightning 12 system are the new CAT12 catheter, 

with a large 0.131’’  lumen and angled tip for an addition-

al circumferential sweep, and the lighting control unit 

with a pressure/flow sensor system and high-frequency 

valves. These innovations aim to efficiently regulate aspira-

tion and prevent excessive blood loss [5]. Our case showed 

that CDMT with the use of the Lightning 12 system was well 

tolerated and effective.
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 L E T T E R  T O  T H E  E D I T O R

Sacubitril-valsartan: Hope or hype in the battle against 
cardiotoxicity due to cancer treatment?

Kenan Yalta1, Murat Gok1, Cihan Ozturk1, Tulin Yalta2

1Department of Cardiology, Trakya University, Edirne, Turkey
2Department of Pathology, Trakya University, Edirne, Turkey

In cardio-oncological practice, the term “car-

diotoxicity” is defined as a new-onset myo-

cardial injury/dysfunction mostly in response 

to a variety of chemotherapeutic regimens 

including anthracyclins and trastuzumab, 

etc. [1–3]. In their recently published article, 

Sławiński et al. [1] have reported the favorable 

impact of sacubitril-valsartan (an angiotensin 

receptor-neprilysin inhibitor) on the recovery 

of left ventricular (LV) systolic dysfunction 

associated with cancer treatment in a patient 

with breast cancer. Accordingly, we would like 

to have further information regarding that 

interesting case and make a few comments 

on cardiotoxicity and its management with 

sacubitril-valsartan in cancer survivors.

In particular, “early (incipient) cardiotox-

icity” due to cancer treatment denotes an 

emerging subclinical myocardial dysfunction 

characterized by a persistent elevation in 

a variety of conventional markers, including 

cardiac troponins, natriuretic peptides along 

with subtle abnormalities in echocardiograph-

ic parameters (presenting with a fall in global 

longitudinal strain [GLS] and occasionally 

a slight reduction in the left ventricular ejec-

tion fraction [LVEF] value) [2–4]. However, 

when these initial changes go unnoticed 

following a cardiotoxic regimen, “early cardio-

toxicity” generally progresses to “overt cardio-

toxicity” that usually emerges as a form of late 

cardiomyopathy (universally characterized by 

a 10% reduction in the LVEF value from base-

line to an ultimate value of <53% [or 50]) [2–4]. 

Apparently, the patient [1] initially seemed to 

have a pattern of “early cardiotoxicity” (pre-

senting with slight reductions in LVEF and GLS 

values) that ultimately ended up with overt 

cardiotoxicity in the later stages. However, 

the diagnosis of “cardiotoxicity” traditionally 

needs also to be substantiated with persistent 

increases (mostly weeks apart) in troponins 

and N-terminal pro-B-type natriuretic peptide 

(NT-proBNP) levels [2, 3]. Accordingly, we are 

interested in the levels and elevation patterns 

of these biomarkers (and other markers, if any) 

in the patient, particularly during the “early 

cardiotoxicity” stage.

Importantly, timely initiation of cardiopro-

tective agents (statins, β-blockers, etc.) might 

have the potential to block or slow down the 

progression of “early cardiotoxicity” [2–4]. 

However, despite the initiation of these agents 

(all were previously documented to have sig-

nificant favorable effects in this context [4]), 

the patient was reported to ultimately pro-

gress to late cardiomyopathy [1]. Accordingly, 

we are interested in the dosages and duration 

of the use of these cardioprotective agents. 

More interestingly, sacubitril-valsartan 

seemed to induce a substantial LV reverse 

remodeling leading to a significant increase 

in the LVEF value of  the patient with overt 

cardiomyopathy [1]. This might imply that this 

agent might be even more efficacious when 

initiated during the stage of “early cardiotox-

icity” and might potentially prevent transition 

to late cardiomyopathy. Therefore, LVEF 

[1] might have been already stabilized and 

preserved if the patient had received sacubi-

tril-valsartan much earlier. Specifically, we also 

wonder whether the LV reverse remodeling, 

besides presenting with an increase in LVEF, 

also constituted a significant reduction in LV 

volumes and diameters, which potentially 

suggests that the improvement in LV systolic 

functions might be more likely due to the 

permanent effects of sacubitril-valsartan on 

LV morphology at the myocellular level rather 

than its favorable impact on preload and af-
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terload. Notably, side effects of this agent (including severe 

hypotension) might be more prevalent in fragile cancer 

survivors with a reduced physiological reserve and need 

close monitoring. Did the patient report any side effects 

regarding sacubitril-valsartan?   

Finally, cardiotoxicity in the patient might have been 

primarily due to trastuzumab therapy [1] which is well 

known to trigger a completely reversible form of cardio-

myopathy in this context [2, 3]. Therefore, there also exists 

a potential possibility that LV reverse remodeling in the 

patient might have been a spontaneous and coincidental 

phenomenon rather than a consequence of sacubitril-val-

sartan therapy. 

In conclusion, the authors [1] should be commended 

for their didactic case. However, further studies are needed 

to establish the value of sacubitril-valsartan in the pre-

vention and management of cardiotoxicity due to cancer 

treatment. 
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Sacubitril-valsartan: Hope or hype in the battle against 
cardiotoxicity due to cancer treatment? Authors’ reply

Grzegorz Sławiński, Ewa Lewicka

Department of Cardiology and Electrotherapy, Medical University of Gdansk, Gdańsk, Poland

We read with interest the letter to the editor 

entitled “Sacubitril-valsartan: Hope or hype in 

the battle against cardiotoxicity due to cancer 

treatment?” by Yalta et al. [1]. It emphasizes the 

importance of the problem we are discussing 

and contains several important remarks and 

comments, which we will try to address below.

The authors rightly emphasize the role 

of biomarkers, such as cardiac troponins and 

N-terminal pro-B-type natriuretic peptide 

(NT-proBNP), in diagnosing cardiotoxicity of 

oncological treatment (especially early car-

diotoxicity). In our patient, both biomarkers 

remained normal throughout the therapeutic 

process, which could have a calming effect but 

is not a reason for not using cardioprotection 

in the case of worsening left ventricular (LV) 

systolic function [2]. The presence of elevated 

levels of troponin suggests that myocardial 

cell death has already occurred, raising ques-

tions about its role as an effective early marker 

of cardiotoxicity. Therefore, also the new Euro-

pean Society of Cardiology recommendations 

on the definition of cardiotoxicity mainly focus 

on echocardiographic parameters [3]. 

Our patient was initially treated with 

ramipril 5 mg twice daily, bisoprolol 2.5 mg 

twice daily, and atorvastatin 20 mg daily. 

Such treatment was used for 3 months before 

the implementation of mineralocorticoid 

receptor antagonist (MRA) and angiotensin 

receptor-neprilysin inhibitor (ARNI). 

The question of whether the earlier use 

of sacubitril-valsartan could have prevented 

the deterioration of left ventricular ejection 

fraction (LVEF) remains unanswered for the 

time being, as it would require a study on 

this subject. However, it remains a possibility 

because the drug has a hemodynamic effect 

—  it relieves LV by reducing the afterload, 

as well as the effect on myocellular level, as 

evidenced in our patient by the significant 

reduction in LV end-systolic and end-diastolic 

dimensions, along with its volumes. Fortu-

nately, the patient tolerated ARNI well, which 

was accompanied by reduced blood pressure 

values (about 100/60 mm Hg), but it did not 

cause any discomfort. 

The patient was treated for breast cancer 

with doxorubicin and cyclophosphamide, 

then paclitaxel, and finally trastuzumab. Yalta 

et al. [1] indicate that the decrease in LVEF 

could be caused mainly by trastuzumab, 

which is well known to induce a completely 

reversible form of cardiomyopathy, therefore, 

the improvement observed in our patient was 

spontaneous after temporarily withholding 

trastuzumab, and not after administration of 

sacubitril-valsartan. 

We agree with this and, based on one 

clinical case, we would not dare to state that 

it was certainly only an ARNI effect. Even in 

our conclusions, we emphasize that ARNI 

may be a valuable component of cardiopro-

tective regimens.

This has been indirectly confirmed by the 

observations of Canale et al. [4], who used 

ARNI in a group of patients in whom, due to 

the cardiotoxicity of various chemotherapy 

regimens, it was necessary to use the wearable 

cardioverter defibrillator (WCD) [4]. It resulted 

in protecting patients against life-threatening 

ventricular tachyarrhythmias in the period of 

low LVEF, as well as in significant improvement 

in LVEF seen in the long term. As a result, the 

patients did not require implantation of an 

implantable cardioverter-defibrillator (ICD).

Perhaps we will see the results of random-

ized trials on this subject conducted in numer-

ically appropriate groups of patients. Until 
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then, we believe that our clinical vignette provides valuable 

data on the complex problem of cardiotoxicity.

Answering the title question of Yalta et al. [1], on the 

basis of the research conducted so far, by paraphrasing 

the words of Camilli et al. [5] we can say that “In ®Entresto 

we trust”.

We hope that further research will confirm our ex-

pectations, which will contribute to better prognosis in 

cancer patients.

Article information

Conflict of interest: None declared.

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, allowing to download articles and 

share them 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. Yalta K, Gok M, Ozturk C, et al. Sacubitril-valsartan: Hope or hype in the bat-

tle against cardiotoxicity due to cancer treatment? Kardiol Pol. 2022; 80(9): 

958–959, doi: 10.33963/KP.a2022.0166, indexed in Pubmed: 35833474.

2. Tan LL, Lyon AR. Role of biomarkers in prediction of cardiotoxicity during 

cancer treatment. Curr Treat Options Cardiovasc Med. 2018; 20(7): 55, doi: 

10.1007/s11936-018-0641-z, indexed in Pubmed: 29923056.

3. Lyon AR, López-Fernández T, Couch LS, et al. 2022 ESC Guidelines on car-

dio-oncology developed in collaboration with the European Hematology 

Association (EHA), the European Society for Therapeutic Radiology and 

Oncology (ESTRO) and the International Cardio-Oncology Society (IC-OS). 

Eur Heart J. 2022 [Epub ahead of print], doi: 10.1093/eurheartj/ehac244, 

indexed in Pubmed:  36017568.

4. Canale ML, Coviello K, Solarino G, et al. Case Series: Recovery of Chemo-

therapy-Related Acute Heart Failure by the Combined Use of Sacubitril 

Valsartan and Wearable Cardioverter Defibrillator: A Novel Winning 

Combination in Cardio-Oncology. Front Cardiovasc Med. 2022; 9: 801143, 

doi: 10.3389/fcvm.2022.801143, indexed in Pubmed: 35299980.

5. Camilli M, Del Buono MG, Menna P, et al. In ®Entresto we trust. Cardi-

ooncology. 2020; 6(1): 25, doi: 10.1186/s40959-020-00083-7, indexed in 

Pubmed: 33292733.



962 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

Correspondence to: 

Sonia J Konsek-Komorowska, MD,

Department of Cardiology  

and Internal Medicine,  

School of Medicine,  

Collegium Medicum, University 

of Warmia and Mazury in Olsztyn, 

Aleja Warszawska 30,  

10–082 Olsztyn,

phone: +48 89 524 53 89,

e-mail: sonia.konsek@interia.pl

Copyright by the Author(s), 2022

DOI: 10.33963/KP.a2022.0172

Received:  

July 19, 2022

Accepted:  

July 20, 2022

Early publication date:  

July 22, 2022

 L E T T E R  T O  T H E  E D I T O R

Hypereosinophilic syndrome and eosinophilic granulomatosis 
with polyangiitis: Eosinophilic-associated inflammatory 
conditions with a challenging diagnosis and treatment
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In their recently published clinical vignette, 

Gil and Zaręba [1] reported an interesting 

case of hypereosinophilic syndrome (HES) 

with Loeffler’s endocarditis in a 60-year-old 

female with a medical history of eosinophilia, 

asthma, allergic rhinitis, chronic obstructive 

pulmonary disease, hypertension, coronary 

artery disease, and embolic stroke, present-

ing with hemorrhagic stroke and persistent 

hypoxemia. As eosinophilic-associated inflam-

matory conditions are an extremely rare het-

erogeneous group of diseases characterized 

by high tissue infiltrating and/or circulating 

eosinophils, which potentially affect multiple 

organs without a recognized cause [2], we 

would like to write a short comment. 

Allergic bronchopulmonary aspergillosis 

may present with an elevated eosinophil 

count, and the diagnosis does not require pos-

itive Aspergillus spp. cultures and can be based 

on immediate skin test reactivity to Aspergillus 

antigens and elevated levels of serum IgG and 

IgE antibodies [3]. However, multiple organ 

damage combined with eosinophilia should 

trigger a search for an alternative diagnosis, 

as was done in the reported case [1]. 

Hypereosinophilic syndrome is a collec-

tion of disorders characterized by chronic 

hypereosinophilia (circulating eosinophil 

count >1.5 × 109/ml documented on at least 

2 occasions) or marked tissue eosinophilia, 

as well as clinical manifestations specifically 

related to or assumed to be the result of 

eosinophilia for which no other cause can be 

found. This is a broad definition that includes 

all patients with clinical manifestations of 

eosinophilia regardless of the underlying eti-

ology. In patients with suggestive symptoms, 

the diagnostic “step-by-step” procedure for 

HES begins with screening for the various 

secondary causes of (reactive) eosinophilia 

(secondary HES), followed by a careful inves-

tigation of primary, clonal subtypes (primary 

or myeloid HES). The latter investigation is 

based mainly on a variety of molecular and 

cytogenetic analyses. The prognosis of the 

disease varies depending on the HES variant 

and the availability of targeted therapy [2].

The diagnosis of HES requires differenti-

ation from eosinophilic granulomatosis with 

polyangiitis (EGPA), previously known as 

Churg–Strauss syndrome. This is another un-

common primary systemic necrotizing vascu-

litis of the small vessels that frequently affects 

the skin and other organ systems and mani-

fests as eosinophilia, asthma, and pulmonary 

infiltrates. Eosinophilic granulomatosis with 

polyangiitis typically manifests itself in three 

partially overlapping phases: a prodromal 

phase dominated by respiratory tract symp-

toms, asthma, and rhinosinusitis; a second 

phase characterized by blood eosinophilia, 

tissue infiltration of eosinophils, and organ 

inflammation; and a third phase characterized 

by systemic necrotizing vasculitis. Palpable 

purpura, peripheral nervous system involve-

ment (e.g., mononeuritis multiplex), scleritis, 

alveolar hemorrhage, glomerulonephritis, 

pulmonary infiltrates, pleural effusion, urti-

carial papules, eosinophilic tubulointerstitial 

nephritis, and eosinophilic myocarditis are 

the main clinical manifestations of EGPA. An-

ti-neutrophil cytoplasmic antibodies (ANCA) 

are often directed against myeloperoxidase 

and can be found in up to 40% of patients 

with EGPA [2]. 

Clinical signs and symptoms of HES and 

EGPA greatly overlap. In the analysis by Maino 
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et al. [4] arterial thrombosis was more common in HES 

than in EGPA. On the contrary, in EGPA there was a pre-

dominance of venous thrombosis. It should be noted that, 

especially in young patients, thrombophilia tests should be 

performed. Furthermore, the occurrence of asthma is less 

common in EGPA, while splenomegaly and lymph node 

enlargement are more frequent in HES [2]. We wonder if 

the patient [1] presented other signs and symptoms sug-

gestive of HES and EGPA, and if she had ANCA, molecular 

or cytogenetic tests performed. 

We would also like to draw attention to the damage 

to the cardiac structure caused by eosinophils. Unfor-

tunately, despite great improvements in management 

and survival, some patients continue to develop severe 

cardiomyopathy and heart failure [2, 5]. We would like to 

emphasize that cardiologists play a fundamental role in the 

early detection and treatment of these conditions. Loeffler’s 

endocarditis is the cardiac manifestation of HES, which is 

usually diagnosed by transthoracic and/or transesophageal 

echocardiography. These imaging modalities are also used 

later in follow-up for prognostic stratification and to assess 

response to treatment. New imaging modalities, such as 

strain imaging and particularly cardiac magnetic resonance 

imaging sequences, give the possibility of identifying minor 

changes and discriminating between inflammatory and 

fibrotic processes. Endomyocardial biopsy can be useful 

in problematic situations, but it may be ineffective due to 

sampling difficulties, eosinophil degranulation, or fibrosis 

replacement and must always be performed after a careful 

assessment of the risk-benefit balance [5]. The nature of 

clinical manifestations arising from eosinophil-related organ 

dysfunction should influence the choice of treatment [2].

In conclusion, eosinophilic-associated inflammatory 

conditions should be treated by experienced physicians; 

however, cardiologists are crucial in the early diagnosis 

and management of the accompanying cardiomyopathy. 

We would also like to emphasize the importance of ANCA, 

molecular or/and cytogenetic testing.
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Differential diagnosis in a patient with eosinophilia, 
hypoxemia, and heart failure. Author’s reply 

Katarzyna E Gil, Karolina M Zaręba

Division of Cardiovascular Medicine, The Ohio State University Wexner Medical Center, Columbus, OH, United States

We have read with great interest a recent 

article by Konsek-Komorowska et al. [1] 

entitled “Hypereosinophilic syndrome and 

eosinophilic granulomatosis with polyangi-

itis: Eosinophilic-associated inflammatory 

conditions with a challenging diagnosis and 

treatment”. The letter was a response to our 

clinical vignette discussing a female patient 

with a history of eosinophilia, asthma, allergic 

rhinitis, chronic obstructive pulmonary dis-

ease, hypertension, coronary artery disease, 

embolic and hemorrhagic strokes, persistent 

hypoxemia, and heart failure. Based on this 

constellation of findings, the patient was 

diagnosed with hypereosinophilic syndrome 

(HES) with Loeffler’s endocarditis. 

The authors of the commentary discussed 

in detail the clinical presentation and differ-

ential diagnosis in eosinophilic-associated 

inflammatory conditions. The overlap of HES 

and eosinophilic granulomatosis with poly-

angiitis (EGPA) syndromes was brought up. 

In that context, several questions have been 

raised regarding other signs and symptoms 

presented by that patient. 

The initial differential diagnosis included 

allergic bronchopulmonary aspergillosis, 

eosinophilic pneumonia, and EGPA. An infec-

tious work-up was performed, and pulmonol-

ogy, hematology, allergy, and rheumatology 

specialists were consulted. Rheumatologic 

studies were negative. A bone marrow biopsy 

was not performed, but molecular studies of 

the peripheral blood were negative for mye-

loproliferative neoplasms. Eosinophilic pneu-

monia was excluded based on the absence 

of eosinophils in the bronchoalveolar lavage. 

EGPA appeared less likely due to a lack of oth-

er clinical signs or symptoms of the disease. 

There was no evidence of venous thrombosis 

or systemic vasculitis; kidney function was 

preserved and thrombophilia tests, as well as 

anti-neutrophil cytoplasmic antibodies, were 

negative. Computed tomography showed 

significant mediastinal and hilar lymphade-

nopathy without splenomegaly. 

Subsequently, the patient was diagnosed 

with allergic bronchopulmonary aspergillo-

sis. The final diagnosis of HES with Loeffler’s 

endocarditis was made after performing car-

diovascular magnetic resonance that demon-

strated left ventricular systolic dysfunction, as 

well as extensive fibrosis and fatty infiltration 

of the left ventricle.

In conclusion, diagnosing and treating eo-

sinophilic-associated inflammatory conditions 

is challenging and requires a multidisciplinary 

approach [1]. Since cardiac involvement, 

common both in HES and EGPA, is associated 

with adverse outcomes, early detection is of 

utmost importance [3, 4]. Cardiac magnetic 

resonance imaging with its recent develop-

ment in myocardial tissue characterization 

appears essential in this process [5].
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Fetal echocardiography is not only used to detect congenital 
heart disease but also to monitor fetuses, especially those 
with different pathologies
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We have read with great interest the article by 

Buczyński et al. [1] entitled “Life-threatening 

congenital hydropericardium in a newborn 

with Down syndrome, transient abnormal 

myelopoiesis, Hirschsprung disease, and 

a ventricular septal defect”. We would like to 

congratulate the authors on detecting pre-

natally a congenital heart defect and on their 

effort to publish such an interesting case. It is 

worth commending the authors’ clinical ex-

perience with successful neonatal pericardial 

drainage. On the other hand, we would like 

to point out that some procedures described 

as “urgent” could have been predicted and 

“planned”.  

The authors presented the case of a ne-

onate with prenatally diagnosed ventricular 

septal defect (VSD) with hydropericardium, 

who was delivered by Cesarean section at 

37 weeks of gestation. Unfortunately, the 

manuscript lacks basic data, as mentioned 

below: gestational age at diagnosis of the con-

genital heart defect, more detailed descrip-

tion of fetal cardiovascular function during 

gestation, number of fetal echocardiographic 

examinations and strategy of fetal monitoring, 

fetal cardiovascular physiology changes with 

gestation, and indication for Cesarean section. 

As recommended by the Polish Society of 

Prenatal Cardiology, every congenital heart 

defect detected prenatally should be moni-

tored using fetal echocardiography [2]. Con-

temporary fetal echocardiography focuses 

not only on the analysis of the heart structure 

but also on the assessment of its function. The 

evaluation of the fetal heart function is most 

valuable in the third trimester of pregnancy, 

just before delivery [2]. If the fetus, especially 

with a congenital heart defect or functional 

anomalies, is monitored for several weeks 

using fetal echocardiography, and the last 

examination is performed shortly before 

delivery, the condition of the newborn in the 

first hours and days of extrauterine life can be 

reliably predicted [2, 3]. Life-threatening con-

genital hydropericardium is an extremely rare 

condition and may be caused by infection, 

cardiac masses like tumors, and other chronic 

diseases, as mentioned by the authors. In each 

case, the cause of hydropericardium should 

be thoroughly searched. Hydropericardium 

could also occur along with genetic disorder 

such as Down syndrome. More detailed serial 

echocardiographic monitoring could have 

also had additional advantages — abnormal 

results of echocardiographic examination 

could be the indication for expanded “ge-

netic ultrasonography”, and other signs (VSD 

was noticed) of trisomy 21 could have been 

detected earlier. Any congenital heart defect 

detected prenatally should be closely exam-

ined, even during the COVID-19 pandemic [4]. 

In the current era of dynamic development of 

prenatal cardiology [5], the absence of at least 

two echocardiographic examinations in the 

case of timely prenatal detection of a congen-

ital heart defect should be highlighted and 

reconsidered next time. Probably, we should 

pay more attention to the prenatal period of 

human life. Maybe in this case the postnatal 

tachycardia, central cyanosis, and transient 

hypoxia could have been avoided. 
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