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Combining anatomy and physiology:  
New angiography-based and computed  

tomography coronary angiography-derived  
fractional flow reserve indices

Mariusz Tomaniak1, Patrick W. Serruys2, 3

1First Department of Cardiology, Medical University of Warsaw, Poland 
2National Heart and Lung Institute, Imperial College London, United Kingdom 

3Department of Cardiology, National University of Ireland, Galway, Ireland

The first reports on 
deriving pressure loss 
from anatomy by simu-
lating coronary flow date 
back 40 years [1]. The 
pursuit of anatomy-based 
coronary physiology as-
sessment and its clini-
cal translation has since 
been accelerated by Paul 
Morris et al. (2013) and 
Shengxian Tu et al. (2014) 
who computed fractional flow reserve (FFR) by 
applying computational fluid dynamics (CFD) 
simulation to three-dimensional (3D) coronary 
artery geometries extracted from two angiographic 
projections [2–4], and by Michail Papafaklis et al. 
(2014) who developed the virtual functional assess-
ment index (vFAI) to predict flow-limiting coronary 
stenosis [5].

Avoidance of a pressure wire or microcath-
eter insertion into the coronary tree, lowers cost, 
procedural time and patient discomfort — in cases 
where a hyperemic agent is used — well justify 
the development of new software for wire-free 3D 
quantitative coronary angiography (QCA)-based 
FFR estimation, and the efforts being made to bring 
such modalities into clinical practice. At present, 
three validated vendor specific technologies have 
the promise to substantially improve the clinical 
adoption of physiological coronary lesion assess-
ment in the routine practice of catheterization 

laboratory: quantitative 
flow ratio (QFR, Angio 
XA 3D software, Medis 
Medical Imaging System 
bv, the Netherlands and 
AngioPlus, Pulse Medi-
cal Imaging Technology, 
Shanghai, China), vessel 
fractional flow reserve 
(vFFR, CAAS Worksta-
tion, Pie Medical Imaging, 
Maastricht, the Nether-

lands), and FFRangio (FFRangio system, CathWorks, 
Ltd, Kfar-Saba, Israel) [6–9]. Attempts of predicting 
pulsatile vascular physiology on the basis of steady 
flow assumptions in CFD analyses have resulted 
in the development of mathematical methods 
to accelerate computation of angiography-based 
FFR estimation [10]. Concurrently, computed 
tomography coronary angiography (CTCA)-based 
FFR (FFRCT) has also shown high correlation with 
pressure wire-based FFR and a high accuracy in 
detecting ischemia causing lesions [11], avoiding 
both coronary instrumentation and invasive angi-
ography (Fig. 1).

3D-QCA-derived FFR

QFR, vFFR and FFRangio demonstrated a signif-
icantly higher diagnostic accuracy, compared with 
traditional two-dimensional- or 3D-QCA [7–9]. 
While the requirement of minimum two angio-
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graphic projections with views of at least 25° apart, 
brisk contrast injection and possibly minimized 
vessel overlap resulted in non-negligible exclusion 
rates in retrospectively analyzed cohorts to date 
[8, 12, 13], the feasibility of angiography-based 
FFR computation was relatively high in prospec-
tively enrolled cohorts with optimized protocols 
for angiography acquisition [7, 8, 14]. Of note, none 
of the three technologies has demonstrated the 
safety or non-inferiority of angio-based FFR ver-
sus the pressure-wire based FFR/iFR with regard 
to impact on clinical endpoints to date. However, 
large prospective studies are ongoing with specific 
focus on clinical follow-up and prespecified angio-
graphy acquisition protocols: FAVOR III China 

(ClinicalTrial.gov: NCT03656848) and FAVOR III 
Europe-Japan (ClinicalTrials.gov: NCT03729739) 
will reveal whether QFR-guided revascularization 
may improve outcomes of patients undergoing 
percutaneous coronary intervention (PCI), as com-
pared to subjects treated, respectively, based solely 
on angiography or angiography and pressure-wire 
based FFR (Fig. 1). 

PCI optimization: IVUS-FFR,  
OCT-FFR and post-PCI 3D-QCA-FFR 

Another promising multimodality approach 
to imaging of the coronary artery is  derived from 
3D artery models of angiography and grey-scale 

Figure 1. Imaging-based coronary physiology assessment; A. Graphic summary of imaging-based modalities for 
functional evaluation of coronary stenosis; B, C. Examples of quantitative coronary angiography- and computed 
coronary tomography angiography-based fractional flow reserve estimation; D. Computational fluid dynamics for wall 
shear stress computation; qFR — quantitative flow ratio; vFFR — vessel fractional flow reserve; FFRangio — fractional 
flow reserve derived from angiography; vFAI — virtual functional assessment index; FFR — fractional flow reserve; 
IVUS — intravascular ultrasound; OCT — optical coherence tomography; RCA — right coronary artery. Adapted with 
permissions from: Asano T et al. EuroIntervention. 2018; 14: 570–579; Modolo R et al. Ann Cardiothorac Surg. 2018; 
7: 470–482; Thondapu V et al. Eur Heart J. 2018; 7: 1602–1609.

226 www.cardiologyjournal.org

Cardiology Journal 2020, Vol. 27, No. 3



intravascular ultrasound (IVUS) — a concept ini-
tially proposed in 2000 by Slager et al. [15], and 
more recently pursued by the groups of Seike and 
Bezerra, amongst others, who reported a correla-
tion between IVUS-derived FFR and pressure-wire 
based FFR, with an area under the curve reaching 
0.93. In addition, optical coherent tomography 
(OCT) can be utilized for FFR estimation (OCT-
-derived FFR [OFR]), with a high diagnostic accu-
racy, as compared with conventional FFR values 
[16, 17]. In a recent study by Huang et al. [17] 
in unselected patients with coronary syndrome, 
OFR was found superior to QFR in determining 
physiological significance of coronary stenosis 
and its diagnostic performance was not influenced 
by the presence of prior myocardial infarction or 
implanted stents. Both IVUS- and OCT-based FFR 
indices could serve as an additional means of final 
PCI result optimization, in particular when the 
procedure is already being guided with either of 
two imaging modalities. One of the major hurdles 
in reliable IVUS-FFR estimation related to stenosis 
length — subject to considerable inter-observer 
variability as reported in some prior studies — has 
been recently addressed by Kashiyama et al., who 
showed that stenosis length determined based 
on the area stenosis, rather than plaque burden, 
provides higher diagnostic accuracy of IVUS-FFR 
for physiologic ischemia detection (presented at 
the American Heart Association 2019 Conference, 
Philadelphia, US). However, clinical efficacy of in-
travascular imaging-based indices still remains to 
be confirmed in larger studies powered to evaluate 
clinical outcomes.

Interestingly, 3D-QCA-based functional in-
dices computed using the angiograms acquired 
directly post PCI proved useful for stratification 
of risk after a successful procedure [18], including 
patients treated for de novo 3-vessel disease [19]; 
risk of vessel-oriented composite endpoint (vessel-
-related cardiac death, vessel-related myocardial 
infarction, and target vessel revascularization) 
was found to be 3-fold higher when post-PCI QFR 
was ≤ 0.89 [18] or ≤ 0.90 [19]. Consistent obser-
vations were also reported at the Transcatheter 
Cardiovascular Therapeutics 2019 (TCT 2019) for 
post PCI vFFR, with vessels presenting post-PCI 
vFFR values > 0.9 having lower risk of target 
vessel revascularization at 1 year, post procedure, 
as compared to vessels with post PCI vFFR ≤ 0.9 
(1.8% vs. 4.2%, p < 0.05) (Masdjedi et al. presented 
at TCT 2019).

CTCA-based FFR (FFRCT)

Assessment of functional lesion severity based 
on CFD extends the CTCA capacities for lumen ob-
struction and plaque characteristics evaluation [11, 
20, 21]. Recently, FFRCT has demonstrated similar 
ability to predict invasive FFR values as classic 
single photon emission computed tomography, be-
ing, however, inferior to cardiac positron emission 
tomography (Fig. 1) [22]. It has also proved safe 
with deferring lesions with FFRCT values above 
0.8, and could efficiently guide revascularization 
strategy with coronary artery bypass grafting or 
PCI, as was shown in the prospective SYNTAX III 
Revolution trial [20, 23]. While the role of FFRCT 
in patient screening, detailed assessment of coro-
nary lesion complexity and procedural planning is 
increasingly recognized, relatively long computa-
tion times, costs and a need for telemedicine have 
to be considered. Although in the United Kingdom 
the HeartFlow FFRCT analysis has been selected 
for reimbursement as part of the Innovation and 
Technology Payment (ITP) program, lack of reim-
bursement in majority of the countries nowadays 
represents non-negligible obstacle in rendering 
this technology more widely and clinically adoptable.

Future directions 

In the recent ISCHEMIA (International Study 
of Comparative Health Effectiveness With Medi-
cal and Invasive Approaches) trial — presented 
by Judith S. Hochman at the American Heart As-
sociation Annual Scientific Sessions (AHA 2019) 
— routine invasive therapy failed to reduce major 
adverse ischemic events over a median of 3.3 years, 
compared with optimal medical therapy among 
chronic coronary syndrome patients with moderate 
to severe ischemia on noninvasive stress testing. 
There was also no benefit from invasive therapy 
regarding all-cause mortality or cardiovascular 
mortality/myocardial infarction. As such, additional 
diagnostic measures including more ‘subtle’ param-
eters such as frictional force exerted on the vessel 
wall by circulating blood, namely wall shear stress 
(WSS) — that currently can also be estimated in 
vivo based on either cine-angiography or CTCA 
scans — may prove efficient in improving risk strat-
ification in the near future. It is conceivable that 
imaging modalities enriched with WSS information 
could facilitate appropriate identification of patients 
with signs of ischemia by traditional non-invasive 
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tests, in whom interventional treatment could pre-
vent hard clinical endpoints beyond relieving the 
angina symptoms. Indeed, the CFD sub analysis 
of the FAME II (Fractional Flow Reserve Versus 
Angiography for Multivessel Evaluation II) trial 
showed, that among patients with chronic coro-
nary syndromes and hemodynamically significant 
lesions, higher WSS in the proximal segments of 
atherosclerotic lesions was predictive of myocardial 
infarction and had incremental prognostic value over 
FFR [24]. Recent standardization of WSS metrics 
and computation protocols [25] paves the way for 
further enhancing the current state-of-the-art of 
functional lesion assessment, potentially optimiz-
ing treatment decisions and improving the results 
of physiology-based coronary revascularizations in 
the ‘post ICHEMIA trial’ era. Finally, it has to be 
noted that both angio- and CTCA-derived FFR in-
dices are restricted to epicardial arteries and imply  
a maximal relaxation of the vascular tone. Therefore, 
in future, comprehensive multimodality diagnostics 
combining anatomic and physiologic approaches will 
also need to better account for the vasomotion and 
coronary microvasculature assessment.
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Abstract
Background: Quantitative flow ratio (QFR) is a novel approach to derive fractional flow reserve (FFR) 
from coronary angiography. This study sought to evaluate the reproducibility of QFR when analyzed in 
independent core laboratories.
Methods: All interrogated vessels in the FAVOR II China Study were separately analyzed using the 
AngioPlus system (Pulse medical imaging technology, Shanghai) by two independent core laboratories, 
following the same standard operation procedures. The analysts were blinded to the FFR values and 
online QFR values. For each interrogated vessel, two identical angiographic image runs were used by 
two core laboratories for QFR computation. In both core laboratories QFR was successfully obtained in 
330 of 332 vessels, in which FFR was available in 328 vessels. Thus, 328 vessels ended in the present 
statistical analysis. 
Results: The mean difference in contrast-flow QFR between the two core laboratories was 0.004 ± 
± 0.03 (p = 0.040), which was slightly smaller than that between the online analysis and the two core 
laboratories (0.01 ± 0.05, p < 0.001 and 0.01 ± 0.05, p = 0.038). The mean difference of QFR with re-
spect to FFR were comparable between the two core laboratories (0.002 ± 0.06, p = 0.609, and 0.002 ± 
± 0.06, p = 0.531). Receiver operating characteristic curve analysis showed that diagnostic accuracies 
of QFR analyzed by the two core laboratories were both excellent (area under the curve: 0.970 vs. 0.963, 
p = 0.142), when using FFR as the reference standard.
Conclusions: The present study showed good inter-core laboratory reproducibility of QFR in assessing 
functionally-significant stenosis. It suggests that QFR analyses can be carried out in different core labo-
ratories if, and only if, highly standardized conditions are maintained. (Cardiol J 2020; 27, 3: 230–237)
Key words: quantitative flow ratio, fractional flow reserve, reproducibility,  
core laboratories, coronary stenosis

Introduction

Revascularization strategies of stable coronary 
artery disease (CAD) have relied largely on non-
invasive stress tests and coronary angiography 

in current practice [1]. For decades physiologic 
evaluation of myocardial perfusion has been pro-
posed and experimented with as a potential tool 
to determine the ischemic severity of coronary 
artery stenosis. However, it was not until recent 



www.cardiologyjournal.org 231

Yunxiao Chang et al., QFR inter-core laboratory analysis

years, after the invention of clinically feasible 
tools, that physiological assessment of coronary 
blood flow could be adopted to guide interventions. 
Coronary fractional flow reserve (FFR) acquired 
by a pressure-wire placed within target coronary 
vessels can assist in decision making for interme-
diate lesions during coronary intervention, with 
proven clinical and economic benefits [2–5]. A FFR 
value of ≤ 0.80 indicates a functionally significant 
stenosis [6]. The European Society of Cardiology 
has recommended this procedure as class I level A 
for the CAD revascularization approach [7]. Nev-
ertheless, widespread utilization of FFR is limited 
by its invasive nature, relatively high cost and use 
of medication to achieve hyperemia states which 
may introduce complications or adverse events. 
A real-world survey reveals that FFR is used in 
less than 10% of intermediate coronary lesions 
(40–70% stenosis) [8]. 

Quantitative flow ratio (QFR) is a novel angio-
graphy-based computation to derive FFR using com-
puter algorithms that omits the need for pressure 
guidewire and vasodilator administration [9, 10].  
The entire analysis can be done in minutes with-
out extra procedures during diagnostic coronary 
angiography, making it an appealing tool to be used 
in the catheterization laboratory. The recently 
published FAVOR II China Study demonstrated 
excellent accuracy of online QFR assessment in 
the catheterization laboratories when compared 
with the standard FFR measurement. Patient-level 
and vessel-level diagnostic accuracy of contrast-
flow QFR were 92.4% (95% confidence interval 
[CI] 88.9–95.1%) and 92.7% (95% CI 89.3–95.3%), 
respectively [11]. 

In addition to the potential application in 
guiding coronary revascularization, QFR can be 
used to assess the efficacy of different stents by 
evaluating the physiological functionality of the 
coronary artery after stent implantation in a core 
laboratory setting [12]. The FAVOR II China Study 
also demonstrated that QFR showed excellent ac-
curacy when analyzed in the core laboratory [11]. 
Nevertheless, the reproducibility of QFR when 
analyzed in other core laboratories has not been 
addressed. The aim of the present study was to 
evaluate the reproducibility of QFR when analyzed 
offline in two independent core laboratories. 

Methods

Study materials
The FAVOR II China Study [11] is a prospec-

tive, multicenter study that enrolled patients who 

had at least one lesion with a diameter stenosis of 
30% to 90% and a reference diameter ≥ 2 mm by 
visual estimation. Detailed inclusion and exclusion 
criteria of the study and the patient characteristics 
have been reported in the main study. All patients 
enrolled in the study were reanalyzed in a second 
core lab (CardHemo, Med-X Research Institute, 
Shanghai Jiao Tong University, Shanghai, China), 
hereafter noted as CoreLab2. The reference FFR 
values and the QFR values by the first core lab 
(CCRF, Beijing, China), hereafter noted as Core-
Lab1, were taken from the main study [11] to 
assess the inter-core laboratories variability and 
the difference in diagnostic accuracy by different 
core laboratories, when using FFR as the reference 
standard. The study procedure was approved by the 
institutional review board. All patients provided 
written informed consent.

QFR core-lab analysis
All QFR analyses in the CoreLab2 were per-

formed by an experienced analyst (CY), following 
the same standard operation procedures (SOP) and 
by the AngioPlus system (Pulse medical imaging 
technology, Shanghai) as used by the CoreLab1. 
The analyst was blinded to the FFR values and 
the previously computed QFR values. For each 
interrogated vessel, the two identical angiographic 
image runs were used by the two core laboratories 
for QFR computation. The interrogated vessels 
were reconstructed based on two angiographic im-
age runs with minimal overlap and foreshortening 
that were acquired with ≥ 25° difference in projec-
tion angles. Subsequently, the analyst performed 
modified frame count on one of the angiographic 
runs to obtain the mean contrast flow velocity, 
from which the computer modeled the hyperemic 
flow velocity and computed the contrast-flow QFR 
for the entire vessel. This methodology has been 
previously reported [9, 10]. In the same procedure, 
the computer used a fixed contrast flow velocity 
to derive the fixed-flow QFR (fQFR) [10]. Prior to 
QFR computation, the interrogated vessels and the 
segments where FFR was measured and reported 
to the analyst. However, the image frames used for 
three-dimensional (3D) angiographic reconstruc-
tion and the image runs used for modified frame 
count were selected by the analyst following SOP, 
being blinded to the online and the CoreLab1 se-
lection results. Contour of the vessel lumen was 
first automatically delineated by the QFR measure-
ment system and manual adjustment was allowed 
following SOP in case of suboptimal angiographic 
image quality.
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Statistical analysis
Continuous variables were depicted as mean 

± standard deviation unless otherwise stated. The 
D’Agostino Pearson test was used to test normal 
distribution of the data. Pair-wise comparisons of 
different QFR analyses were assessed using Bland-
Altman plots. The correlation between FFR and 
QFR was evaluated using the Pearson or Spear-
man correlation tests as appropriate. An FFR test  
≤ 0.80 was considered for diagnosis of hemodynam-
ically-significance. Sensitivity, specificity, positive 
predictive value (PPV), negative predictive value 
(NPV), positive likelihood ratio (+LR), negative 
likelihood ratio (–LR) of QFR with the FFR as the 
reference standard were calculated and the 95% 
CIs were added, as appropriate. The Student t test 
or Mann-Whitney U tests were performed for pair-
wise comparisons. Receiver operator characteristic 
(ROC) curves were compared using the DeLong 
method. All statistical analyses were performed 

using MedCalc 14.12.0 (MedCalc Software, Mari-
akerke, Belgium). A two-sided p value of < 0.05 
was considered statistically significant.

Results

In both core laboratories QFR and fQFR were 
successfully obtained in 330 of 332 interrogated 
vessels, in which FFR was available in 328 vessels 
from 304 patients. Thus, pairwise comparisons 
were performed in 328 vessels. 

Correlation and agreement of QFR analysis 
The computed QFR values by the two core 

laboratories demonstrated better correlations  
(r = 0.96 vs. 0.91, p < 0.001) and agreement (0.004 ±  
± 0.03 vs. –0.01 ± 0.05, p < 0.001) than those by 
CoreLab2 and online analyses (Fig. 1). Similarly, 
computed fQFR by the two core laboratories had 
better correlations (r = 0.93 vs. 0.88, p < 0.001) 
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and agreement (0.01 ± 0.04 vs. 0.003 ± 0.05,  
p < 0.001) than those by CoreLab2 and online anal-
yses (Fig. 2). The computed QFR values by the two 
core laboratories demonstrated better correlations 
(r = 0.96 vs. 0.91, p < 0.001) and agreement (0.004 ±  
± 0.03 vs. –0.01 ± 0.05, p < 0.001) than those by 
CoreLab1 and the online analyses reported in the 
FAVOR II China Study [11].

Correlation and agreement  
between FFR and QFR analysis 

For CoreLab2 analyses, both QFR and fQFR 
had good correlations with FFR, with the Spearman 
correlation coefficients being significantly higher 
for QFR than fQFR measurements (0.86 vs. 0.79, 
p < 0.001). Both QFR and fQFR had good agree-
ment with FFR, with a slightly smaller error for 
QFR than fQFR (0.002 ± 0.06, vs. 0.01 ± 0.08, 
p < 0.001) (Fig. 3). The mean difference of QFR 
with respect to FFR were comparable between the 

two core laboratories (0.0016 ± 0.06 vs. 0.0021 ±  
± 0.06, p = 0.915).

Diagnostic performance of QFR and fQFR 
using FFR as the reference standard

ROC analyses show that QFR analyzed by the 
two core laboratories had comparable diagnostic 
performance, with areas under curve (AUC) being 
0.970 and 0.963 (p = 0.142). The fQFR analyzed 
by the second core laboratory also had comparable 
but statistically significant AUC as the first core 
laboratory (0.950 vs. 0.935, p = 0.047) (Fig. 4).

Using FFR as the reference standard, the over-
all accuracy, sensitivity and specificity in diagnosis 
of hemodynamically-significant stenosis were all 
excellent for CoreLab2 (accuracy: 92.07% [95% CI 
89.13–95.01%], sensitivity: 94.96% [95% CI 89.3– 
–98.1%], specificity: 89.95% [95% CI 85.1–93.7%]), 
and those were comparable with CoreLab1 (ac-
curacy: 93.3% [95% CI 90.0–95.7%], sensitivity: 

Figure 2. A–D. Correlation and agreement between fixed-flow quantitative flow ratio (fQFR) analysis of CoreLab1 and 
CoreLab2, Online and CoreLab2; SD — standard deviation.
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94.1% [95% CI 88.3–97.6%], specificity: 92.8% 
[95% CI 88.4–95.9%]) as previously reported [11]. 
PPV, NPV, +LR and –LR for CoreLab2 was 84.3, 
96.9, 9.45 and 0.056, respectively. 

Discussion

This is the first study to report on the inter-
corelab variation for QFR computation. The key 
finding was that QFR is reproducible and provides 
comparable diagnostic accuracy with FFR as a ref-
erence standard when analyzed by two independent 
core laboratories using the same dedicated SOP. It 
supports the use of QFR for evaluation of coronary 
physiology in a core laboratory setting.

The study focused on the technical and observ-
er-dependent variation since user-interactions are 
needed to refine geometrical parameters of vessels 
and select an appropriate frame for contrast flow 
velocity assessment. It showed herein, that very 
similar QFR results could be acquired in different 
core laboratories when the analysts strictly fol-
lowed SOP and that the extra frame-counting step 
needed to compute QFR compared to fQFR did not 
influence reproducibility. 

Fractional flow reserve has emerged as the 
current gold standard to guide percutaneous 
coronary interventions by improving outcome 
compared to angiography-guided percutaneous 
coronary intervention in multiple clinical trials  
[6, 7, 13, 14]. Apart from the favorable clinical out-
comes, FFR appears solid in terms of reproducibil-
ity. The absolute difference and standard deviation 
of repeated FFR measurements approaches 0.03 ±  
± 0.02 as illustrated in the Fractional Flow Re-
serve to Determine the Appropriateness of An-
gioplasty in Moderate Coronary Stenosis A Rand-
omized Trial (DEFER) where repeated FFR meas-
urements were performed in 325 patients [15]. 
Application of the “smart minimum” algorithm to 
The Verification of Instantaneous Wave-Free Ratio 
and Fractional Flow Reserve for the Assessment 
of Coronary Artery Stenosis in Everyday Practice 
(VERIFY) study likewise found good repeatability 
of FFR (0.00 ± 0.02) [16]. The minor variability 
may be caused by several factors related to fluc-
tuating hemodynamics, suboptimal vasodilation, 
drift and variation of wire-position. The presented 
inter-corelab variation for QFR of 0.00 ± 0.03 is 
in the same range as FFR and adds to the existing 
knowledge with multiple off-line and on-line stud-
ies proving high diagnostic accuracy of QFR when 
FFR is used as a reference standard [9–11, 17–23]. 

The present results confirm findings from a pilot 
study conducted by van Rosendael et al. [24] that 
presented an inter-observer variation of 0.02 ± 
± 0.04 for QFR in a limited number of 20 lesions. 
Importantly, the present results are improved 
when compared to QFR intra-observer agreement 
of 0.00 ± 0.06 in 40 lesions, as recently reported 
by Westra et al. [19]. This is most likely due to 
a more refined SOP for image acquisition, better 
angiographic quality and a more elaborate protocol 
for QFR analysis. Further, results were marginally 
better than on-line QFR results in the FAVOR II 
China Study [11], which may be explained by mul-
tiple factors. In the on-line analyses, five centres 
participated in FAVOR II China Study [11] with 
their own technicians performing all measure-
ments. Although highly skilled, inter-personnel 
differences may have contributed to slight varia-
tions. Further, time to QFR was recorded in the 
FAVOR II China Study [11]. Although this was not 
used for comparison, site staff facing time pressure 
to execute the measurements may have resulted 
in a minor bias.

Limitations of the study
This study has certain limitations. Firstly, 

intra-observer variation was not assessed. Sec-
ondly, despite the presented comparison of core-lab 
specific diagnostic accuracy estimates with FFR, 
it should be noted that this study does not report 
on true repeated QFR measurements since two 
independent core-labs used the same datasets to 
compute QFR at two different time-points. Hence, 
the biological variability of repeated QFR compu-
tation was not assessed. However, the majority of 
data on repeated FFR derives from repeated FFR 
measurements in the same patient within a small 
time-frame which likewise limits the evaluation of 
biological variability. Thirdly, optimal angiographic 
quality is crucial for optimal QFR computation. 
Since the repeated measurements were all per-
formed on the same high-quality angiographic runs, 
the variation caused by potential suboptimal image 
quality was not included. 

Conclusions

The present study showed good inter-core 
laboratory reproducibility for QFR in assessing the 
physiological significance of coronary stenosis. It 
suggests that QFR analyses can be carried out in 
different core laboratories if highly standardized 
operating procedures are maintained.
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Abstract
Background: The composition of plaque impacts the results of stenting. The following study evalu-
ated plaque redistribution related to stent implantation using combined near-infrared spectroscopy and 
intravascular ultrasound (NIRS-IVUS) imaging. 
Methods: The present study included 49 patients (mean age 66 ± 11 years, 75% males) presenting 
with non-ST elevation myocardial infarction (8%), unstable angina (49%) and stable coronary artery 
disease (43%). The following parameters were analyzed: mean plaque volume (MPV, mm3), plaque 
burden (PB, %), remodeling index (RI), and maximal lipid core burden index in a 4 mm segment 
(maxLCBI4mm). High-lipid burden lesions (HLB) were defined as by maxLCBI4mm > 265 with positive 
RI. Otherwise plaques were defined as low-lipid burden lesions (LLB). Measurements were done in the 
target lesion and in 4 mm edges of the stent before and after stent implantation.  
Results: MPV and maxLCBI4mm decreased in both HLB (MPV 144.70 [80.47, 274.25] vs. 97.60 [56.82, 
223.45]; maxLCBI4mm: 564.11 ± 166.82 vs. 258.11 ± 234.24, p = 0.004) and LLB (MPV: 124.50 [68.00, 
186.20] vs. 101.10 [67.87, 165.95]; maxLCBI4mm: 339.07 ± 268.22 vs. 124.60 ± 160.96, p < 0.001), 
but MPV decrease was greater in HLB (28.00 [22.60, 57.10] vs. 13.50 [1.50, 28.84], p = 0.019). Only at 
the proximal stent edge of LLB, maxLCBI4mm decreased (34 [0, 207] vs. 0 [0, 45], p = 0.049) and plaque 
burden increased (45.48 [40.34, 51.55] vs. 51.75 [47.48, 55.76], p = 0.030).
Conclusions: NIRS-IVUS defined HLB characterized more significant decreases in plaque volume 
by stenting. Plaque redistribution to the proximal edge of the implanted stent occurred only in LLB. 
(Cardiol J 2020; 27, 3: 238–245)
Key words: plaque redistribution, stenting, intravascular ultrasound, near-infrared 
spectroscopy, stent edges
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Introduction

Percutaneous coronary intervention (PCI) 
resolves ischemia by axial displacement of ath-
erosclerotic plaque and increase of luminal area. 
However, the lipidic plaque is known to redistribute 
not only axially, but also longitudinally leading to 
tissue protrusion and stenosis at the stent edges. 
Both plaque protrusion [1, 2] and reference ves-
sel disease have been identified as predictors of 
poor outcome after PCI [3]. Intravascular imaging 
modalities like intravascular ultrasound (IVUS), 
optical coherence tomography (OCT) and near-
infrared spectroscopy (NIRS) provide insight into 
the morphology and composition of atherosclerotic 
plaque in vivo. OCT provides superior resolution, 
but its limited penetration depth, mainly through 
lipidic plaque, impairs the global assessment of 
the lesion, especially after stent implantation [4]. 
Due to superior penetration, IVUS overcomes this 
limitation of OCT, offering a global assessment of 
the lesion including the plaque structure behind the 
implanted stent [5]. Its combination with NIRS has 
augmented the capabilities of IVUS [6]. NIRS pro-
vides simplified algorithm of detection of lipid-rich 
lesions not only in atherosclerotic plaque but also 
in tissue located behind the implanted stent [6]. 

NIRS-IVUS studies demonstrated that lipid-
rich plaques might be prone to distal embolization 
after stenting because of redistribution of lipidic 
plaque and release of its debris into circulation 
[7–9]. Indeed, stenting of lipid-rich lesions increases 
the risk of periprocedural myocardial infarction 
suggesting that plaque redistribution is related to 
composition and morphology [10, 11]. In the current 
study, the aim was to assess plaque redistribution 
after stent implantation by combined NIRS-IVUS 
imaging. It was hypothesized that the magnitude and 
geometry of plaque redistribution at the stent edges 
were related to its morphology and lipid content.

Methods

Study design 
The present study was a prospective single-

center study at the Medical University of Silesia 
in Katowice, Poland in which patients with stable 
coronary artery disease (SCAD) or non-ST-segment 
elevation-acute coronary syndrome (NSTE-ACS) 
were undergoing stent implantation with NIRS-
-IVUS. The investigators designed the trial and 
performed a retrospective analysis. Investigators 
assured data accuracy and collected source docu-
ments for adjudication. T.R. and M.D. performed 

intravascular imaging analysis, data management, 
and biostatistics. The institutional review board 
approved the study protocol. The study conformed 
to the Declaration of Helsinki and was approved 
by the Local Ethics Committee. All patients gave 
written informed consent.

Participants 
Patients undergoing clinically indicated PCI for 

NSTE-ACS or SCAD using NIRS-IVUS guidance 
were screened. Patients with cardiogenic shock, New 
York Heart Association (NYHA) IV class heart failure, 
significant valvular heart disease, in-stent resteno-
sis as the target lesion, reference vessel diameter 
less than 2.5 mm, excessive tortuosity, pregnancy, 
hemophilia, renal failure (creatinine > 1.5 mg/dL), 
and contrast allergy were excluded from the study.

Procedures
The current study employed combined NIRS- 

-IVUS assessment of the target lesion pre- and post- 
-stent implantation. All imaging was performed during  
the same procedure before predilatation or direct 
stenting, after stenting and final post-dilatation. The 
target lesion was selected at the operator’s discretion 
after the diagnostic angiogram and fractional flow 
reserve assessement if needed. There were no com-
plications related to NIRS-IVUS imaging, which was 
performed using heparin anticoagulation (activated 
clotting time > 300 s) and following intracoronary 
nitroglycerine (100–200 µm) administration. Com-
bined NIRS and gray-scale IVUS image acquisition 
was performed using the commercially available 
TVC Imaging System™ and TVC Insight Catheter 
(InfraReDx, MA). The tip of the TVC catheter was 
positioned at least 10 mm distal to the imaging target 
lesion. Subsequently, the automated pullback was 
started at 0.5 mm/s (240 rotations/min) until the TVC 
catheter entered the guiding catheter.

NIRS images analysis
NIRS map analysis allows the calculation of  

a lipid core burden index (LCBI). LCBI is estimated 
by dividing the number of yellow pixels per all 
pixels (without black ones) within the analyzed 
pullback length and are expressed per mill (‰). 
The maximal LCBI was estimated in 4 mm pullback 
compartments for every analyzed segment pre- and 
post-stenting (maxLCBI4 mm). 

Gray-scale IVUS image analysis
The region of interest (ROI) was defined as 

the length of the artery covered by the stent pre- 
and post-procedure. Quantitative gray-scale IVUS 
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measurements were performed every millimeter in 
scanned coronary segments pre and post-stenting. 
Cross-sectional images were quantified for lumen 
diameters and area, external elastic membrane 
(EEM) diameters and area, total plaque area, 
plaque burden, and lumen and EEM eccentricity. 
Additionally, after stenting, the stent area was 
estimated. The total plaque area was calculated as 
the difference between EEM area and lumen area 
(pre-stenting), or as a difference between EEM 
area and stent area (post-stenting). Plaque burden 
was calculated as total plaque area divided by EEM 
area × 100 (%). The IVUS reference lumen area 
was defined as the 4 mm located immediately proxi-
mal or distal to the ROI. The reference EEM area 
was calculated as an average of the proximal and 
distal EEM area. The remodeling index (RI) was 
calculated by dividing the EEM area at the minimal 
lumen area (MLA) by reference EEM area. Lesions 
with RI ≤ 0.95 were defined as negatively remod-
eled, while those with RI ≥ 1.05 were defined as 
positively remodeled. In every segment, a lumen 
vessel volume, EEM volume and stented volume 
(after stenting) was calculated based on the Simp-
son rule [mm3]. These data were used to estimate 
plaque volume (pre-stenting: EEM volume – ves-
sel volume, post-stenting: EEM volume – stented 
volume [mm3]). All IVUS measurements were 
performed for the ROI and 1 mm and 4 mm long 
segments adjacent to the implanted stent (Fig. 1).

Co-registration of NIRS-IVUS  
pre- and post-stenting.

During NIRS-IVUS pullback, anatomical land-
marks were imprinted on the chemogram and book-
marked on the IVUS images — i.e., fiducial points, 
side branches, stent edges. Those landmarks allowed 
matching of NIRS-IVUS images to corresponding 
sections pre- and post-stenting on angiography.

Lipid-rich lesions
NIRS-IVUS defined high lipid burden lesions 

(HLB) as lesions with maxLCBI4 mm > 265 with 
positive RI [12]. Non-HLB segments were consid-
ered as lowlipid burden lesions (LLB). NIRS-IVUS 
data were analyzed off-line using CAAS intravascu-
lar software (Pie Medical Imaging BV). Coronary 
segments with incomplete and/or poor quality 
NIRS, IVUS scans were excluded from analysis  
(1 coronary segment, 1 patient). 

Statistical analysis
Normality of the distribution of values was 

assessed using the Kolmogorov-Smirnov statistic, 

and homogeneity of variances assessed using the 
Levene test. For normally distributed values, data 
are presented as mean with standard deviation 
(SD), for non-normally distributed values data are 
presented as median with interquartile range (IQR, 
25 percentile, 75 percentile). Normally distributed 
data were compared using a paired t-test, and non-
normally distributed data were compared using 
the Mann-Whitney-test. The categorical data were 
compared using the Fisher exact test or c2 test.  
A two-tailed p-value of 0.05 was considered as sta-
tistically significant. Data analysis was performed 
using Medcalc software version 17.1. 

Results

Study group
Between September 2015 and August 2016 

intravascular imaging was performed in 50 
stents implanted in 49 patients with either SCAD  
(n = 33; 67%) or NSTE-ACS syndromes (n = 16; 
33%). HLB lesions were identified in 9 patients, and 
LLB lesions were detected in 40 patients (50 ROIs). 
HLB patients were characterized by a higher level of 
total cholesterol and triglycerides, and trend towards 
a higher prevalence of diabetes. Baseline clinical 
characteristics are presented in Table 1.

Angiographic data analysis  
and procedure details

There were now differences in the location of 
HLB lesions and LLB lesions — left anterior de-
scending artery: 5 (56%) vs. 19 (46%), circumflex 
artery: 3 (33%) vs. 10 (24%), ramus intermedius: 
0 vs. 1 (2%), left main: 0 vs. 1 (2%), right coronary 
artery: 1 (11%) vs. 10 (24%), p = 0.846. Two HLB 
lesions (22%) and 14 (34%) LLB lesions were lo-

Proximal
1 mm segment

Proximal
4 mm segment

Distal
1 mm segment

Distal
4 mm segment

Region of interest (ROI)
Pre- and post-stenting

Figure 1. Intravascular ultrasound imaging measure-
ments. The figure presents the analyzed segment by 
intravascular ultrasound imaging. The minimal lumen 
area and diameter external elastic lamina area and vol-
ume, lumen volume, plaque area volume, plaque bur-
den and plaque eccentricity were measured for the 
region of interest, and for proximal and distal 1 mm and 
4 mm long segments adjacent to the stent. All measure-
ments were performed before and after stenting.
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cated in proximal segments of the coronary artery 
(p = 0.379). 

There were also no differences in type of 
drug eluting stents implanted in HLB and LLB le-
sions — everolimus eluting: 7 (78%) vs. 21 (51%), 
sirolimus eluting 2 (22%) vs. 11 (27%), biolimus 
eluting 0 vs. 9 (22%); p = 0.106. There were no 
differences in the stent diameter [mm] — 3 (3, 3.5) 
vs. 3 (3, 3.5), p = 0.250 and stent length [mm] — 
15 (12, 24) vs. 22 (18, 28), p = 0.306 implanted in 
HLB and LLB lesions.

Plaque modificationof the stented segment
Both HLB and LLB lesions were character-

ized by an increase of minimal lumen diameter 
(MLD), minimal lumen area (MLA), lumen volume 
and EEM volume and a decrease of maxLCBI4 mm, 
total plaque area, plaque burden and plaque volume 

after stenting. Although the plaque volume de-
creased in both HLB and LLB lesions, the change 
was significantly higher in HLB lesions (Table 2, 
Fig. 2). Stenting increased remodeling index only 
in LLB lesions, having no impact on the RI in 
HLB lesions.The observed differences in plaque 
volume correlated with maxLCBI4 mm  before stent-
ing (r = 0.48; p < 0.01) in all 50 lesions (Fig. 2).  
NIRS-IVUS characteristics of stented lesions is 
presented in Table 2. Representative images of 
plaque modification are presented in Figure 3 and 
Supplementary Figures 1 and 2. 

Assessment of the proximal segment  
adjacent to the stent after the procedure

In 4 mm proximal segment adjacent to stent, 
maxLCBI4 mm decreased after stenting in LLB lesions 
— 34 (0, 207) vs. 0 (0, 45), p = 0.049. However, plaque 

Table. 1. Patient characteristics.

Patients with low lipid  
burden lesions (n = 40)

Patients with high lipid  
burden lesions (n = 9)

P

Age [years] 66.17 ± 11.32 65.5 ± 10.72 0.920

Male gender 32 (80%)  5 (55%) 0.113

Body mass index [kg/m2] 26.7 (IQR 25.23, 27.93) 25.15 (IQR 20.70, 36.09) 0.771

NSTEMI/UA/SCAD 4 (10%)/20 (50%)/16 (30%) 0/5 (55%)/4 (45%) 0.433

Risk factors

Hypertension 36 (90%) 8 (88%) 0.634

Hyperlipidemia 40 (100%) 9 (100%) –

Diabetes mellitus 11 (27%) 6 (67%) 0.058

Current smoking 3 (7%) 1 (11%) 0.714

Pharmacological therapy

Acetylsalicylic acid 38 (95%) 8 (88%) 0.765

Thienopyridine 27 (67%) 3 (33%) 0.153

Beta-adrenergic antagonist 32 (80%) 6 (67%) 0.519

Calcium channel antagonist 10 (25%) 5 (56%) 0.148

ARB/ACEI 27 (67%) 6 (67%) 0.732

Statin 36 (90%) 9 (100%) 0.623

Other lipid-lowering therapy 4 (10%) 2 (22%) 0.654

Oral antidiabetics 10 (25%) 5 (56%) 0.148

Insulin 1 (2%) 1 (11%) 0.792

Laboratory results

Total cholesterol [mg/dL] 139 (IQR 127, 153) 171 (IQR 146.92, 244.64) 0.031

LDL cholesterol [mg/dL] 76 (IQR 69, 93) 99.00 (IQR 69.69, 132.03) 0.120

HDL cholesterol [mg/dL] 40.00 (IQR 36.76, 46.00) 44.50 (IQR 38.67, 50.16) 0.401

Triglyceride [mg/dL] 102.02 (IQR 91.58, 115.19) 154.50 (IQR 98.10, 355.03) 0.012

GRF [mL/min/1.73 m2] 72.40 ± 15.93 67.62 ± 25.84 0.473

NSTEMI — non-ST-segment elevation myocardial infarction, UA — unstable angina, SCAD — stable coronary artery disease, ARB —  
angiotensin II receptor blocker, ACEI — angiotensin-converting-enzyme inhibitor; LDL — low density lipoprotein, HDL — high-density  
lipoprotein, GRF — glomerular filtration rate; IQR — interquartile range
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burden [%] — 45.48 (40.34, 51.55) vs. 51.75 (47.48, 
55.76), p = 0.030 and total plaque area [mm2] — 6.30 
(5.17, 7.85) vs. 7.05 (6.08, 8.43), p = 0.005 increased 
in the first millimeter adjacent to the implanted stent 

in LLB lesions. Such plaque modification was not 
observed in HLB lesions. NIRS-IVUS characteristics 
of proximally segment adjacent to the implanted stent 
is presented in Supplementary Table 1.

Table 2. Near-infrared spectroscopy and intravascular ultrasound results of the stented segment.

Parameters Low lipid burden lesions (n = 41) High lipid burden lesions (n = 9)

 Pre-stenting Post-stenting P Pre-stenting Post-stenting P

Stented segment

ROI [mm] 21.98 ± 9.01 21.96 ± 8.98 0.804 25.71 ± 15.38 25.70 ± 15.39 0.346

MLD [mm] 1.64 ± 0.31 2.23 ± 0.37 < 0.001 1.53 ± 0.13 2.28 ± 0.34 < 0.001

MLA [mm2] 2.65 ± 1.21 5.31 ± 1.68 < 0.001 2.94 ± 1.40 6.15 ± 1.39 < 0.001

Stenosis (MLA)  
on reference [%]

55.36 ± 13.01 17.90 ± 14.38 < 0.001 57.63 ± 10.19 19.00 ± 14.78 0.006

Lumen volume [mm3] 98.80  
(63.15, 131.45)

128.30  
(86.97, 185.37)

< 0.001 96.70  
(69.10, 112.62)

181.30  
(76.22, 266.37)

0.004

EEM volume [mm3] 226.70  
(140.77, 315.82)

288.60  
(169.42, 377.62)

< 0.001 244.40  
(149.55, 379.10)

317.30  
(144.47, 535.52)

0.012

DEEM volume [mm3] 46.45  
(21.50, 74.85) 

67.40  
(16.22, 116.62)

0.423

Plaque volume [mm3] 124.50  
(68.00, 186.20)

101.10  
(67.87, 165.95)

< 0.001 144.70  
(80.47, 274. 25)

97.60  
(56.82, 223.45)

0.004

DMPV [mm3] 13.50 (1.50, 28.84) 28.00 (22.60, 57.10) 0.019

maxLCBI4 [mm] 339.07 ± 268.22 124.60 ± 160.96 < 0.001 564.11 ± 166.82 258.11 ± 234.24 0.004

EEM area [mm2] 10.00  
(7.50, 11.60)

11.30  
(9.27, 13.25)

< 0.001 12.70  
(12.10, 13.47)

13.10  
(11.72, 16.20)

0.820

EEM eccentricity 0.09 (0.07, 0.15) 0.09 (0.06, 0.13) 0.551 0.09 ± 0.01 0.11 ± 0.04 0.341

Lumen eccentricity 0.09 (0.06, 0.14) 0.13 (0.08, 0.18) 0.038 0.17 ± 1.12 0.20 ± 0.10 0.181

Total plaque area [mm2] 7.4 (5.12, 8.62) 4.7 (3.67, 6.40) < 0.001 11.51 ± 5.01 5.72 ± 1.80 0.009

Plaque burden [%] 72.19 ± 8.12 55.03 ± 6.87 < 0.001 79.26 ± 8.57 53.0 ± 9.9 < 0.001

Remodeling index 0.87 ± 0.23 1.09 ± 0.27 < 0.001 1.23 ± 0.11 1.20 ± 0.25 0.739

ROI — region of interest; MLD — minimal lumen diameter; MLA — minimal lumen area; EEM — external elastic lamina; maxLCBI4 mm — 
maximal lipid core burden index in four millimeters; DMPV — delta plaque volume
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Figure 2. Plaque volume pre- and post-stenting and lipid core burden index (LCBI) values. A. The difference in plaque 
volume for near-infrared spectroscopy and intravascular ultrasound (NIRS-IVUS) high lipid burden lesions (HLB,  
maxLCBI4 mm > 265 and positive vessel remodeling) and for NIRS-IVUS low lipid burden (LLB) lesions; B. The correla-
tion between the difference in plaque volume pre- and post-stenting and maxLCBI4 mm values in all lesions.
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Assessment of the distal segment adjacent 
to the stent after the procedure

After the procedure, there were no differences in 
maxLCBI4 mm, plaque burden, plaque volume in distal 

4 mm segment adjacent to the implanted stent in both 
HLB and LLB lesions. NIRS-IVUS characteristics of 
the segment located distally to the implanted stent is 
presented in Supplementary Table 2.

Figure 3. Representative image of near-infrared spectroscopy and intravascular ultrasound (NIRS-IVUS) imaging 
pre- and post-stenting of high lipid burden and low lipid burden lesions; A, C. NIRS maps pre- and post-stent im-
plantation. Black lines indicate stent edges. Black dashed lines limit 4 mm proximal and distal segments adjacent 
to the stent. White dashed lines indicate the NIRS-IVUS cross-section image. B, D. NIRS-IVUS cross-sectional 
image of minimal lumen area (MLA), external elastic lamina (EEM) and stent contours. High lipid burden lesion:  
A. Pre-stenting maxLCBI4 mm = 548; C. Post-stenting maxLCBI4 mm = 202; B. Pre-stenting: MLA = 3.8 mm2, plaque 
burden = 71%, plaque area = 9.2 mm2, EEM area = 12.9 mm2, remodeling index = 1.34; D. Post-stenting: MLA  
= 6.4 mm2, plaque burden = 48.8%, plaque area = 6.1 mm2, EEM area = 12.4 mm2, stent area = 5.0 mm2, remod-
eling index = 1.22; delta mean plaque volume = 22.9 mm3. Low lipid burden lesion: A. Pre-stenting maxLCBI4 mm  
= 137; C. Post-stenting maxLCBI4 mm = 30; B. Pre-stenting: MLA = 3.5 mm2, plaque burden = 61%, plaque area  
= 6.4 mm2, EEM area = 10.6 mm2, remodeling index = 0.72; D. Post-stenting: MLA = 5.8 mm2, plaque burden  
= 53%, plaque area = 6.4 mm2, EEM area = 12.0 mm2, stent area = 6.6 mm2, remodeling index = 1.29; delta mean 
plaque volume = 8.2 mm3. 
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Discussion

This study expands previous observations from 
intravascular imaging on plaque redistribution and 
lipid burden following stenting, using NIRS-IVUS 
[13]. It is confirmed herein, that plaque redistribu-
tion caused by stenting is related to its composition. 
Lipid-rich lesions characterized a more significant 
decrease in plaque volume after stenting, especially 
in HLB. Interestingly, plaque redistribution to the 
proximal edges of the stent occurred only in LLB.

Initial IVUS studies conducted in patients 
with SCAD demonstrated that stent implantation 
redistributed plaque longitudinally across the ves-
sel to the proximal and distal edges of the stent 
with the potential for release of plaque debris into 
coronary circulation [7–9]. NIRS imaging alone 
confirmed a lipidic component of these findings 
[14]. Combined NIRS-IVUS imaging has demon-
strated that a decrease in LCBI with a reduction in 
plaque volume led to edge redistribution of lipidic 
plaque in ST-segment elevation myocardial infarc-
tion (STEMI) patients [13]. The current study of 
non-STEMI patients and SCAD patients confirms 
that stenting of HLB lesions is associated with  
a decrease in plaque volume.  

Interestingly, plaque shift to the proximal 
stent edge was found only in LLB lesions. The 
smaller lumen volume after stenting LLB suggest 
that these plaques have a smaller potential to be 
compressed and are less likely to protrude through 
stent struts. Thus it may affect final stent expansion 
and prone redistribution of LLB plaques to the edges 
of implanted stent edges to make space for the stent. 
Moreover, as it was shown a correlation between 
HLB lesions and thin fibrous cap atheroma (TFCA) 
[12, 15], it is also possible that LLB lesions are 
less prone to embolization into the microcirculation 
from a thick cap. Indeed, OCT studies have shown 
that TFCA correlates with type IVa myocardial 
infarction after PCI [14], and OCT defined TFCA is  
a strong predictor of periprocedural infarction [10]. 
Taken together the present results suggest that 
both lipid-rich plaque and distinct plaque morphol-
ogy may be necessary to trigger distal embolization 
[16]. Previous studies have shown that the use of 
aggressive lipid-lowering therapy can decrease lipid 
core and increase fibrous cap thickness [17, 18]. 
The routine use of high-dose statins before planned 
stent implantation to reduce no-reflow phenomenon 
requires further attention [19].

The Color Registry showed previously that 
lesions with maxLCBI4 mm > 500 had an increased 
risk of periprocedural myocardial infarction [11]. 

The findings prompted the CANARY trial, which 
tested the potential benefit of distal protection 
during PCI for lesions with maxLCBI4 mm > 600. 
The trial failed to show a benefit, perhaps due to 
the inherent morbidity of filter placement but was 
also stopped prematurely due to difficulties in 
identifying patients suitable for randomization [20]. 
The present data suggests that plaque morphology 
assessment should also be applied to assess the 
risk of distal embolization.  

The current study showed that LLB lesions 
had a smaller decrease in plaque volume with an 
increase in plaque area and plaque burden at the 
proximal edge of the implanted stent, but not at 
the distal edge. It is possible that this is a result 
of the difference in size of the vessel proximally 
versus distally. The relatively large proximal vessel 
size may be able to accommodate plaque shift to 
a greater extent than the distal edge. Since NIRS 
cannot determine depth (axial dimension of the 
lipid), a decreased lipid length could result in de-
creased LCBI values but not an actual reduction in 
lipid burden, rather indicating an axial accumulation 
[21]. Nevertheless, the plaque shift to the proximal 
edge of the stent advocates use of the “red to red” 
(healthy to healthy segment) stenting strategy to 
reduce adverse clinical outcomes [22]. 

Limitations of the study
The study has several limitations. A small 

group of patients were included in the study, and 
both acute and stable coronary patients were as-
sessed. The HLB lesion definition relied on pre-
viously presented NIRS-IVUS data against OCT 
[12]. The addition of OCT imaging to NIRS-IVUS 
imaging could have improved the accuracy of HLB 
detection in this study. Although there was no strict 
protocol for stent implantation, it does represent 
real-world practice. 

Conclusions

NIRS-IVUS HLB lesions had a more significant 
decrease in plaque volume by stenting without 
plaque distribution to the edges of the stent. Plaque 
redistribution to the proximal edge of the implanted 
stent was observed only in LLB lesions.
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Abstract 
Background: The aim of this study was to assess whether echocardiographic measurements of left 
atrial (LA) morphology and function could predict sinus rhythm maintenance after electrical cardiover-
sion among patients with atrial fibrillation (AF) and normal function or mild dysfunction of the left 
ventricle (LV). 
Methods: One hundred seventeen patients with persistent AF who underwent successful electrical 
cardioversion were prospectively enrolled. Echocardiography was performed one day  subsequent to 
successful cardioversion. Patients were followed up clinically and electrocardiographically at 1, 6, and  
12 months. At 12 months, 61 (52%) patients had maintained sinus rhythm (SR).  
Results: Compared to patients who maintained SR, those with AF recurrence had larger LAs, worse 
LA systolic function, and increased LV filling pressure. On multivariate stepwise logistic regression, 
E/A ratios (odds ratio [OR] 0.550, 95% confidence interval [CI] 0.341–0.886; p = 0.014) and E/e’ 
ratios (OR 0.871, 95% CI 0.771–0.985; p = 0.027) were significant predictors of AF recurrence. On 
receiver operator characteristic curve analysis of AF recurrence at 12 months, the area under curve for 
both E/A and E/e’ ratios were 0.726. With an E/A cutoff of 2.2, the sensitivity for predicting AF recur-
rence at 12 months was 72%, and specificity was 73%. With an E/e’ cutoff of 9.17, the sensitivity for 
predicting AF recurrence at 12 months was 72%, and specificity was 74%. 
Conclusions: Left ventricular filling pressure assessed with E/A and E/e’ ratios predict AF recurrence 
after electrical cardioversions among patients with AF and normal function of LV.  (Cardiol J 2020; 27, 
3: 246–253)
Key words: atrial fibrillation, direct current cardioversion, diastolic dysfunction

Introduction 

Atrial fibrillation (AF) is the most common 
arrhythmia, and it is caused by structural, mechani-
cal, and electrical remodeling of the atria, including 

atrial enlargement, fibrosis, and dysfunction of ion 
channels [1–3]. Management of AF is aimed at 
restoration and maintenance of sinus rhythm (SR) 
or control of the ventricular rate [4]. In the Euro 
Heart Survey, the effectiveness of cardioversion 
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was about 75–88%, depending on the cardioversion 
method and patient characteristics. In the same 
registry, about 70% of patients maintained SR for  
12 months [5]. AF recurs in many patients after 
successful cardioversion, and this recurrence is 
associated with different clinical, electrocardio-
graphic, echocardiographic, imaging, and laboratory 
factors [2, 6–9]. Risk factors for recurrence of AF 
can help select patients in whom cardioversion can 
restore SR in the long-term. Moreover, patients 
with a very high risk of AF recurrence could avoid 
the risk of cardioversion. Under investigation, in 
this study, was whether assessing left atrial (LA) 
morphology and function by echocardiography 
could help predict the recurrence of AF after elec-
trical cardioversion. 

Methods 

The study protocol was approved by the lo-
cal ethics committee. This prospective study 
enrolled 117 patients with persistent AF who 
underwent direct current cardioversion between 
August 2015 and April 2017 on a cardiology ward. 
The inclusion criteria were as follows: sympto-
matic persistent AF for ≥ 7 days, ejection fraction  
> 40%, and effective anticoagulation with warfarin, 
acenocumarol, or novel oral anticoagulants (dabi-
gatran, rivaroxaban, apixaban) for ≥ 3 weeks prior 
to cardioversion. The exclusion criteria were as 
follows: age < 18 years, no consent to participate in 
the study, no consent for cardioversion, low quality 
of echocardiographic images, moderate or severe 
valve regurgitation or stenosis, valvular prosthesis, 
presence of thrombus in the left atrial appendage 
(LAA), acute decompensation of heart failure, 
acute myocardial infarction, previous pulmonary 
vein isolation, dysthyroidism, anemia (hemoglobin  
< 6.9 mmol/L), and cancer.

Patients were followed up at 1, 6, and 12 mon-
ths to check for maintenance of SR (electrocardio-
gram on each visit and 24-h Holter monitoring at  
1 and 12 months). Patients were asked to report to 
the cardiology department if they felt palpitations 
or thought that AF had recurred.

Clinical data were obtained on the day of 
cardioversion and included age, sex, body mass 
index (BMI), body surface area (BSA, calculated 
with the Gehan and George formula), glomerular 
filtration rate (GFR, calculated with the Cockroft-
-Gault formula), hypertension, diabetes mellitus, 
dyslipidemia, smoking status, history of coronary 
artery disease, European Heart Rhythm Asso-
ciation (EHRA) score, dysthyroidism, obstructive 

pulmonary disease, renal disease, and history 
of stroke or transient ischemic attack. Coronary 
artery disease was diagnosed when patients had 
a history of myocardial infarction, percutaneous 
coronary intervention, or coronary artery by-pass 
grafting. Data regarding AF duration and duration 
of the current AF episode is not taken into ac-
count because of the high percentage of patients 
who were unable to ascertain the onset of ar-
rhythmias. CHA2DS2-VASc and HAS-BLED scores 
were recorded according to the current European 
guidelines on AF treatment [4].

All cardioversions were performed with an-
aesthesiologic assistance under general sedation. 
All cardioversions were performed with a biphasic 
defibrillator (150–300 J). If the first shock was 
ineffective, another attempt was performed with  
a higher energy (by 100 J). The success of car-
dioversion was defined as SR maintenance for  
≥ 24 h. Patients with SR received anticoagulants, 
up-stream therapy, or antiarrhythmic drugs by 
clinical judgment. Antiarrhythmic drugs, like 
amiodarone and propafenone, were prescribed by 
a physician blinded to echocardiography results.

Echocardiography was performed on the day 
after successful cardioversion, during SR. One 
experienced investigator performed transthoracic 
echocardiography with the Vivid S6 device (Gen-
eral Electric Medical Systems, Horten, Norway) 
and the M4S RS transducer, according to current 
guidelines [10, 11]. Standard M-mode and Doppler 
images and 2-dimentional cine loops were obtained 
in the parasternal long and short axis views and 
apical 2-, 3-, and 4-chamber views. Echocardio-
graphic data were stored and analysed offline with 
the EchoPAC PC software (GE Medical Systems). 
The maximal end-systolic volume of left atrium 
(LAV) and minimal end-diastolic volume (LAEDV) 
were measured by the Simpson method from api-
cal 4- and 2-chamber views. Maximum volume 
of LA (LAV) was measured at the end of systole, 
on the frame just before mitral valve opening, by 
tracing the inner border of the atrium and avoid-
ing the area under the valve annulus, appendage, 
and pulmonary veins. LAV was indexed to body 
surface area (BSA, LAVI). Minimum volume of LA 
was measured at the end of ventricular diastole 
on the frame of the mitral valve closure, and was 
indexed to BSA (LAEDVI). LA emptying fraction 
(LA EF) was calculated with the following formula: 
(LA maximum volume – LA minimum volume)/LA 
maximum volume × 100%. Left ventricular (LV) 
volume and ejection fraction (LVEF) were meas-
ured according to the Simpson formula. The area 
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of right atrium at systole (RAAs) was measured in 
an apical 4-chamber view at the end of the systole, 
and the right atrium area at the diastole (RAAd) 
was measured at the end of the diastole on the 
frame with the tricuspid valve closure. Blood flow 
velocities were measured by transmitral pulsed 
wave Doppler (PWD) from the apical 4-chamber 
view, with a 2-mm sample volume placed between 
the tips of the mitral leaflets. Mitral annulus motion 
was measured by tissue Doppler imaging (TDI) in 
an apical 4-chamber view with a 5-mm sample vol-
ume at the lateral and septal basal regions. Means 
of waves s’, e’, and a’ were calculated as averages 
from the septal and lateral measurements. 

Statistical analysis
Results are presented as means ± standard de-

viations (SD). Categorical variables are presented 
as counts and percentages. Normally distributed 
variables were compared with the Student t-test, 
and non-normally distributed variables were com-
pared with the Mann-Whitney test or c2 test.

Predictors of SR maintenance were analyzed 
with univariate logistic regression. To identify 
independent predictors of AF recurrence, a multi-
variable model that included independent variables 
with p value of < 0.1 found in univariate analysis 
and adjusted by important cofactors that might have 
an influence on outcomes was performed. The step-
wise inclusion was set at p < 0.05 and exclusion at 
p > 0.1. Receiver-operated characteristic (ROC) 
curves for predicting SR maintenance at 1, 6, and 
12 months were calculated for selected echocardio-
graphic variables. Optimal cutoffs were calculated 
based on the Youden statistic, and areas under the 
curve (AUC) were compared with the DeLong test 
with the AUC that indicated no diagnostic values 
(0.5). Significance was set at p < 0.05.  Statistical 
analyses were performed with MedCalc Statistical 
Software version 18.6 (MedCalc Software bvba, 
Ostend, Belgium). 

Results

One hundred seventeen patients who un-
derwent successful electrical cardioversion were 
included in the study. Of these patients, 56 (47.8%) 
maintained SR at 12 months. Compared with pa-
tients with AF recurrence, patients who maintained 
SR at 12 months were younger (p = 0.027), were 
more often male (p = 0.024), had diabetes mellitus 
more often (p = 0.047), had higher GFR values  
(p = 0.043), used beta-blockers more often be-
fore and after cardioversion (p ≤ 0.030), and used 

diuretics less often before and after cardioversion  
(p ≤ 0.010). There were no other significant differ-
ences in baseline characteristics between patients 
who maintained SR over 12 months and the remain-
ing patients (Table 1).  

Nearly all patients had LA enlargement, with  
a mean LAVI of 49.7 ± 11.4 mL/m2 and low or mod-
erate LA enlargement in the antero-posterior di-
mension (44.5 ± 4.7 mm). Compared with patients 
with AF recurrence, patients who maintained SR at  
12 months had significantly lower values of LAVI 
(p = 0.001) and LAEDVI (p < 0.001). 

Compared with patients with AF recurrence, 
patients who maintained SR at 12 months had  
a significantly higher LA EF (p < 0.001), atrial 
filling wave A (p = 0.033), and late diastolic mitral 
annular velocity (wave a’, p = 0.041). 

Compared with patients with AF recurrence, 
patients who maintained SR at 12 months had sig-
nificantly lower E/e’ ratios (p < 0.001), E/A ratios 
(p < 0.001), and early filling velocities (wave E,  
p < 0.001), and they had significantly higher 
early diastolic mitral annular velocities (wave  e,  
p = 0.008) and deceleration times of wave E (DT, 
p = 0.003). 

Patients with AF recurrence and patients who 
maintained SR at 12 months did not differ significant-
ly with respect to LV function. However, patients 
who maintained SR at 12 months tended to have 
higher values of mitral annular peak systolic velocity 
(wave s’, p = 0.051). Table 2 presents values for all 
echocardiographic variables. 

On univariate logistic regression, the follow-
ing echocardiographic variables were significant 
predictors of SR maintenance at 12 months: LAVI, 
LAEDVI, LA EF, waves s’, e’, and E, E/e’ and E/A 
ratios, and DT (Table 3). On multivariate stepwise, 
forward, and backward logistic regression, only 
E/e’ and E/A ratios remained significant predictors 
of SR maintenance. In ROC curve analysis, both 
E/e’ and E/A ratios had a similar value for predict-
ing SR maintenance at 1, 6, and 12 months, with 
AUCs of about 0.7 and sensitivity, specificity, and 
predictive values of about 70–75% (Figs. 1 and 2, 
Table 4). In ROC curve analysis of E/e’ and E/A 
for predicting SR maintenance at 12 months of 
observation AUC of E/e’ was 0,726 (95% confidence 
interval [CI] 0.630–0.822) and E/A was 0.726 (95% 
CI 0.632–0.821).  

Discussion 

In this study, it was shown that LV filling pres-
sure and atrial enlargement were significant predic-
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tors of SR maintenance after electrical cardiover-
sion in patients with AF. Moreover, parameters of 
LV filling pressure were independent predictors of 
AF recurrence.

Although electrical cardioversion is effective 
in most patients with AF, high rates of AF recur-
rence are observed regardless of anti-arrhythmic 
therapy used. The current study investigated the 
relationship between echocardiographic param-

eters and AF recurrence after electrical cardiover-
sion among patients with normal function of LV. 
Also in the present study, about  half of the patients 
maintained SR over 12 months after a successful 
electrical cardioversion, which is similar to the 
figure from the Euro Heart Survey registry (61%) 
[5]. A slightly higher rate in the Euro Heart Survey 
could be because this registry included patients 
with first detected, paroxysmal, and persistent AF. 

Table 1. Baseline characteristics.

Study population;  
n = 117

SR maintenance;  
n = 61 (52%)

No SR maintenance;  
n = 56 (47.8%)

P

Age [years] 65 ± 10.4 62.984 ± 11.5593 67.196 ± 8.6811 0.027

Age < 65 years 48 (41%) 29 (47.5%) 19 (33.9%) 0.137

Age 65–74 years 51 (43.6%) 24 (39.3%) 27 (48.2%) 0.336

Age ≥ 75 years 18 (15.4%) 9 (14.8%) 9 (16.1%) 0.844

Male 73 (62.4%) 44 (72.1%) 29 (51.8%) 0.024

Body mass index [kg/m²] 30.9±7.7 31.6±9.4 30.1±5.3 0.324

Hypertension 98 (83.8%) 50 (82%) 48 (85.7%) 0.585

Diabetes mellitus 22 (18.8%) 13 (21.3%) 9 (16.1%) 0.047

Coronary artery disease 18 (15.5%) 10 (16.4%) 8 (14.5%) 0.785

EHRA III–IV 38 (32.5%) 21 (34.4%) 17 (30.4%) 0.640

Stroke/TIA 10 (8.5%) 5 (8.2%) 5 (8.9%) 0.888

Vascular disease 13 (11.1%) 8 (13.1%) 5 (8.9%) 0.474

CHA2DS2-VASC 2.7 ± 1.5 2.6 ± 1.5 2.8 ± 1.6 0.230

CHA2DS2-VASC = 0 7 (6%) 3 (4.9%) 4 (7.1%) 0.614

CHA2DS2-VASC =1 22 (18.8%) 14 (23%) 8 (14.3%) 0.233

CHA2DS2-VASC ≥ 2 88 (75.2%) 44 (72.1%) 44 (78.6%) 0.422

HAS-BLED 0.7 ± 0.6 0.8 ± 0.5 0.9 ± 0.4 0.566

Smokers 7 (6%) 4 (6.6%) 3 (5.4%) 0.785

GFR [mL/min] 85.6 ± 31.1 91 ± 30 79.6 ± 31.4 0.043

Beta-blockers pre 107 (92.2%) 59 (98.3%) 48 (85.7%) 0.012

Amiodarone pre 13 (11.1%) 6 (9.8%) 7 (12.5%) 0.648

ACEI/ARB pre 99 (84.6%) 51 (83.6%) 48 (85.7%) 0.753

Statins pre 74 (63.8%) 42 (70%) 32 (57.1%) 0.152

Diuretics pre 48 (42.1%) 18 (30.5%) 30 (54.5%) 0.009

Spironolactone/ 
/eplerenone pre

25 (22.1%) 16 (27.1%) 9 (16.7%) 0.183

Beta-blockers post 91 (79.1%) 53 (86.9%) 38 (70.4%) 0.030

Amiodarone post 37 (32.2%) 19 (31.1%) 18 (33.3%) 0.803

Propafenone post 37 (32.2%) 20 (32.8%) 17 (31.5%) 0.882

ACEI/ARB post 99 (84.6%) 52 (85.2%) 47 (83.9%) 0.844

Statins post 73 (63.5%) 40 (65.6%) 33 (61.1%) 0.621

Diuretics post 49 (43%) 19 (31.7%) 30 (55.6%) 0.010

Spironolactone/ 
/eplerenone post

28 (25%) 17 (28.3%) 11 (21.2%) 0.384

ACEI — angiotensin converting enzyme inhibitors; ARB — angiotensin II receptor blockers; EHRA — European Heart Rhythm Association;  
GFR — glomerular filtration rate; pre — before cardioversion; post — after cardioversion; SR — sinus rhythm; TIA — transient ischemic attack
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Table 2. Echocardiographic variables.

Study population,  
n = 117

SR maintenance,  
n = 61 (52%)

No SR maintenance,  
n = 56 (47.8%)

P

RV prox [mm] 31.2 ± 3.8 31.7 ± 4.1 30.6 ± 3.5 0.224

IVS [mm] 10.8 ± 1.8 10.6 ± 1.7 11.1 ± 1.8 0.229

LVEDD [mm] 51.4 ± 6.5 51.9 ± 6.6 50.8 ± 6.4 0.351

LVESD [mm] 36 ± 7.8 36.8 ± 8.2 35.2 ± 7.4 0.292

LVEDV [mL] 133.8 ± 39.4 138.2 ± 38.6 128.7 ± 40 0.192

LVESV [mL] 56.2 ± 25 58.6 ± 26.6 53.7 ± 23.1 0.435

LVSV [mL] 77.6 ± 23.2 80.2 ± 21.5 74.8 ± 24.8 0.213

EF [%] 59.3 ± 9.6 59.2 ± 9.9 59.4 ± 9.4 0.896

LA AP [mm] 44.5 ± 4.7 44 ± 4.1 44.9 ± 5.2 0.281

LAVI [mL/m2] 49.7 ± 11.4 46.6 ± 10.4 53.1 ± 11.5 0.001

LAEDV index [mL/m2] 32.5 ± 11.2 28.8 ± 9.3 36.5 ± 11.7 < 0.001

LA EF [%] 35.9 ± 10.6 39 ± 8.4 32.5 ± 11.7 < 0.001

RAA s [cm2] 22.8 ± 5 22.5 ± 5.3 23.1 ± 4.6 0.517

RAA d [cm2] 15.7 ± 3.9 15.9 ± 3.9 15.6 ± 3.9 0.799

s’ mean [cm/s] 6.5 ± 1.8 6.8 ± 1.9 6.2 ± 1.6 0.051

e’ mean [cm/s] 9.4 ± 2.3 10 ± 2.3 8.8 ± 2.1 0.008

a’ mean [cm/s] 5.1 ± 2.2 5.4 ± 2.1 4.8 ± 2.2 0.041

E/e’ mean 10.3 ± 4 9 ± 3.5 11.8 ± 4.1 < 0.001

E [m/s] 0.9 ± 0.2 0.9 ± 0.2 1 ± 0.2 < 0.001

A [m/s] 0.4 ± 0.2 0.5 ± 0.2 0.4 ± 0.2 0.033

E/A 2.4 ± 1.1 2 ± 0.8 2.9 ± 1.3 < 0.001

DT [ms] 183.4 ± 42.7 193.9 ± 42.9 171.7 ± 39.6 0.003

SR — sinus rhythm; RV prox — right ventricular proximal diameter; IVS — interventricular septum wall thickness; LVEDD — left ventricular 
end-diastolic diameter; LVESD — left ventricular end-systolic diameter; LVEDV — left ventricular end-diastolic volume; LVESV — left ventricular 
end-systolic volume; LVSV — left ventricular stroke volume; EF — ejection fraction; LAAP — left atrium anteroposterior diameter; LAVI — 
end-systolic volume of left atrium indexed to body surface area; LAEDV — minimal end-diastolic volume; LA EF — emptying fraction of left 
atrium; RAA — right atrium area; d — diastolic; s — systolic; DT — deceleration times of wave E

Table 3. Echocardiographic predictors of sinus rhythm maintenance at 12 months.

Univariate analysis Multivariable stepwise analysis 

OR 95% CI P OR 95% CI P

LAVI [mL/m2] 0.946 0.912–0.982 0.003

LAEDVI [mL/m2] 0.928 0.891–0.968 < 0.001

LA EF [%] 1.066 1.025–1.109 0.002

s’ mean [cm/s] 1.252 1.003–1.564 0.047

e’ mean [cm/s] 1.258 1.057–1.497 0.010

E [m/s] 0.056 0.008–0.389 0.004

A [m/s] 10.402 0.995–108.754 0.051

E/e’ mean 0.815 0.724–0.916 0.001 0.871 0.771–0.985 0.027

E/A 0.421 0.266–0.667 < 0.001 0.550 0.341–0.886 0.014

DT [ms] 1.014 1.004–1.024 0.007

CI — confidence interval; OR — odds ratio; LAVI — end-systolic volume of left atrium indexed to body surface area; LAEDVI — minimal end-
-diastolic volume indexed to body surface area; LA EF — left atrium emptying fraction; DT — deceleration times of wave E
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In the current study, nearly all measures of LA 
size and systolic function and LV filling pressure 
were significant predictors of SR maintenance, this 
is in line with previous studies [2, 6–9, 12–19]. 
Importantly, it was found that echocardiographic 
measures of LV filling pressure were independent 
predictors of AF recurrence after electrical cardiover-
sion. Similarly, several previous studies showed that 
E/e’ ratios or E/A ratios were independent predictors 
of AF recurrences after cardioversion or pulmonary 
vain isolation [6, 14, 16, 17]. Although both E/e’ and 
E/A ratios are measures of LV filling pressure, E/A 
values are more likely affected by loading status 
and thus depend on preload. In our study, E/A ratios 
predicted AF recurrence slightly better than E/e’  
(a higher odds ratio, but similar AUCs).

In the present study, patients regardless of 
LA size we included. Chung et al. [14] reported 
that E/e’ ratios and LAVI were predictors of AF 
recurrence over 40 months in patients after phar-
macological or electrical cardioversion, excluding 
patients with LA dimension > 50 mm [14]. Thus, 
LV filling pressure may be a predictor of AF even 
in patients with no visible structural remodeling. 
In the study by Chung et al. [14], an optimal E/e’ 
cutoff for predicting AF recurrence (9.15) was 
very similar to that of the current study, with  
a similar sensitivity and specificity (75% and 73.1%, 
respectively). Those investigators did not analyse 
E/A ratios. 

In another study, among 127 patients with LA 
enlargement and LAVI ≥ 34 mL/m2, AF recurred 

Figure 1. Prediction of sinus rhythm maintenance at  
1, 6, and 12 months. Receiver operating characteristic 
curves for E/e’ ratios. P values for AUC comparisons 
with no effect (AUC = 0.5, DeLong test); AUC — area 
under the curve; M — month.

Figure 2. Prediction of sinus rhythm maintenance at 
1, 6, and 12 months. Receiver operating characteristic 
curves for E/A ratios. P values for comparisons with no 
diagnostic vale (AUC = 0.5, DeLong test); AUC — area 
under the curve; M — month.

Table 4. Receiver operating curve analysis of E/A and E/e’ ratios as predictors of sinus rhythm maintenance 
12 months after electrical cardioversion.

Variable AUC Cutoff* Sensitivity (%) Specificity (%) PPV (%) NPV (%)

E/A 0.726 ≤ 2.2 72.13 73.21 74.6 70.7

E/e’ 0.726 ≤ 9.17 72.1 74.1 75.9 70.2

*Cutoffs were calculated based on Youden’s statistic; AUC — area under curve; NPV — negative predicting value; PPV — positive predicting 
value
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in 29% patients over 3 months [6]. In that study, 
septal E/e’ ratios calculated during SR were the 
best predictor of AF recurrence after electrical 
cardioversion, with a cutoff ≥ 11 better than ≥ 8.  
In those patients with LA enlargement, LAVI 
was not a significant predictor of AF recurrence. 
Similarly, in another study, non-indexed LA volume 
and LA anteroposterior dimension did not differ 
between patients with maintenance of SR and AF 
recurrence [15].

Similar to our findings, Kosiuk et al. [17] 
showed that E/A ratios were an independent risk 
factor for AF recurrence within 1 week after pul-
monary vein isolation, but not 3–12 months after 
the procedure. Supposedly, E/A ratios can predict 
AF recurrence only shortly after pulmonary vein 
isolation because atrial haemodynamic function 
may be reduced transiently after this procedure.

Most studies on the predictors of SR main-
tenance after cardioversion have concentrated on 
LV and LA. However, Luong et al. [13] showed 
that the emptying fraction of RA predicted SR 
after electrical cardioversion better than did the 
emptying fraction of LA. Moreover, in another 
study, these investigators showed that RAVI was 
a better predictor of sinus rhythm maintenance 
after electrical cardioversion than LAVI [18]. In 
contrast, RA area was not a significant predictor 
of SR maintenance in our study.  

Our study was carried out in one centre and 
involved a small sample. However, our study is one 
of the largest studies to date on echocardiographic 
predictors of SR maintenance after electrical car-
dioversion of AF. When interpreting our results, 
one should remember that echocardiography is 
operator-dependent and requires experience and 
skill. Therefore, in our study, all echocardiographic 
measurements were taken by one experienced in-
vestigator. We carried out echocardiography after 
successful cardioversion during SR. Our current 
work is concentrated on finding echocardiographic 
predictors of SR maintenance that could be meas-
ured before cardioversion, i.e., during AF. In our 
study, we did not measure RA EF, which could be  
a predictor of SR maintenance after electrical cardi-
oversion of AF. In this study, we did not analyse AF 
duration because we were not able to ascertain it 
reliably. AF is often asymptomatic or its symptoms 
can develop slowly [20, 21]. Many of our patients 
were unable tell when AF started. Lastly, heart 
rhythm monitoring was limited to a 24-h Holter, at 
months 1 and 12, and a 12-lead electrocardiogram 
at the remaining follow-up visits. 

Conclusions

Increased LV filling pressure assessed with 
E/A and E/e’ ratios may be an important risk factor 
for AF recurrence after successful electrical car-
dioversion. These findings are in line with previous 
research showing that increased filling pressure 
(septal E/e’ ratios) is an independent predictor of 
mortality [19]. Our findings may help predict SR 
maintenance after electrical cardioversion, but fur-
ther studies should investigate whether reducing 
E/A or E/e’ ratios could improve the outcomes of 
electrical cardioversions or ablation among patients 
with AF.  
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Abstract
Background: Epidemiological data on the causes of pleural effusion (PE) are scarce. Data on the lo-
cal prevalence of various causes of PE may play a crucial role in the management strategy of patients 
with PE. The aim of the study was to investigate the causes of PE and to assess 30-day mortality rate 
in unselected adult patients treated in a large, multidisciplinary hospital. 
Methods: Retrospective analysis of medical records, including chest radiographs, of 2835 consecutive 
patients admitted to the hospital was performed. Radiograhic signs of PE were found in 195 of 1936 
patients in whom chest radigraphs were available. These patients formed the study group. 
Results: The leading causes of PE were as follows: congestive heart failure (CHF; 37.4%), pneumo-
nia (19.5%), malignancy (15.4%), liver cirrhosis (4.2%) and pulmonary embolism. The cause of PE 
in 6.7% patients was not established. There was a significant predominance of small volume PE as 
compared to a moderate or large volume PEs (153, 28 and 14 patients, respectively). Almost 80% of 
patients with CHF presented with small volume PE, while almost 50% of patients with malignant PE 
demonstrated moderate or large volume PE. Thirty-day mortality rate ranged from 0% for tuberculous 
pleurisy to 40% for malignant PE (MPE). 
Conclusions: Pleural effusion was found in 10.1% of patients treated in a large multidisciplinary 
hospital. CHF was the leading cause of PE. Although 30-day mortality in patients with CHF was rela-
tively high, it was lower than that in parapneumonic PE and MPE. (Cardiol J 2020; 27, 3: 254–261)
Key words: epidemiology, pleural effusion, congestive heart failure, pleuritic,  
pneumonia, tuberculosis, cancer

Introduction

Pleural effusion (PE) affects approximately 
1.5 million patients per year in the United States 
[1]. This condition may be associated with a wide 
range of underlying diseases, including pneumonia, 
tuberculous pleurisy, malignancies, chronic heart 
failure, liver cirrhosis and many other diseases. 
Therefore, causative diagnosis in patients with 

PE is challenging and often requires not only  
a thorough clinical assessment but also the use of 
different imaging techniques, diagnostic thoracen-
tesis with pleural fluid analysis, pleural biopsy and/ 
/or thoracoscopy. As some of the above procedures 
are relatively invasive, it is critically important to 
properly select patients who require comprehen-
sive diagnostics. In this context, epidemiological 
data on the local prevalence of different causes of 
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PE may play a crucial role in the management strat-
egy of patients with this condition. For instance,  
a predominance of benign and self-limited under-
lying diseases questions the necessity of more 
advanced diagnostic procedures in a significant 
proportion of patients with PE.

According to data from the United States, 
the most common cause of PE was congestive 
heart failure (CHF) — 36.3%, while the relative 
incidence of malignant (MPE) and tuberculous 
pleural effusion (TPE) among all patients with PE 
was 14.5% and 0.2%, respectively [1]. In contrast,  
a retrospective analysis of all patients with PE 
who underwent diagnostic thoracentesis over  
a 19-year period at a university hospital in Spain 
showed that malignancies and tuberculosis (TB) 
were responsible for approximately 2-fold, and 
45-fold higher percentage than those reported in 
the United States (27.3% and 9%, respectively). 
In one fifth of 3077 patients with PE (20.8%), 
CHF was diagnosed as an underlying disease [2]. 
It was most prevalent in elderly patients (45% of 
all causes were in patients older than 80 years of 
age), while TB was the most common etiology in 
patients < 34 years of age (52% of all causes of PE 
in this age group) [2].

Comparison of the above studies demonstrates 
that the epidemiological data should be interpreted 
with caution, as they may show significant lo-
cal variability. This is because they are affected 
by a number of factors, such as ethnicity, local 
burden of different diseases, age structure of 
the population and the availability and quality of  
a healthcare system. Tuberculous PE may serve as 
a good example. There are not only huge regional 
differences in the incidence rate of TB, but also 
significant differences in TB manifestations. In 
regions with low and intermediate TB incidence, 
only 2–5% of all TB patients present with TPE 
[3, 4]. On the other hand, in low income and high 
TB incidence countries the percentage of patients 
with TPE in TB patients can be as high as 22.8% 
and 68.8% [5, 6].

The undeniable progress in healthcare quality 
over the years has undoubtedly affected epide-
miological data. The age adjusted death rate for 
the leading cause of mortality, i.e. cardiovascular 
diseases (CVDs), has decreased since 1993. The 
annual death rate for the second leading cause of 
mortality, i.e. lung cancer decreased from 91.1 in 
1990 to 49.8 in 2015 [7]. Deaths from these two 
conditions accounted for as many as 45.3% of all 
deaths in the United States in 2015 [8].

Cardiovascular diseases have also been  
a leading cause of death in Poland. For a number 
of years, nearly half of all deaths have been caused 
by CVDs. Nonetheless, in the last few decades,  
a gradual decline in relative death rate from CVDs 
has been observed. At the same time a change 
in the relative contribution of deaths associated 
with coronary artery disease and CHF was noted, 
with a significant decline for the first and an in-
crease for the latter [9]. Significant changes in 
the epidemiology of two other common causes of 
PE, i.e. TB and malignancies were also reported. 
In Poland, the relative incidence of TB pleurisy 
decreased from 2.7% to 1.9% between 2002 and 
2006 and to 0.9% in 2015 [10]. Mortality due  
to breast cancer increased from 28.2 to 86.3 per 
100,000 between 1980 and 2013. At the same time, 
lung cancer mortality increased from 29.6 to 56.0 
over the same period [11].

According to available research, there are 
no current data on the etiology of PE effusion in 
Central and Eastern Europe. Therefore, a pilot 
study herein was undertaken on the causes of PE 
in all patients admitted to a large multidisciplinary 
teaching hospital.

The specific study objectives were as follows: 
(i) to determine the causes of PE in a non-selected 
group of patients admitted to a multidisciplinary 
teaching hospital located in a large urban area;  
(ii) to assess 30-day mortality in hospitalized pa-
tients with PE.

Methods

This retrospective cross-sectional study was 
performed at the Central Teaching Hospital of 
the Medical University of Warsaw, Poland. This is  
a multidisciplinary hospital with more than 1000 
beds which provide medical services on different 
levels. 

The study included all patients admitted to the 
hospital between January 1st and February 1st, 2017. 
Data were extracted from the Hospital Information 
System and Picture Archiving and Communication 
System (PACS). Chest radiographs of all patients 
were initially analyzed by two medical faculty stu-
dents to identify all radiographs with radiological 
signs of PE. The findings were further confirmed 
by two pulmonologists, who also reviewed other 
imaging studies (e.g. computed tomography scans 
and thoracic ultrasound) of these patients. Only 
patients with pleural effusion confirmed by both 
pulmonologists were included in further analysis. 
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Cause of PE was determined by the analysis of 
medical data and reports, radiology and labora-
tory findings. Definitions and criteria used for the 
diagnosis of underlying diseases were consistent 
with those presented in the previous studies [12, 
13]. Patients in whom the available data were insuf-
ficient to make a diagnosis, were allocated to the 
“undiagnosed pleural effusion” group. At the next 
stage, 30-day mortality was assessed with the date 
of the first chest radiograph with PE construed as 
day “zero”.

Laterality and semiquantitative assessment 
of pleural fluid volume were based on chest radio-
graphs performed in the erect position (standing or 
sitting). Pleural effusions were classified as small 
when occupied ≤ 1/3 of the ipsilateral hemithorax 
on plain chest radiograph, moderate when occupied 
between 1/3 and 2/3 of the hemithorax, and large 
when occupied more than 2/3 of the hemithorax.

Statistical analysis
Data are presented as median and interquartile 

ranges (IQR). The D’Agostino-Pearson test was 
used to assess normality of data distribution. Dif-
ferences between continuous variables were tested 
using the Kruskal-Wallis or Mann-Whitney U test. 
Categorical variables were expressed as numbers 
and percentages and were compared using the 
Fisher exact test. All p values were 2-tailed and 
p < 0.05 was considered statistically significant. 

Statistical analysis was performed with MedCalc 
statistical software version 18.5 (MedCalc Software 
bvba, Ostend, Belgium).

Results

Four thousand one hundred and sixty-eight 
patients were admitted to the hospital between 
January 1st and February 1st, 2017. Almost 70% of 
these patients (2835) were admitted to non-surgical 
departments, while the remaining patients (1333) 
were admitted to surgical departments or inten-
sive care unit. Chest radiographs were performed 
in 1936 patients and in 220 of these, radiographic 
signs of PE were initially identified. The initial 
findings were further verified by pulmonary spe-
cialists and 195 patients with chest radiographs 
demonstrating PE were eventually selected.

The most common cause of pleural effusion 
was heart failure, which accounted for 37.4% of 
cases. The second most common cause was par-
apneumonic effusion (19.5%) and the third was 
malignant pleural involvement (15.4%). Detailed 
data on PE etiology are presented in Figure 1.

The median age of patients with PE caused 
by CHF was 80 (IQR 70–87) years and was sig-
nificantly higher than that of patients with par-
apneumonic pleural effusion (PPE) and MPE,  
p = 0.01. Thirty-day mortality in CHF was 19.2%, 
and this percentage was 9.7% lower than in PPE  

Congestive heart failure
37.4%

Parapmeumonic effusion
19.5%

Malignant pleural effusion
15.4%

Iatrogenic 5.6%

Liver cirrhosis with ascites 4.2%

Pulmonary embolism 2.6% Gastrointestinal disease 2%

Pleural injury 2.6% Tuberculosis 1.5%

Chronic kidney disease 1.5%
Nephrotic syndrome 1%

Unknown 6.7%

Figure 1. Percentage of patients with various causes of pleural effusion in the investigated group.
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(p = 0.24) and 21.8% lower than in MPE (p = 0.027).  
Comparative analysis of patients with the most 
common causes of pleural exudate did not reveal 
significant differences in terms of gender distri-
bution and 30-day mortality. Patients with TPE 
were significantly younger than patients with PPE,  
p = 0.024. There was also a relevant (although 
statistically insignificant) difference between the 
age of TPE and PPE patients (Table 1). 

The vast majority of patients (n = 153) pre-
sented with small volume of pleural fluid. The 
most common causes of PE in patients with small 
amount of fluid were CHF 40.7%, PPE (17.6%), 
and MPE (11.1%), p < 0.0001 (Fig. 2). Similarly, 
in patients with moderate volume pleural effusion 
CHF (41.4%) was also the most common underly-
ing disease, followed by MPE (20.7%), and PPE 
(6.9%), p = 0.02. There were only 14 patients with 
large volume pleural effusion and the differences 
between the number of patients with other under-
lying diseases did not reach statistical significance. 

There was a significantly uneven distribution 
of PE volume in patients with CHF and PPE, with 
a marked predominance (77.2%) of small volume of 

pleural fluid. Even though over half of the patients 
with MPE were found to have a small amount of 
PE, 47.8% of these patients had a moderate to large 
volume of pleural fluid (Fig. 3).

The prevalence of CHF, MPE and PPE in 
relation to pleural fluid volume and its localization 
(unilateral or bilateral) is shown in Table 2.

Discussion

The present analysis of chest radiographs and 
medical records of almost 2000 patients treated 
in one of the largest multidisciplinary hospitals 
in Poland showed that PE was present in 10.1% 
of patients. The most common cause of PE was 
heart failure (37.4%), followed by parapneumonic 
(19.5%) and malignant (15.4%) effusion. Impor-
tantly, CHF alone was responsible for a number of 
cases comparable to the summed number of cases 
caused by the three other of the most common 
entities associated with PE, i.e. parapneumonic 
pleural effusion, pleural malignancies and hepatic 
hydrothorax (73 vs. 76 patients, respectively). 
Thus, these results emphasize the role of CHF as 

Table 1. Comparative analysis of patients with various causes of pleural exudate.

PPE (n = 38) TPE (n = 3) MPE (n = 30) Others (n = 9) P

Sex:  
male/female

17 (44.7%)/ 
/21 (55.3%)

3 (100%)/ 
/0 (0%)

14 (46.7%)/ 
/16 (53.3%)

3 (33.3%)/ 
/6 (66.7%)

0.2

Age [years]* 76.5 (67–89.3) 44 (29.7–50) 70.3 (62.25–79.5) 69.9 (56–81) 0.014**

30-day mortality 11 (28.9%) 0 (0%) 12 (40.0%) 1 (11.1%) 0.27

Affected side:  
L/R/B

10 (26.3%)/17 
(44.7%)/11 (28.9%)

1 (33.3%)/2 
(66.6%)/0 (0%)

8 (26.7%)/15 
(50%)/7(23.3%)

1 (11.1%)/7 
(77.8%)/1 (11.1%)

0.6377

*Results presented as median (interquartile range); **Significant difference between PPE vs. TPE (p = 0.024); B — bilateral; L — left;  
MPE — malignant pleural effusion; PPE — parapneumonic pleural effusion; R — right; TPE — tuberculous pleural effusion

A B C

30.6%
40.7%

17.6%

CHF PPE MPE Other

11.1%
20.7%

6.9%

41.4%
31.0%

9.0% 9.1%

36.4%
45.5%

Figure 2. Distribution of underlying causes of pleural fluid formation in patients with small (n = 158; A), moderate  
(n = 28; B) and large (n = 14; C) volume of pleural effusion; CHF — congestive heart failure; MPE — malignant pleural 
effusion; PPE — parapneumonic pleural effusion.
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the most common underlying disease in patients 
with PE and indicate that CHF should be a major 
differential diagnosis in these patients. It was also 
observed that almost 80% of patients with CHF 
presented with only a small volume PE. 

According to available research, this is the 
most recent and one of the very few studies from 
Central or Eastern Europe presenting epidemio-
logical data on the causes of PE. In fact, the pre-
vious study which evaluated the incidence of PE 
in a well-defined region of Central Bohemia was 
published 25 years ago. Although there were nu-
merous differences between the current study and 
a study by Marel et al. [14], both studies showed 
that CHF was, and still is, the most common cause 
of PE in Central Europe.

Several important studies on the causes of 
PE have been performed in other countries and 
world regions. In 2014, Porcel et al. [2] published 
the results of a Spanish study which included data 

on 3007 patients who underwent diagnostic thora-
centesis during the previous 19 years. The authors 
found that the most common cause of pleural fluid 
were pleural malignancies (27.3%), while heart 
failure was the second leading cause responsible 
for 20.8% of cases [2]. Chronic heart failure is be-
lieved to be the most common cause of PE in the 
United States. The estimated annual incidence of 
various causes of PE in this country showed that 
CHF was responsible for 36.3% of cases [1]. Pleural 
effusion associated with CHF was 1.7 and 2.5-fold 
more common than PPE and MPE, respectively [1].  
The differences between the results of various 
studies are multifactorial and were related not 
only to local epidemiological situations and study 
group characteristics, but also to the definitions 
and methods used in the particular studies. For 
instance, only patients who underwent diagnostic 
thoracentesis were included in the study by Porcel  
et al. [2]. This obviously may result in selection 

Figure 3. Differences between distribution of pleural fluid volume in patients with various causes of pleural effusion; 
CHF — congestive heart failure; MPE — malignant pleural effusion; PPE — parapneumonic pleural effusion.

0%

10%

20%

30%

40%

50%

Small

Moderate

Large

60%

70%

80%

90%

100%

CHF PPE MPE Other

Table 2. The percentage of patients with unilateral and bilateral pleural effusion and various effusion 
causes (congestive heart failure, parapneumonic effusion and malignant pleural effusion) in relation to 
pleural fluid volume (small, moderate and large). Percentages form 100% in each pleural fluid volume 
category (small, moderate and large).

Pleural fluid volume

Small Moderate Large

UL B p UL B p UL B p

CHF 28% 31% 30% 30% 10% 0%

PPE 17%` 8% 0.05 5% 5% 0.79 30% 10% 0.85

MPE 13% 3% 20% 10% 40% 10%

B — bilateral; CHF — congestive heart failure; MPE — malignant pleural effusion; PPE — parapneumonic pleural effusion; UL — unilateral

} } }
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bias, as according to common guidelines, not all 
patients with PE due to heart failure require di-
agnostic thoracentesis [15]. On the other hand,  
a high level of agreement between different stud-
ies in terms of the three most common causes of 
PE should be noted. The numerical data found in 
the present study is fully consistent with United 
States data published by Light [1]. To show this 
agreement, data from three different publications 
are presented in Table 3.

A significant proportion of patients with PE 
due to CHF may have various practical implica-
tions. Although a diagnostic thoracentesis to 
differentiate between transudate and exudate 
is necessary only in a small proportion of these 
patients, the high overall number of patients with 
PE due to CHF may result in a significant number 
of patients undergoing the procedure. In this con-
text, it should be remembered that Light’s criteria 
were commonly applied to differentiate between 
transudate and exudate and were only moderately 
specific for exudate. Hence, even more than 20% of 
transudates (mainly due to CHF) can be incorrectly 
classified as exudates [16]. Therefore, additional 
criteria distinguishing between pleural transudate 
and exudate have been proposed for patients with 
suspicion of CHF-related PE which was classified 
as exudate by Light’s criteria. These include pleu-
ral fluid-serum albumin gradient and pleural fluid 
or serum N-terminal pro-B-type natriuretic peptide 
levels [17–19]. It should also be noted that, in spite 
of a high diagnostic sensitivity of Light’s criteria for 
PE, some MPEs can be diagnosed as transudates. 

In a study by Ferreiro et al. [20] 26/281 (9.3%) of 
pleural transudates were caused by malignancies. 

Due to the anatomical and functional relation-
ships, PE in patients with CHF is mainly related to 
left ventricular failure. Also, the number of patients 
with left ventricular dysfunction or dysfunction 
of both ventricles is significantly higher than the 
number of patients with right ventricular failure 
[21]. Therefore, in daily clinical practice, the vast 
majority of PEs in patients with CHF is related to 
left ventricular dysfunction. Nonetheless, PE may 
also be associated with right ventricular failure. 
Tang et al. [22] found PE in 19 of 147 patients (13%) 
with isolated right heart failure due to idiopathic 
or familial pulmonary hypertension.

The prevalence of PE depends on the sensi-
tivity of methods used to detect pleural fluid. As 
the majority of patients with CHF-related PE have 
small volume effusions, the sensitivity of imaging 
methods may significantly affect the results of 
studies on PE in CHF. It has been shown that plain 
chest radiograph (CXR) revealed PE only in 25% of 
patients in a series of 447 patients with heart failure 
[23]. On the other hand, the use of more sensitive 
tools, such as computed tomography, ultrasound 
or autopsy resulted in a much higher reported PE 
prevalence (even more than 80%) [24–26]. 

As mentioned above, the volume of CHF-related 
PE is usually small. This was also the case in the 
present study. More than 77% of patients with PE 
due to CHF presented with only small volume of 
pleural fluid. These results are consistent with data 
published by Porcel and Vives [27].

Table 3. Comparison of data on causes of pleural effusion presented by various authors.

Disease Light et al. [1] 
(2011)

N = 1,377,500

Porcel et al. [2] 
(2014)

N = 3077

Korczynski et al.  
(current study)

N = 195

Congestive heart failure 36.3% 20.8% 37.4%

Parapneumonic effusion 21.8% 18.9% 19.5%

Malignant pleural effusion 14.5% 27.3% 15.4%

Pulmonary embolism 10.9% 1.6% 2.6%

Liver cirrhosis with ascites 3.6% 3.2% 4.2%

Gastrointestinal disease 1.8% 3.6% 2.0%

Tuberculosis 0.2% 8.9% 1.5%

Post-CABG surgery 3.6% 1.0% NA

Pleural injury NA 2.5% 2.6%

Other 7.3% 9.1% 8.1%

Unknown NA 3.1% 6.7%

CABG — coronary artery bypass grafting; NA — not applicable
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In the current study 51% of patients with PE 
due to CHF presented with bilateral pleural fluid. 
This number is lower than that reported in previous 
studies. Woodring et al. [28] found bilateral pleural 
involvement in 72.5% of patients with pleural ef-
fusion due to CHF. Also, the study by Porcel and 
Vives [27] published in 2006 showed virtually the 
same percentage of patients with bilateral pleural 
effusion (70%). On the other hand, later studies 
by Porcel [29] and de Araujo et al. [30] reported 
that the percentages of patients with bilateral PE 
were only slightly higher than demonstrated in the 
present study (61% and 51%, respectively). Again, 
the differences between the results of these stud-
ies can probably be largely attributed to methods 
of pleural fluid detection. 

In the present study, 30-day mortality rate in 
patients with various causes of PE ranged from 
0% to 40%. Thirty-day mortality rate for CHF was 
19.2%. This number seems to be high when com-
pared to data published by Maggioni et al. [31] or 
Tyminska et al. [32]. These authors reported 1-year 
mortality rate in all patients admitted to hospital 
for acute HF 17.4% and 13–21%, respectively. 
However, there were many differences between 
the studies that may have been responsible for the 
fact that the 30-day mortality rate in the current 
study was not comparable to 1-year mortality rate 
in studies by Maggioni et al. [31] and Tyminska et 
al. [32]. These include a primarily lower age with a 
median of 71 (IQR 61–79) years and selection of all 
patients with acute HF. What is worth emphasizing, 
pulmonary congestion was an independent predic-
tor of all-cause 1-year mortality with a hazard ratio 
(95% confidence interval): 2.73 (1.71–4.35) [31]. 
It is suspected that the present results remain in 
agreement with previously cited studies and the 
presence of PE in heart failure patients is a nega-
tive prognostic factor.

Limitations of the study
There are some limitations in the present 

study. First, data for analysis were collected from 
only 1 month during winter. Hence, although the to-
tal number of patients in whom CXR was performed 
was almost 2000, the number of patients with PE 
was relatively low in the context of an epidemio-
logical study [31]. Furthermore, there might have 
been a bias in the true annual proportion of patients 
with different causes of PE related to seasonal 
infections [33]. Second, CXR was the only tool to 
select patients with PE. It may be supposed that 
the use of more sensitive tools could have resulted 

in an even higher percentage of patients with  
a diagnosis of small volume PE. Third, this study 
included only hospitalized patients. This probably 
refers also to patients with CHF, as many of these 
patients did not require diagnostic thoracentesis 
and could have been be treated as outpatients 
[34]. Finally, the present results could have been 
affected by the profile of hospital departments and 
predominating spectrum of their patients.

Conclusions

Pleural effusion was found in 10.1% of patients 
treated in a large multidisciplinary hospital. CHF 
was responsible for 37.4% of all cases. Almost 80% 
of patients with CHF-related PE presented with 
only a small volume of pleural fluid. Although 30-day 
mortality in patients with CHF with PE was rela-
tively high, it was lower than that in PPE and MPE.
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Abstract
Background: Thyroid hormones profoundly influence the cardiovascular system, but the effects of mild 
thyroid dysfunction on the clinical outcome of acute coronary syndrome (ACS) patients undergoing 
percutaneous coronary intervention (PCI) are not well defined. This study aimed to determine the effect 
of mild thyroid dysfunction on 12-month prognosis in ACS patients undergoing PCI. 
Methods: In this prospective cohort study with a 12-month follow-up, 1560 individuals were divided 
into four groups based on thyroid hormone levels upon admission: euthyroidism (used as a reference 
group), subclinical hypothyroidism, subclinical hyperthyroidism, and low triiodothyronine syndrome 
(low T3 syndrome). The outcomes measured were all-cause mortality, cardiac mortality, nonfatal rein-
farction, and unplanned repeat revascularization. 
Results: In this study, the prevalence of mild thyroid dysfunction was 10.8%. Multivariate analysis 
showed that low T3 syndrome, but not subclinical hypothyroidism or subclinical hyperthyroidism, was 
associated with a higher rate of all-cause (HR 2.553, 95% CI 1.093–5.964, p = 0.030) and cardiac 
mortality (HR 2.594, 95% CI 1.026–6.559, p = 0.034), compared with the euthyroidism group.
Conclusions: Mild thyroid dysfunction was frequent in patients with ACS undergoing PCI. Low T3 
syndrome was the predominant feature and was associated with 12-month adverse outcomes in these 
patients. (Cardiol J 2020; 27, 3: 262–271)
Key words: mild thyroid dysfunction, clinical outcome, acute coronary syndrome,  
percutaneous coronary intervention

Introduction

Patients with acute coronary syndrome (ACS) 
frequently have a poor prognosis, and ACS is a major 
health and economic burden [1–4]. Although the use 
of percutaneous coronary intervention (PCI) and 
new antiplatelet drugs have greatly improved the 
prognosis [5], patients with ACS still suffer high 
rates of mortality (up to 5%) and heart failure (up to 
20%) [6]. Thyroid hormones act on multiple systems 
within the body, and the cardiovascular system is 
the foremost target [7]. The cardiovascular system 
may be adversely affected even if thyroid hormone 
levels only change slightly [7]. In patients with ACS, 

a decrease in serum triiodothyronine (T3), as well as 
the impaired conversion of thyroxine (T4) into T3, 
have been reported [8, 9]. Thyroid hormone related 
indicators are also predictors for thrombus burden 
[10], severity of coronary artery lesions [11, 12], 

cardiac function [13, 14] and myocardial injury size 
[8, 9, 15] in ACS patients. However, the screening 
and treatment of mild thyroid dysfunction is still 
controversial [16–20] and not recommended for ACS 
patients [1–4]. However, mild thyroid dysfunction, 
including subclinical hypothyroidism, subclinical 
hyperthyroidism, and euthyroid sick syndrome, is 
frequently present in patients with ACS [21–23]. 
Additionally, mild thyroid dysfunction can also be 
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predicative of an increased risk of mortality in 
heterogeneous patients with various cardiac dis-
eases [21]. However, few studies have focused on 
the association between mild thyroid dysfunction 
and adverse prognoses in patients with coronary 
heart disease [22, 23]. In this study, the aim was 
to assess the prevalence of mild thyroid dysfunc-
tion and the association of mild thyroid dysfunc-
tion with 12-month prognosis in ACS patients 
undergoing PCI.

Methods

Study design and setting
This study was based on a prospective cohort, 

the P-PUSH study, which has been previously de-
scribed [24]. In brief, from January 1, 2015 to July 
31, 2016, 1768 patients with ACS were hospitalized 
and underwent PCI at a large hospital in North-
east China (Shengjing Hospital of China Medical 
University, Shenyang, China). Clinical and proce-
dural data were obtained by the investigators using 
electronic medical records, interventional imaging 
data (Picture Archiving and Communications Sys-
tems [PACS] technology), and operation records. 
GRACE scores were determined as defined pre-
viously [1–4]. Prospective clinical follow-up after 
discharge was performed regularly in all cases by 
direct hospital visits and telephone interviews with 
the patient’s general practitioner/cardiologist, the 
patient, or the patient’s family. All events were 
adjudicated and classified by two cardiologists. The 
exclusion criteria of this study were as follows:  
1) primary hypothyroidism or hyperthyroidism  
(36 cases); 2) concomitant treatment with synthetic 
thyroid hormones, antithyroid drugs, corticos-
teroids, dopamine, dobutamine, or amiodarone 
(19 cases); 3) loss of follow-up (68 cases); 4) no 
thyroid data (20 cases); and 5) atypical thyroid 
status (65 cases), including high T4 syndrome  
(12 cases), low T3-low T4 syndrome (20 cases), and 
other abnormalities (33 cases). 1560 patients were 
ultimately included in this study (Fig. 1). This study 
complies with the Declaration of Helsinki, and the 
Shengjing Hospital of China Medical University 
Research Ethics Committee which approved the 
research protocol. Written informed consent was 
formally obtained from all participants.

Participants and procedures
Acute coronary syndrome was classified ac-

cording to current guidelines [1–4]. Briefly, unsta-
ble angina is defined as chest discomfort or anginal 
equivalent, ST-segment depression, transitory 

ST-segment elevation or prominent T-wave inver-
sion, and negative cardiac biomarkers (CK-MB,  
T/I troponin). Non-ST-segment elevation myocardial  
infarction (MI) is defined as chest discomfort or 
anginal equivalent, ST-segment depression, transi-
tory ST-segment elevation or prominent T-wave in-
version, and positive cardiac biomarkers (CK-MB, 
T/I troponin). ST-segment elevation MI (STEMI) 
is defined as chest pain and significant ST-segment 
elevation (≥ 0.1 mV in at least two standard leads 
or ≥ 0.2 mV in at least two contiguous precordial 
leads) or new left bundle branch block. PCI was 
performed in accordance with current guidelines, 
with aspiration thrombectomy and glycoprotein 
IIb/IIIa inhibitor administration performed at the 
discretion of the operators [1–4]. The operators 
also prescribed periprocedural and postprocedural 
anti-platelet regimens and other cardiovascular 
medications according to the guidelines [1–4].

Thyroid hormone sampling
In all cases, venous blood samples were drawn 

upon admission in standard tubes at room tem-
perature, rapidly centrifuged and measured for 
thyroid-stimulating hormone (TSH), free T3 (fT3) 
and free T4 (fT4) by a completely automated im-
munoassay analyzer (i2000, Abbott, USA) in the 
core laboratory of Shengjing Hospital. The refer-
ence intervals for the laboratory were as follows: 
TSH: 0.3–4.8 uIu/mL; fT3: 2.63–5.71 pmol/L; fT4: 
9.01–19.05 pmol/L. Based on thyroid hormone 
values, patients were categorized into four groups: 
(1) euthyroidism, with all circulating levels of TSH, 
fT3, and fT4 in the reference range; (2) subclinical 
hypothyroidism (SHypo), with TSH levels between 
4.8 and 10 uIu/mL and fT3 and fT4 in the reference 
range; (3) subclinical hyperthyroidism (SHyper), 
with TSH levels less than 0.3 mIU/L and fT3 and 
fT4 in the reference range; and (4) low T3 syn-
drome, with fT3 levels less than 2.63 mIU/L and 
TSH and fT4 levels in the reference range [7].

Clinical endpoints
The clinical endpoints of this study were all-

cause mortality, cardiac mortality, nonfatal rein-
farction, and unplanned repeat revascularization, 
including any unplanned repeat PCI or surgical by-
pass of target or non-target vessels. All endpoints 
are defined by the standardized definitions [25].

Data availability
All data generated or analyzed during this study 

are included in this published article and its sup-
plementary information files (Suppl. Appendix).
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Statistical analysis
Quantitative variables with normal distribution 

are represented as mean ± standard deviation (SD) 
and compared by variance analysis. Quantitative 
variables without normal distribution are repre-
sented as median (interquartile range [IQR]) and 
compared with a Kruskal-Wallis H test. Categorical 
variables are presented as counts and proportions 
(%) and were compared with the c2 test. Cox pro-
portional hazards regression modeling by forward 
stepwise procedure was used to analyze the effect of 
variables on event-free survival. The euthyroidism 
group was considered the reference group. Variables 
included in the model were chosen by separate uni-
variate analyses (Suppl. Appendix S1 and S2);  
those with p value of < 0.05 were included in the final 
model (see Table 3). Age, gender, current smoking, 
prior heart failure (HF), heart rate on admission, left 
ventricular ejection fraction (LVEF), MI on admis-
sion, creatinine, left main coronary artery disease, 
number of stents, drug-eluting stent, and angiotensin 
converting enzyme inhibitor/angiotensin receptor 
blockers (ACEI/ARBs) were included in the Cox 
regression multivariable analysis of all-cause mortal-
ity (Suppl. Appendix S1). Age, gender, prior HF, 
heart rate on admission, LVEF, MI on admission, 
creatinine, left main coronary artery disease, drug-
eluting stent and ACEI/ARBs were included in the 

Cox regression multivariable analysis of cardiac 
mortality (Suppl. Appendix S2). Results were re-
ported as hazard ratios (HRs) with associated 95% 
confidence intervals (CIs). The cumulative event 
rate was estimated from Kaplan-Meier curves and 
compared using the log-rank test. All tests were 
two-sided, and statistical significance was defined as 
p < 0.05. All statistical analyses were performed with 
SPSS version 19 (SPSS Inc., Chicago, Illinois, USA).

Results

Participants and baseline characteristics
Figure 1 represents the flowchart for patient 

selection. The final study cohort included 1560 
ACS patients undergoing PCI, including 169 pa-
tients with mild thyroid dysfunction (10.8%), and 
were divided into four groups: 1) euthyroidism 
group, 1391 (89.2%) patients; 2) SHypo group, 49 
(3.1%) patients; 3) SHyper group, 57 (3.7%) pa-
tients; and 4) low T3 syndrome group, 63 (4.0%) pa-
tients. Clinical characteristics are shown in Table 1.  
The SHypo and low T3 syndrome groups had sig-
nificantly higher percentages of females (51.0% and 
49.2%, respectively) compared to the euthyroidism 
(27.7%) and SHyper (21.1%) groups. The low T3 
syndrome group had a tendency towards older age 
and higher troponin-I levels on admission and lower 

Patients with ACS treated with primary PCI between
1.1.2015 and 31.7.2016

N = 1768

Total recruited
N = 1647

DATE AVAILABLE FOR ANALYSIS (Total = 1560)
• Euthyroidism N = 1391
• Subclinical hypothyroidism N = 49
• Subclinical hyperthyroidism N = 57
• Low T3 N = 63

EXCLUDED (Total = 121)
• Primary hypothyroidism N = 17
• Primary hypethyroidism N = 19
• Atypical thyroid status N = 65
• No thyroid data N = 20

NOT ASSESSED FOR ANALYSIS (Total = 87)
• Concomitant treatment with synthetic
 thyroid hormones, antithyroid drugs,
 corticosteroids, dopamine, dobutamine, 
 or amiodarone N = 19
• Follow-up lost N = 68

Figure 1. Flow diagram of participant selection; ACS — acute coronary syndrome;  PCI — percutaneous coronary intervention.
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Table 1. Baseline patient characteristics.

Variable All  
(n = 1560)

Euthyroidism  
(n = 1391)

Subclinical  
hypothyroidism  

(n = 49)

Subclinical  
hyperthyroidism 

(n = 57)

Low T3 
(n = 63)

P

Clinical characteristics
Age 61.8 ± 11.1 61.5 ± 11.1 63.9 ± 9.5 62.3 ± 13.3 65.6 ± 9.7* 0.018
Female 453 (29.0%) 385 (27.7%) 25 (51.0%) 12 (21.1%) 31 (49.2%)* < 0.001

Diabetes mellitus 486 (31.2%) 417 (30.0%) 19 (38.8%) 23 (40.4%) 27 (31.2%) 0.057
Hypertension 905 (58.0%) 801 (57.6%) 31 (63.3%) 30 (52.6%) 43 (68.3%) 0.256
Dyslipidemia 1121 (71.9%) 1016 (73.0%) 30 (61.2%) 34 (59.6%) 41 (65.1%)* 0.025
Current smoking 711 (45.6%) 640 (46.0%) 16 (32.7%) 29 (50.9%) 26 (41.3%) 0.210
History of MI 169 (10.8%) 146 (10.5%) 6 (12.2%) 9 (15.8%) 8 (12.7%) 0.585
Prior PCI 149 (9.6%) 131 (9.4%) 6 (12.2%) 7 (12.3%) 5 (7.9%) 0.772
Prior HF 74 (4.7%) 59 (4.2%) 4 (8.2%) 4 (7.0%) 7 (11.1%)* 0.039
MI on admission 1055 (67.7%) 918 (66.0%) 29 (59.2%) 51 (89.5%) 57 (90.5%)* < 0.001
Cardiogenic 
shock

18 (1.2%) 10 (0.7%) 1 (2.0%) 2 (3.5%) 5 (7.9%) < 0.001

SBP on admission 
[mmHg]

136.1 ± 22.7 136.7 ± 22.6 138.3 ± 22.3 127.7 ± 23.5 129.3 ± 23.4* 0.001

HR on admission  
[bpm]

75.4 ± 14.3 75.2 ± 14.1 74.3 ± 10.6 77.4 ± 14.7 77.9 ± 18.6 0.510

LVEF [%] 58.3 ± 8.7 58.5 ± 8.6 60.5 ± 8.0 55.9 ± 10.2 55.7 ± 8.5 0.002
Laboratory characteristics
Creatinine 
[µmol/L],  
median (Q1, Q3)

71  
(61, 85)

71  
(61, 84)

70  
(62, 94)

66  
(58, 88)

75  
(58, 113)

0.358

Troponin-I on  
admission  
[ng/mL],  
median (Q1, Q3)

0.67  
(0.01, 21.00)

0.65  
(0.01, 18.18)

0.27  
(0.01, 12.02)

16.00  
(0.67, 82.00)

25.20  
(2.10, 66.60)*

< 0.001

TSH [µIU/mL], 
median (Q1, Q3)

1.41  
(0.83, 2.26)

1.41  
(0.88, 2.16)

6.00  
(5.23, 6.82)

0.22  
(0.13, 0.27)

1.40  
(0.61, 2.37)

< 0.001

fT3 [pmol/L],  
median (Q1, Q3)

3.93  
(3.47, 4.34)

3.95  
(3.55, 4.36)

4.04  
(3.41, 4.41)

3.97  
(3.37, 4.34)

2.36  
(2.05, 2.52)

< 0.001

fT4 [pmol/L],  
median (Q1, Q3)

12.92  
(11.77, 14.29)

12.98  
(11.82, 14.32)

12.14  
(10.79, 13.08)

13.49  
(12.33, 15.14)

12.32  
(10.54, 13.74)

< 0.001

PCI characteristics
Left main disease 145 (9.3%) 119 (8.6%) 8 (16.3%) 7 (12.3%) 11 (17.5%)* 0.025
Three-vessel  
disease

369 (23.7%) 331 (23.8%) 9 (18.4%) 14 (24.6%) 15 (23.8%) 0.849

Number of stents, 
median (Q1, Q3)

2 (1, 2) 2 (1, 2) 2 (1, 2) 1 (1, 2) 2 (1, 2) 0.910

Drug-eluting 
stent

1504 (96.4%) 1342 (96.5%) 47 (95.9%) 53 (93.0%) 62 (98.4%) 0.437

Medications at discharge
ASA 1550 (99.4%) 1383 (99.4%) 49 (100.0%) 57 (100.0%) 61 (96.8%) 0.068
Clopidogrel 1417 (90.8%) 1266 (91.0%) 44 (89.8%) 52 (91.2%) 55 (87.3%) 0.784
Ticagrelor 119 (7.6%) 103 (7.4%) 5 (10.2%) 4 (7.0%) 7 (11.1%) 0.643
Statin 1534 (98.3%) 1373 (98.7%) 49 (100.0%) 54 (94.7%) 58 (92.1%) < 0.001
ACEI/ARBs 808 (51.8%) 734 (52.8%) 19 (38.8%) 29 (50.9%) 26 (41.3%) 0.083

Beta-blockers 782 (50.1%) 705 (50.7%) 17 (34.7%) 32 (56.1%) 28 (44.4%) 0.091

ASA — acetylsalicylic acid; ACEI/ARBs — angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; HF — heart failure; HR — 
heart rate; LVEF — left ventricular ejection fraction; MI — myocardial infarction; PCI — percutaneous coronary intervention; SBP — systolic 
blood pressure
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LVEF and rate of statin use at discharge. The per-
centage of prior HF, MI on admission, cardiogenic 
shock and left main coronary artery disease were 
also significantly higher in the low T3 syndrome 
group. Individuals in the SHyper group were more 
likely to have dyslipidemia. There was a significant 
trend of lower systolic blood pressure upon admis-
sion in SHyper group (Table 1).

Clinical endpoints by thyroid status
The clinical endpoints are shown in Table 2. 

During the 12-month follow-up period, there was 
a significant trend of higher all-cause mortality and 
cardiac mortality in the low T3 syndrome group.

The cumulative event curves for all-cause 
mortality can be seen in Figure 2. Log-rank tests 
indicated significant differences among the four 
groups (p = 0.001). Furthermore, as shown in 
Table 3, a significantly increased risk of all-cause 
mortality was found in the low T3 syndrome group, 

but not in the SHypo or SHyper groups, compared 
with the euthyroidism group (HR 3.496, 95% CI 
1.579–7.729, p = 0.002). After adjusting for covari-
ates, the low T3 syndrome group still displayed  
a significantly higher all-cause mortality, compared 
with the euthyroidism group (HR 2.553, 95% CI 
1.093–5.964, p = 0.030) (Table 3).

Using Kaplan-Meier analysis (Fig. 3), it was 
found that there were significant differences in car-
diac mortality among the four groups (p < 0.001). 
Univariate analysis also revealed that the low T3 
syndrome group, but not the SHypo or SHyper 
groups, had a higher rate of cardiac mortality, 
compared with the euthyroidism group (HR 3.781, 
95% CI 1.596–8.959, p = 0.003) (Table 3). This 
was confirmed again by Cox regression multivari-
able analysis (HR 2.594, 95% CI 1.026–6.559, p =  
= 0.034) (Table 3). There were no significant differ-
ences in nonfatal reinfarction or unplanned repeat 
revascularization among the four groups (Table 3). 

Table 2. Frequency of clinical outcomes by thyroid status.

All  
(n = 1560)

Euthyroidism  
(n = 1391)

Subclinical  
hypothyroidism  

(n = 49)

Subclinical  
hyperthyroidism  

(n = 57)

Low T3 
(n = 63)

P

All-cause mortality 59 (3.8%) 47 (3.4%) 1 (2.0%) 4 (7.0%) 7 (11.1%) 0.007

Cardiac mortality 48 (3.1%) 37 (2.7%) 1 (2.0%) 4 (7.0%) 6 (9.5%) 0.005

Nonfatal reinfarction 22 (1.4%) 18 (1.3%) 1 (2.0%) 1 (1.8%) 2 (3.2%) 0.629

Unplanned repeat 
revascularization

60 (3.8%) 50 (3.6%) 4 (8.2%) 5 (8.8%) 1 (1.6%) 0.062
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Figure 2. Kaplan-Meier cumulative event curves for all-cause mortality by thyroid status; SHypo — subclinical hypo-
thyroidism; SHyper — subclinical hyperthyroidism.
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Table 3. Hazard ratios for all-cause and cardiac mortality by thyroid status.

Univariate analysis Multivariate analysisa

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

All-cause mortality

Euthyroidism 1 [Reference] 1 [Reference]a

Subclinical hypothyroidism 0.603 (0.083–4.367) 0.616 0.557 (0.077–4.043) 0.563

Subclinical hyperthyroidism 2.165 (0.780–6.009) 0.138 1.970 (0.706–5.494) 0.195

Low T3 3.493 (1.579–7.729) 0.002 2.553 (1.093–5.964) 0.030

Cardiac mortality

Euthyroidism 1 [Reference] 1 [Reference]b

Subclinical hypothyroidism 0.767 (0.105–5.589) 0.793 0.696 (0.095–5.087) 0.721

Subclinical hyperthyroidism 2.749 (0.980–7.714) 0.055 2.431 (0.860–6.874) 0.094

Low T3 3.781 (1.596–8.959) 0.003 2.594 (1.026–6.559) 0.034

Nonfatal reinfarction

Euthyroidism 1 [Reference]

Subclinical hypothyroidism 1.589 (0.212–11.900) 0.652

Subclinical hyperthyroidism 1.368 (0.183–10.244) 0.761

Low T3 2.478 (0.575–10.681) 0.223

Unplanned repeat revascularization

Euthyroidism 1 [Reference]

Subclinical hypothyroidism 2.342 (0.846–6.485) 0.101

Subclinical hyperthyroidism 2.047 (0.739–5.668) 0.168

Low T3 0.435 (0.060–3.147) 0.409
aAdjusted for age, gender, current smoking, prior HF, HR on admission, LVEF, myocardial infarction on admission, cardiogenic shock,  
creatinine, left main disease, number of stents, drug-eluting stent, and ACEI/ARBs
bAdjusted for age, gender, prior HF, HR on admission, LVEF, myocardial infarction on admission, cardiogenic shock, creatinine, left main  
disease, drug-eluting stent, and ACEI/ARBs
Abbreviations — see Table 1

Figure 3. Kaplan-Meier cumulative event curves for cardiac mortality by thyroid status; SHypo — subclinical hypo-
thyroidism; SHyper — subclinical hyperthyroidism.
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Discussion

The present study examined the association 
between mild thyroid dysfunction and 12-month 
prognosis in ACS patients undergoing PCI, and 
demonstrated that: 1) the prevalence of mild thy-
roid dysfunction was as high as 10.8% in patients 
with ACS undergoing PCI; 2) low T3 syndrome, 
but not subclinical hypothyroidism or subclinical 
hyperthyroidism, was associated with a higher 
rate of all-cause and cardiac mortality; and 3) there 
was no association between mild thyroid dysfunc-
tion and nonfatal reinfarction or unplanned repeat 
revascularization in ACS patients undergoing PCI.

Mild thyroid dysfunction is frequently present 
in patients with various cardiac diseases [21]. 
Further, plasma thyroid hormone levels may also 
change in ACS patients [8, 9]. Iervasi et al. [21] 
found that the prevalence of thyroid dysfunction 
was up to 40% in cardiac patients undergoing 
coronary angiography. Another study showed  
a 15% prevalence of mild thyroid dysfunction in 
patients with STEMI who underwent PCI [23]. In 
this study, there was a 10.8% prevalence of mild 
thyroid dysfunction in patients with ACS undergo-
ing PCI. However, the current guidelines do not 
recommend the routine assessment of thyroid 
function in ACS patients [1–4]. The prevalence of 
mild thyroid dysfunction in the present study was 
far lower than that reported by Iervasi et al. [21]. 
This is mainly due to differing definitions of thyroid 
dysfunction. Iervasi et al. [21] used a broader scope 
of definition: euthyroid patients with normal values 
of TSH, fT3, and fT4; low T3 syndrome patients 
with fT3 < 2.0 pg/mL; hypothyroid patients with 
TSH > 3.8 uIU/mL; and hyperthyroid patients with 
TSH < 0.3 uIU/mL.

Thyroid hormones extensively affect the 
physiological and pathological processes of the 
cardiovascular system [7] and are associated with 
coronary atherosclerosis [11, 12], thrombus burden 
[10], cardiomyocyte injury [8, 9, 15], and cardiac 
function recovery [13, 14]. For the first time, in 
a total of 573 consecutive heterogeneous cardiac 
patients undergoing thyroid function evaluation, 
Iervasi et al. [21] reported that subclinical hypothy-
roidism and subclinical hyperthyroidism were as-
sociated with an increased risk of cardiac mortality. 
In contrast, patients with STEMI undergoing PCI, 
had no significant differences in adverse prognoses 
between subclinical hypothyroidism or subclinical 
hyperthyroidism and euthyroidism [23]. In addi-
tion, the present study found that neither subclini-
cal hypothyroidism or subclinical hyperthyroidism 

were associated with a higher rate of all-cause or 
cardiac mortality, nor were they associated with  
a higher rate of nonfatal reinfarction or unplanned 
repeat revascularization in ACS patients under-
going PCI. The reason for different conclusions 
may be that the latter two studies only included 
ischemic heart disease patients undergoing PCI, 
but not heterogeneous patients with various car-
diac diseases. Also, PCI could greatly improve the 
prognosis of ischemic heart disease [1–4].

Low T3 syndrome was found to be a strong 
prognostic predictor of death in patients with cardi-
ac disease [21, 26–28]. It then was verified by other 
research that low T3 syndrome was associated with 
adverse outcomes in patients after experiencing 
ACS [29]. However, only 27.7% patients in that 
study received PCI, which can greatly improve 
the prognosis of ischemic heart disease and is now 
widely available for ACS patients [1–4]. For the 
first time, we studied the association between low 
T3 syndrome and the prognosis of ACS patients 
undergoing PCI. The present study found that low 
T3 syndrome was associated with a higher rate 
of all-cause and cardiac mortality in ACS patients 
undergoing PCI. Mechanistic correlates of these 
findings have been demonstrated. T3, which is 
the most important bioactive thyroid hormone for 
cardiomyocytes, is mostly produced by a process of 
deiodination of T4 [7]. It can affect cardiomyocytes 
via genomic and nongenomic actions [7]. T3 regu-
lates transcription by binding hormone receptors 
(TRs) in the nucleus, which then bind to thyroid 
hormone response elements (TREs) present in 
regulatory regions of target genes. Nongenomic 
actions of T3 include thyroid hormone signaling, 
changes in thyroid hormone levels, and changes in 
thyroid hormone receptors. Previous studies have 
confirmed that the thyroid hormone receptor TRa1 
can limit myocardial injury and post-ischemic cardi-
ac remodeling through T3 binding, and it regulates 
genes related to contractile proteins, pacemaker 
activity and conduction, cell growth, differentiation 
and metabolism [30–32]. Also, thyroid hormones 
could affect cardiac apoptosis through the suppres-
sion of ischemia reperfusion-induced activation of 
the pro-apoptotic p38 mitogen-activated protein ki-
nase (MAPK) and upregulation of cardio-protective 
molecules such as heat shock protein 27 (HSP27) 
and heat shock protein 70 (HSP70), which are also 
involved in ischemic preconditioning [30–32]. T3 
may also regulate plasma membrane ion currents, 
activate survival pathways, and decrease oxidative 
stress in mitochondria [7]. Therefore, heart rate, 
cardiac contractility, vascular smooth muscle, and 
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endothelial function will be modulated [7]. When 
T3 is low, negative effects on the cardiovascular 
system, such as delayed diastolic filling, decreased 
cardiac contractility, and increased vascular re-
sistance will occur [7]. Thyroid hormones also 
indirectly effect myocytes by activating the inflam-
matory immune response through genomic and 
nongenomic mechanisms [33]. Clinical studies also 
confirmed that low T3 was associated with larger 
thrombus burden [10], higher severity of coronary 
artery lesions [11, 12], worse cardiac function [13, 
14] and larger myocardial injury size [8, 9, 15] in 
ACS patients.

Taken together, in ACS patients, decreased 
levels of T3 have a severe pathological effect, 
rather than acting as an adaptive response to 
minimize catabolism [34]. Considering the re-
sults of this study and the others mentioned, it is 
worthwhile to monitor thyroid hormone levels in 
patients with ACS. Doing so will help to identify 
patients at high risk of adverse events and mor-
tality. Also, of interest is the potential of thyroid 
hormones as a therapeutic target for improving the 
prognosis of ACS since patients still suffer adverse 
outcomes [6]. In fact, experimental evidence from 
animal models has shown that T3 therapy could 
limit infarct extension, protect against reperfusion 
injury, improve cardiac structure and function, 
decrease the incidence of tachyarrhythmias, and 
reduce adverse left ventricular remodeling [7]. 
Furthermore, a previous study found that thyroid 
replacement therapy was beneficial in preventing 
coronary disease progression and other cardio-
vascular events in patients with hypothyroidism 
undergoing PCI [35]. However, the efficacy and 
safety of T3 therapy has not yet been confirmed 
in randomized, controlled clinical trials in patients 
with ACS and low T3 syndrome undergoing PCI. 
Moreover, there are still several problems related 
to thyroid hormone replacement, such as the type 
of thyroid hormone used (T3 or T4), medication 
route (parenteral or oral), the timing related to 
onset of ACS, the duration of medication use, and 
complications associated with overtreatment, 
including atrial fibrillation and bone fracture. 
Adequately powered randomized studies need to 
be performed to obtain meaningful conclusions 
before thyroid hormone replacement can become 
a routine clinical treatment for ACS patients, such 
as the ThyrAMI trial (Trial registration: ISRCTN; 
trial number: ISRCTN52505169) and the TRUST 
trial (Specific Program Cooperation — Theme 
Health, Proposal No: 278148-2, NCT01660126) 
[36, 37].

Limitations of the study
This study had several limitations. First, 

this study was prospective and observational, so 
potential confounders and selection bias could not 
be completely eliminated. Second, when patients 
suffer from ACS, the secretion of thyroid hormone 
will fluctuate in the early phase of the disease [7]. 
Particularly, the level of T3 will drop in the first 
2–3 days after the ischemic event. However, in this 
study, thyroid function tests were only performed 
at admission and not repeated later, as recom-
mended by the guidelines [16–19]. Thus, transient 
forms of thyroid dysfunction could be excluded 
and low T3 syndrome was likely underestimated. 
Third, studies have indicated that iodinated con-
trast media may influence thyroid function [22, 
38, 39]. In this study, the thyroid function of some 
patients was tested after the use of iodinated con-
trast media because they needed emergency PCI. 
Finally, the raw number of events in this study was 
quite small during the follow-up period, which may 
be a limitation in the overall interpretation of the 
study results.

Conclusions

Mild thyroid dysfunction was frequent in 
patients with ACS undergoing PCI, and low T3 
syndrome was the predominant feature. Low T3 
syndrome, but not subclinical hypothyroidism or 
subclinical hyperthyroidism, was associated with 
a higher rate of all-cause and cardiac mortality.
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Abstract
Background: Sarcoidosis is an increasingly recognized multi-systemic condition. Cardiac sarcoidosis 
is associated with ventricular arrhythmias and higher mortality rates. Little epidemiological data is 
available regarding the disease and associated ventricular arrhythmias. 
Methods: Data from the National Inpatient Sample (NIS) database 2012–2014, were reviewed. Dis-
charges associated with sarcoidosis were identified as the target population using relevant ICD-9-CM 
codes. Primary outcome was a diagnosis of ventricular tachycardia (VT) in the sarcoidosis population. 
Secondary outcomes include rate of ventricular fibrillation (VF) and cardiac arrest. Subgroup analyses 
were performed to examine the association of VT with multiple potential confounding clinical variables.
Results: Of 18,013,878 health encounters, 46,289 (0.26%) subjects had a diagnosis of sarcoidosis. VT 
and VF were more prevalent among patients with sarcoidosis compared to those without a diagnosis 
of sarcoidosis (2.29% vs. 1.22%; p < 0.001 and 0.25% vs. 0.21%; p < 0.001, respectively). Sarcoido-
sis was also associated with a higher prevalence of cardiac arrest (0.72% vs. 0.6%; p < 0.001). In 
unadjusted analyses, all examined comorbidities were significantly more common in those with sar-
coidosis, including diabetes mellitus (31.6% vs. 21.25%; p < 0.001), hypertension (65.2% vs. 51.74%;  
p < 0.001), chronic kidney disease (21.09% vs. 14.02%; p < 0.001), heart failure (24.87% vs. 15%;  
p < 0.001) and acute coronary syndrome (4.32% vs. 3.35%; p < 0.001).
Conclusions: The present study showed that sarcoidosis was associated with increased rates of ven-
tricular tachyarrhythmia, which can affect the overall disease morbidity and mortality. (Cardiol J 2020; 
27, 3: 272–277)
Key words: cardiac sarcoidosis, ventricular tachycardia, ventricular fibrillation, cardiac 
death

CLINICAL CARDIOLOGY
Cardiology Journal 

2020, Vol. 27, No. 3, 272–277
DOI: 10.5603/CJ.a2018.0104 
Copyright © 2020 Via Medica

ISSN 1897–5593

272 www.cardiologyjournal.org

ORIGINAL ARTICLE



Introduction 

Sarcoidosis is a multi-system granulomatous 
disease of unclear etiology with variable pres-
entation. The prevalence ranges from 10.9 per 
100,000 for whites to 35.5 per 100,000 for blacks 
[1]. The pathological hallmark of the disease is 
non-caseating granulomas. Cardiac sarcoidosis 
(CS) is increasingly recognized and associated with 
higher morbidity and mortality rates. Studies show 
a wide range (3.7–54.9%) of cardiac involvement in 
patients with systemic sarcoidosis [2].

Conduction abnormalities and arrhythmias 
are the most common clinical manifestations of 
CS, followed by congestive heart failure (HF) and 
sudden death [3]. The prevalence of specific ar-
rhythmias is as follows: 26–62% atrioventricular 
block, 0–15% supraventricular tachycardia, 2–42% 
ventricular tachycardia (VT), and 12–65% sudden 
cardiac death [4]. Given the very rare nature of CS, 
electrophysiologists rely on small observational 
studies. It is hypothesized herein, that CS could 
be a significant independent predictor for develop-
ment of VT. The National Inpatient Sample (NIS) 
was analyzed to test this possibility. 

Methods

Study design and data source 
Data from the NIS database, part of the Health-

care Cost and Utilization Project (HCUP), an 
Agency for Healthcare Research and Quality 
(AHRQ) was used. This is the largest inpatient 
healthcare database available to the public in the 
United States of America. The study utilized data 
for the years from 2012 to 2014. The NIS includes 
a 20-percent stratified sample of all discharges from 
United States hospitals participating in the HCUP,  
7–8 million discharges per year, excluding rehabili-
tation and long-term acute care hospitals. It con-
tains variables extracted from hospital discharge 
records, including demographic characteristics, 
principal diagnosis, secondary diagnoses or co-
morbidities, insurance, cost and the procedures 
performed. The database allows for calculating 
national estimates by providing a “weight” variable 
[5]. When the data expands to estimate nation-wide 
discharges, it provides estimates corresponding 
to about 38 million annual hospitalizations or 97% 
of discharges nationwide [6]. Estimates from the 
NIS have been validated against the Centers for 
Medicare and Medicaid Services registry [5, 7]. 
Each discharge record was treated as an individual 
database entry. The databases used International 

Classification of Diseases-9th Edition (ICD-9) 
codes to identify diagnoses and procedures.

Subjects and variables 
The study population was derived from 

18,013,878 hospital discharges available in the 
NIS. Patients with VT and sarcoidosis were iden-
tified using ICD-9 codes, 427.1 and 135, respec-
tively. Primary outcome was a diagnosis of VT in 
the sarcoidosis population. Secondary outcomes 
include rate of ventricular fibrillation (VF) and 
cardiac arrest. Analyses of clinical variables were 
performed to examine the association of VT with 
multiple confounding factors.

Confounding variables were identified using 
the ICD-9 diagnosis codes including both patient 
and hospital level variables, in addition to data year. 
Patient characteristics included age, gender, dia-
betes mellitus, HF, hypertension, acute coronary 
syndrome (ACS) (during the same hospitalization) 
and chronic kidney disease.

Statistical analysis
Normally distributed continuous variables 

were expressed as means ± standard deviation 
and compared using the Student t-test. Continuous 
variables that were not normally distributed were 
expressed as medians with interquartile ranges and 
compared using Mann-Whitney test. Categorical 
variables were compared using the c2 test. In order 
to adjust for potential confounders, multivariable 
logistic regression was performed. 

A median Charlson-Deyo Index (CDI) was 
calculated for both sarcoidosis and non-sarcoidosis 
groups. CDI is a validated measure of comorbidi-
ties for administrative data [8]. All analyses were 
performed using STATA 2015 TX: Stata Corp LP. 
Two-tailed p-value < 0.05 was considered statisti-
cally significant.

Results 

18,013,878 health encounters were identified 
from the NIS that represent hospitalizations from 
2012 to 2014. Of these, 46,289 (0.26%) subjects 
had a diagnosis of sarcoidosis, and the remaining 
17,967,589 (99.7%) do not have sarcoidosis among 
their discharge diagnoses. Baseline characteristics 
of patients with and without sarcoidosis diagnosis 
are shown in Table 1. 

In unadjusted analyses, patients with sarcoido-
sis were middle-aged (mean 58.2 ± 13.6 years) 
and predominantly female (64.2%). All examined 
comorbidities were significantly more common in 
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those with sarcoidosis, including diabetes mel-
litus (31.6% vs. 21.25%; p < 0.001), hypertension 
(65.2% vs. 51.74%; p < 0.001), chronic kidney dis-
ease (21.09% vs. 14.02%; p < 0.001), HF (24.87% 
vs. 15%; p < 0.001) and ACS (4.32% vs. 3.35%; 
p < 0.001).

The CDI was 2.3 in the sarcoidosis group vs. 1.7 
in the control group. 2.29% (1,059) of patients in the 
sarcoidosis group had a diagnosis of VT vs. 1.22% 
(218,330) of the control group, p < 0.001 (Fig. 1).

The adjusted odds ratio (OR) of VT in the 
sarcoidosis group was 1.83 (95% confidence in-
terval [CI] 1.72–1.95; p < 0.001). Table 2 shows 
independent predictors of VT among CS patients 
in a multivariable analysis. HF (OR 5.24; 95% CI 
5.19–5.29; p < 0.001) and ACS (OR 2.84; 95% CI 
2.81–2.87; p < 0.001) were associated with higher 
OR for VT. 

Ventricular fibrillation was also more com-
mon in the sarcoidosis group (0.25% vs. 0.21%;  

p < 0.001). The OR of VF in the sarcoidosis group 
after multivariable logistic regression analysis 
was 1.24 (95% CI 1.03–1.49; p < 0.019; Table 3). 
Rates of VF was higher with ACS (OR 10.45; 95% 
CI 10.22–10.68; p < 0.001) and HF (OR 3.58; 95% 
CI 3.50–3.67; p < 0.001). 

Finally, sarcoidosis carries a higher prevalence 
of cardiac arrest (0.72% vs. 0.6%; p < 0.001). Car-
diac arrest remained more prevalent in sarcoidosis 
patients (OR 1.21; 95% CI 1.08–1.35; p < 0.001) 
as well as ACS 4.91 (95% CI 4.84–4.98; p < 0.001) 
and HF (OR 2.14; 95% CI 2.11–2.17; p < 0.001) in 
multivariable logistic regression analysis as shown 
in Table 4. 

Discussion

Cardiac involvement in sarcoidosis is associ-
ated with increased morbidity and mortality. Iso-
lated CS is much more common than suspected; 

Table 1. Baseline variables between target group (sarcoidosis patients) and control group.

Variables Sarcoidosis 
(n = 46,289) 

No sarcoidosis 
(n = 17,967,589) 

P 

Age [years] 58.2 ± 13.6 57.3 ± 20.6 < 0.001 

Male 35.8% (16,556) 40.9% (7,352,675) < 0.001 

Diabetes mellitus 31.60% (14,626) 21.25% (3,818,578) < 0.001 

Hypertension 65.20% (30,179) 51.74% (9,297,154) < 0.001 

Chronic kidney disease 21.09% (9,763) 14.02% (2,519,784) < 0.001 

Acute coronary syndrome 3.35% (1,551) 4.32% (777,054) < 0.001 

Heart failure 24.87% (11,510) 15.01% (2,696,906) < 0.001 

Charlson-Deyo Index 2.3 ± 2.07 1.7 ± 2.15 < 0.001 

Ventricular tachycardia 2.29% (1,059) 1.22% (218,330) < 0.001 

Ventricular fibrillation 0.25% (118) 0.21% (38,012) < 0.001 

Cardiac arrest 0.72% (331) 0.60% (108,312) < 0.001 

Figure 1. Summaries of outcomes in patients with and without sarcoidosis.
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in a retrospective study, 66% of patients with CS 
had disease isolated to the heart [9]. To date, CS 
has been extremely difficult to diagnose due to 
non-specific clinical manifestations, and the limited 
sensitivity and specificity of various diagnostic 
modalities [10]. There is also a lack of consensus 
regarding the diagnostic criteria for CS. Ventricular 
arrhythmias (VT, multifocal or frequent PVCs) are 
one of the minor criteria of the Japanese Ministry 
of Health and Welfare Criteria for diagnosis of CS, 
while the Heart Rhythm Society consensus state-
ment did not include ventricular arrhythmias as  
a criteria for diagnosing CS [11].

The present study analyzed a large database 
and revealed an increased rate of VT in patients 
with sarcoidosis (2.29%) compared to patients 
without sarcoidosis (1.22%); p < 0.001. HF, hy-
pertension, chronic kidney disease and diabetes 
mellitus were more common in the sarcoidosis 
group. Even after adjustment for possible biologi-

cal confounders, the odds for having VT was still 
higher (1.82; 95% CI 1.72–1.95; p < 0.001) in 
sarcoidosis patients, which suggest that CS may 
be an independent risk factor for VT.

Other reports suggested VT is the most fre-
quent arrhythmia noted in CS with a reported 
incidence of 23% [12]. ACS and HF are traditional 
risk factors for development of VT, a fact that was 
confirmed after multivariable logistic regression 
analyses that showed higher odds of VT in ACS and 
HF population (2.84; 95% CI 2.81–5.87; p < 0.001 
and 5.24; 95% CI 5.19–5.29; p < 0.001, respectively. 

Secondary outcomes of VF and cardiac arrest 
were both higher in the sarcoidosis group (0.25% 
vs. 0.21%; p < 0.001 and 0.72% vs. 0.6%; p < 0.001,  
respectively. Moreover, ACS and HF were associa-
ted with higher cardiac arrest rates (Table 4). 
This is consistent with a high mortality rate in CS 
seen by Roberts et al. [13], where sudden death 
was the most common manifestation of CS. The 

Table 2. Independent predictors of ventricular tachycardia.

Variables Odds ratio 95% CI P 

Age 1.01 1.013–1.014 < 0.001 

Female 0.44 0.43–0.44 < 0.001 

Sarcoidosis 1.83 1.72–1.95 < 0.001 

ACS 2.84 2.81–2.87 < 0.001 

Heart failure 5.24 5.19–5.29 < 0.001 

ACS — acute coronary syndrome; CI — confidence interval

Table 3. Independent predictors of ventricular fibrillation.

Variables Odds ratio 95% CI P 

Age 0.998 0.997–0.999 < 0.001 

Female 0.44 0.43–0.45 < 0.001 

Sarcoidosis 1.24 1.03–1.49 0.019 

ACS 10.45 10.22–10.68 < 0.001 

Heart failure 3.58 3.50–3.67 < 0.001 

ACS — acute coronary syndrome; CI — confidence interval

Table 4. Independent predictors of cardiac arrest.

Variables Odds ratio 95% CI P

Age 1.01 1.013–1.014 < 0.001 

Female 0.65 0.65–0.67 < 0.001 

Sarcoidosis 1.21 1.08–1.35 < 0.001 

ACS 4.91 4.84–4.98 < 0.001 

Heart failure 2.14 2.11–2.17 < 0.001 

ACS — acute coronary syndrome; CI — confidence interval
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present analysis shows increased rates for VF in 
sarcoidosis patients (OR 1.24; 95% CI 1.03–1.49; 
p < 0.019; Table 3). 

The causality between VT and sarcoidosis can-
not be assessed in a retrospective database study 
such as this one. Postulated mechanisms include 
active inflammation [11], enhanced automaticity 
[12], and ventricular activation and recovery pro-
cess, which explains the reentry mechanism that 
leads to VT, the most frequent arrhythmia noted in 
CS [14]. A multicenter registry of patents with CS 
who underwent an electrophysiology study showed 
that the mechanism of VT was reentry in virtually 
all patients [15].

Management of arrhythmias in CS is difficult, 
and effective control of VT is often not achievable 
with a single method therapy. Steroids remain 
central in the management of CS as it can amelio-
rate cardiac dysfunction [16]. However, recurrent 
VT may increase with steroid therapy as active 
granulomas are replaced by fibrosis, a substrate 
for reentrant arrhythmias [17]. Corticosteroids 
have been associated with ventricular aneurysm 
formation [13], so immunosuppressive therapies 
are recommended in cases of resistant arrhythmias 
or as a steroid-sparing strategy [18].

Amiodarone and sotalol are widely used to 
treat VT in patients with CS, although adverse 
reactions may limit their practicality [15]. Ami-
odarone use may be limited by the incidence of 
pulmonary complications which are often difficult 
to distinguish from pulmonary sarcoidosis. beta-
blockers have been shown to increase the incidence 
of heart block in patients with CS, thus limiting the 
utility of sotalol [14].

Prophylactic implantable cardioverter-defibril-
lator (ICD) placement is recommended for patients 
with sarcoidosis who develop sustained VT or left 
ventricular systolic dysfunction with left ventricu-
lar ejection fraction ≤ 35% despite optimal medical 
therapy and immunosuppression. It may also be  
a reasonable treatment for patients with CS, re-
gardless of their left ventricular function, after 
syncope, near syncope, or inducible VT [11]. ICD 
placement will prevent VT progression but will not 
prevent recurrence. Therefore, concurrent treat-
ment with anti-arrhythmic therapy is necessary 
in refractory VT [19]. Some experts recommend 
ICD placement in patients with sarcoidosis and 
non-sustained VT given the high rate of recur-
rent VT despite antiarrhythmic and corticosteroid 
treatment [10].

Radiofrequency ablation is very effective in 
decreasing or eliminating VT in patients with CS 

according to data from a multicenter registry that 
showed a 98% reduction in VT burden in the first 
3 months after ablation [15]. Resistant ventricular 
tachyarrhythmia and severe intractable HF, es-
pecially in younger patients, are indications for 
cardiac transplantation in patient with CS [14].

Study power
According to available research, this is the 

largest epidemiological study to assess the role 
of sarcoidosis in VT. Primary analysis confirms 
an increased rate of VT in sarcoidosis, even after 
adjustment for possible biological confounders. 
The strength of these findings lies in the fact that 
HCUP is a well-validated database that has been 
previously utilized in similar research studies. 

Limitation of the study
ICD-9 codes were used to identify patient 

comorbidities. However, prior studies have dem-
onstrated that ICD-9 codes exhibit high (> 90%) 
sensitivity, specificity and positive predictive value 
for cardiovascular disorders such as HF, myocardial 
infarction and arrhythmias, when compared to full 
medical chart review [7]. Also, due to the nature 
of the NIS database analysis, functional outcomes 
and long-term data were not available. Moreover, 
specific information regarding medications, elec-
trophysiological studies, or echocardiographic 
parameters were not available. Lastly, due to the 
observational nature of the study, and unmeasured 
confounding factors may have affected interpreta-
tion and causality cannot be demonstrated.

Conclusions

Sarcoidosis carries a risk of various cardiac 
complications. The present analysis shows that 
hospitalized patients with sarcoidosis have el-
evated risk of VT, VF, and cardiac arrest. 

Conflict of interest: None declared

References

1. Rybicki BA, Major M, Popovich J, et al. Racial differences in 
sarcoidosis incidence: a 5-year study in a health maintenance or-
ganization. Am J Epidemiol. 1997; 145(3): 234–241, doi: 10.1093/ 
/oxfordjournals.aje.a009096.

2. Nery PB, Leung E, Birnie DH. Arrhythmias in cardiac sarcoido-
sis: diagnosis and treatment. Curr Opin Cardiol. 2012; 27(2): 
181–189, doi:  10.1097/HCO.0b013e32834e4c7c, indexed in 
Pubmed: 22186166.

3. Hulten E, Aslam S, Osborne M, et al. Cardiac sarcoidosis-
state of the art review. Cardiovasc Diagn Ther. 2016; 6(1): 

276 www.cardiologyjournal.org

Cardiology Journal 2020, Vol. 27, No. 3

http://dx.doi.org/10.1093/oxfordjournals.aje.a009096
http://dx.doi.org/10.1093/oxfordjournals.aje.a009096
http://dx.doi.org/10.1097/HCO.0b013e32834e4c7c
https://www.ncbi.nlm.nih.gov/pubmed/22186166


50–63, doi:  10.3978/j.issn.2223-3652.2015.12.13, indexed in 
Pubmed: 26885492.

4. Ipek E, Demirelli S, Ermis E, et al. Sarcoidosis and the 
heart: A review of the literature. Intractable Rare Dis Res. 
2015; 4(4): 170–180, doi:  10.5582/irdr.2015.01023, indexed in 
Pubmed: 26668777.

5. Healthcare Cost and Utilization Project (HCUP). Introduction 
to the HCUP National Inpatient Sample (NIS) 2014. 2016; 4287: 
1–52.

6. Agency for Healthcare Research and Quality. National Inpatient 
Sample (NIS) Redesign Final Report. HCUP Methods Ser. 2014; 
04: 1–32.

7. Tamariz L, Harkins T, Nair V. A systematic review of vali-
dated methods for identifying ventricular arrhythmias using 
administrative and claims data. Pharmacoepidemiol Drug Saf. 
2012; 21 Suppl 1: 148–153, doi:  10.1002/pds.2340, indexed in 
Pubmed: 22262601.

8. Charlson ME, Pompei P, Ales KL, et al. A new method of clas-
sifying prognostic comorbidity in longitudinal studies: devel-
opment and validation. J Chronic Dis. 1987; 40(5): 373–383, 
indexed in Pubmed: 3558716.

9. Lynch, J. P. Cardiac involvement in sarcoidosis: Evolving con-
cepts in diagnosis and treatment. Semin. Respir. Crit. Care Med. 
2014; 35: 372–390.

10. Doughan AR, Williams BR. Cardiac sarcoidosis. Heart. 2006; 
92(2): 282–288, doi: 10.1136/hrt.2005.080481.

11. Birnie DH, et al. HRS expert consensus statement on the diag-
nosis and management of arrhythmias associated with cardiac 
sarcoidosis. Heart Rhythm. 2014; 11: 1305–1324.

12. Mehta D, Lubitz SA, Frankel Z, et al. Cardiac involvement in 
patients with sarcoidosis: diagnostic and prognostic value of 

outpatient testing. Chest. 2008; 133(6): 1426–1435, doi: 10.1378/ 
/chest.07-2784, indexed in Pubmed: 18339784.

13. Roberts WC, McAllister HA, Ferrans VJ. Sarcoidosis of the heart. 
A clinicopathologic study of 35 necropsy patients (group I) and 
review of 78 previously described necropsy patients (group II). 
Am J Med. 1977; 63(1): A81, doi: 10.1016/0002-9343(77)90145-0.

14. Sekhri V, Sanal S, Delorenzo LJ, et al. Cardiac sarcoidosis:  
a comprehensive review. Arch Med Sci. 2011; 7(4): 546–554, 
doi: 10.5114/aoms.2011.24118, indexed in Pubmed: 22291785.

15. Jefic D, Joel B, Good E, et al. Role of radiofrequency catheter 
ablation of ventricular tachycardia in cardiac sarcoidosis: report 
from a multicenter registry. Heart Rhythm. 2009; 6(2): 189–195, 
doi: 10.1016/j.hrthm.2008.10.039, indexed in Pubmed: 19187909.

16. Kopriva P, Griva M, Tüdös Z. Management of cardiac sarcoido-
sis: A practical guide. Cor et Vasa. 2018; 60(2): e155–e164, 
doi: 10.1016/j.crvasa.2017.05.012.

17. Koplan BA, Soejima K, Baughman K, et al. Refractory ven-
tricular tachycardia secondary to cardiac sarcoid: electrophysi-
ologic characteristics, mapping, and ablation. Heart Rhythm. 
2006; 3(8): 924–929, doi: 10.1016/j.hrthm.2006.03.031, indexed 
in Pubmed: 16876741.

18. Winters S, Cohen M, Greenberg S, et al. Sustained ventricu-
lar tachycardia associated with sarcoidosis: Assessment of 
the underlying cardiac anatomy and the prospective utility of 
programmed ventricular stimulation, drug therapy and an im-
plantable antitachycardia device. J Am Coll Cardiol. 1991; 18(4): 
937–943, doi: 10.1016/0735-1097(91)90750-4.

19. Epstein A, DiMarco J, Ellenbogen K, et al. ACC/AHA/HRS 2008 
Guidelines for Device-Based Therapy of Cardiac Rhythm Ab-
normalities. Heart Rhythm. 2008; 5(6): e1–e62, doi: 10.1016/j.
hrthm.2008.04.014.

www.cardiologyjournal.org 277

Amr Salama et al., Cardiac sarcoidosis and ventricular arrhythmias. A rare association of a rare disease

http://dx.doi.org/10.3978/j.issn.2223-3652.2015.12.13
https://www.ncbi.nlm.nih.gov/pubmed/26885492
http://dx.doi.org/10.5582/irdr.2015.01023
https://www.ncbi.nlm.nih.gov/pubmed/26668777
http://dx.doi.org/10.1002/pds.2340
https://www.ncbi.nlm.nih.gov/pubmed/22262601
https://www.ncbi.nlm.nih.gov/pubmed/3558716
http://dx.doi.org/10.1136/hrt.2005.080481
http://dx.doi.org/10.1378/chest.07-2784
http://dx.doi.org/10.1378/chest.07-2784
https://www.ncbi.nlm.nih.gov/pubmed/18339784
http://dx.doi.org/10.1016/0002-9343(77)90145-0
http://dx.doi.org/10.5114/aoms.2011.24118
https://www.ncbi.nlm.nih.gov/pubmed/22291785
http://dx.doi.org/10.1016/j.hrthm.2008.10.039
https://www.ncbi.nlm.nih.gov/pubmed/19187909
http://dx.doi.org/10.1016/j.crvasa.2017.05.012
http://dx.doi.org/10.1016/j.hrthm.2006.03.031
https://www.ncbi.nlm.nih.gov/pubmed/16876741
http://dx.doi.org/10.1016/0735-1097(91)90750-4
http://dx.doi.org/10.1016/j.hrthm.2008.04.014
http://dx.doi.org/10.1016/j.hrthm.2008.04.014


Address for correspondence: Assoc. Prof. Zbigniew Siudak MD, PhD, Faculty of Medicine and Health Science,  
Jan Kochanowski University, IX Wiekow Kielc 19, 25–317 Kielce, Poland, tel: +48 41 349 69 09, fax: +48 41 349 69 16,  
e-mail: zbigniew.siudak@gmail.com
Received: 22.03.2018 Accepted: 7.07.2018

Psoriasis is an independent predictor of increased 
risk of allergic reaction during percutaneous  

coronary interventions. Big data analysis from  
the Polish National PCI Registry (ORPKI)
Zbigniew Siudak1, Kalina Wysocka-Dubielecka2, Krzysztof Malinowski3,  
Artur Dziewierz4, Tomasz Tokarek4, Krzysztof Plens5, Dariusz Dudek4

1Faculty of Medicine and Health Science, Jan Kochanowski University, Kielce, Poland 
2Department of Dermatology, Szpital Miedzyleski, Warsaw, Poland 

3Institute of Public Health, Faculty of Health Sciences,  
Jagiellonian University Medical College, Krakow, Poland 

42nd Department of Cardiology, Jagiellonian University Medical College, Krakow, Poland 
5KCRI Ltd., Poland

Abstract
Background: The presence of psoriasis is currently considered by the European Society of Cardiology 
cardiovascular prevention guidelines of 2016 as one possible cardiovascular risk factor. Patients with 
psoriasis and concomitant coronary artery disease treated by means of percutaneous coronary interven-
tion (PCI) are a fairly large subgroup of patients that have been usually omitted in mainstream research. 
The aim herein, was to identify the incidence of psoriasis, baseline characteristics and periprocedural 
outcome with a special focus on procedural complications in patients undergoing percutaneous coronary 
procedures. 
Methods: All consecutive patients who had either coronary angiography or coronary angiography 
with immediate PCI in Poland in 2014 and 2015 were included. Patients were assigned to two groups 
based on previous diagnosis: with psoriasis and without psoriasis. Clinical outcome was defined as any 
periprocedural death. 
Results: There were 405,078 patients included in this analysis. Psoriasis (moderate or severe) was di-
agnosed in 1507 (0.4%) of them. Psoriasis was an independent predictor of allergic reaction occurrence 
(odds ratio [OR] 6.02; 95% confidence interval [CI] 1.44–25.22; p = 0.014). After propensity score 
adjustment, psoriasis remained a significant predictor of allergic reaction (OR 5, 95% CI 1.2–20.7; 
p = 0.0245). There were no differences in rates of periprocedural deaths in patients with or without 
psoriasis (death: 0.95% vs. 0.62%, p > 0.05).
Conclusions: Severe or moderate psoriasis is an independent risk factor for the occurrence of allergic 
reaction during percutaneous coronary procedures. There were no differences in periprocedural mortal-
ity and complications in patients with versus those without psoriasis. (Cardiol J 2020; 27, 3: 278–284)
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Introduction

Psoriasis is a chronic autoimmune inflamma-
tory disease, the prevalence of which  ranges from 
1.5% to 4.7% in the general population making it 
a significant healthcare issue [1–3]. The immune-
mediated inflammatory pathogenesis of psoriasis 
is linked to another inflammatory disease which is 
atherosclerosis [4, 5]. The presence of psoriasis 
is currently considered by the European Society 
of Cardiology (ESC) cardiovascular prevention 
guidelines of 2016 as one possible cardiovascular 
risk factors within a wide group of autoimmune and 
inflammatory diseases [6]. Currently the American 
Heart Association (AHA) recommendations include 
risk factor screening in patients with psoriasis 
from as early as age 20 and by the age 40 a full 
list of these including various cardio-metabolic 
parameters need to be identified [7, 8]. Retro-
spective data concerning the effect of psoriasis on 
cardiovascular morbidity and mortality seem to 
confirm its adverse outcome on the occurrence of 
myocardial infarction or development of coronary 
artery disease, however, meta-analysis and litera-
ture reviews provide inconclusive data, probably 
because of confounding factors and the moderate 
quality of cardiovascular risk factor reporting (pso-
riasis) in large datasets [9–13]. In the Rotterdam 
study, authors did not find a correlation between 
mild psoriasis and risk for the development of car-
diovascular events or atherosclerosis which seems 
to support the general consensus that if any, pso-
riasis may have its deleterious effect only if at least 
moderate or severe presentation is expressed [14]. 
A combined clinical endpoint of death, myocardial 
infarction and stroke was more frequent in patients 
with severe psoriasis than in those without, which 
is the only prospective observation available thus 
far [15, 16].

Patients with psoriasis and concomitant coro-
nary artery disease treated by means of percutane-
ous coronary intervention (PCI) are a fairly large 
(in definite numbers) subgroup of patients that 
have usually been omitted in mainstream research.  

The main aim of this analysis was to identify 
the incidence of psoriasis, baseline characteristics 
and periprocedural outcome with a special focus 
on procedural complications in this subgroup of 
patients.

Methods

The Polish National PCI database (ORPKI) 
is a registry (with eCRF) for all percutaneous 

coronary procedures that have been performed in 
Poland since 2004 and is currently operated by the 
Jagiellonian University Medical College in Krakow. 
Annual reports are published each year and the 
registry rationale has been described before [17, 
18]. In this manuscript, data for the calendar year 
2014 (January–December) and 2015 (January–De-
cember) were analyzed. All consecutive patients 
who had either coronary angiography or coronary 
angiography with immediate PCI in 155 interven-
tional cardiology centers in Poland were included 
in this analysis. Patients with incomplete records 
concerning baseline characteristics were excluded. 
The reason for analyzing data from 2014 onwards 
was due to the fact that psoriasis was implemented 
for the first time into eCRF of the ORPKI database 
on January 1st, 2014.

Periprocedural mortality was defined as death 
from any cause during angiography/PCI. Psoriasis 
was defined as severe or moderate presentation 
as confirmed by prior diagnosis by a dermatologist 
(PASI index > 10). Only moderate and severe pres-
entations were taken into account since they have 
been proven to have an impact on cardiovascular 
disease [6, 11, 13]. Allergic reaction was defined as 
any hypersensitive response of the immune system 
presenting as: bronchospasm, asthma exacerba-
tion, conjunctivitis, urticaria, eczema, angioedema, 
anaphylactic shock. All these symptoms had to be 
revealed during a patient stay at a catheteriza-
tion laboratory and had not been present prior to 
admission.   

Other complications or adverse events were 
diagnosed at the operator’s discretion according 
to current ESC definitions. Clinical outcome was 
defined as any periprocedural death. No further 
evaluation or follow-up of patients was performed. 
All patients provided informed consent. The study 
complied with ethical principles for clinical re-
search based on the Declaration of Helsinki with 
later amendments. No external funding was used 
to support this registry.

Statistical analysis
Categorical variables were presented as num-

bers and percentages. The distributions of continu-
ous variables were expressed as mean ± standard 
deviation (SD), standard error (SE), median with 
interquartile range (IQR). Additionally, the number 
of available cases and minimum and maximum 
values were also presented. Normality was as-
sessed by the Lilliefor test. Equality of variances 
were assessed using the Levene test. Differences 
between groups were compared using the Stu-

www.cardiologyjournal.org 279

Zbigniew Siudak et al., Psoriasis and complications during PCI



dent or Welch t-test depending on the equality of 
variances for normally distributed variables. The 
Mann-Whitney U test was used for non-normally 
distributed continuous variables. Categorical vari-
ables were compared with the Fisher exact test for 
the 2 × 2 tables or by the Pearson c2 test for the 
other tables. P-values less than 0.05 were assumed 
to indicate statistical significance. 

Simple logistic regression was used for each 
of potential factor as a predictor for occurrence of 
allergic reaction. Then if p-value for a specific factor 
was less than 0.2 such factor was introduced into 
multiple logistic regression. The recommendation 
for using a significance level as high as 0.20 or 0.25 
as screening criterion for initial variable selection 
is based on work by Bendel and Afifi (1977) [19] 
on linear regression and on work by Mickey and 
Greenland (1989) [20] on logistic regression. Only 
significant predictors and potential confounders (for 
adjustment) remained in the final model. The same 
procedure was repeated considering correction 
for rare events [21]. Both models were diagnosed 
using receiver operating characteristic curve and 
area under curve parameter. 

The propensity score for psoriasis was calcu-
lated based on diabetes, hypertension, smoking, 
clinical diagnosis, kidney disease, presence of mul-
tivessel disease glycoprotein inhibitor use, access 
site, contrast volume, radiation, age, weight and 
gender. Then the odds for allergic reaction were 
calculated using logistic regression with presence 
of psoriasis as a covariate and was conditioned on 
propensity score. 

Analysis was performed in JMP® 9.0.0. (SAS 
Institute Inc., Cary, NC, 1989–2007) and R 3.3.0. 
(A language and environment for statistical com-
puting. R Foundation for Statistical Computing, 
Vienna, Austria).

Results

There were 405,078 patients with full records 
in the ORPKI database for the period of January 
1st 2014 till December 31st 2015 were included in 
this analysis. Psoriasis (moderate or severe) was 
diagnosed in 1507 (0.4%) of them. Patient baseline 
and clinical characteristics are presented in Table 1.  
Procedural outcome as well as frequency of com-
plications in patients with and without psoriasis are 
presented in Table 2. The occurrence of peripro-
cedural death, stroke and sudden cardiac arrest 
did not differ between the groups even though 
baseline and clinical characteristics in patients 
with psoriasis were high risk (significantly higher 

prevalence of diabetes, prior myocardial infarction, 
smoking and hypertension). Allergic reaction was 
more frequent during PCI in patients with psoriasis 
than in those without psoriasis (0.08% vs. 0.41%, 
p = 0.0226). There was no differences in the oc-
currence of periprocedural complications and death 
between the studied groups. Independent predic-
tors of allergic reaction occurrence are presented 
in Table 3. Psoriasis was an independent predictor 
of allergic reaction occurrence (odds ratio [OR] 
6.02; 95% confidence interval [CI] 1.44–25.22;  
p = 0.014). After propensity score adjustment 
psoriasis remained a significant predictor of aller-
gic reaction (OR 5; 95% CI 1.2–20.7, p = 0.0245). 
Model adjustment for logistic regression is pre-
sented in Figure 1.

Discussion

Since psoriasis usually presents for the first 
time in adolescents and young adults, it is a lifelong 
burden and has a possible impact for development 
of other comorbidities. Psoriatic arthritis may ap-
pear in up to 30% of patients leading to decreased 
mobility and thus permanent disability which is 
an adverse condition for primary prevention of 
cardiovascular disease, metabolic syndrome and 
insulin resistance in diabetes mellitus [12]. The 
present study has confirmed more aggravating 
past medical history, comorbidities and higher risk 
demographics for patients with diagnosed psoriasis 
who were scheduled for coronary angiography and 
or PCI, either elective or urgent one. Mild psoriasis 
accounts for approx. 60% of all cases. The overall 
frequency of psoriasis (0.4%) was lower than in pre-
vious studies, however, the present focus was only 
on severe and moderate forms of psoriasis which 
have been documented to impact cardiovascular 
morbidity [11, 16, 22]. 

Recent coronary computed tomography stud-
ies revealed that patients with psoriasis had 
greater plaque burden and high risk plaque preva-
lence which was reduced at 1 year of observation 
following effective anti-inflammatory treatment 
which was revealing for the first time that such 
a correlation was observed [23]. Severe forms of 
psoriasis have also been named as a strong and 
independent predictor of ischemic stroke [24]. 
As previously observed, it seems that if any, 
psoriasis may have its deleterious effect only if 
it was at least expressed as moderate or severe 
presentation and this is the group which was 
under investigation herein. Even though patients 
with psoriasis in the registry were higher risk in-
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Table 2. Clinical outcome and procedural complications.

Variable No psoriasis
N = 182,244 (PCI)

N = 221,327  
(Angiography)

Psoriasis
N = 740 (PCI)

N = 767  
(Angiography)

P

Death during angiography 172 (0.08%) 0 (0%) 1.000

Death during PCI 983 (0.54%) 7 (0.95%) 0.128

SCA during angiography 905 (0.22%) 7 (0.46%) 0.0901

SCA during PCI 884 (0.49%) 6 (0.81%) 0.1818

Allergic reaction during angiography 160 (0.07%) 0 (0%) 1.000

Allergic reaction during PCI 145 (0.08%) 3 (0.41%) 0.0226

Stroke during angiography or PCI 55 (0.01%) 0 (0%) 1.000

Coronary artery perforation during PCI 295 (0.16%) 0 (0%) 0.6373

MI during PCI 173 (0.09%) 0 (0%) 1.000

No-reflow during PCI 1062 (0.58%) 8 (1.08%) 0.0850

MI — myocardial infarction; PCI — percutaneous coronary intervention; SCA — sudden cardiac arrest

Table 1. Baseline demographic, clinical characteristic and procedure.

Variable No psoriasis  
N = 403,571

Psoriasis  
N = 1507

P

Male gender 250,127 (62%) 1041 (69.1%) < 0.0001

Age 66.3 ± 10.9 63.3 ± 10.6 < 0.0001

Diabetes 90,043 (22.3%) 492 (32.7%) < 0.0001

Prior MI 91,235 (22.6%) 383 (25.4%) 0.01

Prior PCI 102,131 (25.3%) 389 (25.8%) 0.656

Prior CABG 23,406 (5.8%) 81 (5.4%) 0.508

Smoking — active 68,486 (17%) 427 (28.3%) < 0.0001

Hypertension 284,271 (70.4%) 1129 (74.9%) 0.0001

Indication: 0.0002

STEMI 48317 (11.9%) 219 (14.5%)

NSTEMI 52864 (13.1%) 240 (15.9%)

Unstable angina 124,322 (30.8%) 440 (29.2%)

Stable angina 158,635 (39.3%) 542 (35.9%)

Angiography only 221,327 (54.8%) 767 (50.9%) 0.0022

Multivessel disease with or without LMCA involvement 151,538 (37.7%) 643 (42.8%) < 0.0001

P2Y12 during the procedure 88,757 (21.9%) 397 (26.3%) 0.0002

UFH during PCI 153,985 (84.5%) 644 (87%) 0.0595

LMWH during PCI 5980 (3.3%) 25 (3.4%) 0.8361

GP IIb/IIIa during PCI 12,056 (6.6%) 68 (9.2%) 0.0075

Thrombolysis during PCI 376 (0.2%) 1 (0.1%) 1.000

Contrast volume [mL] 128 ± 79 135 ± 83 < 0.0001

Radiation dose [Gy] 0.796 ± 0.952 0.957 ± 1.227 < 0.0001

CABG — coronary artery bypass grafting surgery; GP — glycoprotein; Gy — Grey; LMCA — left main coronary artery; LMWH — low molecular 
weight heparin; MI — myocardial infarction; NSTEMI — non-ST-segment elevation myocardial infarction; PCI — percutaneous coronary  
intervention; STEMI — ST-segment elevation myocardial infarction; UFH — unfractionated heparin
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dividuals with more frequent diabetes, hyperten-
sion and acute myocardial infarction (ST-segment 
elevation myocardial infarction, non-ST-segment 
elevation myocardial infarction) presentation 
as well as multivessel and more pronounced 
atherosclerosis, their immediate periprocedural 
individual outcomes like death, stroke or sudden 
cardiac arrest were similar to those without pso-
riasis (< 1%). Presently it is believed that this 
may stem from the fact that a majority of compli-
cations related to psoriasis, if any, occur at a later 
stage and may be recorded only if a longer follow 
up period is available and only in severe forms of 
psoriasis [15, 16]. Adjusting for confounders, the 
presence of psoriasis does not seem to at least 
effect the periprocedural outcome of this group  
of patients. 

The ORPKI database is one of the biggest 
datasets of consecutive patients with coronary 
artery disease treated invasively in European 
Union countries which continuously collects data 
on severe/moderate psoriasis occurrence since 
2014. No previous studies with as large numbers 
of individuals as in the present registry (> 400,000 
for a period of 2 consecutive calendar years) have 
been performed so far in investigating psoriasis as  
a comorbidity in the setting of PCIs. Big data analysis  
in this case helped identify interesting associations 
such as more frequently observed allergic reac-
tion occurrence in patients with psoriasis than in 
those without, which has remained an independ-
ent predictor even after statistical adjustments. 
It is known that several factors may contribute 
to anaphylaxis or hypersensitivity reactions dur-
ing percutaneous coronary procedures, namely 
acetylsalicylic acid, P2Y12, heparin, glycoprotein  
IIb/IIIa inhibitors and contrast use itself [25–28]. 
Stent platforms and polymers used in drug eluting 
stents may potentially induce such reactions as 
well [29, 30]. In the present study a majority of all 
these variables were taken into consideration while 
performing multivariate analysis for independent 
predictors, however, not all were available in the 
database. The results indicate that glycoprotein 
IIb/IIIa inhibitor plays a significant role in allergic 
reaction occurrence as well as radiation doses 
which are a derivative of time of the procedure. 
It is worth noting that psoriasis conferred as the 
highest adjusted risk for allergic reaction even 
after propensity score adjustment. These findings 
need further investigation and suggest that caution 
should be used for patients presenting with severe 
or moderate forms of psoriasis when referred for 
invasive diagnostic and treatment. The results of 
the study may become hypotheses generating for 

Table 3. Independent predictors of allergic reaction during angiography and/or percutaneous coronary 
intervention.

Variable OR 95% CI P

Psoriasis 6.02 1.44–25.22 0.014

Diabetes mellitus 0.47 0.24–0.92 0.026

Hypertension 0.57 0.36–0.89 0.014

STEMI/NSTEMI vs. other 0.58 0.35–0.97 0.036

GP IIb/IIIa inhibitors use 4.56 2.74–7.59 < 0.001

loge per 1 Gy (radiation dose) 1.67 1.22–2.28 0.001

Male gender 0.54 0.33–0.87 0.012

CI —  confidence interval; GP — glycoprotein; Gy — Grey; STEMI — ST-segment elevation myocardial infarction; NSTEMI — non-ST-segment 
elevation myocardial infarction; OR — odds ratio

Figure 1. Model adjustment for logistic regression;  
AUC — area under curve.
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future clinical studies. According to available re-
search, this is the first report of such a relationship 
and requires further study. 

Limitations of the study
The main limitation of this study is the non-

randomized design. Only periprocedural outcome 
could be provided which limits the observation 
and incidence of complications that appeared in 
periods after the procedure. Statistical measures 
were undertaken to compensate for possible biases 
like propensity score matching and multivariate 
analysis in order to identify independent predic-
tors but since this is an observational study not 
all possible confounders may have been identified. 
An underreporting of psoriasis may be possible 
but only moderate or severe forms (which are less 
frequent in general population) were gathered in 
ORPKI Registry. Finally, the diagnosis of psoriasis 
(moderate or severe) was based on prior recogni-
tion by a physician and no additional data concern-
ing its treatment or systemic complications were 
gathered in this registry. 

Conclusions

Severe or moderate psoriasis is a rare co-
morbidity in patients undergoing percutaneous 
coronary procedures (< 1%). However, it is an 
independent risk factor for allergic reaction occur-
rence during percutaneous coronary procedures. 
The adjusted periprocedural mortality and compli-
cations rates were similar in those with psoriasis 
versus those without.
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Abstract
Background: The role of miR-1 and miR-133 in regulating the expression of potassium and calcium 
ion channels, and mediating cardiomyocyte apoptosis in mice with viral myocarditis (VMC) is inves-
tigated herein.
Methods: Male Balb/c mice were randomly divided into groups:  control group, VMC group, VMC + 
+ miR-1/133 mimics group, or VMC + miR-1/133 negative control (NC) group. VMC was induced 
with coxsackievirus B3 (CVB3). MiR-1/133 mimics ameliorated cardiac dysfunction in VMC mice and 
was compared to the VMC+NC group.
Results: Hematoxylin and eosin staining showed a well-arranged myocardium without inflammatory 
cell infiltration in the myocardial matrix of the control group. However, in the VMC and VMC+NC 
groups, the myocardium was disorganized and swollen with necrosis, and the myocardial matrix was 
infiltrated with inflammatory cells. These changes were alleviated by miR-1/133 mimics. TUNEL stain-
ing revealed decreased cardiomyocyte apoptosis in the VMC + miR-1/133 mimics group compared with 
the VMC group. In addition, miR-1/133 mimics up-regulated the expression of miR-1 and miR-133, 
the potassium channel genes Kcnd2 and Kcnj2, as well as Bcl-2, and down-regulated the expression 
of the potassium channel suppressor gene Irx5, L-type calcium channel subunit gene a1c (Cacna1c), 
Bax, and caspase-9 in the myocardium of VMC mice. MiR-1/133 also up-regulated the protein levels 
of Kv4.2 and Kir2.1, and down-regulated the expression of CaV1.2 in the myocardium of VMC mice.
Conclusions: MiR-1 and miR-133 decreased cardiomyocyte apoptosis by mediating the expression of 
apoptosis-related genes in the hearts of VMC mice. (Cardiol J 2020; 27, 3: 285–294)
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Introduction

MicroRNA (miR)-1 and miR-133 are members 
of a miRNA cluster expressed exclusively in skel-
etal and cardiac muscle cells [1], and are essential 
for heart development [2]. MiR-1 and miR-133 have 
been shown to regulate the expression of gap junc-

tions [3], pacemaker channels [4] and potassium 
(K+) channels, including inward-rectifying Kir2.1, 
which stabilizes resting potential [5] and Kv4.2, 
which dominates the outward-transient current (Ito) 
[6]. In addition, miR-133 has been shown to target 
CaV1.2, the primary a-subunit for L-type calcium 
(Ca2+) channels underlying cardiac excitability [7]. 
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Previous studies have shown that approximately 
20% of infant deaths due to fatal arrhythmia and 
severe heart failure were caused by acute severe 
viral myocarditis (VMC), mainly caused by cox-
sackievirus B3 (CVB3) [8]. However, there is 
currently a lack of effective etiological treatment 
for severe VMC. Introducing miR-1/133 can reduce 
virus escape and mutation, and as such, one of the 
major treatments involves the use of RNA interfer-
ence (RNAi) combined with miR mimics [9, 10].  
A previous study showed that approximately 20% 
of miR-1/133 mimics, labeled with Dy547 and pack-
aged in RNA-LANCEr II neutral ionic lipids, ar-
rived in cardiomyocytes and exhibited intracellular 
Dy547 particle signals when administered by tail 
vein injection [10]. In addition, miR-133 has been 
shown to target caspase-9, a pro-apoptotic factor, 
and promotes cardiac cell apoptosis by interfering 
with the expression of mRNA [11].

With rapid advances in molecular biology, 
miRs have been widely studied in different fields. 
However, reports regarding the effects of miRs on 
VMC have been limited. Under investigation in the 
present study, was the impact of miR-1/133 mimics 
and the appropriate miR-1/133 negative control on 
a mouse model of acute VMC, and the hypothesis 
that miR-1 and miR-133 could etiologically help to 
treat severe VMC was examined.

Methods

This study was in accordance with the National 
Research Council Guide for the care and use of 
laboratory animals. The animal experiments in 
this study were performed with approval by the 
Animal Care Committee of the Medical School of 
Shandong University.

Mouse model of acute VMC  
and interference

CVB3 was passaged in HeLa cells by transfec-
tion as described previously [12]. Virus titer was 
determined using a tissue culture infective dose 
50 (TCID50) assay at the beginning of the ex-
periments. HeLa cells were cultured in Dulbecco’s 
Modified Eagle medium (DMEM, Life Technolo-
gies, USA) supplemented with fetal bovine serum 
(10%; Gibco, Australia) and penicillin-streptomycin 
(100 IU/mL; Invitrogen, USA).

Forty healthy male Balb/c mice (6–8 weeks 
old) were randomly divided into four groups: con-
trol group (n = 10), in which mice were injected 
intraperitoneally with Eagle’s medium (0.1 mL); 

VMC group (n = 10), in which VMC was induced 
by intraperitoneal injection of 104 TCID50 CVB3  
(0.1 mL); VMC + miR-1/133 mimics group (n = 10),  
in which VMC mice were injected intraperitoneally 
with miR-1/133 mimics (1 µg/g, GenePharma, 
Shanghai, China) on the day following VMC in-
duction; VMC + NC group (n = 10), in which 
VMC mice were injected intraperitoneally with 
miR-1/133 NC (1 µg/g, GenePharma, Shanghai, 
China) via the tail vein on the day following VMC 
induction. 

MiR-1/133 mimics, which were composed of 
mmu-miR-1 mimics and mmu-miR-133 mimics, 
were packaged in Lipofectamine 2000 Reagent 
(Invitrogen, US), and then directly mixed in the 
ultrasonic field to improve targeting ability.  Feed-
ing conditions of mice in each group were the same. 
Following virus injection, the diet, activity level, 
and coat appearance of the mice were observed 
on a daily basis.

Cardiac functional analysis 
On the 7th day following establishment of the 

VMC model, i.e. the 6th day after miR-1/133 inter-
vention, mice were anesthetized with an intraperi-
toneal injection of chloral hydrate (10%, 4 mg/g). 
After the mice were fixed in a supine position, the 
chest was shaved, and an M-echocardiograph was 
performed to measure the left ventricular ejec-
tion fraction (LVEF) and left ventricular fractional 
shortening (LVFS) of the mice in each group.

Specimen collection and disposition
On the 7th day after modeling, after all mice in 

the groups were anesthetized, their hearts were 
removed under sterile conditions, washed with 
normal saline, and then weighed. Half of each 
heart of the mice were frozen with liquid nitrogen 
and stored at –80°C for use in molecular biologi-
cal experiments (half of each heart was used for 
quantitative reverse transcription followed by 
polymerase chain reaction (qRT-PCR) and Western 
blot, which were carried out by two people), the 
other half of the heart were fixed in 10% neutral 
formaldehyde, embedded in paraffin, and sectioned 
at 4.5 µm intervals for histological study (H&E 
staining and TUNEL staining).

Hematoxylin and eosin staining
Tissue sections were stained by hematoxylin 

and eosin (H&E; Beyotime, Shanghai, China), and 
cardiomyocyte morphology changes were observed 
under a light microscope.
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TUNEL staining
Cardiomyocyte apoptosis was detected by 

terminal deoxynucleotidyl transferase dUTP nick 
end labeling (TUNEL) staining according to the 
manufacturer protocol (Roche, USA). Ten ran-
domly selected fields from each slide were scored 
at a high magnification. The ratio of the number 
of brown cells, i.e. apoptotic cells, to a total of 30 
cardiomyocytes counted per field was defined as 
the myocardial cell apoptotic ratio. 

Quantitative real time RT-PCR
Total RNA was extracted from a part of each 

of frozen mouse heart using a TRIzol reagent 
(Ambion, USA). According to the manufacturer 
protocol (Thermo Scientific, USA), qRT-PCR was 
performed to detect the expression of miR-1 and 
miR-133, inward rectifier potassium current (Ik1) 
channel gene Kcnd2, its transcription repressor 
Irx5, transient outward potassium current (Ito) 
channel gene Kcnj2, the L-type calcium channel 
subunit a1c (Cacna1c), and apoptosis-related genes 
Bax, Bcl-2 and caspase-9 (Casp9) using an ABI 
7500 real-time PCR system. b-actin was used as  
a reference for gene expression and U6 was used as 
a reference for expression of miR-1 and miR-133. 
The relative expression of genes was calculated 
using the 2–∆∆Ct method. The primers were syn-
thesized by Guangzhou Saibo Corp, China. The 
sequences of gene primers used in the present 
study are shown in Table 1.

Western blot
To examine protein levels of Kv4.2, Kir2.1, and 

CaV1.2, total protein lysates were purified from 
the rest of frozen heart samples using RIPA buffer 
(Beyotime, Shanghai, China). A bicinchoninic acid 
(BCA) protein assay kit (Beyotime, Shanghai, 
China) was used to determine protein concentra-
tion. Protein (30–50 µg) was separated on an 8–15% 
gel with sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred 
to a polyvinylidene fluoride (PVDF) membrane. 
The membrane was then blocked in 5% milk, 
followed by incubation at 4°C overnight with the 
primary antibodies of interest (rabbit polyclonal 
anti-Kv4.2 and anti-Kir2.1, Bioss, Beijing, China, 
diluted 1:300; mouse monoclonal anti-CACNA1C, 
Abcam, USA; and mouse anti-GAPDH, ZSGB-BIO 
Beijing, China, diluted 1:1000). Membranes were 
then washed (3 times) with tris-buffered saline 
with Tween (TBST), and incubated with the ap-
propriate secondary antibodies (ZSGB-BIO Beijing, 
China, diluted 1:10000). Immunoreactive bands 

were detected by enhanced chemiluminescence 
(ECL; Millipore, USA) and quantified using C-digit 
(Model: 3600, Image Studio Digits Ver 4.0, Licor, 
Lincoln, NE, USA). Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was used as a reference 
loading control. Data were collected from at least 
three independent experiments.

Data analysis
The experimental data are presented as 

mean ± standard error (SE). Statistical com-
parisons in multiple groups were performed using 
one-way analysis of variance (ANOVA), and the 
comparison between two groups was performed 
with the Fisher least significant difference t test.  
A probability value of p < 0.05 was considered 
statistically significant.

Results

MiR-1/133 mimics improved  
general status of VMC mice

Compared with mice in the control group, on 
the third day following CVB3 injection, mice in 
the VMC group and in the VMC + NC group had 
disordered fur, were irritated easily or insensitive 
to irritation, ate little food and lost weight (data not 
shown). These conditions were improved in mice 
receiving the miR-1/133 mimics (data not shown). 
Figure 1A shows the specific myocardial staining, 
shown using antibodies against α-actinin (green) 
and miR-1/133 (red).

The hearts from mice in the VMC group and 
NC group were bigger than those in the control and 
VMC + miR-1/133 mimics groups (Fig. 1B) and 
heart weight/body weight ratio was increased as 
well (Fig. 1C). There were also spot-like necrotic 
areas on the surface of the hearts of mice in the 
VMC group and the VMC + NC group (Fig. 1B). 

MiR-1/133 mimics improved  
cardiac function of VMC mice

Compared with those in the control group, EF 
and FS of mice in the VMC and VMC + NC groups 
were significantly decreased (p < 0.01), suggesting 
impaired cardiac function of VMC mice. However, 
treatment with miR-1/133 mimics improved EF 
and FS of VMC mice (p < 0.05, p < 0.01; Fig. 2).

MiR-1/133 mimics attenuated pathological 
changes of VMC hearts

Compared with control group hearts, H&E 
staining showed that myocardia in VMC and VMC 
+ NC groups were swollen and disordered, they 
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were also infiltrated by inflammatory cells in the 
myocardial matrix. MiR-1/133 mimics reduced the 
edema of cardiomyocytes, improved arrangements, 
and diminished inflammatory cell infiltrate in the 
myocardial matrix (Fig. 3A).

MiR-1/133 mimics reduced  
cardiomyocyte apoptosis 

TUNEL staining showed increased numbers  
of brown nuclei in the VMC and VMC + NC 
groups compared with those in the control group  

Table 1. Prime sequences for quantitative reverse transcription followed by polymerase chain reaction 
(qRT-PCR).

Gene Primer Sequences (5’-3’)

b-actin

sense CCAGCCTTCCTTCTTGGGTAT

antisense TTGGCATAGAGGTCTTTACGG

Kcnd2

sense TGACAACACTGGGGTATGGC

antisense CCGACTGAAGTTCGACACGA

Kcnj2

sense TCTCACTTGCTTCGGCTCAT

antisense ACTTGTCCTGTTGCTGGTACA

Irx5

sense GCCTTCTCTTACGTGGGCTC

antisense AGTGGCATTCTTCCGGTACG

a1c (Cacna1c)

sense TCCCGAGCACATCCCTACTC

antisense ACTGACGGTAGAGATGGTTGC

Bax

sense AAACTGGTGCTCAAGGCCC

antisense CTTGGATCCAGACAAGCAGC

Bcl-2 

sense GCTACCGTCGTGACTTCGC

antisense CCCACCGAACTCAAAGAAGG

Casp9

sense TCAGGGGACATGCAGATATGG

antisense TTGGCAGTCAGGTCGTTCTTC

U6 ATGACGTCTGCCTTGGAGAAC

sense TCAGTGTGCTACGGAGTTCAG

antisense

Mmu-miR-1a-3p

     reverse                                          transcription                                 prime

CTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGAGATACAT

sense GCCGCTGGAATGTAAAGAAGT

antisense GTCCGAGGTATTCGCACTGGATA

Mmu-miR-133a-3p 

     reverse                                          transcription                                 prime

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAGCTG

sense GCTTTGGTCCCCTTCAAC

antisense GTCCGAGGTATTCGCACTGGATA
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Figure 1. Macroscopic view of hearts from different groups. A. Fluorescence showing specific staining of green 
(α-actinin) and red (Dy547) for miR-1/133; B. Global view of representative heart from each group; C. The statistical 
analysis of the heart weight/body weight ratio of mice in each group; Ctr — control group; VMC — viral myocarditis 
(VMC) group; NC — VMC + miR-1/133 negative control (NC) group; Mimics — VMC + miR-1/133 mimics (Mimics) 
group. Data are expressed as mean ± standard error (SE). N = 10, *p < 0.01 vs. control group, #p < 0.05 vs. VMC 
and VMC + NC group; for other abbreviations — see text.

Figure 2. MiR-1/133 mimics improved cardiac function of viral myocarditis (VMC) mice. A. Echocardiography showed 
ejection fraction (EF) and fractional shortening (FS) of mice in each group; a. Control group (Ctr), b. VMC group,  
c. VMC + NC group, d. VMC + miR-1/133 mimics group. B. Statistical analysis of EF and FS of different groups. Data 
are expressed as mean ± standard error (SE). N = 10, *p < 0.01 vs. control group, #p < 0.05, ##p < 0.01 vs. VMC and 
VMC + NC group; for other abbreviations — see text.
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(p < 0.01), revealing increased cell death.  
MiR-1/133 mimics significantly reduced the num-
ber of brown nuclei (p < 0.01), indicating decreased 

cell death. The VMC + NC group had the highest 
rate of apoptosis while the control group had the 
lowest (Fig. 3B, C).
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MiR-1/133 mimics improved expression  
of miR-1 and miR-133 in VMC hearts

qRT-PCR data showed that the relative expres-
sion of miR-1 and miR-133 in mouse hearts of the 
VMC and VMC + NC groups was significantly de-
creased compared to the control group (p < 0.05),  
but miR-1/133 mimics increased the expression of 
miR-1 and miR-133 (p < 0.05; Fig. 4A).

MiR-1/133 regulated the mRNA expression 
of apoptosis-related genes Bax, Bcl-2 and 
caspase-9 in VMC hearts

The relative expression of pro-apoptosis-
related genes Bax (p < 0.01), and Casp9 (p < 0.05)  
mRNA in the VMC and VMC + NC groups were 
significantly up-regulated compared with those in 
the control group. However, miR-1/133 mimics 

Figure 4. MiR-1/133 mimics regulated the expressions of miR-1 and miR-133, apoptosis-related genes, potassium 
channel genes and a calcium channel gene. A. The fold changes of miR-1 and miR-133 expression. U6 was used as 
an internal reference and data was normalized to the control group (Ctr). N = 10, *p < 0.05 vs. control group, #p <  
< 0.05 vs. viral myocarditis (VMC) and VMC + NC groups; B, C. The fold changes of apoptosis-related genes Bax, 
Bcl-2, and Casp9, and potassium channel genes Kcnd2, Irx5, Kcnj2, and L-type calcium channel subunit a1c, Cacna1c.
Values were normalized against b-actin as an endogenous control. Data are expressed as mean ± standard error (SE). 
The fold changes of qRT-PCR were determined using the 2–DDCt method. N = 10, *p < 0.05, **p < 0.01 vs. control 
group, #p < 0.05 vs. VMC and VMC + NC groups; for other abbreviations — see text.

Figure 3. MiR-1/133 mimics improved pathological changes and reduced cardiomyocyte apoptosis in viral myocardi-
tis (VMC) mouse hearts. A. H&E staining of myocardium in different group mice (magnification: 10 × 40); a. Control 
group (Ctr), b. VMC group, c. VMC + negative control (NC) group, d. VMC + miR-1/133 mimics group; B. TUNEL 
staining showed cardiomyocytes apoptosis of different group mice (10 × 40). Cells with brown nuclei were TUNEL 
positive, and cells with blue nuclei represented normal cells; a. Control group, b. VMC group, c. VMC+miR-1/133 NC 
group, d. VMC + miR-1/133 mimics group; C. Quantified cell apoptosis data. Data are expressed as mean ± standard 
error (SE). N = 10, *p < 0.01 vs. control, #p < 0.01 vs. VMC and VMC + NC group; for other abbreviations — see text.
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greatly decreased their expression (p < 0.05). 
While the expression of the anti-apoptosis-related 
gene Bcl-2 mRNA was down-regulated in the 
VMC and VMC+NC groups, miR-1/133 mimics 
increased its expression (p < 0.05; Fig. 4B).

MiR-1/133 regulated the relative  
expressions of ion channel genes Kcnd2, 
Kcnj2, Irx5 and a1c in VMC hearts

Compared with those in the control group, 
the relative expression of Kcnd2 and Kcnj2 in the 
VMC and VMC + NC groups were significantly 
down-regulated as revealed by qRT-PCR data  
(p < 0.05), which was attenuated by miR-1/133 
mimics interference (p < 0.05). Also, the relative 
expression of Irx5 and a1c (Cacna1c) was increased 
in VMC and VMC + NC groups compared with the 
control group (p < 0.01), and this increase was 
suppressed by miR-1/133 mimics interference  
(p < 0.05; Fig. 4C).

MiR-1/133 regulated the protein levels  
of Kv4.2, Kir2.1 and L-type calcium  
channel subunit CaV1.2 in VMC hearts

Compared with control mice, the protein levels 
of Ito target protein Kv4.2 and Ik1 target protein 
Kir2.1 in the VMC and VMC + NC groups were 
significantly decreased (p < 0.05), but this decrease 
was suppressed by miR-1/133 mimics. Also, the 
expression of the L-type calcium channel subunit 
protein CaV1.2 was significantly increased in the 
VMC and VMC + NC groups compared with the 

control group (p < 0.01), but again, this increase 
was attenuated by miR-1/133 mimics interference 
(p < 0.05; Fig. 5).

Discussion

MiRs have been shown to be implicated in 
a variety of human diseases, and may serve as 
potential bio-markers in certain diseases once 
released into the circulatory system [13]. Cur-
rently, more than 100 miRs have been identified 
in myocardial cells, and some, if not all, were 
dysregulated in heart diseases [14, 15]. MiR-1 and 
miR-133, which translate together in a bicistronic 
way [16], are specific to muscle and are abundant 
in the heart [17, 18]. MiR-1 and miR-133 play an 
important role in normal cardio genesis [19] and in 
the pathogenesis of several cardiovascular diseases 
including myocardial ischemia-reperfusion injury 
[11], cardiac hypertrophy [20, 21], arrhythmia [22], 
and myocardial infarction [23]. However, their 
involvement in VMC-linked cardiac phenotypes 
has not been explored. The major findings from 
the present investigation include: 1) miR-1/133 
was downregulated in the hearts of VMC mice,  
2) miR-1/133 mimics attenuated cardiac dys-
function and apoptosis in VMC mouse hearts,  
3) miR-1/133 mimics mediated the expression of 
apoptosis-related genes in VMC mouse hearts, and 
4) miR-1/133 mimics mediated the expression of 
potassium and calcium channels in VMC mouse 
hearts. 
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Viral invasion of myocardial cells causes per-
sistent chronic inflammation, subsequently result-
ing in myocardial cell hypertrophy, myocardial cell 
apoptosis, and myocardial fibrosis [24–26]. There-
fore, the progression of VMC will eventually lead to 
heart failure and fatal arrhythmias, which is linked 
to sudden death. In agreement with the above find-
ings, in the present study, the VMC mice induced 
by CVB3 exhibited impaired cardiac function as 
evidenced by reduced EF and FS compared with 
control mice. Under further testing the effects of 
miR1/133 on cardiac function and pathology in VMC 
mice, and found that miR-1/133 mimics ameliorated 
cardiac function and pathological changes of VMC 
mice. This miR-1/133-induced improvement of car-
diac function and pathology might be attributed to 
decreased cardiomyocyte apoptosis in VMC mouse 
hearts. To further understand the molecular basis 
underlying reduced apoptosis by miR-1/133 mim-
ics, qRT-PCR was used to examine the relative 
expression of apoptosis-related genes Bax, Bcl-2 and 
Casp9 in VMC hearts of the different groups. The 
pro-apoptosis-related genes Bax and Casp9, as well 
as the anti-apoptosis-related gene Bcl-2 are the main 
genes involved in the progression of cell apoptosis. 
The present findings suggest that viral infection 
increased the expression of Bax and Casp9 but 
decreased the expression of Bcl-2, and that miR-1/ 
/133 mimics attenuated the changes in the expres-
sion of these three genes. Therefore, it is possible 
that these miR1/133-induced changes contributed to 
the improved cardiac function and pathology of VMC 
mice by miR1/133 mimics. In addition, the current 
findings demonstrate that miR-133 expression was 
inversely proportional with the expression of Casp9 
and was in line with a previous study identifying 
caspase-9 as a target of miR-133 [27]. 

Viral myocarditis patients display different 
arrhythmias, and severe arrhythmia can cause 
sudden cardiac death. Electrical remodeling and 
myocardium structural remodeling are the main 
mechanisms leading to arrhythmia [28], which is 
associated with changes in the activity of ion chan-
nels present on the myocardial cell membrane [29],  
including potassium and calcium ion channels. 
Although many miRs are expressed abnormally in 
many heart diseases, there are few reports regard-
ing the relationship between miR-1 and miR-133 
and the activity of potassium ion channels and cal-
cium ion channels in VMC. For example, miR-1 and 
miR-133 were shown to be involved in the regula-
tion of Kv4.2 and Kir2.1 expression [30], the latter 
of which is the main component of Ik1 and is linked 
to arrhythmia [31]. Also, the aberrant expression of 

miR-1 influenced the activity of Ik1 and its expres-
sion [32, 33]. Kir2.1, which is the main potassium 
channel subunit,plays important roles in initiating 
and maintaining resting membrane potential of 
cardiomyocytes [34], is encoded by Kcnj2, and 
Kcnj2 was targeted by miR-1 [3]. Therefore, the 
aberrant expression of miR-1 could cause abnor-
mality in the structure and function of potassium 
channels, influencing membrane potential stability, 
and result in arrhythmia. In addition, the potassium 
channel subunit Kv4.2, the main component of Ito, 

is rich in cardiomyocytes, and is encoded by the 
Kcnd2 gene. Irx5, a transcriptional repressor of 
Kcnd2, and regulated potassium ion current and 
repolarization of action potentials. MiR-1 was found 
to target Irx5 and thus influenced the expression 
of Kcnd2 [35]. In the present study, it was ob-
served that the aberrant expression of Kcnd2 and 
Kcnj2 in VMC cardiomyocytes, which can result 
in a change of potassium ion concentration and 
influence membrane potential, and therefore may 
contribute to arrhythmia. In line with the above 
reports, it was  also shown herein that there was 
a negative correlation between miR-1 and Irx5. 
Therefore, it was believed that miR-1 improved 
arrhythmia at least in part through mediating the 
expression of Kcnd2 and Kcnj2 and thus, regulating 
potassium concentrations. In addition, the L-type 
calcium channel subunit a1c is the main calcium 
ion channel in myocardium and plays an important 
role in stabilizing calcium concentration in the 
cell and maintaining action potential repolariza-
tion. a1c was identified as a potential target of  
miR-133 [7], which was consistent with the 
present findings that demonstrated a negative 
correlation between miR-133 and a1c. Taken to-
gether, it was speculated that miR-1 and miR-133 
reduced arrhythmia by mediating the expression 
and activity of ion channels, and could serve as 
potential anti-arrhythmic targets.

Conclusions

In summary, this study reports that miR-1/133 
mimics ameliorate cardiac function in VMC mice. 
Mechanistically, miR-1/133 mimics reduce cardio-
myocyte apoptosis by regulating the expressions 
of apoptosis-related genes, improves arrhythmia 
through regulating the expressions of calcium and 
potassium ion channel genes of cardiomyocytes, 
and diminishes cardiac fibrosis in VMC mouse 
hearts. Therefore, miR-1/133 may serve as a po-
tential therapeutic target for treatment of VMC 
in clinics.
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Abstract
Background: Circulating endothelial cells (CEC) may be used to find new strategies for the early di-
agnosis of cardiovascular diseases. The major objective of the project is to broaden knowledge of CEC 
biology by determining their phenotypic characteristics. The additional aim is to clarify whether on the 
basis of these information it is possible to identify the origin of CEC release (from various cardiovas-
cular compartments).
Methods: Circulating endothelial cells were collected from arterial blood prior to angiography, as well 
as from arterial and venous blood obtained after angiography/coronary angioplasty, from 18 patients 
with non-ST-segment elevation myocardial infarction (NSTEMI). CECs were quantified by flow cy-
tometry and defined as Syto16 (dye)+, CD45dim/neg, CD31+ and CD146+. The additional CD36+ was 
establish as a marker of endothelial cells released from small vessels of the microcirculation. 
Results: The total number of CECs increased significantly after the percutaneous transluminal coro-
nary angioplasty (PTCA) in the arterial system. Number of CECs isolated at similar time points (after 
invasive procedure) did not differ significantly between arteries and veins, but the number of CD36+ 
CECs after coronary angioplasty was significantly higher in the venous system, than in the arterial system.
Conclusions: The number of CD36+ in artery samples obtained after coronary angioplasty (PTCA) had 
tendency to be decreased (in comparison to the sample obtained before angiography). It was major difference 
between those who had PTCA performed vs. those who had not. (Cardiol J 2020; 27, 3: 295–302)
Key words: circulating endothelial cells, NSTEMI, diastolic dysfunction
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Introduction

The Holy Grail in cardiology is to ‘predict 
the unpredictable’. This means, that 50% of all 
new cases of ischemic heart disease (IHD) occur 
as myocardial infarction or sudden cardiac death 
[1–7]. It is strange, but there are no clinical tools 
to predict and avoid these episodes. Neither can 
new cardio-vascular episodes be predicted among 
those who suffer from  the established IHD [1].

Circulating endothelial cells (CEC) may be 
used to find early and new strategies for the diag-
nosis of cardiovascular diseases [8–13]. They are 
released into the blood due to reduced adhesion to 
the vessels basement membrane (VBM) as a result 
of mechanical injury, necrosis or apoptosis [8, 13, 
14]. Very little is known about the CEC phenotype, 
which may depend on their state of activation, way 
of release, vascular beds they originate from or the 
caliber of the vessel from which they are derived. 
The isolation and determination of CEC pheno-
type may allow, in combination with troponin 
assessment, for more sophisticated diagnosis of 
patients with acute coronary syndrome (ACS), 
as well as to distinguish from this group subjects 
with impaired coronary microcirculation. Ad-
ditionally, it could be possible that based on the 
assessment of CEC phenotype, patients who are 
at risk for a new or another cardiovascular event 
would be identified.

Owing to the above, it was decided to focus 
on a cohort with a new onset of coronary artery 
disease in shape of ACS (with no history of cardio-
vascular events). The CECs level can be increased 
in all ACS patients, but the most pleasant objects 
for CEC studies are subjects with non-ST-segment 
elevation myocardial infarction (NSTEMI). The 
first reason is the wide variety of CEC sources 
(large epicardial CEC, microvascular CEC’s) and 
the mechanisms leading to their release, i.e. me-
chanical injury and microvascular disturbances. 

Secondly, the fact that according to European 
Society of Cardiology (ESC) guidelines more time 
is possible for clinical evaluation of NSTEMI pa-
tients before the decision to perform the diagnostic 
angiography to be done.

The purpose of the study is to:
 — find differences in number of CECs between 

subjects who underwent percutaneous trans-
luminal coronary angioplasty (PTCA) and 
those who did not;

 — find quantitative differences between CECs 
depending on vascular beds that they are 

derived from (venous system vs. arterial 
system);

 — establish the origin of isolated CECs depend-
ing on the compartment of arterial system of 
origin (artery vs. microcirculation);

 — find differences in the amount of CECs isolated 
from the arterial system, depending on the way 
of their release before and after mechanical 
injury, (i.e. before and after PTCA).

Methods

Patients and study design
The study was carried out at the Department 

of Cardiology of J. Strus Hospital, Poznan, Poland 
between 2014 and 2016. Protocol was conducted 
according to guidelines stated in the Declaration 
of Helsinki and was approved by the local bioethics 
commission. All subjects were informed about the 
aim of the study and gave their written consent.

The study group consisted of patients suffer-
ing from ACS/NSTEMI/their first cardiovascular 
episode ever. The additional inclusion criteria was 
an impaired left ventricular (LV) diastolic function 
in echocardiography. Left diastolic dysfunction 
was defined when all echocardiographic features 
at admission were observed: E/A < 1, e’/a’ < 1 
from lateral wall, isovolumetric relaxation time  
> 0.1 s, deceleration time of wave E was > 0.15 s. 

Patients were qualified for an acute coronary 
angiography (due to the ACS guidelines). Research 
material was arterial blood obtained before angiog-
raphy (when the arterial sheet was fixed) and after 
coronary angiography/angioplasty (blood was col-
lected from the arterial sheet before it was released 
after the invasive procedure). The last, venous 
blood collection was done from the ulnar vein. It 
was performed strictly 30 min after removing the 
arterial sheet after the angiography/angioplasty. 

The exclusion criteria was lack of diastolic 
dysfunction in ACS/NSTEMI subjects, observed 
in screening echocardiography before diagnostic 
coronary angiography. 

Coronary angiography was performed no later 
than 24 h after admission, in accordance with the 
ESC guidelines for management in NSTEMI.

The study was organized in three phases:
 — selection of 18 patients with appropriate clini-

cal characteristics;
 — identification and quantification of CECs and 

microvascular CEC (mvCECs) using flow 
cytometry;

 — statistical analysis of collected data.
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CEC quantification and characterization  
by flow cytometry

Circulating endothelial cells were detected 
by flow cytometry using a panel of monoclonal 
antibodies and nuclear staining Syto16. CECs were 
defined as DNA+, CD45dim, CD31+ and CD146+. 
mvCECs were identified as CD36+ CEC. In the 
staining procedure, whole blood samples (500 µL)  
were incubated with FcR blocking Reagent (Milt-
enyi) for 15 min at 4°C, and then with the respec-
tive antibody mixtures for 40 min at 4°C. After red 
cell lysis with High-Yield Lyse (Life technologies) 
for 15 min at room temperature, samples were  
centrifuged and resuspended in FACS buffer  
(PBS + 0.5% BSA + 0.5 mM EDTA + 0.05% 
NaN3). Due to high variability associated with the 
detection of cell populations with low frequency, 
samples were stained and measured in triplicate. 
Acquisition was done using a LSR II Flow Cytom-
eter (BD Biosciences), equipped with 488-, 633-, 
and 405-nm lasers. Flow cytometer setup and 
calibration were performed using CS&T beads (BD 
Biosciences). For sample acquisition, mononuclear 
cells (PMNCs) were set as the stopping gate with 
a threshold of 5 × 105 PMNCs. Data was acquired 
using FACSDiva 6.0 Software (BD Biosciences) 
and data analysis was performed using Flowjo 10. 
Fluorescence compensation was performed by us-
ing BD™ CompBeads Set Anti-Mouse Ig. CECs and 
EPCs levels were first calculated as a percentage 
of PMNC. Absolute counts (cells/mL) were then 
determined by multiplying the CEC or EPC per-
centage of the PMNC by the absolute PMNC count 
obtained in separate tubes by using Flow-Count™ 
Fluorospheres (Beckmann Coulter).

Laboratory tests
Laboratory tests were performed using com-

mercially available diagnostic kits. The serum 
creatinine concentration was determined by Jaffe’s 
reaction using Roche Cobas C (Hitachi, Germany). 
Creatinine clearance and glomerular filtration rate 
were estimated using formulas from Cockroft-
Gault. Potassium and sodium concentrations were 
determined by potentiometry using the Cobas 
System 6000 (Roche Diagnostics, Germany). As-
sessments of peripheral blood counts were per-
formed using Sysmex XT2000i, the US system. 
Concentration of urea, uric acid, total cholesterol, 
triglycerides and high-density lipoproteins were 
quantified using enzymatic colorimetric method 
(Cobas C Roche/Hitachi, Germany) with specific 
reagents. The concentration of low-density lipopro-
teins was calculated using the Friedewald formula.

Statistical analysis
After applying the Shapiro-Wilks test to deter-

mine a normal distribution of data, noncategorical data 
distributed normally was expressed as mean (SD) 
and data distributed non-normally was expressed 
as median (interquartile range [IQR]). The Student  
t-test was used for variables with normal distribution 
(for two independent and dependent variables). The 
Mann-Whitney U test (for two independent variables) 
and the Sign test as well as the Wilcoxon matched 
pairs test (for two dependent variables) were used 
for variables without normal distribution. Statistical 
significance was set at p < 0.05. The correlation be-
tween variables showing a normal distribution was 
evaluated with the Pearson coefficient, whereas the 
Spearman rang correlation coefficient was applied for 
variables with a non-normal distribution. All analyses 
were performed with STATISTICA 7.0 (Statsoft, 
USA) and SPSS-20 (IBM, USA).

Results

Demographic data
The study group consisted of 18 patients (14 

males, 4 females) with a median age of 66.6 (60–73) 
years with NSTEMI, and with additional echocar-
diographic features of LV diastolic dysfunction; 
moreover, this was their first episode of cardio-
vascular disease. The median body mass index of 
the study group was 24.7 (22.6-28.7) kg/m2. Each 
patient received pharmacotherapy before index 
hospitalization. The clinical, biochemical and de-
mographic characteristics are provided in Table 1.

Coronary artery angiography was performed 
in all patients and additional coronary angioplasty 
was performed in 14 (77.8%) cases. Among the 
patients who underwent angioplasty, 5 (27.8%) 
had stents placed in the left descending artery,  
3 (16.7%) in left circumflex artery and 1 (5.5%) in 
left intermedia artery. One patient received stents 
to both the left circumflex and left intermedia ar-
tery. The right coronary artery had been stented 
in 4 (22.2%) subjects.

During hospitalization patients received an-
giotensin converting enzyme inhibitors (75% of 
the subjects), angiotensin receptor blockers (10% 
of the subjects), beta-blockers in (85% of the 
subjects), statins (100% of the subjects), diuret-
ics (20% of the subjects), and mineralocorticoid 
receptor antagonists (10% of the subjects).

Echocardiographic characteristics 
The echocardiographic parameters at hospital 

admission are provided in Table 2. LV diastolic 
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dysfunction (inclusion criteria) at various levels 
of severity were present in all patients.

There was no significant improvement ob-
served in diastolic function in echocardiography  
the following day, subsequent to angiography (or 
coronary artery angioplasty following ACS) (data 
not provided).

Characterization of CECs present before 
angiography in radial artery, and after  
coronary angiography/angioplasty  
in radial artery and brachial vein

Characteristics and levels of CECs obtained 
in the studied groups are shown in Table 3. The 
number of CECs after the angiography/angioplasty 
increased in the arterial system in the whole group. 

In the venous system, although observed CEC 
cell numbers were highest, differences were not 
statistically significant. The number of CD36+ 
(microvascular) cells after coronary angiography/ 
/angioplasty did not change significantly in the ar-
terial system, but was significantly higher in vein, 
although the blood was collected during a similar 
period following an invasive cardiac procedure (30 
min after the invasive procedure).

A comparison between subjects who had coro-
nary angioplasty performed vs. those who did not 
(in artery before and after angiography and artery 
vs. vein after angioplasty) is provided in Table 4. 
The number of CEC, CEC per 106 PMNC, the per-
centage of mvCEC on total CECs, measured before 
and after angiography in artery (as well as before 

Table 1. Biochemical, clinical and demographic characteristics of patients at hospital admission.

Median Percent Interquartile range

Laboratory parameter

RBC [106/µL] 4.4 4.2–4.7

HGB [g/dl] 13.8 12.6–14.7

HCT [%] 39.8 38.2–42.5

WBC [103/µL] 7.1 6.2–8.5

K+ [mmol/L] 4.2 3.8–4.47

TSH [uIU/mL] 1.1 0.7–2.1

TC [mmol/L] 4.9 4.5–5.8

LDL [mmol/l] 3.1 2.2–4.1

HDL [mmol/L] 1.3 1.1–1.4

TG [mmol/L] 1.6 1.1–1.8

CRP [mg/L] 1.7 1.1–5.5

BNP [pg/mL] 89.6 49.3–221.5

Creatinine [µmol/L] 94 79–105

ALAT [U/L] 19 15–29

Tn max [ng/L] 2645 1910–4244

Radiology parameter

Mean time of coronary angiography + PTCA [min] 27.7 17–34

The balloon inflation time during angioplasty [s] 25 12.5–30

Number of patients with performed PTCA = 14

Average number of implanted stent per patient = 1.14

Demographic data

Dysglicemia (IFG, IGT, diabetes) 65%

Dyslipidemia 55%

Hypertension 55%

Chronic kidney disease 20%

Heart failure 15%

RBC — red blood count; HGB — hemoglobin; HCT — hematocrit; WBC — white blood count; K+ — potassium; TSH — thyroid stimulating 
hormone; TC — total cholesterol; LDL — low density lipoprotein; HDL — high density lipoprotein; TG — triglycerides; CRP — C-reactive  
protein; BNP — B-type natriuretic protein; ALAT — alanine aminotransferase; Tn — troponin; PTCA — percutaneous transluminal coronary 
angioplasty; IFG — impaired fasting glucose; IGT — impaired glucose tolerance
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Table 2. Echocardiographic characteristics (before coronary-angiography).

Echocardiographic parameter Median Interquartile range 

Ejection fraction [%] 58.5 55–63

Right ventricular diastolic diameter [mm] 27 23–31

Interventricular septum diastolic diameter [mm] 12.5 12–15

Posterior wall diastolic diameter [mm] 11.5 10–12

Left ventricular end-diastolic diameter [mm] 45.5 44–48

Left atrium diameter [mm] 34.5 34–38

Diameter of aorta (valve ring) [mm] 19.5 19–23

Mitral flow rate, wave E [m/s] 0.4 0.38–0.56

Mitral flow rate, wave A [m/s] 0.6 0.52–0.67

E/a’ 9.5 7–11

Deceleration time of E wave mitral flow [ms] 196.5 156–247

Isovolumetric relaxation time [ms] 118.5 104–133

Lateral wall, flow rate, wave e’ (tissue Doppler) [m/s] 0.05 0.04–0.07 

Lateral wall, flow rate, wave a’ (tissue Doppler) [m/s] 0.07 0.05–0.08

Acceleration time of right ventricular outflow [ms] 121 104–133

Table 3. Characterization and quantification of circulating endothelial cells (CEC) in the radial artery  
before angiography, and after coronary angiography/angioplasty from the radial artery and brachial vein. 

Parameter Before angiography  
(artery A1)

After angiography  
(artery A2)

After angiography  
(vein)

CEC/mL 63.9 (35.8–91.2) 99.1 (49.8–189.9)* 123.0 (28.4–299.2)

CEC per 106 PMNC 23.4 (13.0–32.4) 42.1 (22.8–61.9)** 58.5 (9.8–95.3)#

mvCEC/mL 28.9 (13.3–47.8) 26.2 (9.8–43.0) 51.2 (16.4–107.8)

mvCEC% of total CEC 53.5 (34.0–78.3) 23.2 (11.2–44.8)*** 41.4 (14.5–77.6)$ 

Data are shown as median (interquartile range). Arterial 1 vs. arterial 2: *p < 0.005, **p < 0.05, ***p < 0.05; Arterial 1 vs. vein: #p < 0.05; 
Arterial 2 vs. vein: $p < 0.05

Table 4. The comparison between subjects who had percutaneous transluminal coronary angioplasty 
(PTCA) performed vs those who did not have the operation performed. 

Parameter Patients without PTCA  
before angiography

Patients with PTCA performed  
before angiography

Artery A1 Artery A1

CEC/mL 255.5 (85.5–425.5) 63.4 (35.7–87.4) 

CEC per 106 PMNC 48.6 (28.8–68.5) 21.1 (12.4–27.9)

mvCEC/mL 90.5 (46.1–135) 36.5 (16.5–49.5) 

mvCEC% to CEC [%] 53.8 (31.1–76.4) 55.9 (43.3–80)

Artery A2 Artery A2

CEC/mL 401.8 (53.9–749.7) 88.7 (33.6–188.6)

CEC per 106 PMNC 73.5 (20.6–126.4) 42 (19.9–61)

mvCEC/mL 92.5 (44.4–140.6) 25 (8.8–42.2)

mvCEC% to CEC [%] 50.6 (19.3–81.2) 30.2 (14.6–45) 

Vein Vein

CEC/mL 403 (72.1–734) 135.3 (34.8–230.8) 

CEC per 106 PMNC 62 (33.4–90.6) 61.1 (9.6–100)

mvCEC/mL 160.6 (55.4–265.8) 53 (24.8–73.5)

mvCEC% to CEC [%] 56.4 (35.4–77.3) 46.1 (24.1–77.8)

Data are shown as median (interquartile range). P = not significant. CEC/ml — CEC per mL of peripheral blood; PMNC — CEC per 106 peripheral 
mononuclear blood cells, mvCEC/mL — CD36+ per mL of peripheral blood, %mvCEC to CEC — the CD36+ to all CEC per ml of peripheral blood
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angiography in artery and after angiography in 
vein) did not change significantly between patients 
who underwent PTCA and those who didn’t. Proper 
analysis of dependent samples in the mentioned 
groups were unable to perform due to small number 
of subjects (only group comparisons were done).

Coronary angiography characteristics and 
its potential influence on CEC counts

In 1 patient a myocardial bridge, which sig-
nificantly narrowed the left descending artery, 
was found. He did not have PTCA performed. 
One patient was diagnosed with severe coronary 
atherosclerosis and was qualified for acute surgi-
cal coronary artery by-pass grafting procedure, so 
no PTCA performed. Another subject showed no 
significant coronary stenosis. In this case PTCA 
was also not performed, but from the clinical data 
it was possible to diagnose takotsubo cardiomyopa-
thy. Angioplasty with implantation of 2 drug-eluting 
stents was performed in 2 patients. Long-lasting 
(58, 50, 40 min) and very complicated PTCA took 
place in 3 patients. High values of myocardial 
necrosis-troponin released markers were observed 
in 6 patients (25000, 6580, 5904, 4244, 3280, 2645 
ng/mL). In 1 patient, no reflow phenomenon was 
observed after angioplasty. In another patient, ad-
ditional severe aortic stenosis was observed but 
PTCA had not been performed.

Circulating endothelial cells and clinical data
Total CECs and CD36+ mvCEC were associ-

ated with individual clinical parameters. The ratio 
of CD36+ to all CEC per ml in arterial blood before 
angiography correlated with hemoglobin level (r = 
= 0.61) and reversely correlate with mean platelet 
volume (MPV; r = –0.78). MPV was positively 
correlated with CEC count (r = 0.57). CD36+ in 
arterial blood before angiography correlated with 
high density lipoprotein (r = 0.6), and reversely 
with triglycerides (r = 0.6). 

In arterial blood after coronary angiography/ 
/angioplasty: CEC count was correlated with 
sodium and creatinine concentration (r = 0.49,  
r = 0.52, respectively), CD36+ with creatinine and 
white blood count (r = 0.49, r = –0.55, respectively. 
In vein blood CEC count was reversely correlated 
with total cholesterol and low density lipoprotein  
(r = –0.63, r = –0.063, respectively). Venous 
CD36+ were positively correlated with platelets  
(r = 0.49) and reversely correlated with MPV  
(r = –0.56), Total CECs and CD36+ mvCEC were 
also associated with various echocardiographic 
markers of LV relaxation dysfunction. However, 

due to weak correlation and lack of repeatability, 
these results were not provided. 

Discussion

Circulating endothelial cells were identified and 
described for the first time in the 1970s. However, 
available literature is ambiguous in several key is-
sues [8, 14]. In the beginning, there was no clear 
definition of the term “circulating endothelial cells” 
[15]. Discrepancies in the definition of CECs were 
caused by a lack of the consensus on the nature of 
specific surface antigens, as well as what the size 
and shape of isolated particles/cells needed to be [8]. 
For these reasons, results obtained from individual 
authors significantly differed one from another [14].

After finding consensus on phenotypic char-
acteristics specific to the CECs (CD146+, CD31+, 
CD36+), another source of variability between 
different studies was caused by the different tech-
nologies used for identification and quantification of 
these cells [8, 15–17]. Immunomagnetic methods 
allowed for isolation of cells on the basis of one 
specified surface antigen, therefore with less of 
specificity than compared to flow cytometry, which 
can use several different fluorescent-active anti-
bodies. Moreover, most of the studies aimed only to 
quantify circulating cells rather than qualitatively 
analyze them [16–20]. 

The presence of CECs in the bloodstream 
is a physiological phenomenon resulting from 
impaired adhesive interactions between the base-
ment membrane and endothelium [8, 14, 15]. 
The observed increase in the number of CECs is 
caused by a temporary impairment of the adhesive 
homeostasis by mechanical injury, apoptosis or 
necrosis [8, 14, 15]. Moreover, released CECs have 
different phenotypes depending on the activation 
properties, mode of their release (necrosis, apop-
tosis, mechanical damage) or their vascular origin. 
The most important factors which contribute to 
pathogenesis of CECs production are myocardial 
ischemia, inflammation, diabetes as well as thyroid 
or renal disturbances [21]. In the present study  no 
significant CEC association with dysglicemia was 
observed, dyslipidemia with reduced LV ejection 
fraction or hypertension was also not observed. 
There were also no quantitative and phenotypic dif-
ferences in CEC isolated from arterial and venous 
blood samples among patients with dysglicemia, 
dyslipidemia and reduced ejection fraction. Never-
theless, proper statistical analysis was not possible 
due to the small group and large heterogeneity of 
the cohort. 
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Literature data shows that the number of 
CECs detected in the arterial system or venous 
system are similar, while there is no data con-
cerning CEC phenotype differences between 
these compartments [8, 14, 15]. The goal herein, 
was to compare the number and type of cells 
present in the arterial system after angiography/
angioplasty, and 30 min after an invasive proce-
dure from the venous system. It was found that 
the total number of CEC cells isolated at similar 
time points did not differ significantly between 
arterial and venous compartments. Little varia-
tion in CEC count was probably due to different 
time points of cell isolation (30 min delay between 
arterial and venous blood collection), rather than 
differences between these vascular compartments.  
A significantly higher number of cells with CD36+ 
phenotype was observed in the venous system 
when it was compared to artery samples (before or 
after angiography/angioplasty). This was the only 
difference between arterial and venous systems in 
the context of isolated endothelial cells, that hadn’t 
been described previously in the literature. 

In the studied cohort, the total number of 
CECs detected in the blood before angiography 
was lower than the number of CECs obtained 
after angiography/angioplasty from both arterial 
and venous system. It may be speculated that this 
confirms results of other authors and possible 
cause of the phenomenon is increased CEC release 
after mechanical injury during angioplasty [8, 14, 
15]. There was no such observation in those who 
had not been treated with PTCA. The number of 
CECs was high at baseline and in the following 
time it was increasing, but not significantly. It may 
be speculated, that it could be explained rather by 
chronic myocardial ischemia which leads to low 
or moderate CECs increase, than other causes. 
However, absolute variability of the CECs number 
between patients who had vs. those who had not 
been treated with PTCA was not relevant.

This pilot study also aimed to find various 
sources of CEC. In subjects with clinically relevant 
ischemia (according to ESC ACS guidelines) ac-
companied by clinical probability of microcircula-
tory disturbances represented by diastolic dysfunc-
tion which were hoped to collect CEC originated 
from different vascular beds. It was found and dis-
tinguished that CD36+ from CD36–. There were no 
significant differences in the number of CD36+ in 
various blood collection time points. Interestingly, 
the number of CD36+ in artery samples obtained 
after coronary angioplasty (PTCA) had  tended to 
be decreased (in comparison to samples obtained 

before angiography). The CD36+ in following 
blood samples tended to be increased in patients 
who had no angioplasty performed. There was 
major difference between those who had PTCA 
performed vs. those who had not. This phenome-
non  could not be properly explained. It is possible 
that it may have been a chance  result. Secondly, it 
may only be speculated that angioplasty preserves 
blood supply to the myocardium and also improves 
homeostasis of microcirculation, which reduces 
the unpleasant effect of ischemia and diminishes 
CEC release. Patients without PTCA had their 
ischemia not reversed (complex epicardial and 
microcirculatory ischemia), and could explain the 
CD36+ increase.

The clinical application of this study is that 
isolation and determination of CEC phenotype is 
possible and that angioplasty of the epicardial coro-
nary artery may influence the profile of released 
endothelial cells. Further studies on quantitative 
CEC properties are required, the purpose is to al-
low better distinction in angina subjects and those 
with impaired coronary microcirculation.

Limitations of the study
Due to a very small size of the group studied 

and the fact that statistical analysis cannot be per-
formed for some parameters, results of the project 
should be interpreted as descriptive statistics. 
Another limitation was that the CEC results were 
not compared to other clinical groups of patients 
(i.e. healthy volunteers), which however was 
not a primary endpoint of the project’s plan. The 
purpose of the study was confirmation of the no-
tion that CEC count’s variability depends on their 
vascular origin. It is worth noting that although 
the study group was small due to the highly selec-
tive inclusion criteria, its undoubted advantage is 
its homogeneity (according to various sources of 
CEC). The blood was obtained from patients with 
suspected coronary microvascular disturbances 
and hemodynamic decompensation due to con-
comitant changes in the epicardial artery during  
the course of NSTEMI. Such groups with various 
sources of CEC in average patients have, as of yet, 
not been described in the literature.

Finally, there are no known markers that can 
be used to distinguish CECs derived from coro-
nary microcirculation from other microcirculation 
locations. That is why, they were excluded from 
patients studied having suspected peripheral artery 
disease of any kind. The phenotypic features that 
differentiate CEC from various micro-circulating 
beds are a separate subject of interest.
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Conclusions

The number of CECs after PTCA increased 
significantly in the arterial system. In the venous 
system, although the observed CEC cell numbers 
were the highest, differences were not statistically 
significant.

The number of cells with CD36+ phenotype 
after coronary angioplasty did not change signifi-
cantly in the arterial system, but was significantly 
higher in vein, although the blood was collected 
during a similar period following an invasive cardiac 
procedure.
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Both plaque macrophage infiltration [1] and 
calcification [2] are recently suggested character-
istics of plaque vulnerability in coronary lesions. 
Each of these two morphologic characteristics may 
foster the other [3, 4]. Thus, the aim herein, is to 
evaluate this interdependence using optical coher-
ence tomography (OCT), which, due to its supreme 
resolution, has the ability to detect both features.  
A recent study defined colocalization of macro-
phages and calcification (ColocCaMa) as a dis-
tance < 100 µm between plaque macrophages 
and calcification. In this work an association was 
described between ColocCaMa and the more 
heavily calcified, but also less advanced and more 
vulnerable coronary lesions [5]. An example of 
ColocCaMa is shown in Figure 1A. In the pres-
ent follow-up study, the aim was to investigate 
whether this more vulnerable plaque phenotype 
in the presence of ColoCaMa translates into more 
cardiovascular events.

One hundred and fifty five patients were pro-
spectively enrolled, who underwent percutaneous 
coronary intervention (PCI) of the target lesion due 
to stable angina (116, 74.8%) or acute coronary 
syndrome (ACS; 39, 25.2%) between 2012 and 2014 
at the University Hospital of the RWTH Aachen, 
Germany. Patients were enrolled consecutively on 
days in which the study team was available. Further 

inclusion criteria were the suitability of the coro-
nary target lesion for OCT analysis, as well as the 
presence of calcification within the target segment. 
A standardized follow-up was then performed with 
a median follow-up of 5.4 years (IQR 4.4–5.8).  
25 patients were lost to follow-up, thus resulting 
in 130 patients with complete information. Death 
from any cause, new onset of myocardial infarction 
(MI), as well as emergent coronary revasculariza-
tion and the composite endpoint of the three were 
noted. Written informed consent was obtained from 
all patients. The study was approved by the local 
ethics committee and conforms to the declaration 
of Helsinki. All statistical analyses were performed 
with SPSS (IBM Corp., Armonk, NY, USA).

Baseline age was 69.6 ± 8.4 years; 26 (20%) 
patients suffered an ACS at inclusion. Prevalence 
of cardiovascular risk factors was high: 63.1% 
presented with diabetes, 85.4% hypertension and 
62.3% hyperlipidemia. A thin-capped fibroatheroma 
was present in 34 (26.1%) patients, macrophage 
infiltration in 48 (36.9%) patients and ColocCaMa 
in 23 (17.6%) patients. Frequency of thin-capped 
fibroatheroma was similar in patients with and 
without ColocCaMa (28 [26.2%] vs. 6 [26.1%],  
p = 0.393). Inter- and intraobserver variability for 
the assessment of the presence of macrophages 
were 0.916 and 0.925, respectively.
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At follow-up, 29 (22.3%) deaths, 26 (20%) new 
MI and 43 (33.1%) emergent coronary revascular-
izations were registered. The composite endpoint 
was met by 65 (50%) patients. This high incidence 
of adverse cardiovascular events may be explained 
by the high cardiovascular risk profile of the en-
rolled population. No difference in the frequency 
of thin-capped fibroatheroma (20 [35.1%] vs.  
14 [28.6%], p = 0.617) was detected among pa-
tients with or without adverse outcome at follow-
up, whereas patients with adverse outcome showed 
more frequent plaque macrophage infiltration  
(32 [53.3%] vs. 20 [32.3%], p = 0.019). In contrast 
to a previous study [6], in-stent minimal lumen 

area < 4.5 mm2, narrowing of proximal or distal 
stent edges or distal dissection did not predict 
adverse outcome, probably due to the routine 
use of OCT-guided PCI-optimization. Using Cox-
regression analysis, patients with ColocCaMa 
showed a significantly higher incidence of the 
composite endpoint of death from any cause, MI 
and coronary revascularization (HR 1.83, 95% CI 
1.03–3.24, p = 0.039). In patients with ColocCaMa 
this increased risk for the composite endpoint is 
sustained over time and curves derived from Cox 
regression analysis are depicted in Figure 1B. 
Following adjustment for clinical presentation 
(ACS vs. stable angina), age, sex, glomerular filtra-

Figure 1. ColocCaMa in the coronary target/culprit lesion is associated with adverse cardiovascular outcome;  
A. A representative optical coherence tomography image of a ColocCaMa is shown; macrophage accumulation is 
marked with a white arrow, and calcification with a yellow border; B. The event-free curves derived from the Cox-
-regression show that in the presence of ColocCaMa (green line) in the target/culprit lesion, patients show a higher 
incidence of the composite endpoint of death from any cause, myocardial infarction and coronary revascularization; 
C. The forest-plot for single and composite endpoints is shown after adjustment for clinical presentation (acute coro-
nary syndrome vs. stable angina), age, sex, glomerular filtration rate and relevant cardiovascular risk factors (body 
mass index, active nicotine use, presence of diabetes mellitus, hypertension, hyperlipidemia).
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tion rate and relevant cardiovascular risk factors 
(body mass index, active nicotine use, presence of 
diabetes mellitus, hypertension, hyperlipidemia) 
ColocCaMa still represented a significant risk 
factor for the composite endpoint (HR 1.98, 95% 
CI 1.07–3.67, p = 0.030, Fig. 1C). Furthermore, 
ColocCaMa was associated with death from any 
cause (HR 2.69, 95% CI 1.01–7.30, p = 0.049) 
and MI (HR 2.91, 95% CI 1.04–8.15, p = 0.043), 
whereas emergent coronary revascularization (HR 
1.93, 95% CI 0.94–4.00, p = 0.075) did not reach 
significance in the adjusted model. Furthermore, 
in order to avoid any possible bias due to patients 
lost at follow-up, a multiple imputation analysis was 
performed, which confirmed the higher risk of the 
composite endpoint in patients with ColocCaMa 
(OR 1.78–1.82, p = 0.039–0.046).

The present group previously demonstrated 
that ColocCaMa is associated with a more vulner-
able plaque phenotype [5]. In this study it was dem-
onstrated that this translates into higher incidence 
of the composite endpoint of death from any cause, 
MI and coronary revascularization at follow-up. 

 Postinterventional OCT was performed in all 
patients, and relevant stent edge dissections or 
stent malappositions were treated immediately. 
Thus, it seems unlikely that the higher event 
rate in patients with ColocCaMa is caused by me-
chanical effects following coronary intervention. 
Furthermore, it has to be noticed that the survival 
curves progressively diverge over time suggesting 
an atherosclerosis-mediated effect. This is in line 
with the role of macrophages and microcalcifica-
tions as active players in atherogenesis and plaque 
destabilization. Even though stent implantation 
was performed in all the current patients, the data 
may be interpreted in light of the current concept 
of “vulnerable patient”, i.e. patients with a ten-
dency towards multifocal vulnerable lesions [7]. 
Specifically, previous OCT studies demonstrated 
more vulnerable lesions in non-culprit vessels of 
patients with ACS compared to stable coronary ar-
tery disease [1, 8]. In this scenario, ColocCaMa may 
be a marker of patient vulnerability, thus unmasking 
the higher risk of certain sub-populations. On the 
other hand, ColocCaMa could also be associated 
with an accelerated local neo-atherosclerosis fol-
lowing stent implantation, which may therefore lead 
to re-stenosis and eventually to adverse outcomes. 
However, as standardized follow-up coronary angi-
ographies were not performed in this study due to 
ethical reasons, it is still unclear if the composite 
endpoint is driven by a non-culprit lesion or culprit 

lesion stent failure due to ColocCaMa — this needs 
to be investigated in future studies.

Given that both plaque macrophages and mi-
crocalcifications increase plaque destabilization, 
it is tempting to speculate about a causal role of 
ColocCaMa in the genesis of plaque vulnerability 
and future cardiovascular events. However, due 
to the study design it remains unclear whether 
ColocCaMa is causally involved in plaque destabi-
lization or merely reflects a localized or systemic 
vulnerable coronary artery disease. In the present 
study, there was not sufficient information on 
target lesion revascularization during follow-up. 
Moreover, although the inter- and intraobserver 
variability in detecting macrophage infiltration is 
acceptable and a recent study using directional 
atherectomy showed good accuracy of accepted 
OCT-criteria [9] in detecting macrophages [10], the 
presence of ColocCaMa was not directly validated 
using histopathology in this study due to the study 
design. A promising tool for macrophage detection 
may be offered by computer-based reconstruc-
tions, however, they were not used in this project. 
Furthermore, the small number of patients did not 
allow drawing definite conclusions about a possible 
correlation of other features of plaque vulnerability 
with adverse outcome.

In summary, the present data suggests and 
may allow others to identify a subgroup of patients 
with high cardiovascular risk and  indicates Coloc-
CaMa to be a novel vulnerable plaque feature. 

Conflict of interest: None declared

References

1. Kato K, Yonetsu T, Kim SJ, et al. Nonculprit plaques in patients 
with acute coronary syndromes have more vulnerable features 
compared with those with non-acute coronary syndromes:  
a 3-vessel optical coherence tomography study. Circ Cardio-
vasc Imaging. 2012; 5(4): 433–440, doi: 10.1161/CIRCIMAG-
ING.112.973701, indexed in Pubmed: 22679059.

2. Reith S, Milzi A, Dettori R, et al. Predictors for target lesion microcal-
cifications in patients with stable coronary artery disease: an optical 
coherence tomography study. Clin Res Cardiol. 2018; 107(9): 763– 
–771, doi: 10.1007/s00392-018-1243-1, indexed in Pubmed: 29654434.

3. Aikawa E, Nahrendorf M, Figueiredo JL, et al. Osteogenesis as-
sociates with inflammation in early-stage atherosclerosis evalu-
ated by molecular imaging in vivo. Circulation. 2007; 116(24): 
2841–2850, doi: 10.1161/CIRCULATIONAHA.107.732867, in-
dexed in Pubmed: 18040026.

4. Nadra I, Mason JC, Philippidis P, et al. Proinflammatory activa-
tion of macrophages by basic calcium phosphate crystals via 
protein kinase C and MAP kinase pathways: a vicious cycle of 
inflammation and arterial calcification? Circ Res. 2005; 96(12): 

www.cardiologyjournal.org 305

Mathias Burgmaier et al., Colocalization of plaque macrophages and cardiovascular outcomes

http://dx.doi.org/10.1161/CIRCIMAGING.112.973701
http://dx.doi.org/10.1161/CIRCIMAGING.112.973701
https://www.ncbi.nlm.nih.gov/pubmed/22679059
http://dx.doi.org/10.1007/s00392-018-1243-1
https://www.ncbi.nlm.nih.gov/pubmed/29654434
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.732867
https://www.ncbi.nlm.nih.gov/pubmed/18040026


1248–1256, doi: 10.1161/01.RES.0000171451.88616.c2, indexed 
in Pubmed: 15905460.

5. Burgmaier M, Milzi A, Dettori R, et al. Co-localization of plaque 
macrophages with calcification is associated with a more vulner-
able plaque phenotype and a greater calcification burden in coro-
nary target segments as determined by OCT. PLoS One. 2018; 
13(10): e0205984, doi: 10.1371/journal.pone.0205984, indexed in 
Pubmed: 30356326.

6. Prati F, Romagnoli E, La Manna A, et al. Long-term consequenc-
es of optical coherence tomography findings during percutaneous 
coronary intervention: the Centro Per La Lotta Contro L’infarto — 
Optimization Of Percutaneous Coronary Intervention (CLI-OPCI)  
LATE study. EuroIntervention. 2018; 14(4): e443–e451, doi: 
10.4244/EIJ-D-17-01111, indexed in Pubmed: 29633940.

7. Naghavi M, Libby P, Falk E, et al. From vulnerable plaque to 
vulnerable patient. A call for new definitions and risk assessment 
strategies: Part I. Circulation. 2003; 108(14): 1664–1672, doi: 
10.1161/01.cir.0000087480.94275.97.

8. Vergallo R, Ren X, Yonetsu T, et al. Pancoronary plaque vulner-
ability in patients with acute coronary syndrome and ruptured 
culprit plaque: a 3-vessel optical coherence tomography study. 
Am Heart J. 2014; 167(1): 59–67, doi: 10.1016/j.ahj.2013.10.011, 
indexed in Pubmed: 24332143.

9. Tearney GJ, Regar E, Akasaka T, et al. Consensus standards for 
acquisition, measurement, and reporting of intravascular optical 
coherence tomography studies: a report from the International 
Working Group for Intravascular Optical Coherence Tomography 
Standardization and Validation. J Am Coll Cardiol. 2012; 59(12): 
1058–1072, doi: 10.1016/j.jacc.2011.09.079, indexed in Pubmed: 
22421299.

10. Habara M, Otsuka F, Tsuchikane E, et al. In vivo tissue  
characterization of human atherosclerotic plaques by optical  
coherence tomography: A directional coronary atherectomy 
study with histopathologic confirmation. Int J Cardiol. 2018; 
268: 1–10, doi: 10.1016/j.ijcard.2018.05.022, indexed in Pubmed: 
29804698.

306 www.cardiologyjournal.org

Cardiology Journal 2020, Vol. 27, No. 3

http://dx.doi.org/10.1161/01.RES.0000171451.88616.c2
https://www.ncbi.nlm.nih.gov/pubmed/15905460
http://dx.doi.org/10.1371/journal.pone.0205984
https://www.ncbi.nlm.nih.gov/pubmed/30356326
http://dx.doi.org/10.4244/EIJ-D-17-01111
https://www.ncbi.nlm.nih.gov/pubmed/29633940
http://dx.doi.org/10.1161/01.cir.0000087480.94275.97
http://dx.doi.org/10.1016/j.ahj.2013.10.011
https://www.ncbi.nlm.nih.gov/pubmed/24332143
http://dx.doi.org/10.1016/j.jacc.2011.09.079
https://www.ncbi.nlm.nih.gov/pubmed/22421299
http://dx.doi.org/10.1016/j.ijcard.2018.05.022
https://www.ncbi.nlm.nih.gov/pubmed/29804698


Address for correspondence: Antoni Bayes-Genis, MD, PhD, FESC, Head, Heart Institute. Hospital Universitari Germans 
Trias i Pujol, Carretera de Canyet s/n 08916, Badalona (Barcelona), Spain, e-mail: abayesgenis@gmail.com
Received: 28.01.2020 Accepted: 19.02.2020

Repeat physical stress echocardiography  
in asymptomatic severe aortic stenosis

Elena Ferrer-Sistach, Josep Lupón, Silvia Serrano-García, Albert Teis-Soley,  
Francisco Gual-Capllonch, Gladys Juncà-Puig, Nuria Vallejo-Camazón,  

Jorge López-Ayerbe, Antoni Bayés-Genís

Heart Institute, Hospital Universitari Germans Trias i Pujol, Badalona, Spain;  
Department of Medicine, Autonomous University of Barcelona, Barcelona, Spain;  

and CIBERCV, Instituto Carlos III, Madrid, Spain

In severe aortic stenosis (SAS), the presence 
of symptoms is associated with ominous prognosis 
with 5-year mortality of 15–50% [1], and is a well-
established indication for valve replacement [2]. On 
the other hand, in asymptomatic SAS, case man-
agement requires clinical skills, and the timing of 
valve replacement is unclear. Holistic assessment 
of the clinical situation (including co-morbidities 
and frailty), risk stratification, and complementary 
tests are critical for managing asymptomatic SAS 
and determining optimal valve replacement timing.

In clinical practice, at the time of SAS diag-
nosis, approximately 50% of patients report being 
asymptomatic in their day-to-day life [1]. However, 
this may be due to an unconscious adaptive process 
causing them to limit the intensity of their physi-
cal activity. Thus, it can be difficult to determine 
whether a patient truly lacks symptoms, especially 
in elderly patients. Stress testing is useful for ex-
posing symptoms, and is a safe technique for use in 
stable patients [3]; clinical practice guidelines rec-
ommend the use of stress testing when assessing 
asymptomatic SAS patients [2]. Valve replacement 
is indicated in patients who exhibit clinical signs 
during stress testing, or lower blood pressure dur-
ing physical activity. However, it remains unclear 
whether it is of value to repeat a stress test to 
uncover symptoms in asymptomatic SAS. 

The incidence of a positive stress test in SAS 
ranges from 15% to 65% [3]. Despite this variabil-
ity, stress testing exhibits good negative predictive 
value for cardiovascular events [4]. Performing 
echocardiographic assessment before and after 

the stress test (physical stress echocardiography 
[PE]) provides additional physiological parameters 
that can help establish the cause of symptoms [5]. 

From June 2014 to August 2019,  the value of 
PE and repeat PE during follow-up in 85 asymp-
tomatic SAS patients who were prospectively 
enrolled in a specialized valve clinic (Table 1) was 
investigated. Baseline PE was the key indica-
tor for aortic valve replacement in 23 (27%) pa-
tients: 8 (9.4%) had dyspnea, 2 (2.4%) angina, and  
16 (18.8%) abnormal blood pressure response. 
Furthermore, 17 (20%) exhibited electric changes 
suggestive of ischemia, PE revealed a median 
gradient increase of > 20 mmHg during stress 
in 31 (36.9%) patients, ventricular dysfunction 
in 2 (2.4%) patients, and segmental disorders in  
8 (9.5%) patients. Of the alterations observed 
during PE, those which were the reason to indi-
cate valve replacement were only symptoms and 
abnormal blood pressure response. The rest of the 
information obtained helped to make the decision 
but it was not the main reason.

A second PE was performed in 27 patients 
(median time 16 months after the first PE), and  
a third PE was completed in 5 patients (median time 
16 months after the second PE). The second PE 
was the key indication for aortic valve replacement 
in 9 (33.3%) patients; it was clinically positive by 
symptoms in 6 (22.2%) patients: 3 (12%) patients 
had dyspnea, and 4 (14.8%) angina and abnormal 
blood pressure response was found in 4 (14.8%)  
patients. Electric changes occurred in 9 (33.3%) pa-
tients, and a median gradient increase of > 20 mmHg  
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at baseline PE to 33% in the second PE, and 40% 
in the third PE. This pilot study in patients with 
asymptomatic SAS demonstrated that PE at both 
the first visit and during follow-up was useful in  
indicating valve replacement. Further studies in 
larger cohorts are needed to confirm these findings, 
and to establish the optimal time-frames for serial 
PE in such patients. 
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Table 1. Data of asymptomatic severe aortic  
stenosis patients undergoing physical stress 
echocardiography.

Demographic data

Women 32 (37.6)

Age [years] 74.1 ± 9.4

Smokers  9 (10.6)

High blood pressure  70 (82.3)

Diabetes mellitus 30 (35.3)

Dyslipidemia 65 (76.4)

Echocardiographic data

Bicuspid aortic valve 22 (25.9)

Peak aortic velocity [m/s] 4.3 ± 0.3

Maximum aortic gradient [mmHg] 74.5 ± 11.1

Mean aortic gradient [mmHg] 47 ± 8

Aortic valve area [cm2] 0.77 ± 0.12

LVEF [%] 67.9 ± 0.12

Blood count

NT-proBNP [ng/L] 294.0 (148–661)

Data presented as number (%), mean ± standard deviation,  
or median and percentiles of 25–75 (Q1–Q3). LVEF — left ventricular 
ejection fraction; NT-proBNP — N-terminal pro-B-type natriuretic 
peptide

in 15 (55.5%) patients. Finally the third PE was 
the key indicator for aortic valve replacement in  
2 (40%) patients, because it was clinically positive 
by symptoms.

Present findings indicated that repeating PE 
during follow-up was useful for asymptomatic 
SAS management. Indeed, the key indication for 
valve replacement increased from 27% of cases 
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Mortality and morbidity among patients with 
heart failure (HF) remain high, despite advances 
in therapy. 

Heart failure with preserved ejection fraction 
(HFpEF) is driven by diminished left ventricle 
relaxation and elevated filling pressures, all of 
which lead to pulmonary congestion [1, 2]. In these 
patients, therapeutic options impacting prognosis 
are limited.

Recently, a novel therapy has been proposed. 
It is based on creating a communication between 
both atria using a trans-septal puncture and balloon 
septostomy. The concept is based on the well-
known Lutembacher syndrome, which is defined 
as a combination of mitral stenosis and atrial septal 
defect (ASD). The left to right interatrial shunt 
enables decompression of the left atrium and thus, 
may improve patient symptoms.

Moreover, observations made in elderly sub-
jects with masked left ventricle restriction, who un-
derwent ASD closure, showed that temporary ASD 
occlusion with a balloon resulted in significant ele-
vated left atrial pressure [3]. A fenestrated ASD sep-
tal occlude has been designed to enable bidirection-
al flow both in systolic and diastolic impairment [4].  
Implantable pressure systems have provided data 
that left atrial pressure is highly variable over the 
course of a day and sustained elevations precede 
clinical events, averaging > 25 mmHg for several 
days before admission or death [5]. 

Therefore, a therapy focused on decreasing 
left atrial filling pressures seems to be promising.

Several small studies proved initial safety 
and efficacy of three different interatrial shunting 
devices in therapy for patients either with heart 
failure with reduced ejection fraction (HFrEF) or 
HFpEF [6, 7]. There are three different devices 
available for patients with either HFrEF or HFpEF: 
interatrial shunt device (IASD, Corvia Medical Inc., 
Tewksbury, MA, USA), V-Wave shunt (V-Wave Ltd., 
Caesarea, Israel) and Atrial Flow Regulator (AFR, 
Occlutech, Heslingborg, Sweden). 

Atrial Flow Regulator is a self-expandable  
a double-disc nitinol wire mesh construction allow-
ing communication across the interatrial septum 
(Fig. 1). In contrast to V-wave and IASD, it is 
available in different sizes. The offered fenestra-
tion diameter ranges from 4 to 10 mm, but for  
HF patients only 8 mm and 10 mm have the Eu-
ropean Conformité Européenne (CE) mark. Ad-
ditionally, there are two available heights of the 
device: 5 and 10 mm, chosen according to intera-
trial septal thickness. The device is repositionable 
and retrievable.

First AFR implantation in Poland was done in  
a 28-year-old patient with severe pulmonary arte-
rial hypertension (PAH) [8]. More recently, AFR 
has been successfully used as a bridge to lung 
transplantation in a young patient with drug-
resistant idiopathic PAH [9].

Recently four AFR devices in patients with 
severe HFrEF were successfully implanted. 
These procedures were done as a part of ongoing  
PROLONGER trial (Pomeranian atRial flOw 
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reguLatOr iN  conGestive hEart failuRe; No. 
NCT04334694 at clinicaltrials.gov).  

Herein presented, are the results of a 66-year- 
-old male with HFrEF (LVEF 25%), history of 
three myocardial infarctions, arterial hyperten-
sion and paroxysmal atrial fibrillation. Despite an 
optimal therapy, the patient remained symptomatic 
with New York Heart Association (NYHA) III. His 
6-minute walk test distance (6MWT) was 200 m.  
The patient underwent diagnostic right heart cath-
eterization with the Swan-Ganz catheter, which 
revealed decreased cardiac output accompanied 
with significantly increased pulmonary artery 
wedge pressure (PAWP).

According to PROLONGER protocol, hemo-
dynamic indications for AFR are: PAWP above  
15 mmHg or 25 mmHg at rest and exertion re-
spectively. A right atrial pressure above 20 mmHg 
or exceeding PAWP is the contraindication for an 
atrial shunting procedure.

The AFR procedure was performed under gen-
eral anesthesia. A three-dimensional transesopha-
geal echocardiography (TEE) guided trans-septal 
puncture was performed followed by a 12 mm 
balloon septostomy. An AFR (8 mm fenestration, 
5 mm height) was successfully implanted using  

a 12 F dedicated delivery system. The left to right 
mean gradient obtained from TEE was 2.7 mmHg. 
The patient was discharged home on the third day. 
As the patient had a history of atrial fibrillation, he 
was given non-vitamin K antagonist oral antico-
agulants. There was no other specific indication 
for anticoagulation in this patient, because flow 
through the device was left to right. 

The first follow-up visit after 1 month was 
complete, significant clinical improvement was 
noticed. The patient moved from NYHA III to 
NYHA II and 6MWT distance increased from 200 m  
to 397 m. Diagnostic right heart catheterization 
revealed significant reduction in PAWP, mean pul-
monary artery and right atrial pressures (Fig. 2).  
The mean left to right gradient in TEE was  
10 mmHg compared to 2.7 mmHg directly after 
AFR implantation. This difference could be ex-
plained by the fact that left atrial pressure had 
changed dynamically according to fluid overload, 
exertion and other conditions. Similar variability 
in all 4 patients thus far were observed.

The second follow-up visit was scheduled  at 
2 months.

This  experience with AFR device is a promis-
ing option for patients with severe HF and further 
results will be published soon.
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Telescopic coronary sinus cannulation for  
mapping and ethanol ablation of arrhythmia  

originating from left ventricular summit
Artur Baszko, Piotr Kałmucki, Tomasz Siminiak, Andrzej Szyszka
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Introduction

The radiofrequency ablation (RFA) of arrhyth-
mia from left ventricular (LV) summit encounters 
several difficulties [1]. There are several ablative 
techniques used to treat LV summit arrhythmia: 
high energy irrigated ablation [2], ablation through 
the great cardiac vein [3], epicardial ablation [4] or 
bipolar ablation [5, 6]. The technique which has 
recently  gained interest is transvenous ethanol 
ablation [7]. As there is no generally accepted 
method for alcohol ablation,  herein the telescopic 
coronary sinus (CS) cannulation technique from 
femoral vein was introduced.

Description of the method

The telescopic system consists of an 8 F SL0 
catheter, a 5 F guide catheter and microcatheter. 
All procedures were performed using the FD10 
Allura Xper angiography (Philips, Netherlands) 
and electroanatomic system Carto 3 (Biosense 
Webster, Inc, Diamond Bar, CA, USA) or Ensite 
Velocity (St. Jude Medical Inc., St. Paul, MN, USA). 

Coronary sinus angiography
After preparation, the left femoral vein is punc-

tured and two electrodes are positioned in His region  
(5 F 4-pole) and CS (steerable 4 F 10 poles, Abbott). 
The 4F electrode records the activation from the 
distal part of CS to confirm epicardial character of 
the arrhythmia [3]. The 8 F SL0 sheath (Abbott) is 
inserted through right femoral vein and positioned 
at the level of CS ostium. Access to CS is obtained 
with an ablation electrode (Fig. 1A). After CS in-
tubation, a venography is performed (Fig. 1B, 2C). 

For wide CS, Attain ClarityTM 6225l (Medtronic, 
B.V, Netherlands) venography balloon catheter is 
optimal. It is 90 cm long, and the balloon diameter 
is 13 mm. For smaller CS, CORODYN P1 F6 80 cm  
(Braun, Melsungen AG, Germany) can be used 
with different balloon diameters (5 F: 8 mm, 6 F: 
10 mm, 7 F: 12 mm). The venography is routinely 
performed in several projections. 

Intubation and mapping of small  
venous branches

After angiography is completed, the 5 F guide 
catheter (JR4 or IMA) is introduced through SL0 
sheath. The guide catheter is a better than diag-
nostic tool as it has shorter, soft and non-tapered 
distal tip. The 0.014’’ BMW wire (Abbot Vascular, 
Diegam, Belgium) is advanced to the distal part of 
catheter. At this stage the microcatheter is intro-
duced over the wire (Finecross, Terumo, Tokyo, 
Japan). The microcatheter has 1.8 F (0.6 mm) 
radiopaque distal tip. After the vein of interest 
is wired, the microcatheter is advanced to cover 
most of the wire leaving the distal 0.5 cm part for 
recording the unipolar signal (Fig. 1C, 2C). The 
recording of intracardiac signals and pacing is pos-
sible after connecting the percutaneous coronary 
intervention (PCI) wire in unipolar mode with 
electrophysiological system. At this stage the wire 
is removed and a small amount of contrast is given 
to confirm that the correct vein has been selected, 
to assess the diameter of the vein and the presence 
of collaterals, which can be responsible for irregular 
distribution of ethanol and its wash up (Fig. 2E). 
Thereafter the guidewire is inserted again and 
microcatheter is replaced for over-the-wire (OTW) 
balloon. As the Finecross microcatheter is shorter 
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Figure 1. The crucial steps in performing transvenous ethanol ablation of arrhythmia with telescopic system; A. The 
intubation of the coronary sinus (CS) with ablation electrode and 8.5 F SL0 sheath; B. Coronary sinus venography 
through SL0 sheath; C. The 5 F JR guide catheter and angioplasty insertion through SL0 catheter followed by a micro-
catheter. The mapping is performed connecting the proximal percutaneous coronary intervention (PCI) wire with elec-
trophysiological system in unipolar mode (not presented in the picture). The contrast can be selectively administered 
to the small branch through a microcatheter after the PCI wire is removed; D. Replacement of a microcatheter using 
the “trapping technique” with angioplasty balloon; E. The contrast injection through over-the-wire (OTW) balloon;  
F. Ethanol injection through inflated OTW balloon according to the method described by Kreidieh et al. [8].
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Figure 2. The important stages of ethanol transvenous ablation with telescopic coronary sinus cannulation technique 
after previously failed radiofrequency ablation (RFA); A. A 12-lead electrocardiogram of clinical VPC and the CARTO 
electroanatomical map presenting the earliest potentials within the distal part of coronary sinus (CS); B. The position 
of ablation electrode within CS. The “best” potential was recorded at the site of obtuse marginal branch (OM1). The 
RFA was not performed because of the high risk of arterial damage; C. The CS angiography performed with the use 
of SL0. The angiography clearly shows several potential branches for detailed mapping; D. The cannulation system 
consisted of SL0 and JR catheters enabling the introduction of a microcatheter and percutaneous coronary interven-
tion (PCI) wire. The microcatheter creates the insulation of the PCI wire for recording unipolar signals and pacing from 
the distal part of the wire; E. After selecting the optimal site for ethanol ablation, the PCI wire can be removed and  
a small amount of contrast can identify the region supplied including possible collaterals; F. Presentation of location 
of inflated over-the-wire (OTW) balloon before ethanol injection together with coronary angiography. This picture pre-
sents the location of the potential site for ablation position very close to OM1 branch. Delivering a radio frequency ap-
plication in this region could result in injury to OM1 branch while delivering the ethanol, though the vein dose is safe.
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than the guidewire, there are two techniques for 
the exchange. In a “flushing technique”, the infla-
tor is connected to the microcatheter after it has 
been withdrawn and reaches the proximal part of 
the wire. A fast injection of saline with controlled 
pulldown ejects the wire from microcatheter leav-
ing the distal part almost in place. In a “trapping 
technique”, the angioplasty balloon is used to trap 
the angioplasty wire (Fig. 1D). The trapping of the 
wire can be obtained within the guide catheter or 
in the great cardiac vein depending on the anatomy. 
The standard semi compliant balloon (1.5 × 15 mm 
for JR or 2.5 × 15 mm for CS) is inserted through 
the JR catheter by the side of the microcatheter 
and advanced to the distal part of the catheter or 
to the great cardiac vein passing the tip of the 
microcatheter. Thereafter the balloon is inflated 
to trap the wire well against the JR or CS wall 
enabling safe removal of the microcatheter. The 
last stage is to insert the OTW balloon to a previ-
ously selected position (Fig. 1E, 2F). The wire is 
then removed, the balloon is inflated and a small 
amount of contrast is administered to visualize the 
drained region (Fig. 1F). An ethanol injection can 
be injected according to a technique described by 
Kreideih et al. [8]. 

The technique described was evaluated pro-
spectively in 4 patients (17–65 years, 3 females) 
with LV summit ventricular tachycardia after  
1–3 failed RFA. The CS was easily cannulated with-
out complications in all patients and there were no 
technique related problems. The time for CS can-
nulation was 2–5 min, the time from CS intubation 
to contrast injection to venous branches ranged 
17–29 min, and the time taken from selective ve-
nous angiography to first alcohol injection ranged 
from 28 to 31 min. The time from CS intubation 
to first ethanol injection ranged from 66 to 86 min. 
The mean fluoroscopy time of the procedure was  
52 min (range 32–86 min) and the Air-Kerma dose 
422 mGy (range 45–818 mGy) which included all 
stages of the procedure. The telescopic system was 
easy to control, allowed for rapid electrodes and 
catheter replacement. No obstacles or complications 
were noted during mapping or ablation therapy. 

The described technique for transvenous etha-
nol ablation using 8 F SL0 catheter with 5 F guide 
catheter and microcatheter from the femoral vein is 
comfortable for both the patient and the cardiologist. 
All three components are important at each consecu-
tive step of the procedure. The SL0 catheter helps 
to obtain safe and stable access to the CS with the 
ablation electrode and the balloon for performing 
angiography. The routine use of microcatheters is 

definitely more expensive than OTW balloons, but 
there are several benefits. They help exchange the 
angioplasty wire when the distal part has been de-
formed or a different wire or tip shape is required. 
The use of a microcatheter can reduce the number 
of OTW balloons and enables better unipolar map-
ping and allows deeper engagement of the wire for 
better support during OTW balloon insertion. It is 
possible that a routine use of femoral access with 
microcatheters for mapping and identification of the 
target site can be beneficial in time reduction, but 
this needs to be further investigated.
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Silent plaque rupture in the left main stem  
assessed by optical coherence tomography
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A 59-year-old man underwent primary percu-
taneous coronary intervention (PCI) for thrombotic 
total occlusion of his distal right coronary artery. 
Bystander disease was limited to an ambiguous 
lesion in the distal left main stem (LMS) with an 
intraluminal filling defect suggestive of a ruptured 
plaque. A staged inpatient assessment of the LMS 
was undertaken utilizing invasive physiologic and 
intravascular imaging assessments as distal flow 
in the left coronary system was preserved and 
symptoms had settled with index intervention 
(Fig. 1A, B; Suppl. Video 1 and 2). Evaluation of 
the LMS lesion by instantaneous wave-free ratio 
(iFR) and fractional flow reserve (FFR), 3 days 
following presentation, provided an iFR value of 
0.95 and the hyperemic FFR value was 0.89. Op-
tical coherence tomography (OCT) demonstrated  
a ruptured plaque without associated thrombus in 
the LMS with diffuse fibroatheroma with under-
lying necrotic core extending into the proximal 
left anterior descending artery (LAD) (Fig. 1C–F, 
Suppl. Video 3). Importantly, OCT generated  
a minimal lumen area (MLA) in the LMS of  
8.73 mm2 (Fig. 1G), with a MLA of 3.04 mm2 in the 
proximal LAD segment. Therefore, based on the 
findings of the iFR/FFR and OCT assessment, it 
was concluded that the LMS plaque had stabilized 
following a previous rupture and in the absence of 
ischemia, elected to pursue a conservative strategy. 
At 3-month follow-up a treadmill test demonstrated 

good exercise tolerance (11.2 metabolic equiva-
lents) without symptoms or electrocardiographic 
evidence of ischemia.

Although an acute phase of rupture plaque is 
defined by a disrupted fibrous cap, with or without 
thrombus, overlying a necrotic core, a definition of 
the chronic phase has, to date, not been well de-
scribed [1]. The OCT is more accurate for detecting 
plaque characteristics due to its higher resolution, 
which is 10 times (10 µm) that of intravascular 
ultrasound [2]. The present case highlights the util-
ity of OCT in the evaluation of ambiguous lesions, 
with the use of MLA to guide LMS intervention 
and detection of a smooth-edged, disrupted plaque 
devoid of thrombus and a necrotic core, is sugges-
tive of a stabilized healed ruptured plaque.
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Figure 1. A, B. Angiographic assessment demonstrating mild stenosis with suspicious ruptured plaque in the 
left main stem (LMS); C. Longitudinal optical coherence tomography (OCT) imaging demonstrating a ruptured 
plaque space (asterisk); D. Minimal lumen area (MLA) of 3.04 mm2 in the proximal left anterior descending artery;  
E. OCT, showing suspicious necrotic core (arrowheads) in the left main bifurcation (star: ostium of left circumflex 
artery; F. OCT demonstrating ruptured plaque space in the LMS; G. MLA of 8.73 mm2 in the LMS.
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Virtual fractional flow reserve  
and virtual coronary stent guided  

percutaneous coronary intervention
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Deep vessel (DV)-angio is a newly developed 
software utilizing machine learning methods to 
calculate virtual fractional flow reserve (vFFR) 
based upon coronary angiogram (CAG). Briefly, 
a supervised deep learning and neural net model 
is trained in advance from hundreds of cases to 
map the extracted three-dimensional vascular 
structures and the corresponding blood flow es-
timation. Furthermore herein, a virtual coronary 
stent (VCS) technology has been developed that 
simulates post-VCS coronary artery geometries 
and estimates corresponding vFFR. 

A 70-year-old male patient with recurrent 
chest pain was scheduled to undergo CAG. CAG 
revealed a 90% luminal stenosis in distal right 
coronary artery (RCA) after intracoronary admin-
istration of nitrates (Fig. 1A). The left coronary 
artery is normal. Two orthogonal CAG cines were 

imported into the DV-angio that reconstructed the 
RCA as in Figure 1B. The vFFR was 0.78 in the 
distal RCA while an invasive FFR measured with 
the pressure wire was 0.75 (Fig. 1C). Then, the  
DV-angio modeled the targeted coronary artery 
after a simulated 3.5-mm × 24-mm stent was im-
planted, and estimated the post-VCS FFR to be 0.97 
(Fig. 1D). These processes took about 4 min. After 
implanting the same stent as the simulated one 
at the stenosis site (Fig. 1E), the actual FFR was 
improved to 0.99 (Fig. 1F). The patient no longer 
experienced angina pectoris during follow-up.

The feasibility of VCS-guided percutaneous 
coronary intervention (PCI) was first reported 
herein, based on machine learning methods in  
a real-world case. As CAG allows ad hoc PCI after 
strategy determined, the CAG-based vFFR and VCS 
will have a great practical application foreground.
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Figure 1. A. The right coronary angiogram was displayed; B. Deep vessel (DV)-angio reconstructed three-dimensional 
right coronary artery. A virtual fractional flow reserve (FFR) is estimated to be 0.78; C. The actual FFR was measured 
by pressure wire; D. The predicted DV-angio FFR, after a simulated 3.5-mm × 24-mm stent was implanted, was 0.97; 
E. The right coronary angiogram was displayed after implantation of a 3.5-mm × 24-mm stent; F. The true wire post-
stent FFR was 0.99.
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A case of drug-coated balloon treatment  
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with acute coronary syndrome
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A 51-year-old man was admitted with worsen-
ing effort angina over a 1 month period. His only 
coronary risk factor was hypercholesterolemia. 
Cardiac enzymes including creatine kinase-MB 
and troponin I were normal. His electrocardio-
gram showed Q-waves in V1 to V4. The coronary 
angiograms showed a short left main with com-
plete occlusions in the proximal left anterior de-
scending (LAD) and left circumflex (LCX) artery  
(Fig. 1A–C). Revascularization options were dis-
cussed and the option to treat the lesions with 
drug-coated balloons (DCB) was decided. He was 
carefully assessed, and gave informed consent.

A guide wire successfully crossed the total oc-
clusion of the LCX. Pre-dilatation was performed 
with a 1.5 × 15 mm balloon, followed by a 2.5 × 
× 15 mm non-compliant balloon up to 16 atm and 

finally a 2.5 × 30 mm DCB was inflated at 7 atm 
for 60 s. Then to the LAD lesion, pre-dilatation was 
performed with 1.5 × 15 mm balloon and a 3.0 ×  
× 15 mm scoring balloon at 16 atm, and then finally 
a 3.5 × 20 mm DCB was inflated at 7 atm for 60 s. 
The final angiograms showed normal flow in both 
LAD and LCX with no significant dissection or 
residual stenoses (Fig. 1D–F).

Three months later, follow-up coronary angio-
graphy confirmed adequate patency of the DCB 
treated lesions and reassuringly the distal LCX 
and proximal LAD looked better (Fig. 1G–I). He re-
mains symptom free, 13-month post-intervention.

After treatment with a DCB, it is possible that 
vessels will return to their original size over time, 
which is one of the greatest advantages of DCB 
treatment in total occluded lesions.
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Figure 1. Coronary artery angiography; A–C. Before intervention; D–F. Right after treatment with a drug-coated  
balloon; G–I. Follow-up angiography at 3 months.
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Figure 1. Transesophageal echocardiogram and surgical view of multiple pseudoaneurysms down the prothesis.

A 74-year-old woman carrier of an aortic 
bioprosthetic valve Trifecta St. Jude 21® implanted 
in 2013 in context of severe aortic stenosis was 
referred for a regular follow-up transthoracic echo-
cardiogram. The patient was asymptomatic. Clini-
cal examination revealed a systodiastolic murmur, 
grade IV/VI. Transthoracic echocardiogram showed 
a significant periprosthetic leak with rocking and ex-
pansion of the ascending aorta which was confirmed 
with transesophageal echocardiogram. It showed an 
aortic bioprosthetic valve with thickened leaflets, 
without images suggestive of vegetations, but there 
was evidence of an anechogenic free perivalvular 
space with flow inside and expansion during systole 
compatible with multiple pseudoaneurysms and  
a severe leak between 4 and 12 hours (Fig. 1A, B). 
The patient was proposed to undergo cardiac sur-
gery. Blood cultures and microbiological exam of the 
excised valve were negative. During the procedure, 

an excision of the aortic bioprosthetic valve and the 
aortic root was made with enlarged surgical cleaning 
due to the presence of a false aneurysm down the 
prothesis suggestive of chronic endocarditis (Fig. 1C).  
A Freestyle® stentless porcine aortic root was suc-
cessfully implanted. The post-operative period was 
uneventful.

Prosthetic valve endocarditis, 20–30% of all  
endocarditis’, presents as dehiscence, fistula or 
pseudoaneurysm. A significant dehiscence of  
a prothesis with pseudoaneurysm formation is a rare 
complication that necessitates an urgent re-opera-
tion, given the high risk of spontaneous rupture, 
however it is particularly challenging due to the de-
struction of the aortic root and the need for complex 
repairs. The present case is notable as a complete 
asymptomatic presentation of pseudoaneurysm 
formation, demonstrating the role and importance 
of an specialized follow-up in these patients.
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A 74-year-old man presented to the cardiol-
ogy office with exertional dyspnea. Transthoracic 
echocardiography showed mild left ventricular (LV) 
dilation, LV hypertrophy, LV ejection fraction 50%, 
mitral valve prolapse and bicuspid aortic valve. 
Stress echocardiography was nonrevealing. Coro-
nary angiography showed non-obstructive coro-
nary artery disease. Cardiac magnetic resonance 
imaging was performed, and showed a 9.1 mm atrial 
displacement of the posterior mitral valve leaflet 
at the hinge point during systole; the finding was 
consistent with mitral annulus disjunction (Fig. 1A,  
Suppl. Video 1). Cardiac magnetic resonance 
imaging also showed spongy/noncompacted myo-
cardium in the LV, with a noncompaction-to-com-
paction ratio of 1.86 during end-diastole (Fig. 1B). 
Late gadolinium enhancement images did not show 
myocardial fibrosis or presence of LV thrombus. 
24-hour Holter monitoring showed occasional 
premature ventricular complex, but no ventricular 
tachycardia.

Mitral annulus disjunction and LV noncompaction 
are rare arrhythmogenic cardiac anomalies. Mitral an-
nulus disjunction is most commonly seen in patients 
with mitral valve prolapse. Mitral annulus disjunction 
distance > 8.5 mm, and myocardial fibrosis of LV 
papillary muscles and basal inferior wall are high risk 
features for ventricular arrhythmias. For patients 
with LV noncompaction, LV systolic impairment is 
associated with increased risk of sudden cardiac death. 
Competitive sports should be refrained in individuals 
with LV noncompaction and systolic impairment.

According to the current guidelines, implant-
able-cardioverter defibrillator is not indicated in 
patients with mitral annulus disjunction or LV non-
compaction unless there is a history of sustained 
ventricular tachycardia, ventricular fibrillation, or 
aborted sudden cardiac death. To our best knowl-
edge, this is the first reported case describing  
a patient with concomitant mitral annulus disjunc-
tion and LV ‘spongy’ noncompaction-like myocar-
dium on cardiac magnetic resonance imaging. 
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Figure 1. A. Cardiac magnetic resonance imaging (MRI) showed mitral annulus disjunction (MAD) with MAD dis-
tance of 9.1 mm during systole (red arrow); B. Cardiac MRI showed noncompacted myocardium at the apical cap, 
all apical segments, and mid-lateral wall with noncompacted to compacted myocardial thickness ratio of 1.86 during 
end-diastole. Red arrow — noncompacted myocardium; yellow arrow — compacted myocardium; LA — left atrium; 
LV — left ventricle.
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An 80-year-old woman was admitted for 
pulmonary embolism (PE; Fig. 1A), and deep 
vein thrombosis (DVT; Fig. 1B), and intrave-
nous heparin was started. The next day, she 
was found to have right thumb motor weak-
ness. Brain magnetic resonance imaging showed 
acute cerebral infarction of the left precentral 
gyrus, which is the hand motor area (Fig. 1C).  
Transthoracic echocardiography with contrast 
(Definity®) showed large, mobile masses in atria 
without contrast enhancement, suggesting thrombi 
(Fig. 1D–F, Suppl. Video 1). Transesophageal 
echocardiography visualized a thrombus traversing 
through a patent foramen ovale (PFO) from right 
to left atrium (Fig. 1G); agitated saline test demon-
strated large right-to-left interatrial shunt (Fig. 1H).  
Surgical treatment was planned but follow-up 
echocardiography revealed that the thrombus size 
had decreased. Neurologic examination showed 

no neurologic deficit except previously observed 
right thumb motor weakness. After discharge and 
3 months of follow-up under oral anticoagulant, 
there was no visible thrombus by transesophageal 
echocardiography. Considering paradoxical embo-
lism and large right-to-left shunt, percutaneous 
transcatheter PFO closure was performed (Figulla 
Flex-II PFO Occluder®; Fig. 1I).

In the setting of PE and elevated pulmonary 
arterial pressure, foramen ovale can become patent 
and trap a thrombus during its passage from the 
right to the left atrium. This thrombus in transit, 
impending paradoxical embolism, is rare and has 
a high mortality rate. Therefore, it should be sus-
pected in patients who have unexplained systemic 
embolisms complicating DVT and PE. In such 
cases, echocardiography helps diagnose a right-
to-left interatrial shunt and visualizes a thrombus 
in transit within a PFO.
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Figure 1. A. Chest computed tomography showing multiple filling defects (arrows) in both pulmonary arteries;  
B. Vascular duplex scan shows deep vein thrombosis (arrow) in the left popliteal vein; C. Brain magnetic resonance 
image showing acute cerebral infarction (arrow) of the left precentral gyrus; D–F. Apical 4-chamber transthoracic 
echocardiography shows large, mobile masses (arrows) in both atria at diastole (D) and systole (E), which were 
not enhanced by contrast (F); G. Mid-esophageal bicaval view of transesophageal echocardiography (TEE) shows  
a thrombus (arrow) in transit within the patent foramen ovale (PFO); H. Mid-esophageal bicaval view of TEE with 
agitated saline test confirming a large right-to-left shunt through the PFO; I. Fluoroscopy shows the transcatheter 
PFO occluder (arrow) placed successfully by intracardiac echocardiography and fluoroscopy; LA — left atrium;  
RA — right atrium.
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The authors of the present article read a recent 
article by Shao et al. [1] published in the Resus-
citation Journal with interest. Indeed, since the 
beginning of the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) epidemic, there have 
been 2,435,876 infected patients confirmed, with an 
observed level of mortality of nearly 8%. The study 
by Shao et al. [1] is of considerable importance as 
it is the first to present the survival of COVID-19 
patients after in-hospital cardiac arrest. The au-
thors both characterized the patients and compared 
a number of factors that may affect the return of 
spontaneous circulation, as well as 30-day survival.

In an extreme situation, such as a prevailing pan-
demic, extraordinary methods should be applied [2].  
The decisions taken may often conflict with the 
general principle of “first do no harm” and with its 
intrinsic ethical values; however, medical person-
nel should take into account not only their patient, 
but also their own safety, as well as the safety of 
their other patients, families, and colleagues [3]. As 
in the case of SARS and MERS, the primary route 

of spreading COVID-19 is the droplet or direct con-
tact pathway [4, 5]. It is worth remembering that 
HCoV-SARS, HCoV-MERS, and SARS-CoV-2 can 
also be transmitted via environmental vectors [6].  

Therefore, when contacting a patient with sus-
pected or, particularly, confirmed COVID-19, 
medical personnel should use personal protective 
equipment for aerosol generating procedures and 
all procedures regarding such a patient, including 
resuscitation, which should be performed in air-
borne infection isolation rooms.

Wang et al. [7] indicated that the time from the 
disease onset to death was shorter in people over 
70 years of age compared with younger patients 
(11.5 and 20 days, respectively). Yang et al. [8] 
observed that in COVID-19 patients, comorbidi-
ties and diagnosed underlying diseases, including 
hypertension and respiratory system and car-
diovascular diseases, may constitute risk factors 
for severe compared with the non-severe course 
of COVID-19. These results were confirmed in  
a study by Shao et al. [1], in which cardiac arrest 
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in people over 60 years of age was associated with  
a higher risk of death; similarly, the risk of hyper-
tension, the most common coexisting disease in 
this group, increased with age. The higher risk of 
death in the elderly with COVID-19 may be asso-
ciated with impaired immune response, which is 
further reduced by the effect of coronavirus.

Shao et al. [1] also referred to two important 
issues. Firstly, patients with COVID-19 pneumo-
nia should be monitored in intensive care units, 
which, compared with general wards, provide  
a higher chance of survival. Secondly, the survival 
of patients with non-shockable rhythms is below 
0.8%; this, considered herein, is the most impor-
tant concern. In this context, a question arises 
whether cardiopulmonary resuscitation should be 
conducted in each patient with COVID-19, expos-
ing medical personnel and their closest associates, 
or, in the case of elderly patients with initial non-
-shockable rhythms, resuscitation should not be 
undertaken. The answer to this question should 
be established through discussions in individual 
therapeutic teams.
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