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The Journal of Cardiovascular Emergencies is the official 
journal of the Transylvanian Association of Transvascu-
lar Therapy and Transplantation Kardiomed, Tîrgu Mureș, 
Romania, and is published quarterly.

The Journal of Cardiovascular Emergencies aims to 
publish top quality papers related to acute conditions in 
any cardiovascular pathology.

The journal will mainly focus on recent advances in 
the field of diagnosis and treatment of the most common 
causes of cardiovascular emergencies, including acute 
coronary syndromes, acute heart failure, acute aortic dis-
eases, pulmonary embolism, peripheral arterial diseases 
or cardiac arrhythmia. Interdisciplinary approaches will 
be extremely welcomed, presenting new advances in the 
approach of different other pathologies (i.e. stroke) from 
the cardiovascular perspective. 

The Journal of Cardiovascular Emergencies will publish 
high-quality basic and clinical research related to these 

topics, in a common approach that will integrate the clini-
cal studies with the pre-clinical work dedicated to discov-
ery of new mechanisms involved in the development and 
progression of acute cardiovascular conditions.

Especially in the case of acute coronary syndromes, 
the journal will try to provide the entire cardiology com-
munity with the perspective of the regional cardiology 
networks in Central and Eastern European countries, re-
flecting the regional model of care in cardiovascular acute 
conditions. 

The journal will primarily focus on publishing original 
research papers, but also other types of materials (such 
as review articles, case reports, state-of-the-art papers, 
comments to editor, etc) will be extremely welcomed.

The Journal of Cardiovascular Emergencies has insti-
tutional support from the Transylvanian Association of 
Transvascular Therapy and Transplantation Kardiomed, 
Tîrgu Mureș, Romania, the owner of the journal.

Aims and scope
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EDITORIAL

Intracoronary Imaging and Plaque Vulnerability
Pál Maurovich-Horváth, Béla Merkely

Heart and Vascular Center, Faculty of Medicine, Semmelweis University, Budapest, Hungary

Pál Maurovich-Horváth: Városmajor u. 68, 1122 Budapest, Hungary, Tel: +36 1 458 6847. E-mail: maurovich.horvat@gmail.com
Béla Merkely: Városmajor u. 68, 1122 Budapest, Hungary. Tel: +36 1 458 6847

The concept of vulnerable atheromatous plaques and its 
characterization have been described in an attempt to elu-
cidate the pathophysiological substrate of acute coronary 
syndromes.1,2 A vulnerable coronary plaque is defined as a 
plaque which is prone to rupture or erosion, triggering an 
acute coronary event.3,4 Following the description of the 
main features associated with coronary plaque vulnerabil-
ity, this concept has been extended to carotid plaques, de-
scribing a condition, which is frequently associated with 
plaque embolization and stroke.5 

However, not all vulnerable plaques result in an acute 
cardiovascular event. A significant number of unstable cor-
onary plaques do not lead to acute coronary syndromes and 
their evolution can be regressed using statin therapy.6–8 

In recent years it has been acknowledged that besides 
plaque characteristics, a multitude of factors are involved 
in the development of an acute coronary event or stroke, 
and the concept of plaque vulnerability was extended to the 
larger concept of patient vulnerability, describing a clini-
cal situation associated with a generalized vulnerability of 
the patient following an exacerbated inflammation.9–11 The 
interrelation between plaque vulnerability and patient vul-
nerability plays a significant role in determining the devel-
opment of a coronary plaque into an acute cardiovascular 
event or towards regression and stabilization.

While patient vulnerability is characterized using so-
phisticated biomarkers associated with inflammation, 
features of plaque vulnerability have been studied using 
advanced imaging techniques. 

The recent development of Cardiac Computed Tomog-
raphy Angiography (CCTA) methods allows the noninva-
sive visualization of plaque features. Several plaque char-
acteristics demonstrated good specificity and sensitivity 

for predicting an acute coronary event.12,13 A significant 
amount of low-density plaque, a high plaque burden, the 
presence of spotty calcifications, active remodeling and 
the napkin-ring sign inside the plaque have been identi-
fied as primary characteristics associated with plaque vul-
nerability. All these features are present to a larger extent 
in culprit lesions compared with non-culprit lesions of the 
coronary arteries, at the same time being associated with 
a higher rate of recurrent cardiac events and worse out-
comes.14,15 Despite having the advantage of non-invasive 
visualisation of coronary plaques, CCTA is not able to pro-
vide relevant information on the thickness of the fibrous 
cap, a major feature of plaque vulnerability. Furthermore, 
it carries the risk of additional radiation to that delivered 
to the patient during a revascularization procedure.

A new noninvasive biomarker of plaque vulnerability 
is the shear stress, determined using CCTA data.16 Deter-
mination of the shear stress inside the coronary lumen, 
at the location of the plaque, is based on computational 
fluid dynamics. Studies assessing shear stress using this 
approach identified areas with low shear stress in the 
close vicinity of unstable coronary plaques. This implies 
that the alteration of intracoronary mechanical forces is 
involved in development of a vulnerable plaque.17,18 How-
ever, the procedure of shear stress determination is time-
consuming, therefore the technique cannot be used as a 
clinical decision tool in emergency conditions. 

A study published in this issue of the journal by Bene-
dek T et al. addresses the topic of plaque characterization 
using invasive intracoronary imaging.19 After reviewing 
and analyzing eleven studies published in the literature 
on the subject of vulnerable plaques characterization us-
ing OCT and IVUS, the most relevant markers associated 
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with vulnerable plaquesm identifiable by invasive imag-
ing, were described. The study proves that plaque burden, 
remodeling index, cross-sectional area, and the amount 
of necrotic core are the most relevant IVUS markers as-
sociated with vulnerable plaques, while the thickness of 
the fibrous cap, lipid arch, accumulation of macrophages 
and the presence of intracoronary thrombus are the most 
sensitive OCT markers of unstable plaques.19 

At the same time, the study suggests that in patients 
with acute coronary syndromes, due to the particularities 
of the invasive approach, invasive imaging should be pre-
ferred rather than a noninvasive one, as it avoids unneces-
sary delays associated with CCTA before revascularization.19

The authors concluded that both these invasive tech-
niques are complementary and can serve as useful clinical 
decision tools in ACS patients who are subject to a revas-
cularization procedure. 

Interestingly, the study addresses the topic of plaque 
vulnerability from a mixed approach, examining coronary 
plaques in culprit versus non-culprit lesions, in lipid-rich 
versus non-lipid rich plaques, in plaques with thin cap fi-
broatheroma versus those with thick cap fibroatheroma, 
and in ruptured versus non-ruptured plaques. This ap-
proach reflects the current advances in research dedicated 
to vulnerable plaque features, which indicated that not 
all vulnerable plaques have a TCFA and not all of them 
rupture. Histopathologic studies demonstrated that a sig-
nificant percentage of lesions responsible for an ACS pres-
ent plaque erosion with an intact fibrous cap, indicating 
that the classical concept of plaque rupture as the cause 
of thrombus formation and acute myocardial infarction is 
not valid in all cases.20,21

Compared to the many studies reporting CCTA-derived 
plaque features in different clinical settings, the number 
of studies included in this analysis is surprisingly small. 
This is probably explained by the low number of studies 
published in the literature, which included both OCT and 
IVUS assessment. However, the results of this systematic 
review undoubtedly indicate that in the era of noninva-
sive imaging, there is still a role for invasive assessment of 
coronary plaques using intracoronary imaging, especially 
in cardiac emergencies.
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REVIEW

New Developments in the Treatment of Acute 
Myocardial Infarction Associated with Out-
of-Hospital Cardiac Arrest. A Review
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AbSTRACT

Out-of-hospital cardiac arrest (OHCA) occurring as the first manifestation of an acute myocar-
dial infarction is associated with very high mortality rates. As in comatose patients the etiology 
of cardiac arrest may be unclear, especially in cases without ST-segment elevation on the sur-
face electrocardiogram, the decision to perform or not to perform urgent coronary angiography 
can have a significant impact on the prognosis of these patients. This review summarises the 
current knowledge and recommendations for treating patients with acute myocardial infarc-
tion presenting with OHCA. New therapeutic measures for the post-resuscitation phase are 
presented, such as hypothermia or extracardiac life support, together with strategies aiming to 
restore the coronary flow in the resuscitation phase using intra-arrest percutaneous revascu-
larization performed during resuscitation. The role of regional networks in providing rapid ac-
cess to the hospital facilities and to a catheterization laboratory for these critical cardiovascular 
emergencies is described.

Keywords: out-of-hospital cardiac arrest, cardiopulmonary resuscitation, life support, in-
tra-arrest PCI
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INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) occurring as the 
first manifestation of an acute myocardial infarction 
(AMI) is associated with very high mortality rates. When 
cardiac arrest occurs out-of-hospital, delays in the ini-
tiation of resuscitation can lead to a poorer prognosis 
and a significant neurological deficit, even in the even-
tuality of a successful resuscitation. As in many circum-
stances the etiology of cardiac arrest remains unclear in 
comatose patients, especially in those cases without ST-
segment elevation on the surface electrocardiogram, the 

decision to perform or not to perform urgent coronary 
angiography can have a crucial impact on the prognosis 
of these patients. New therapeutic measures such as hy-
pothermia and extracardiac life support have been pro-
posed to improve survival rates in these critical cardiac 
emergencies. Intra-arrest percutaneous coronary inter-
vention (PCI) has also been attempted in the hope that 
urgent revascularization of the occluded coronary artery 
may lead to the immediate restoration of myocardial 
contractility and recovery of the circulation (Figure 1). 
This review summarizes current knowledge and recom-
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mendations for treating patients with AMI presenting 
with OHCA.

OUT-Of-HOSPITAL CARDIAC ARREST —  
A mAJOR HEALTHCARE PRObLEm

Out-of-hospital cardiac arrest (OHCA) is defined as an 
unexpected sudden onset condition with the absence of 
palpable central pulse and apnea, attributed to mechani-
cal cardiac inactivity. Although the incidence and survival 
rates associated with this condition vary considerably in 
different regions of the world, it remains one of the leading 
causes of death and invalidity in industrialized countries, 
with a summary incidence of 38 per 100,000 person-years 
for all-rhythm OHCA in Europe.1,2 The main etiologies of 
OHCA are represented by different cardiovascular condi-
tions, mainly attributed to ischemic heart diseases com-
plicated by an acute coronary syndrome (ACS) or a stroke.3 
However, it was reported that between 20% and 40% of 
OHCA in adult patients were of non-cardiac origin, indi-
cating that further investigations are needed to identify 
other risk factors involved in OHCA etiology.4 Survival 
rates of OHCA patients also show considerable variability 
for different countries and regions depending on the stan-
dard of medical education about cardiopulmonary resus-
citation (CPR), on the development of emergency medical 
services (EMS) and on public access to external defibrilla-
tors.5 In developing countries, the incidence of cardiovas-
cular diseases and OHCA is higher than in industrialized 
countries. The lack of standardized emergency medical 

systems and poor public awareness predisposes to mor-
tality rates as high as 98–100% in these regions.6 In one 
study it was suggested that the survival rate of OHCA pa-
tients might be age- and sex-related, with a higher over-
all rate of survival in women, with differences across age 
groups, indicating that women younger than forty-seven 
years had a higher probability of survival after an OHCA.7

OUT-Of-HOSPITAL CARDIAC 
ARREST ASSOCIATED WITH ACUTE 
mYOCARDIAL INfARCTION

Despite the progress made in the last decades in the pre-
vention of coronary artery diseases (CAD) and improved 
treatment strategies with either optimal medical therapy 
or percutaneous coronary interventions (PCI) for isch-
emic heart diseases, the mortality associated with acute 
myocardial infarction (AMI) is still high.8–10 A substan-
tial number of sudden cardiac arrests related to AMI oc-
cur outside the hospital, and this is associated with higher 
mortality rates compared to patients with in-hospital 
cardiac arrest (IHCA).  This is mainly attributed to the late 
initiation of CPR and advanced life support therapies in 
out-of-hospital settings.11 A significant number of OHCA 
survivors have a low quality of life due to significant neu-
rological sequelae secondary to cerebral hypoxia.12 Osten-
feld et al. (2015) evaluated mortality in patients with AMI 
complicated by cardiogenic shock (CS) presenting with or 
without OHCA and found no significant differences in sur-
vival rates between the two groups, suggesting that OHCA 

 

fIGURE 1. Modern approaches in cardiac arrest with suspected ischemic etiology.

OHCA – out-of-hospital cardiac arrest, IHCA – in-hospital cardiac arrest, ECLS – extra-corporeal life support, CPR 
– cardiopulmonary resuscitation, PCI – percutaneous coronary intervention
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cannot be considered as an independent predictor of mor-
tality in the severe group of AMI patients with CS.13

mANAGEmENT Of PATIENTS SURVIVING OHCA 

Recommendations foR RevasculaRization 
in oHca associated witH ami 

As multiple non-randomized trials suggest that OHCA 
survivors can benefit from immediate coronary angiog-
raphy and PCI, with improved survival rates following 
revascularization procedures, the guidelines of the Euro-
pean Society of Cardiology (ESC) recommend emergency 
coronary angiography with revascularization in patients 
with AMI and OHCA, regardless of ECG findings, as a class 
IIa indication. According to ESC guidelines, conscious pa-
tients surviving OHCA with ST-segment elevation myo-
cardial infarction (STEMI) should be treated immediately 
with PCI, while high-risk non-ST-segment elevation 
acute coronary syndrome should receive rapid invasive 
therapy in less than two hours.14 Unconscious patients 
should be transferred immediately to the catheterization 
laboratory.15 The guidelines of the American Heart Asso-
ciation (AHA) recommend emergency coronary angiog-
raphy and PCI for the management of OHCA patients if 
the ECG shows STEMI (Class I, level of evidence B) and 
emergency angiography of comatose patients regardless 
of ST-segment elevation on the ECG (Class IIa, level of 
evidence B).16

coRonaRy angiogRapHy and 
RevasculaRization in oHca patients

The majority of OHCA events associated with AMI result 
from erosion or rupture of an atherosclerotic coronary 
plaque,17 and numerous studies suggest that to decrease 
mortality, conventional immediate angiography and re-
vascularization should be performed for survivors of 
OHCA, regardless of ECG changes and symptoms.18 Waldo 
et al. (2015) proposed a straightforward and easily mea-
surable score based on four risk variables in resuscitated 
patients, including angina, congestive heart failure, the 
presence of a shockable rhythm on an electrocardiogram 
as the initial rhythm, and ST-segment elevation in at 
least two contiguous leads. Patients with a risk score ≤1 
are considered as a slight risk of having an acute culprit 
lesion. Thus, they should not be referred for immediate 
coronary angiography. A risk score >1 is associated with 
a high likelihood of having an acute coronary lesion, and 
these patients may benefit from invasive coronary angi-

ography. However, further prospective studies are needed 
to validate this clinical risk model.19 

The importance of early coronary angiography for car-
diac arrest survivors is augmented by recently published 
results. Kern et al. (2011) demonstrated better outcomes 
regarding survival and neurological function for patients 
receiving immediate coronary angiography, regardless 
of ST-segment changes. A recent study on OHCA patients 
undergoing urgent catheterization indicated that coronary 
angiography revealed an acute coronary occlusion in one 
out of four patients with OHCA without STEMI.

Patients with ST-segment elevation or left bundle 
branch block (LBBB) with the return of spontaneous cir-
culation (ROSC) following resuscitation, are also likely to 
benefit from early invasive management and should be 
referred immediately to the catheterization laboratory. 
Observational studies demonstrated better outcomes, 
with reduction of in-hospital mortality and higher rate of 
a favourable neurological status, when early PCI was as-
sociated with targeted temperature management.22–25

In patients without ST-segment elevation, as recorded 
on the post-ROSC electrocardiogram, the decision to per-
form early PCI can depend on numerous factors.26 As the 
specificity and sensitivity of clinical data and biomarkers 
are less accurate after OHCA, a decision may be extremely 
difficult to arrive at in such cases. Hemodynamic status, 
age, duration of CPR or neurological status can all influ-
ence the decision of undertaking or postponing coronary 
angiography. The current consensus released by the Euro-
pean Association for Percutaneous Cardiovascular Inter-
ventions (EAPCI) stated that where there is of lack of an 
apparent non-coronary cause of OHCA, coronary angiog-
raphy should be performed in less than two hours.24,25,27

A recent study that included 407,974 patients with OHCA 
presenting with ventricular tachycardia or ventricular fibril-
lation as initial rhythm, discussed the current trends, out-
comes and predictors of performing coronary angiography 
and PCI in this group. Coronary angiography was performed 
in only 35% of patients, increasing from 27.2% in 2000 to 
43.9% in 2012, while the PCI rate increased from 9.5% to 
24.1% during this period. The overall survival-to-discharge 
rate increased from 46.9% to 60.1% (p <0.001 for trend) in 
the overall study population, with an increase from 59.2% 
to 74.3% (p <0.001 for trend) in patients with STEMI and 
from 43.3% to 56.8% in those without ST-segment eleva-
tion. The study concluded that even if survival-to-discharge 
rates have increased, a significant number of OHCA patients 
are still not investigated using coronary angiography.28

Geri et al. (2015) analyzed the short- and long-term 
mortality of patients who underwent immediate coronary 
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angiography and PCI after OHCA. In this study 1,722 pa-
tients were included, 628 (35.6%) receiving coronary an-
giography, 615 (35.7%) receiving coronary angiography 
without PCI and 479 (27.8%) receiving PCI. Thirty-day 
survival rates were 21%, 11.9% and 35% respectively and 
the ten-year survival rates were 29%, 43% and 38% re-
spectively in this patient population. Patients with imme-
diate PCI after OHCA presented a significantly lower risk of 
mortality in the long-term. This study demonstrated that 
PCI should be carried out in all OHCA survival patients with 
no obvious non-cardiac cause for the cardiac arrest.29,30

Another study which analyzed the short- and long-
term outcomes of emergency coronary angiography after 
OHCA in comatose patients with STEMI or non-STEMI, 
revealed that age, time to ROSC and the presence of co-
morbidities were independent predictors of thirty-day 
and one-year mortality in STEMI patients, while no clini-
cal benefit of immediate coronary angiography/PCI was 
identified in patients without STEMI.31

intRa-aRRest pci — a valid concept?

Even though early revascularization therapy is recom-
mended for cardiac arrest survivors, only a few studies ad-
dressed the role and clinical benefits of intra-arrest PCI.32 
In an observational study Kagawa et al. (2012) included 86 
patients with ACS unresponsive to conventional CPR. In-
tra-arrest PCI combined with rapid-response extracorpo-
real membrane oxygenation (ECMO) was performed for 61 
patients (71%), leading to return of spontaneous heartbeat 
in all cases. Mild hypothermia was induced in thirty-two 
patients (37%) in this study. In patients who survived up 
to thirty days, the rate of OHCA was lower (28% vs. 58%; 
p = 0.01), the time interval from the arrest to the initiation 
of extracorporeal life support was shorter (40 minutes vs. 
54 minutes; p = 0.002) and the rate of intra-arrest PCI was 
higher (88% vs. 70%; p = 0.04). At the same time, the thir-
ty-day survival rate was greater in patients with intra-ar-
rest PCI (36% vs. 12%; p = 0.03). The study concluded that 
intra-arrest PCI combined with extracorporeal life support 
was associated with better survival rates for patients with 
refractory cardiac arrest, demonstrating that intra-arrest 
PCI is a valid concept that requires further development.33

post-Resuscitation caRe – tHeRapeutic 
HypotHeRmia afteR oHca

Induced mild hypothermia after global cerebral hypoxia is 
associated with improved outcomes as a consequence of 
the neuroprotective effect, via suppressing different path-

ways of cell death, decreasing cerebral oxygen consump-
tion and reducing the release of stimulatory amino acids 
and free radicals.34–37

Over the last decade, therapeutic hypothermia has be-
come standard care for comatose patients after OHCA with 
a shockable rhythm, but an analysis of the current studies 
on therapeutic hypothermia in patients with non-shock-
able rhythm indicates that controversy still exists.

A large cohort study compared mild induced therapeu-
tic hypothermia at 32–34°C for 24 hours, followed by pas-
sive 0.3°C per hour rewarming to 37°C in 24 hours with 
no temperature management in patients after OHCA. This 
study demonstrated a better neurologic outcome at dis-
charge for patients with initial VT/VF rhythm compared to 
those in pulseless electrical activity (PEA)/asystole (39% 
vs. 16%; p <0.001).38,39 Testori et al. (2011) investigated the 
outcomes of patients with non-shockable initial rhythm 
after OHCA treated with mild induced therapeutic hypo-
thermia for 24 hours, and demonstrated improved neu-
rological outcome at discharge, associated with a reduced 
risk of mortality.40,41 The FINNRESUSCI study (2013) also  
reported improved neurological status at one-year follow-
up in patients with shockable rhythm after OHCA with 
therapeutic hypothermia, but no benefit was observed for 
patients with non-shockable rhythm.42

In the Targeted temperature management (TTM) trial 
(2013), 950 unconscious OHCA patients were randomly 
assigned to TTM at either 33°C or 36°C, achieved as rap-
idly as possible with ice-cold fluids and ice packs. After 
twenty-eight hours re-warming to 37°C was performed 
in both groups. No significant differences were observed 
in the primary outcome of all-cause mortality at the end 
of the trial between the two groups. The six-month neu-
rological outcome was also similar in the two groups.43,44

An extensive retrospective registry study, which com-
pared the effectiveness of therapeutic hypothermia after 
OHCA, found no significant neurological benefit at dis-
charge compared to no temperature management, re-
porting worse neurological outcome in patients with non-
shockable rhythm.45,46

The optimal duration of TTM is yet unknown, but cur-
rently, most recommendations indicate that this therapy 
should be maintained for at least twenty-four hours. No 
differences were observed in mortality and neurologi-
cal outcomes with twenty-four-hour versus seventy-
two-hour hypothermia. Current European Resuscitation 
Council and European Society of Intensive Care Medicine 
guidelines recommend that a target temperature between 
32–36°C should be achieved if TTM is used after OHCA. 
According to these guidelines, TTM is recommended after 
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OHCA for patients with shockable rhythm on initial ECG, 
who are unresponsive after ROSC, and for those with ini-
tial non-shockable rhythm on the ECG who remain unre-
sponsive after ROSC. According to current recommenda-
tions, TTM should be maintained for at least twenty-four 
hours.47 ESC and AHA guidelines also recommend (Class 
I indication) the use of TTM for STEMI patients who are 
resuscitated after cardiac arrest but remain comatose at 
arrival at a hospital.48,49

The duration of coma in OHCA survivors is related to 
various factors, such as the duration of cardiopulmonary 
resuscitation, initial rhythm, arrest location, witnessed 
arrest, and sex. In an observational study on 573 patients 
with OHCA treated with TTM, 316 patients (55%) became 
responsive, 60 (19%) woke up at least 48 hours after re-
warming and 8 patients (2.5%) woke up more than one 
week after re-warming. This study also observed a better 
neurological status at discharge in early awakeners.50

As the use of TTM becomes more frequent in clinical 
practice, safety issues arise in relation to this new strat-
egy. Bleeding, infectious and arrhythmic complications 
have been reported. TTM can alter the coagulation cas-
cade, and dual antiplatelet therapy combined with po-
tent antithrombotic agents can increase bleeding risk for 
patients undergoing PCI. A meta-analysis of five studies 
reported no significant increase in bleeding complica-
tions or blood transfusion for patients with TTM treat-
ment.51 Joffre et al. (2014) reported a higher rate of stent 
thrombosis in comatose patients with OHCA treated with 
TTM and PCI. This could be explained by the pharmaco-
kinetic changes following hypothermia, the higher rate 
of nonresponders to clopidogrel, the presence of circula-
tory shock or insufficient antiplatelet therapy.52 Another 
study, which evaluated the incidence of stent thrombosis 
in 49,109 patients treated with TTM and PCI for AMI after 
cardiac arrest, concluded that the rate of stent thrombo-
sis was not significantly different in patients who received 
TTM compared to those on standard care.53,54

In a systematic review on therapeutic hypothermia af-
ter cardiac arrest, it was reported that excellent survival 
rates with clear neuroprotective benefit followed the use of 
therapeutic hypothermia (TH), regardless of initial rhythm 
after survival of OHCA. However, this study did not demon-
strate any evidence in favour of a specific temperature.55,56

The timing of initiation of TH is still a topic of de-
bate. Some authors suggest that early initiation of TTM, 
with prehospital initiation, could be beneficial for OHCA 
patients, preventing profound brain injury and limit-
ing early reperfusion injury. As yet no clinical benefit has 
been proven for this approach, which was also associated 

with longer times from therapy initiation to hospital ar-
rival.57–59

post-Resuscitation suppoRtive 
tHeRapy in oHca patients

Extracorporeal life support (ECLS) is a secondary therapy 
to conventional CPR, which is associated with improved 
survival and neurological outcomes. It is mainly used if 
there is a suspected reversible etiology related to the car-
diac arrest. ECLS can be initiated at the site where OHCA 
occurred. However, the results were significantly worse in 
OHCA than in-hospital cardiac arrest (IHCA).60–63 A recent 
meta-analysis on the efficacy of extracorporeal cardio-
pulmonary resuscitation compared to conventional CPR 
revealed no differences in survival rates and neurologic 
outcomes in OHCA patients, despite this therapy leading 
to improved survival and better neurologic outcome in 
IHCA of cardiac origin.64

Another approach, which raises serious ethical questions, 
is the use of extracorporeal membrane oxygenation (ECMO) 
to preserve organs for transplantation from refractory OHCA 
patients.65 Dalle et al. (2016) suggested that ECMO should be 
used for ECPR, as well as for uncontrolled donation after 
circulatory determination of death for organ transplant-
eligible patients. However, only top centers in ECLS should 
develop this kind of protocol, and ECLS should always be 
considered before the initiation of these protocols.66,67

NETWORK DEVELOPmENT fOR 
REDUCTION Of mORTALITY

The most frequent underlying cause of OHCA is the pres-
ence of an ACS, and emergency PCI may be associated 
with improved survival in these cases.23,68 The devel-
opment of well-organized STEMI networks has led to 
a significant reduction of in-hospital mortality in STE-
MI patients, and  OHCA patients may also benefit from 
these networks.69–71 The development of highly special-
ized centers for cardiac arrest, with well-trained staff 
and state-of-the-art equipment, capable of primary PCI 
and advanced post-resuscitation care, can also have a 
role in reducing mortality and achieving better neuro-
logical outcomes.72–76 A system-wide approach for ear-
ly CPR in the community could also achieve decreased 
death rates for OHCA patients and improve neurological 
outcomes.77–79 The implementation and development of 
OHCA registries may lead to a better understanding of 
these complex conditions and help identify the needs for 
targeted interventions in regional networks.80,81
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CONCLUSIONS

Acute myocardial infarction associated with cardiac arrest 
remains a major healthcare problem, and OHCA occurring 
at the onset of infarction requires prompt intervention to 
identify the ischemic cardiac etiology of the cardiac arrest 
accurately and to initiate appropriate reperfusion strat-
egy. Urgent coronary angiography should be performed in 
all cases with suspected ischemic etiology and in all cases 
with unknown etiology of the cardiac arrest, as revascu-
larization of the culprit lesion has been demonstrated to 
improve the survival in these patients. Complex therapeu-
tic strategies have been proposed to reduce the mortal-
ity associated with this condition. However, few strategies 
have been linked with a significant decrease in mortality. 
The implementation of modern approaches in the thera-
peutic algorithm dedicated to OHCA still requires signifi-
cant efforts and the organization of efficient regional net-
works for acute cardiac care. 
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AbSTRACT

Hematological conditions can lead to serious disturbances in blood rheology, being frequently 
associated with increased systemic inflammation and increased risk of bleeding. The im-
balance between coagulation and thrombolytic factors in patients with acute coronary syn-
dromes may lead to undesirable outcomes, and the success of emergency coronary angio-
plasty or by-pass grafting may be altered by increased bleeding in coagulopathies such as 
hemophilia. This paper intends to review the present knowledge in the field of acute coro-
nary syndromes in subjects with hematological and onco-hematological disorders such as 
thrombotic thrombocytopenic purpura, immune thrombocytopenic purpura, von Willebrand 
disease, hemophilia, polycythemia vera, erythrocyte disorders, myelodysplastic syndrome, 
leukemia, lymphoma or myeloma.
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INTRODUCTION

Hematological conditions can lead to serious disturbance 
in the blood rheology resulting at times in a pro-throm-
botic status. The diseases in this group are frequently 
associated with an increased systemic inflammation 
and an increased risk of bleeding, resulting in an im-
balance between coagulation and thrombolytic factors. 
Various changes in blood homeostasis associated with 

the occurrence of an acute coronary syndrome may lead 
to undesirable outcomes and the success of emergency 
coronary angioplasty or bypass grafting may be altered 
by increased bleeding in coagulopathies such as hemo-
philia. 

This paper intends to review present knowledge in the 
field of acute coronary syndromes in subjects with hema-
tological and onco-hematological disorders. 

DOI: 10.1515/jce-2016-0024
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1. THE LINK bETWEEN ACUTE 
CORONARY SYNDROmES, PLATELET 
DISORDERS AND COAGULOPATHIES

acute coRonaRy syndRomes in patients 
witH tHRombocytopenia and tHRombotic 
tHRombocytopenic puRpuRa

Platelets have a significant role in the development of 
acute coronary thrombosis that overlaps a ruptured ath-
erosclerotic plaque.1

A large, multi-institutional cohort study (2013), which 
included 4,032 patients from the 2001-2010 Nationwide 
Inpatient Sample database with thrombotic thrombocy-
topenic purpura (TTP) who underwent plasmapheresis 
(mean age 47.5 years, 67.7% female), showed that despite 
having been treated for TTP, 5.7% of patients developed 
an acute coronary syndrome (ACS) during hospitalization. 
The predictors of acute myocardial infarction (AMI) in-
cluded age, tobacco use, known coronary artery disease 
(CAD), and congestive heart failure (CHF).2

Gandhi et al. (2010), reporting on 27 females, mean age 
44 ± 18 years, showed that 21% (n = 8) of the patients de-
veloped new Q-wave AMI during their hospital stay.3 Sim-
ilarly, Wahla et al. recorded that between 1996 and 2005, 
15.3% (n = 13) of the patients admitted for TTP (n = 85), 
presented an ACS during hospitalization.4

can acute myocaRdial infaRction 
RepResent a complication of immune 
tHRombocytopenic puRpuRa?

Immune thrombocytopenic purpura (ITP), leading to a 
low platelet count, is rarely associated with ACS. Despite 
the increased risk of bleeding, patients with ITP also have 
an increased rate of atherosclerosis and thrombosis.5

Being a rare occurrence, clinical studies on ACS in ITP 
patients are scarce. Torbey et al. (2013) reported two pa-
tients, aged 55 and 61 years, with ACS and ITP.6 

A review published in 2011, comparing the results of 
coronary artery bypass grafting (CABG) versus primary 
coronary intervention (PCI) in subjects with ITP found 32 
patients with ITP who underwent CABG, mean age 63 ± 10 
years, and 15 cases of ITP with PCI, mean age 62 ± 16 years. 
Their conclusion was that both revascularization methods 
are safe and feasible and that the cessation of antiplatelet 
therapy should be commenced when the platelet count is 
less than 20,000/μL.7 

A report (2016) of 14 AMI patients with concomitant 
immune thrombocytopenic purpura, nine men and five 

women, mean age 56 ± 17 years, highlighted the option of 
coronary balloon angioplasty for revascularization in this 
group, in order to reduce the duration of dual antiplatelet 
treatment and the risk of bleeding.8 

Possible etiologies of enhanced thrombosis in ITP in-
clude antibody reaction to platelets and release of platelet 
microparticles, the release of larger and younger platelets, 
splenectomy, several treatments such as steroids or dan-
azol, as well as autoantibodies directed against antigens 
that are presentd both on the thrombocyte and the endo-
thelial surface, and anti-phospholipid antibodies (aPL).9

acs in patients witH von willebRand disease

The von Willebrand factor (vWF) holds a vital place in the 
coagulation cascade. An elevated level of vWF leads to an 
augmented risk of coronary artery disease. In ST-eleva-
tion MI (STEMI) the level of vWF increases up to 1.5–2-
fold in the first 24 hours and peaks at 48–72 hours.10

The ATHEROREMO-IVUS study (conducted between 
2008 and 2011) showed that a high coronary plaque burden 
was correlated with elevated von Willebrand factor antigen 
levels (p = 0.027) in subjects with stabile angina pectoris, 
but not in patients with ACS. In patients with acute ACS, 
high vWF levels were predictive for adverse cardiovascular 
events and mortality rates during the 1-year follow-up.11

Lim et al. analyzed the rate of ACS in patients with von 
Willebrand disease, describing ten cases of ACS. Their re-
sults showed that in subjects with mild congenital hem-
orrhagic disease, the intervention was not complicated 
by severe hemorrhagic events even if they had not re-
ceived factor concentrates before the coronarography. 
The administration of double antiplatelet treatment for 
a short amount of time was tolerated relatively well. Pa-
tients who received aspirin for a long-term, had shown 
mild bleeding complications, but these cases require 
close follow-up.12 

In a case report (2013) on type 1 von Willebrand disease, 
with 25% factor VIII activity, a percutaneous coronary in-
tervention was performed with bare-metal stent implan-
tation and dual-antiplatelet therapy was administered for 
two weeks, without any bleeding complications.13

Mohammad et al. (2014) published the case of an indi-
vidual diagnosed with type 2 von Willebrand disorder and 
a history of severe bleeding, who presented with a non-
ST elevation MI (NSTEMI). The patient needed multiple 
stent implantations to minimize restenosis, including the 
implantation of drug eluting stents at the level of the left 
anterior descending artery, first diagonal (D1) artery and 
proximal part of the first obtuse marginal (OM) artery. 



161Journal of Cardiovascular Emergencies 2016;2(4):159-168

Drug therapy included oral aspirin and clopidogrel, and 
no periprocedural bleeding was reported.14 

A presentation of five cases indicated that anticoagulant 
therapy can be safely administered by giving factor pro-
tection when vWF activity levels are maintained at 30%. 
Martin et al. (2016) suggested the usage of high-intensity 
anticoagulation for a minimal duration associated with 
clotting factor administration. This study recommended 
keeping the vWF activity at a level higher than 50% before 
the procedure.15

HemopHilia and acs 

The majority of studies regarding ACS in hemophilic pa-
tients advocate a less hostile approach and additional care 
and treatment. Subjects with inherited hemorrhagic pa-
thologies are predisposed to higher bleeding rates; there-
fore, thrombolysis for MI is unjustified in such cases. Anti-
coagulant treatment is to be initiated with an intravenous 
injection of unfractionated heparin, followed by continu-
ous administration for 2–3 days in association with double 
antiplatelet medication (aspirin, clopidogrel). Daily small-
dose acetylsalicylic acid (ASA) must be administered for 
an indefinite time, and clopidogrel must be ceased after 4 
weeks from its introduction in the therapeutic plan.

In case of STEMI in patients with hemophilia, primary 
PCI is recommended. Bare-metal stents are preferred to 
drug-eluting stents due to the fact that they require a 
smaller amount of time for two antiplatelet drugs, usu-
ally one month, and consequently, a shorter time of rig-
orous prophylaxis maintaining the factor concentration 
at 30% or more. Initial management of STEMI with gly-
coprotein IIb/IIIa inhibitors is not feasible due to an en-
hanced bleeding risk. In hemophilic patients, the activity 
of the missing factor should be at least 80% at the mo-
ment of heparin administration and coronary interven-
tion.16–18

The ARCHER study (2015) analyzed the frequency of 
cardiovascular disease in hemophilic patients, and re-
ported an incidence of 14/1000 patients for any CVD event, 
8.2/1000 patients for CAD and 3.5/1000 patients for MI 
(NSTEMI and STEMI). The majority of the CVD events 
were treated with revascularization (12 procedures — 3 
CABG and 9 PCI). Interventional revascularization was 
performed with bare-metal stents in six cases and with 
drug-eluting stents in one case. All patients who under-
went coronary angioplasty with stent implantation were 
treated with dual antiplatelet therapy for 1–3 months, fol-
lowed by longer term aspirin therapy. Furthermore, pro-
phylactic coagulating factor concentrate was administered 

to all patients prior to the coronary intervention, and pre-
operatively for those who had undergone CABG surgery.19 

van de Putte et al. (2012), analyzing 408 patients with 
hemophilia, of which 204 were considered severe and 204 
non-severe, identified a 2.5% rate of MI in the disease 
group, versus 4.8% in age-matched controls.20 

Fogarty et al. (2015) sought to determine patient char-
acteristics, cardiovascular risk factors, coagulopathy 
features, as well as the hemostasis protocol used in case 
of patients with ACS and hemophilia, in a 10-year survey. 
From the 2,000 hemophiliacs, 20 had presented an ACS. 
They concluded that ACS occurs in younger hemophilia 
patients who have associated cardiovascular risk fac-
tors, and that secondary cardiovascular prevention and 
revascularization therapies followed by dual antiplatelet 
therapy are feasible therapeutic approaches in selected 
cases.21 

acs in subjects witH polycytHemia veRa 
and essential tHRombocytHemia 

Polycythemia vera (PV) is defined as the excessive pro-
liferation of red blood cells, leading to hyperviscosity and 
increased risk of thrombosis. In patients with PV, the main 
causes of mortality are acute myocardial infarction and 
heart failure.

Essential thrombocythemia (ET) is manifested clinical-
ly as the excessive production of platelets. These platelets 
are dysfunctional, leading to an increased risk of bleeding 
and thrombosis. Thromboembolic events are frequent and 
are usually represented by deep vein thrombosis and pul-
monary embolism. AMI is unusual in this case.22 

According to the ECLAP study, the prevention of acute 
coronary syndromes in PV patients consists of low-dose 
aspirin for the prevention of thromboembolic events that 
reduces the risk of nonfatal myocardial infarction by 
30%.23

Cytoreductive therapy aims to reduce thromboembolic 
risk by using phlebotomy or hydroxyurea and is recom-
mended for all patients in order to achieve the optimal 
control of blood cell counts.24 

In patients with PV and ET with acute myocardial in-
farction, percutaneous reperfusion followed by aggressive 
antithrombotic treatment is recommended in association 
with cytoreductive medication. Cytoreductive treatment is 
linked to an important decrease in the rate of thrombot-
ic complications. Hydroxyurea is suggested as first-line 
treatment and anagrelide is recommended as a second-
line therapy due to its minimal leukemogenic effects in 
young patients.25 
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De Stefano et al. studied the recurrence rate of throm-
botic events in patients with PV/TH who had previously 
suffered arterial or venous thrombosis or both, in a ret-
rospective multicenter study that included 497 patients. 
Their results showed a 33.6% thrombosis recurrence rate 
and pointed out an elevated leukocyte count as a risk fac-
tor for recurrence in patients older than 60 years. This 
study also showed that the best preventive strategy in 
these cases is represented by cytoreductive therapy asso-
ciated with antiplatelet drugs and anticoagulants.26 

A meta-analysis on 17 studies that included 2,905 pa-
tients showed that the presence of the JAK2 V617F muta-
tion was associated with an increased risk of both venous 
and arterial thrombosis in patients with essential throm-
bocythemia.27 

Similar results were published in a retrospective multi-
center study involving 239 patients with ET. In that study, 
previous thrombotic history and the JAK2 V617F mutation 
were connected to an increased 10-year cumulative rate of 
thrombohemorrhagic events.28

A retrospective study (2016) of 263 patients analyzed 
the rate of acute myocardial infarction in patients with ET 
or PV. During follow-up, 10 cases of STEMI and 4 cases 
of NSTEMI were described, and the majority of the acute 
coronary events had occurred during the first year after 
diagnosis.29 

2. ANEmIA, ERYTHROCYTE 
DISORDERS AND AmI

autoimmune Hemolytic anemia 
complicated witH acute myocaRdial 
infaRction — an “uncleaR aRea”?

Being a relatively rare disease, few data have been pub-
lished regarding clinical studies on patients with autoim-
mune hemolytic anemia (AIHA) and AMI. Two cases have 
been reported, in which the acute coronary syndrome oc-
curred as a complication of Evans Syndrome, which as-
sociates immune thrombocytopenic purpura and AIHA.30,31 

In one of the above mentioned cases, the patient pre-
sented with STEMI and had undergone coronary stenting. 
The antiplatelet therapy following PCI was adjusted, and 
the patient had received single antiplatelet aspirin therapy 
when his thrombocyte level was lower than 50 × 109/L, 
and no aspirin when his platelet count was less than 30 × 
109/L. Moreover, the patient had received a platelet trans-
fusion when his platelet count was <30 × 109/L.31 

A large Swedish study (2012), which retrospectively 
analyzed the connection between immune-mediated 

disorders including AIHA and atherosclerotic coronary 
heart disease (CHD), enrolled a total number of 336,479 
patients admitted between 1987 and 2008 with immune-
mediated diseases. The study indicated a 3.17 (95% CI 
2.16–4.47) risk of CHD in AIHA patients during the first 
year after hospitalization. However, it should be men-
tioned that the established overall risk of CHD for im-
mune-mediated disorders in this study was 2.92 (95% CI 
2.84–2.99).32 

acute coRonaRy syndRome is a seRious 
clinical manifestation in sickle cell anemia

Sickle cell disease (SCD) is a chronic hemolytic anemia, 
which leads to recurrent ischemic episodes resulting in 
a generalized progressive multi-organ dysfunction. SCD 
patients with AMI, diagnosed based on symptoms, ECG 
and elevated cardiac enzymes, often present with normal 
coronary arteries upon coronarography. The myocardial 
ischemia in SCD is caused by endothelial dysfunction, mi-
crovascular obstruction due to the pro-thrombotic state, 
and also by the systemic vasculopathy secondary to the 
bounding of nitric oxide to plasma hemoglobin (which is 
very high due to hemolysis).33,34

An autopsy study (from 2012 to 2016) of 427 heart 
specimens from patients who had died suddenly, reported 
12 cases with SCD. Upon reviewing the medical history of 
the deceased patients, only five patients presented with 
chest pain. The microscopic examination showed vessel 
congestion with sickle cells in all 12 cases, MI with coro-
nary atherosclerosis in 41.66%, MI with normal coronar-
ies in 33.33% of cases, myocardial hypertrophy in 8.33% 
of cases, and media calcifications in 16.6% of patients.35

coRonaRy aRteRy tHRombosis in patients witH 
paRoxysmal noctuRnal HemoglobinuRia

Paroxysmal nocturnal haemoglobinuria (PNH) is a rare 
disorder that causes intravascular hemolysis followed 
by hemoglobinuria, with a high risk of thrombosis.36 
Thromboembolic events in PNH are caused by the acti-
vation of the C5 complement factor through hemoglobin 
release during hemolysis, leading to endothelial damage 
and subsequent intravascular thrombosis. On the other 
hand, nitric oxide depletion caused by circulating hemo-
globin molecules leads to arterial thrombosis. By using 
C5 complement factor inhibitor as a therapeutic option, 
the thrombotic events are reduced, therefore complement 
and complement-mediated hemolysis play a major role in 
thrombosis in PNH patients.36 
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A review on a single Spanish center's forty years’ experi-
ence found 56 patients with PNH, with an average age of 
38 ± 17.7 years at the time of diagnosis and a mean survival 
time of 11 ± 12.09 years following positive diagnosis. Arterial 
or venous thrombotic events occurred in 37 cases (66.07%), 
from which only three caused acute coronary syndromes.37

A review by Ziakas et al. (2007) found 339 patients with 
PNH and thrombotic events, with a mean age of 34.5 ± 13.7 
years. Arterial thrombosis mainly occurred at a coronary 
level that led to acute myocardial infarctions in young pa-
tients, mean age 35 ± 13.7 years, whereas in older patients 
the thrombosis caused strokes. The incidence of MI was rel-
atively low (n = 12; 3.31%, RR: 20.53; 95% CI: 4.42–95.28).38

Yu et al. (2016) sought to perform a comparative analy-
sis on the clinical manifestations of PNH patients in Asia, 
Europe/America, by evaluating all retrospective studies on 
PNH published after 2000. They reported on 1,665 patients 
and found that the rate of PNH was significantly lower in 
Asia, and that Asian subjects had a more increased incidence 
of arterial thrombotic events in comparison with Western 
patients, who presented a higher incidence of abdominal 
venous thrombosis. Despite this, the total mortality rate 
was not significantly different between the two groups.39 

is acute coRonaRy syndRome a common 
appeaRance in aplastic anemia?

Aplastic anemia is caused by bone marrow failure that leads 
to a decreased blood cell count on several lines. Acute coro-
nary events in patients with aplastic anemia have a very low 
incidence, but there are a few cases cited in the literature. 

A case of a 52-year-old patient with aplastic anemia 
with late stent thrombosis has been published in 2012 by 
Shin et al.40 The patient had undergone PCI with stent an-
gioplasty on the left anterior descending artery one year 
before presentation. At presentation, the platelet count 
was 12,000/µL, for which the patient had received plate-
let transfusion resulting in acute stent thrombosis. This 
case illustrates the increased risk correlated with platelet 
transfusion in patients with coronary stenting.40 

3. LEUKEmIA AND mYELODYSPLASTIC 
SYNDROmE IN PATIENTS WITH ACS

acute leukemia and tHe Risk of developing 
an acute coRonaRy syndRome

A literature search identified seven case reports of sub-
jects with acute myeloid leukemia (AML) and acute coro-
nary events.41–47 

Two physiopathological pathways promote the forma-
tion of intravascular thrombi in AML. Firstly, hyperleu-
kocitosis compromises tissue perfusion by changing blood 
rheology and altering microvascular circulation mostly in 
the central nervous system and respiratory system. The 
myocardium is affected if coronary atherosclerosis is 
present.47 Secondly, a hypercoagulability state, which is 
caused by the release of potent procoagulant factors from 
leukemic cells, can lead to the activation of the coagula-
tion cascade, resulting in disseminated intravascular co-
agulation.44 

myelodysplastic syndRome 

Myelodysplastic syndrome (MDS) is a group of myeloid 
neoplasms that affects older population more frequently, 
in which the bone marrow fails to produce blood cells, 
leading to cytopenia. MDS is a rare disease on its own, and 
even more rare in association with ACS, therefore there 
are very few literature data on the subject, mainly case 
reports. 

A case report (2016) described a patient with acute 
myocardial infarction caused by thrombotic microangi-
opathy complicated with myelodysplastic syndrome. The 
patient presented with systemic microthrombosis includ-
ing coronary artery involvement and pancytopenia caused 
by MDS, with deletion of the long arm of chromosome 
20. Oral anticoagulation therapy was stopped because of 
hemorrhoidal bleeding, which required a blood transfu-
sion. The recovery of the patient was successful without 
antiplatelet and anticoagulation therapy, which were 
avoided due to the low platelet count.48

Oliva et al. (2011) performed a systematic analysis of the 
literature on anemia due to MDS and a negative cardio-
vascular prognosis. Their search revealed that despite the 
lack of studies on this topic, there seems to be a good re-
lationship between low hemoglobin levels and cardiovas-
cular morbidity and mortality, suggesting that anemia in 
MDS patients should be managed before requiring blood 
transfusions.49 

cHRonic lympHocytic leukemia and acs

Increased leukocyte count, which can be the first mani-
festation of chronic lymphocytic leukemia (CLL), leads to 
a high risk of coronary artery disease (CAD) and it repre-
sents a negative prognostic factor for CAD. An increased 
white blood cell count has also been demonstrated to 
represent an independent risk factor for atherosclero-
sis.50



164 Journal of Cardiovascular Emergencies 2016;2(4):159-168

A review on the effect of leukocytosis in patients with 
ischemic vascular disease included 350,000 patients from 
studies published between 1974 and 2005. The results 
showed a significant association between high white cell 
blood count and increased cardiovascular mortality and 
morbidity. Leukocytosis leads to an enhanced risk of acute 
thrombosis and stimulates the chronic atherosclerotic 
process, also causing microvascular occlusion. Initiating 
therapies that lower the leukocyte count may be appro-
priate in selected cases in order to improve prognosis, but 
hydroxyurea has leukemogenic potential, therefore its 
administration should be limited to high-risk elderly pa-
tients, for short time periods.51

A case report described an 83-year-old man diagnosed 
and treated with CLL, who presented acute myocardial 
infarction and died shortly after admission. The necropsy 
revealed myocardial infarction of the lateral wall of the 
left ventricle and severe atherosclerotic calcifications of 
the coronary arteries. Microscopic examination showed 
wall infiltration of the coronary arteries with leukemic 
cells, and also invasion of the atheromatous plaques with 
leukocytes, which could have contributed to plaque rup-
ture and occurrence of the acute coronary event.52

4. THE INCREASED RISK Of AmI IN SUbJECTS 
WITH HODGKIN & NON-HODGKIN LYmPHOmA 

Anthony et al. (2007) followed 7,033 patients (62% 
males) registered in the British National Lymphoma In-
vestigation database from 1967 to 2000. During follow-
up, 2,441 patients had died, of which 99.3% had a known 
cause of death. One-hundred sixty-six patients from the 
deceased group had died due to myocardial infarction. 
Their results suggested that Hodgkin lymphoma pa-
tients had a more increased risk of AMI compared to the 

general population, and that the relative risk of death 
from MI was more than two-fold higher (RR: 2.1, 95% 
CI 2.5–2.9). 

Within the first year after the initiation of therapy, the 
myocardial infarction mortality rate increased four-fold. 
From year one to year fourteen after treatment initiation, 
the relative risk of death was increased two-fold, from 
year 15 to 19 four-fold, and after 20 to 24 years of treat-
ment, the mortality caused by MI was increased three-
fold compared to the general population. They conclud-
ed that the mortality risk from MI after the initiation of 
therapy for Hodgkin lymphoma remains high for the next 
25 years, and the risk is directly correlated with supra-
diaphragmatic radiotherapy, antracycline and vincristine 
treatment.53

Similar results were shown by Galper et al. (2011) in a 
retrospective study that included 1,279 Hodgkin lympho-
ma patients that had been treated with mediastinal radio-
therapy (RT) alone or in association with chemotherapy, 
with a follow-up period of 14.7 years. Coronary artery dis-
ease was diagnosed in 107 cases, the mean time from ra-
diotherapy to CAD being 15.8 years. The incidence of CAD 
in these patients increases every 5 years after RT. Myo-
cardial infarction had occurred in 76 cases, from which 19 
were fatal. They concluded that the incidence of cardio-
vascular disease and cardiac procedures is higher 10 years 
or more after RT, thus suggesting that the effectiveness 
of screening for CVD is limited before 10 years following 
initial treatment for Hodgkin lymphoma.54

Aleman et al. (2007) sought to evaluate the long-term 
risk for CVD in 1,474 patients that had survived 5 years 
after being diagnosed and treated for Hodgkin lymphoma, 
between 1965 and 1995, with a mean follow-up of 18.7 
years. From the study population, 28% of patients were 
given RT alone, 5% chemotherapy (CT) alone, 38% RT 

TAbLE 1. Acute coronary syndrome in AML patients

Author Gender Age Year of 
diagnosis

FAB 
classification

WBC count Platelet count Comorbidities Complication

Altwegg et al.41 male 51 2010 M3 2,200/mm3 85,000/mm3 – AMI and intracoronary drug-
eluting-stent thrombosis

Sargsyan et al.42 male 45 – – 10,000/mm3 – – AMI

Ofran et al.43 female 56 1993 M1 316,000/mm3 35,000/mm3 – AMI

Cahill et al.44 female 29 2010 M3 normal range normal range – AMI with intracardiac 
thrombosis

Muñiz45 male 54 – M3 640/mm3 11,200/mm3 – AMI

Colović et al.46 male 76 – – extreme  
leukocytosis

– ? AMI and stroke

Cohen et al.47 male 37 2012 MLL (lympho-
monoblastic)

354,000/mm3 60,000/mm3 – AMI and deep vein thrombo-
sis of the lower limb
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and CT without anthracyclines, and 29% received RT and 
CT including anthracyclines. In total, 619 cardiovascular 
diseases had been diagnosed in 354 patients, from which 
102 events were myocardial infarctions. Also, there was a 
higher number of angina pectoris and MI cases compared 
to the general population. The incidence of MI was signifi-
cantly higher after 10 years following treatment. However, 
there were no significant differences in the rate of MI, an-
gina pectoris and congestive heart failure between differ-
ent treatment regimens.55

Four cases of non-Hodgkin lymphoma patients that 
presented with acute coronary syndromes were reported 
in the literature, in 2009, 2013, 2014, and 2015.56–59 They 
presented with acute constrictive chest pain shortly af-
ter the administration of chemotherapy, and ECG and en-
zymatic changes were suggestive of AMI. They received 
different combinations of cytostatic treatment including 
rituximab-vincristine, cyclophosamide, prednison/ritux-
imab-cyclophosphamide, doxorubicin, vincristine and 
prednisone/bendamustine and rituximab. Two of these 
cases presented with AMI after Rituximab administration. 
Generally, Rituximab, an anti-CD20 monoclonal antibody, 
is not cardiotoxic, but arrhythmias have been reported 
in association with its administration. MI secondary to 
treatment with Rituximab is caused by platelet activation, 
plaque rupture and vasoconstriction, especially in subjects 
with preexisting coronary atherosclerosis and vulnerable 
coronary plaques.56–59

5. RISK Of ACS IN PATIENTS WITH 
mULTIPLE mYELOmA (mm) AND 
mONOCLONAL GAmmOPATHY Of 
UNDETERmINED SIGNIfICANCE (mGUS)

Kristinsson et al. (2010), using a Swedish database, as-
sessed the risk of venous and arterial thrombosis in 18,627 
individuals with multiple myeloma (MM) and 5,326 pa-
tients with monoclonal gammopathy of undetermined 
significance (MGUS). They concluded that MM as well as 
MGUS patients present a high risk of both arterial and 
venous thrombosis, with a higher incidence of venous 
thrombosis compared with arterial thrombosis.60

A prospective cohort study evaluating the risk of arte-
rial thrombosis included 195 subjects with multiple my-
eloma (MM), who underwent chemotherapy followed 
by melphalan and autologous stem cell transplantation. 
From the study population, eleven patients (5.6%) had 
developed arterial thrombotic events, having as risk fac-
tors arterial hypertension, tobacco use and increased lev-
els of factor VIII.61

Two population-based studies were conducted in 2010 
and 2016 to assess the risk of thrombosis in MM sub-
jects. The results showed a higher risk of both venous 
and arterial thrombosis, which occurred mostly during 
chemotherapy induction, and when thalidomide and le-
nalidomide were used. Prophylaxis of the thrombosis in 
patients with MM is necessary and it can be achieved 
with aspirin, low-molecular-weight heparin and warfa-
rin/acenocumarol. Thromboprophylaxis is recommend-
ed in all MM patients that do not present a high risk of 
bleeding.62,63

A case report (2010) highlighted the relationship be-
tween bortezomib treatment and ischemic heart disease. 
A 79-year-old patient diagnosed with MM, without any 
history of cardiovascular disease, presented with acute 
myocardial infarction during treatment with bortezomib. 
The patient underwent emergency coronary angioplasty 
with stent implantation and continued with the course of 
chemotherapy. Five days later the patient developed chest 
pain due to coronary spasm, which is a side effect of bort-
ezomib therapy, due to endothelial dysfunction and im-
pairment of nitric oxide production.64

CONCLUSIONS

Patients with previously diagnosed hematological disor-
ders are at an increased risk for acute coronary syndromes, 
with a higher risk of thrombosis or bleeding, depending 
on the underlying hemopathy. Leukemia and myelodys-
plastic syndrome lead to an increased inflammatory status 
that causes coronary plaque disruption and infiltration of 
the vessel wall, leading to acute thrombosis and myocar-
dial infarction. On the other hand, the presence of blood 
clotting disorders, including thrombopathies, thrombo-
cytopenia and conditions that impair various coagulation 
factors, can lead to a high hemorrhagic risk, thus affect-
ing the outcome of patients that undergo percutaneous 
coronary interventions or coronary artery bypass grafting. 
Furthermore, patients with a high hemorrhagic risk due to 
blood clotting disorders should receive bare-metal stents 
that require a shorter period of dual antiplatelet treat-
ment. 

Multiple myeloma leads to a pro-thrombotic state that 
causes both arterial and venous thrombosis. Paroxysmal 
nocturnal hemoglobinuria leads to a high risk of throm-
bosis that may lead to acute coronary events. Patients with 
lymphoma present a late risk of developing cardiovascu-
lar disease due to radiotherapy and chemotherapy, there-
fore an efficient control of the cardiovascular risk factors 
might lead to a risk reduction. 
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AbSTRACT

Cardiovascular disease is a leading cause of death globally. At present, there are many ways 
to diagnose this pathophysiology. The greatest disadvantages related to current biomarkers 
are their low specificity, low selectivity and low accuracy. A new method, extensively studied 
recently, is the expression of miRNAs, used as genetic biomarkers for the early diagnosis of 
cardiovascular diseases. This paper presents an update of miRNAs species expression that 
can serve as early diagnostic biomarkers and for the continuous monitoring of patients with 
cardiovascular disease.
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bACKGROUND

Cardiovascular disease is one of the leading causes of 
death globally. An important reason for the increased 
rates of morbidity and mortality in these patients is the 
late diagnosis of complicated cases that progress to car-
diovascular emergencies.1–3 In acute cardiac settings, 
a number of methods are used currently for evaluation 
based on biochemical-humoral biomarkers, such as car-
diac troponin (TNC), creatine kinase-myocardial band 
isoform (CK-MB) and brain natriuretic peptide (BNP).4–7 

Unfortunately, these biomarkers show low selectivity and 
specificity, and can often display false positive results due 
to their association with multiple pathophysiologies. A 
potential future biomarker, intensively studied lately, is 
the genetic expression of miRNAs. Essential features that 
make it the ideal candidate for use as a biomarker are its 
high selectivity and specificity. Moreover, investigation 
methods for miRNAs are noninvasive and inexpensive.8–10

In this update paper, genetic and epigenetic modifica-
tions of miRNAs in cardiovascular emergencies are pre-
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sented, together with several miRNAs that can serve as 
biomarkers for early diagnosis of cardiac pathologies in 
acute settings.

bIOGENESIS AND bIOCHEmICAL 
CHARACTERISTICS Of miRNAS

miRNA biosynthesis takes place in the cell nucleus.11 The 
mechanisms that lead to the formation of miRNAs begin 
with the attack of RNA polymerase II on specific genes 
(Figure 1). Following the transcription reactions, the first 
pri-miRNAs are formed.12 After these events, the RNase 
II endonuclease, also known as Drosha, attacks the pri-
miRNAs species together with the DiGeorge Syndrome 
Critical Region 8 (DGCR8) enzymatic cofactor, leading to 
the formation of pre-miRNAs.13,14 Pre-miRNAs are trans-
ported from the nucleus into the cytoplasm by coupling 
with the Exportin 5 transporter protein. Inside the cyto-
plasm, the pre-miRNAs are combined with RNase III en-
donuclease, also known as Dicer, resulting in mature miR-
NAs. The RNA-binding trans-activator protein cofactor 
(TRBP) is involved in the formation reactions of mature 
miRNAs, which will be embedded in the RNA-induced si-
lencing complex (RISC) for its transport outside the cell.15

The miRNA species formed in this manner are exported 
from the cells into the extracellular space in different con-
figurations, such as exosomes, microvesicles, or apoptotic 
bodies.16

miRNA ExPRESSION IN mYOCARDIAL 
INJURY fOLLOWING ACUTE mYOCARDIAL 
INfARCTION AND REPERfUSION SYNDROmE

Ischemic heart disease is a leading cause of death among 
patients with cardiovascular disease. A pathophysiological 
effect secondary to ischemic heart disease is the inflamma-
tory effect induced by ischemia and reperfusion syndrome 
(IR), which occur in cases of acute myocardial infarction 
immediately after repermeabilization of the acutely oc-
cluded coronary artery.17,18 Yao et al. (2016) showed sig-
nificant changes in miRNA-26 in patients with IR. More-
over, they reported that miRNA-26 caused inhibition of 
the high mobility group box 1 (HMGB1), thus significantly 
reducing IR.19 Wu et al. (2016) identified an alteration of 
the expression of miRNA-613 in cases of IR syndrome.20 
Gidlöf et al. (2013) conducted a similar study on the ex-
pression of miRNAs in patients with IR syndrome or with 
ST elevation myocardial infarction (STEMI). They reported 
a rapid increase in miRNA-1, miRNA-133a and miRNA-
208b. Regarding miRNA changes in patients with STEMI, 

an increase of miRNA-1 and miRNA-133a was observed.21 A 
similar study on the expression of miRNAs in patients with 
STEMI was conducted by D'Alessandra et al. (2010), who 
reported an altered expression of miRNA-1, miRNA-133a, 
miRNA-499-5p, miRNA-122 and miRNA- 375.22

miRNA ExPRESSION IN ACUTE HEART 
fAILURE AND CARDIAC HYPERTROPHY

Vegter et al. (2016) studied the expression of miRNAs in 
acute heart failure. The study showed statistically sig-
nificant changes for several miRNAs. Moreover, it was 
reported that there was a number of statistical correla-
tions between the altered expression of miRNAs and the 
clinical outcome. Furthermore, they identified changes in 
the expression of miRNA-16-5p, miRNA-106a-5p, miR-
NA-223-3p, miRNA-652-3p, miRNA-199a-3p and miR-
NA-18a-5p.23

fIGURE 1. Biogenesis mechanism for miRNAs. The synthesis of 
miRNAs begins in the nucleus with the action of RNA polymerase 
II on protein-coding. This forms a first species, called pri-miRNA. 
Through successive reactions of polyadenylation catalyzed by 
DGCR8 and Drosa, the precursor for the miRNAs species, called pre-
miRNA, is obtained. pre-miRNA thus formed is transported into the 
cytoplasm through Exportin 5. In the cytoplasm, the Dicer complex 
acts on the pre-miRNA. Subsequently, through the action of TRBP, 
AGO2 and Dicer, the RNA-induced silencing complex (RISC) and, 
finally, the mature miRNAs are obtained. Adapted with permission 
from Papurica et al.17
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Another common cardiac pathophysiology is cardiac 
hypertrophy. From a pathophysiological point of view, 
cardiac hypertrophy is an important compensatory mech-
anism that initially aims to reduce cardiac wall stress, but 
also to preserve and ensure contractile performance. Un-
fortunately, once it becomes chronic, this pathology leads 
to severe cardiac dysfunction that can rapidly deteriorate 
and progress to acute cardiac failure. Recent studies have 
reported several changes in the expression of miRNAs in 
the case of this pathology, which can serve as a biomarker 
for an early diagnosis. These included miRNA-133, miR-
NA-1, miRNA-208, miRNA-21, miRNA-18b, miRNA-195 
and miRNA-199, miRNA-23, miRNA-24, miRNA-27 and 
miRNA-9.24

miRNA ExPRESSION IN CORONARY ARTERY 
DISEASE AND SUDDEN CARDIAC DEATH

Coronary artery disease (CAD) is a cardiac pathology fre-
quently associated with sudden cardiac death. Li et al. 
(2016), in a study on the expression of miRNAs in cases of 
CAD, reported significant growth for miRNA-126-5p.25 A 
similar study was conducted by Liu et al. (2016), who iden-
tified changes in the expression of miRNA-208a and miR-
NA-370 in patients with CAD.26 Mehta et al. (2016) also re-
ported a decrease in the expression of miRNA-132 and an 
increase in miRNA-143 expression in patients with CAD.27 
A similar study was conducted by Sun et al. (2012), who 
identified a significant decrease of miRNA-126, strongly 
correlated statistically with the decreased concentration 
of low-density lipoprotein (LDL) cholesterol in patients 
with CAD.28 Fichtlscherer et al. (2010) reported a decrease 
in the expression of miRNA-17, miRNA-92a miRNA-126, 
miRNA-145, and miRNA-155 in patients with CAD.29

PANELS Of miRNA ExPRESSION IN 
ACUTE mYOCARDIAL INfARCTION

One of the most common syndromes associated with CAD 
is acute myocardial infarction (AMI). In practice, the best-
known biomarker for AMI is cardiac troponin I (cTnI). A 
major disadvantage of cTnI is the false positives that can 
occur in patients with atrial fibrillation, chronic kidney 
disease or septic shock. Wang et al. (2013), in a study on 
the changes of miRNA expression in patients with AMI, 
showed a significant increase for miRNA-133a.30 Wang et 
al. (2010) also reported an increase for the expression of 
miRNA-1, miRNA-133a, miRNA-208a and miRNA-499 in 
patients with AMI.31 A similar study conducted by Cheng et 
al. (2010) highlights an increase in the expression of miR-

NA-1 in patients with AMI.32 Meder et al. have also studied 
the expression of miRNAs in the case of AMI, reporting an 
increase of miRNA-30c and miRNA-145. Moreover, they 
identified a decrease in the expression of miRNA-663b 
and miRNA-1291 in the case of AMI.33

CONCLUSION

Cardiovascular diseases represent one of the leading 
causes of death. Early evaluation and monitoring at this 
moment shows no increased specificity and selectivity. An 
ideal biomarker for evaluating these patients may be ge-
netic expression of miRNAs. In a conducted study, we can 
say that certain species of miRNAs can bring important 
answers about the pathophysiology of the heart. However, 
further studies are needed to strengthen a panel of miR-
NAs with expressions of high accuracy specific for cardiac 
pathophysiologies.
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Assessment of Coronary Plaque Vulnerability 
in Acute Coronary Syndromes using Optical 
Coherence Tomography and Intravascular 
Ultrasound. A Systematic Review
Theodora Benedek, András Mester, Annabell Benedek, Nora Rat, Diana Opincariu, Monica Chițu

Department of Cardiology, University of Medicine and Pharmacy, Tîrgu Mureş, Romania

AbSTRACT

The aim of this systematic review was to analyze studies characterizing vulnerable coronary 
plaques using optical coherence tomography (OCT) and intravascular ultrasound (IVUS), in or-
der to identify the most efficient invasive technique permitting plaque characterization in pa-
tients with acute myocardial infarction. Method: A total number of 432 studies were identified, 
420 through database searching and 12 through manual searching. Eight duplicate studies were 
removed, leaving a total number of 424 studies to be screened. Twenty-six studies only avail-
able in abstract-only form were excluded, resulting in 398 studies checked for eligibility. Eleven 
studies fulfilled the eligibility criteria and were included in this systematic analysis. Plaque 
vulnerability was investigated in plaques with thin cap fibroatheroma (TCFA) versus those with 
thick cap fibroatheroma, in ruptured coronary plaques versus non-ruptured coronary plaques, 
in culprit versus non-culprit lesions and in lipid-rich versus non-lipid-rich plaques. Results: 
A total of 1,568 coronary plaques in 1,225 patients with acute coronary syndromes (ACS) who 
underwent both IVUS and OCT for analysis of plaque features were included in the final analy-
sis. The review identified the following IVUS-derived features as significantly correlated with 
plaque vulnerability: plaque burden (p <0.001), remodeling index (p <0.001), external elas-
tic membrane cross-sectional area (p <0.001), and the amount of necrotic core (p <0.001), 
while OCT-derived features characterizing unstable plaque were TCFA (p <0.001), lipid arch (p 
<0.001), accumulation of macrophages (p = 0.03), and presence of intracoronary thrombus (p 
<0.001). Conclusion: Both IVUS and OCT are invasive imaging techniques able to provide rel-
evant information on the vulnerability of coronary atheromatous plaques, identifying, as they 
do, various plaque features significantly associated with unstable plaques. Information pro-
vided by the two techniques is complementary, and both methods can serve as a useful clinical 
diagnostic tool, especially in cases of ACS patients undergoing a revascularization procedure.

Keywords: vulnerable plaque, acute coronary syndrome, invasive coronary imaging, culprit 
plaque
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INTRODUCTION

Acute coronary syndromes (ACS) are a major healthcare 
problem, as they are currently responsible for the major-
ity of cardiac deaths worldwide. Despite significant ef-
forts for the implementation of preventive measures to 
reduce the burden of cardiovascular diseases (CVD), mor-
tality associated with CVD comprises more than 30% of 
global deaths.1 

The vast majority of ACS cases result from the rupture 
of a previously stable coronary plaque unexpectedly be-
coming vulnerable and unstable.2 Prompt identification of 
vulnerable coronary plaques can lead to timely revascu-
larization of the lesion and plaque sealing with a coronary 
stent. This protects the plaque from rupture and prevents 
the development of an acute coronary syndrome.3 Such a 
strategy implies well-timed recognition of a vulnerable 
plaque, and many studies have been directed at exposing 
certain plaque features associated with a higher degree of 
plaque vulnerability. 

Plaque vulnerability results from complex pathophysi-
ological mechanisms that lead to changes in plaque struc-
ture and morphology.2 In unstable coronary plaques the 
percentage of “unstable components” such as fatty tissue 
and necrotic core increases, while the amount of “stable 
components” such as fibro-fatty tissue or calcific tissue 
decreases. The fibrous cap becomes thinner, predisposing 
the plaque to rupture.4,5

A vulnerable plaque is defined as a plaque prone to 
rupture. Because the rupture of the protective fibrous cap 
exposes the plaque content to circulating blood thrombo-
genic components, thrombus formation occurs at the site 
of the lesion.6,7

Alterations in plaque structure, indicative of a vulner-
able plaque, are identifiable using contemporary imag-
ing technologies including Cardiac Computed Tomogra-
phy Angiography (CCTA), optical coherence tomography 
(OCT), intravascular ultrasound (IVUS) and virtual histol-
ogy intravascular ultrasound (VH-IVUS).

plaque imaging — featuRes of vulneRability

A coronary atheromatous plaque becomes unstable on ex-
hibiting a large necrotic lipid core and a thin fibrotic cap, 
which is invaded by macrophages.8–12 There may be asso-
ciated active vascular remodeling, a process characterized 
by enlargement of the vessel diameter at the site of the 
plaque and the presence of spotty calcifications within the 
plaque.9,13

invasive and noninvasive imaging 
tecHniques foR plaque cHaRacteRization

CCTA is currently the most common used technology for 
the noninvasive assessment of coronary atherosclerotic 
plaques. This technique has the unique ability to identify 
the presence of low-attenuation atheroma or napkin-
ring sign within the plaque, described as a ring-shaped 
area with a low density upon CT examination, which is 
surrounded by a high-density attenuation. These fea-
tures have been demonstrated to be associated with cul-
prit plaques and a high rate of adverse cardiovascular 
events.5,9,12,14

However, CCTA is not able to detect the thin cap fibro-
atheroma (TCFA), a relevant feature of plaque instabili-
ty.8,15 For logistical reasons, in the setting of an acute cor-
onary syndrome, it could be difficult to perform complex 
noninvasive imaging tests such as CCTA, as these unstable 
patients require urgent revascularization. 

Invasive imaging of coronary plaques can be carried out 
during the revascularization procedure, which allows the 
detection of several vulnerability markers. IVUS is the in-
vasive technique of choice for the assessment of vascular 
remodeling and plaque quantification. When associated 
with virtual histology, the procedure is called VH-IVUS 
and is considered to be the gold standard for the detection 
of a necrotic core and for the quantification of plaque com-
ponents. OCT is the technique of choice for the measure-
ment of fibrous cap thickness, assessment of macrophage 
content and visualization of intracoronary thrombus.16–20 

Near-infrared spectroscopy is another invasive imag-
ing method that has been proposed for studying the lipid 
content of coronary plaques. However, it has not been im-
plemented on a large scale in clinical practice.21,22

The aim of this systematic review was to perform a sys-
tematic analysis of the studies characterizing vulnerable 
plaque features visualized using invasive imaging meth-
ods such as optical coherence tomography and intravas-
cular ultrasound, in order to identify the most efficient 
invasive technique that can be used for plaque character-
ization in patients with acute myocardial infarction.

mETHODS

The present study was performed using the methodology 
described in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guideline together 
with Cochrane Collaboration and Meta-Analysis of Obser-
vational Studies in Epidemiology (MOOSE) recommenda-
tions.23,24 
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seaRcH stRategy and data souRces

The search strategy was directed at the identification of 
all published data relating to the role of invasive imaging 
techniques for the characterization of vulnerable plaques. 
Two independent researchers searched Pubmed/Med-
line, Thomson Reuters Web of Science and the Cochrane 
Central databases for articles published in English using 
the following terms: “optical coherence tomography AND 
vulnerable plaque”, “OCT AND vulnerable plaque”, “in-
travascular ultrasound AND vulnerable plaque” OR “IVUS 
AND vulnerable plaque”. The search included only studies 
published in the last ten years since OCT and IVUS tech-
nologies started to be implemented in the clinical practice 
only in the last decade. 

study selection and eligibility cRiteRia

This systematic review included all the studies that re-
ported the characteristics of coronary plaques assessed by 
both intravascular ultrasound and optical coherence to-
mography, and comparing the results obtained with the 
two techniques in unstable patients presenting with acute 
coronary syndromes. Articles that included only OCT or 
IVUS analysis, or comparison between IVUS and Cardiac 
CT or between OCT and Cardiac CT, without including 
both invasive imaging techniques, were excluded from the 
analysis. Studies addressing only stable coronary plaques 
or stable patients were also excluded, as were isolated case 
reports or case series, review articles, editorials, letters, 
conference meeting abstracts and articles in which a full-
text was not available.

Furthermore, studies analyzing less than thirty coro-
nary plaques, those not providing relevant data, those re-
lated to non-coronary vulnerable plaques such as carotid 
plaques, or only ex-vivo studies were excluded.

data extRaction and analysis 

Two researchers independently reviewed all the included 
articles and analyzed the following data: demographic 
information, baseline characteristics of study popula-
tions, and morphologic and anatomic features of unstable 
plaques, such as: presence of ruptured plaques, presence 
of thin cap fibroatheroma, macrophage content, extent of 
lipid-rich plaque volume, stenosis degree, stenosis loca-
tion, presence and location of culprit coronary plaque.

As none of the studies identified by the literature search 
provided a complete characterization of all plaque fea-
tures in different settings associated with the definition of 

higher vulnerability (vide supra), this systematic review 
was structured in four parts, according to the plaque char-
acteristics studied by each study group.

Part 1 consisted of the analysis of features associated 
with vulnerability of coronary plaques with thin cap fi-
broatheroma versus those with thick cap fibroatheroma, 
as assessed by OCT and IVUS.

Part 2 consisted of a comparison between IVUS and OCT 
plaque features in ruptured coronary plaques versus non-
ruptured coronary plaques.

Part 3 consisted of a comparison between plaque fea-
tures, as identified by IVUS and OCT, associated with cul-
prit lesions versus those associated with non-culprit le-
sions. 

Part 4 consisted of a comparison between OCT and 
IVUS-derived features characterizing plaque composition 
in lipid-rich versus non-lipid-rich plaques, the lipid con-
tent being estimated by IVUS attenuation or OCT features.

plaque featuRes analysed

The following plaque features were identified: 
a) IVUS-derived features: 

• external elastic membrane cross-sectional area 
(EEM CSA) and luminal cross-sectional area (CSA) 
at the reference site;

• EEM CSA and luminal CSA at the location of the 
lesion;

• plaque plus media CSA; 

• plaque burden; 

• remodeling index and the presence of positive re-
modeling.

b) VH-IVUS-derived features: 

• area and volumetric percentage of necrotic core;

• fibrotic tissue; 

• fibro-fatty tissue and calcific tissue;
c) OCT-derived features: 

• thickness of the fibrous cap;

• lipid arch;

• lipid length; 

• presence and extent of microvessels; 

• macrophages; 

• calcifications; 

• plaque rupture;

• TCFA and thrombus.

statistical analysis

The reported variables characterizing coronary plaques 
are presented as either the mean (SD) for the normally 
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fIGURE 1. Flow chart of the searching process and results of article selection

 

fIGURE 2. Design of the systematic review on assessment of vulnerable plaque features 
using intracoronary imaging
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li

ty
Sc

re
en

in
g

Id
en

ti
fi

ca
ti

on

Records identified through data-
base searching  

(n = 420)

Records identified through 
manual searching  

(n = 12)

IVUS + VH-IVUS OCT

TCFA vs.  
non-TCFA

Ruptured vs. 
non-ruptured

Culprit vs. non-
culprit lesion

Lipid-rich vs. 
non-lipid-rich

n = 5 n = 4 n = 2 n = 3

Characterization of vulnerable coronary plaques assessed by 

intravascular imaging

Plaque features

• EEM CSA
• luminal CSA
• plaque plus media CSA
• plaque burden
• remodeling index 
• positive remodeling
• necrotic core
• fibrotic tissue
• fibro-fatty tissue 
• calcific tissue

• fibrous cap thickness 
• lipid arch
• lipid length
• microvessels
• machrophages
• calcifications
• plaques rupture
• TCFA
• thrombus
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distributed variables or as the mean and median (25th to 
75th percentiles) for the non-normally distributed vari-
ables, as reported in the original sources. 

Categorical variables are presented as absolute fre-
quencies and percentages. 

RESULTS

Results of tHe database seaRcH

A total number of 432 studies were identified, out of which 
420 through database searching and 12 through manual 
searching. After eight duplicate studies had been removed, 
424 studies were screened. Twenty-six studies were ex-
cluded, as they were available in abstract-only form, re-

sulting in 398 studies being checked for eligibility. Only 
eleven studies fulfilled the eligibility criteria and were in-
cluded in the analysis (Figure 1).

A total number of 1,568 coronary plaques from 1,225 
patients with acute coronary syndromes who underwent 
both IVUS and OCT for analysis of plaque features, were 
analyzed (Table 1). The structure of the systematic review 
is summarized in Figure 2. 

Part 1 of the systematic review addressed the topic 
of TCFA in vulnerable coronary plaques. It consisted of 
the analysis of five studies reporting on a total of 368 
coronary plaques assessed by OCT and IVUS in 261 pa-
tients.15,19,20,22,25 

Part 2 compared the IVUS- and OCT-derived plaque 
characteristics in 587 ruptured versus non-ruptured cor-

TAbLE 1. Characteristics of studies that assessed plaque vulnerability features using intracoronary imaging 

Study author Number of patients 
included 

Number of plaques 
analyzed 

Age (mean ± SD) Clinical setting

Sawada et al.15 56 126 70.1 ± 8.2 vs. 68.1 ± 8.7 TCFA vs. non-TCFA

Takahashi et al.19 63 108 65.5 ± 9.9 TCFA vs. non-TCFA, LR vs. non-LR

Tian et al.20 82 266 55.6 ± 9.4 ruptured culprit, ruptured non-culprit, TCFA

Roleder et al.22 60 76 59 ± 10 vs. 62 ± 11 TCFA vs. non-TCFA

Kume et al.25 49 77 na TCFA vs. non-TCFA, in-vivo + ex-vivo

Yonetsu et al.26 318 318 66.1 ± 11.6 vs. 65.7 ±12.7 ruptured vs. non-ruptured plaque

Kato et al.27 75 75 66.5 ± 10.0 vs. 69.4 ± 9.7 ruptured vs. non-ruptured plaque

Kwon et al.28 133 133 60.11 ± 12.5 vs. 61.9 ± 9.9 ruptured vs. non-ruptured

Maejima et al.29 150 150 67.9 ± 10.9 vs. 66.0 ± 10.7 culprit vs. non-culprit

Kubo et al.30 104 104 75 ± 7 vs. 73 ± 7 LR vs. non-LR plaque  
(attenuated vs. non-attenuated plaque)

Lee et al.31 135 135 67.0 ± 10.5 vs. 64.6 ± 10.2 LR vs. non-LR plaque  
(attenuated vs. non-attenuated plaque)

Total 1,225 1,568

TCFA – thin cap fibro-atheroma, LR – lipid-rich

TAbLE 2. Baseline study and overall population characteristics of the patients included in the 11 studies and in the four parts of the sys-
tematic review 

Total Part 1  
TCFA vs. non-TCFA

Part 2  
ruptured vs. non-

ruptured CP

Part 3  
culprit vs. non-cul-

prit CP

Part 4 
lipid-rich vs. non-

lipid-rich CP

n studies 11 5 4 2 3

n patients 1101 261 608 232 302

n plaques studied 1303 368 587 173 302

Male, n (%) 911 (76) 181 (69) 478 (79) 171 (73) 228 (75)

Smokers, n (%) 480 (40) 94 (36) 273 (45) 96 (41) 121 (40)

Diabetes mellitus, n (%) 411 (35) 121 (46) 198 (33) 96 (41) 104 (34)

Hypertension, n (%) 787 (66) 187 (72) 366 (60) 139 (60) 222 (73)

Hyperlipidemia, n (%) 599 (50) 177 (68) 250 (41) 139 (60) 160 (53)

TCFA – thin cap fibro-atheroma, CP – coronary plaque
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TAbLE 5. Plaque features in culprit versus non-culprit lesions  

Maejima et al.29 Tian et al.20

CP, 
n = 73

Non-CP,  
n = 32

p CP,  
n = 44

Non-CP,  
n = 19

p

IVUS findings

Reference site

EEM CSA (mm2) na na na 13.0 ± 4.2 12.3 ± 4.4 0.5

Lumen CSA (mm2) na na na 6.5 ± 2.3 7.2 ± 3.3 0.4

Lesion site na na na

EEM CSA (mm2) 14.4 ± 4.6 12.3 ± 4.3 0.01 12.8 ± 3.5 12.6 ± 4.6 0.8

Lumen CSA (mm2) 1.6 ± 0.4 2.0 ± 0.9 0.06 2.1 ± 0.9 4.6 ± 2.3 0.001

Plaque plus media CSA (mm2) 12.8 ± 4.6 10.3 ± 3.9 0.003 10.8 ± 3.3 8.0 ± 2.8 0.001

Plaque burden (%) 87 ± 5 82 ± 8 <0.001 82 ± 7.2 64 ± 7.2 <0.001

Remodeling index 10.5 ± 0.16 0.92 ± 0.16 0.002 1.18 ± 0.12 1.18 ± 0.13 0.8

OCT findings

FCT (µm) 60 82 <0.001 43 ± 11 41 ± 10 0.2

Lipid arch (°) na na na 241 ± 64 214 ± 54 0.02

Lipid length (mm) na na na 11.5 ± 5.5 10.5 ± 2.8 0.4

Microvessel n (%) na na na 24 (49) 7 (37) 0.1

Macrophage n (%) na na na 40 (82) 14 (74) 0.4

Calcification n (%) na na na 24 (49) 6 (32) 0.09

Cholesterol crystals, n (%) 38 (52) 8 (25) <0.01 na na na

Thin cap fibroatheroma, n (%) 49 (67) 13 (41) <0.01 na na na

Thrombus, n (%) 63 (86) 5 (16) <0.01 38 (78) 12 (63) 0.2

TCFA – thin cap fibro-atheroma, EES – external elastic membrane, CSA – cross-sectional area, FCT – fibrous cap thickness, CP – culprit plaque

onary plaques, described in four studies on 608 patients 
with acute coronary syndromes.20,26,27,28

Part 3 consisted of the analysis of two studies report-
ing on OCT- and IVUS-derived plaque characteristics of 
173 culprit and non-culprit coronary plaques from 232 pa-
tients with acute coronary syndromes.20,29

Part 4 consisted of the analysis of data on the lipid con-
tent of 302 plaques from 302 patients.19,30,31 

cHaRacteRistics of tHe patients and tHe studies

Baseline study and overall population characteristics of 
the patients included in the eleven studies and the four 
parts of this review are presented in Table 2. 

plaque featuRes in tcfa veRsus 
non-tcfa plaques

IVUS studies comparing plaque features in TCFA versus 
non-TCFA plaques showed that plaque burden (p <0.01) 
and the remodeling index (p <0.01) were significantly 
higher in plaques with TCFA compared with those with 
non-TCFA. At the same time, the percentage of necrotic 

core was significantly greater in TCFA plaques (p <0.01), 
indicating that all these features are valuable imaging-
based biomarkers for predicting plaque vulnerability. In-
terestingly, the cross-sectional area of the external elas-
tic membrane at the site of the lesion was significantly 
higher in patients with more vulnerable plaques, having 
a TCFA. Only one study analysed OCT features in TCFA vs. 
non-TCFA plaques, indicating a significantly lower thick-
ness of the fibrous cap (p <0.0001), a significantly larger 
lipid arch (p <0.001) and a significantly higher percent of 
macrophage content (p = 0.03) in plaques with TCFA com-
pared with plaques with non-TCFA (Table 3).

plaque featuRes in RuptuRed veRsus 
non-RuptuRed coRonaRy plaques

Four studies analysed IVUS and OCT plaque features in 
ruptured versus non-ruptured coronary plaques (Table 
4). Similarly with the results obtained when analysing 
TCFA plaques, all these studies identified plaque burden 
(p <0.001) and remodeling index (p = 0.005) as being sig-
nificantly increased in patients with ruptured plaques. 
VH-IVUS identified the percentage of necrotic core as be-
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ing significantly increased in ruptured coronary plaques 
as compared to non-ruptured ones (p <0.0001). EEM CSA 
at the lesion site was significantly larger in patients with 
ruptured plaques in three of the IVUS studies (p = 0.03, p 
= 0.0007 and p = 0.005, respectively), while there were no 
differences between EEM CSA at the reference site. OCT 
analysis revealed a significantly thinner fibrous cap in the 
ruptured plaques (p <0.001), with a higher incidence of 
TCFA (p <0.0001) in these extremely unstable lesions, ac-
companied by the presence of thrombus in a significantly 
greater extent in all the studies (p <0.001).

plaque featuRes in culpRit veRsus 
non-culpRit lesions 

In the two studies included in this analysis, IVUS and OCT 
examinations identified the following features as signifi-
cantly associated with culprit lesions (Table 5):

• a higher EEM CSA at lesion level (p = 0.01);

• a lower luminal CSA (p = 0.001); 

• greater plaque burden (p <0.0001) shown by IVUS;

• the presence of TCFA (p <0.01);

• lipid arch (p = 0.02);

• plaque rupture (p <0.01);

• thrombus (p <0.01) shown by OCT. 

plaque featuRes in lipid-RicH veRsus 
non-lipid-RicH plaques 

In all three studies including lipid-rich vs. non-lipid-
rich plaques, a higher EEM CSA at the lesion level (p 
<0.001, p = 0.01 and p <0.001, respectively) and a higher 
plaque burden (p <0.0001, p = 0.02 and p <0.01, respec-
tively) as shown by IVUS, were associated with lipid-rich 
plaques, as well as a thinner fibrous cap (p = 0.005 and p 
= 0.04, respectively), presence of TCFA (p <0.001), rup-
tured plaques (p <0.001) or thrombus by OCT (p <0.001) 
(Table 6). In two studies the remodeling index was sig-
nificantly higher in lipid-rich plaques (p <0.001) and one 
study, which assessed plaque composition by VH-IVUS, 
identified significant differences between LR plaques 
and non-LR ones (p <0.001 for necrotic core, <0.01 for 
fibrotic tissue, <0.001 for fibro-fatty tissue and 0.05 for 
calcified tissue). 

TAbLE 6. Plaque features in lipid-rich versus non-lipid-rich plaques    

Lee et al.31 Kubo et al.30 Takahashi et al.19

LR,  
n = 47

Non-LR,  
n = 88

p LR,  
n = 41

Non-LR,  
n = 63

p LR,  
n = 56

Non-LR,  
n = 52

p

IVUS findings

Reference site

EEM CSA (mm2) 17.9 ± 5.1 14.1 ± 4.3 <0.001 12.5 ± 5.3 10.9 ± 4.4 0.1 na na na

Lumen CSA (mm2) na na na 8.6 ± 3.7 7.4 ± 3.3 0.1 na na na

Lesion site

EEM CSA (mm2) 18.9 ± 5.9 14.2 ± 5.3 <0.001 12.4 ± 5.0 10.1 ± 4.4 0.01 15.7 (13.1–19.3) 11.4 (9.8–
14.1)

<0.01

Lumen CSA (mm2) 2.24 ± 0.65 2.25 ± 5.2 <0.001 2.5 ± 1.0 2.6 ± 1.0 0.6 2.9 (2.2–4.2) 3.5 (2.4–4.9) 0.3

Plaque plus media CSA (mm2) na na na 9.9 ± 4.6 7.5 ± 4.0 0.006 12.5 (9.6–15.1) 8.0 (5.8–9.5) <0.01

Plaque burden (%) 87.4 ± 4.1 82.7 ± 6.4 <0.0001 78 ± 10 73 ± 9 0.02 80.4 (68.8–83.9) 69.1 (57.9–78.8) <0.01

Remodeling index 1.06 ± 0.19 1.01 ± 0.18 0.09 na na na 1.02 (0.91–1.15) 0.97 (0.92–1.01) <0.01

Positive remodeling, n (%) 25 (55.3) 34 (38.6) 0.09 22 (54) 19 (30) 0.01 28 (50.0) 7 (13.5) <0.01

VH-IVUS

Necrotic core volume (%) na na na na na na 33.0 (22.3–42.8) 19.0 (11.0–33.0) <0.01

Fibrous volume (%) na na na na na na 51.5 (45.5–63.8) 67.5 (53.8–77.3) <0.01

Fibro-fatty volume (%) na na na na na na 6.0 (5.0–7.0) 5.0 (4.0–6.0) <0.01

Calcified volume  (%) na na na na na na 1.0 (1.0–2.0) 2.0 (1.0–3.0) 0.05

OCT findings

FCT (µm) 60 (50–100) 85 (60-120) 0.005 103 ± 70 145 ± 97 0.04 na na na

Ruptured plaque,  n (%) 16 (34.0) 16 (18.2) 0.06 18 (44) 7 (11) <0.001 na na na

Thin cap fibroatheroma,  n (%) 24 (51.1) 19 (21.6) <0.0001 20 (48) 10 (16) <0.001 na na na

Thrombus,  n (%) 6 (12.8) 16 (18.2) 0.4 22 (54) 11 (17) <0.001 105 (74.5) 59 (45.0) <0.001

TCFA – thin cap fibro-atheroma, EES – external elastic membrane, CSA – cross-sectional area, FCT – fibrous cap thickness, LR – lipid-rich
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DISCUSSION

Vulnerable coronary plaques are characterized by modifi-
cations of plaque components leading to a change in their 
morphology. As a consequence of these changes, vulner-
able coronary plaques display specific signatures of vul-
nerability that are easily identified by imaging techniques 
such as CCTA, OCT or IVUS.8,9,32,33 These signature features 
have been demonstrated to be associated with culprit 
plaques in ACS and with higher rates of adverse events in 
follow-up studies.33,34

Since the introduction of modern CCTA technologies, 
there has been a tendency to replace invasive imaging for 
assessment of plaque characteristics with noninvasive as-
sessment techniques. CCTA is also able to provide relevant 
information on the calcium content of the entire coronary 
tree and also of each coronary artery, a parameter with a 
high prognostic value.8 

However, a significant proportion of vulnerable coro-
nary plaques are identified in patients with ACS, a group in 
which the delay associated with performing CCTA should 
be avoided. It has been demonstrated that in acute myo-
cardial infarction, the augmented inflammation accom-
panying the infarction leads to a generalized pan-coro-
nary vulnerability that is associated with the development 
of new coronary events originating from the site of non-
culprit plaques.2,34 

An evaluation of the total coronary plaque burden and 
associated lesions is necessary, as ACS patients may pres-
ent secondary rupture of non-culprit plaques. In a study 
that aimed to investigate the IVUS-derived biomark-
ers and coronary outcomes, it was suggested that an in-
creased plaque burden is a predictor for future major ad-
verse cardiovascular events.35 A substudy of the PROSPECT 
trial sought to analyze the frequency, patient- and lesion-
related features of non-culprit plaques that ruptured, in 
patients with ACS undergoing emergency PCI. The results 
showed that patients with ACS and non-culprit plaque 
rupture had a higher atherosclerotic burden compared to 
those with non-culprit lesions with no rupture (66.0% 
[95% CI: 64.5–67.4%] vs. 56.0% [95% CI: 55.6–56.4%]; p 
< 0.0001). Nevertheless, patients with non-culprit plaque 
rupture presented a higher rate of fibro-atheromatous 
plaques with a residual necrotic core, but under optimal 
medical therapy their overall rate of cardiovascular ad-
verse outcome was not higher during a mean follow-up 
of 21 months.34

Therefore, the identification of vulnerability features 
at the site of coronary plaques from the entire coronary 
tree during the revascularization procedure, could help 

to prevent the development of new episodes of ACS. This 
assessment of coronary plaques in an ACS patient should 
be performed using on-site invasive imaging technology, 
concomitant with the revascularization procedure. 

plaque featuRes associated witH vulneRability

Currently, there are several studies regarding the non-
invasive assessment of plaque morphology and compo-
sition, which have identified specific imaging biomark-
ers that are suggestive for plaque vulnerabilization. In a 
study on CT imaging characteristics of high-risk coronary 
plaques, it was reported that a low-density plaque with 
spotty calcifications associated with positive vessel re-
modeling is linked to a higher risk of developing an acute 
coronary syndrome.9,13

In the current analysis, two studies identified a new pa-
rameter, the attenuated plaque by IVUS, as a feature of 
plaque vulnerability.19,31 In the scope of this systematic re-
view, these attenuated plaques were considered as lipid-
rich plaques, as a higher fatty content is associated with 
lower plaque density at both CCTA and IVUS.9,12 

While a large number of studies used IVUS-alone or 
OCT-alone assessment of coronary plaques, or compared 
these two techniques with CCTA, few studies addressed 
vulnerable plaque characterization using both technolo-
gies. In an emergency setting, it may be difficult for an 
operator to choose between the two techniques, as to a 
significant extent, the information revealed by the two 
techniques are complementary, and the utilization of both 
techniques would lead to a significant increase in pro-
cedure cost. While IVUS examination can provide a use-
ful quantification of plaque size and components, OCT is 
gold-standard for the measurement of the fibrous cap, 
one of the most significant predictors of plaque vulner-
ability, and is the only method that can visualize, with a 
good resolution, macrophage infiltration, microvessels 
and intracoronary thrombi. In a comparative study of IVUS 
and OCT in patients with ACS, it was reported that intra-
coronary thrombi, resulting from the rupture of a culprit 
plaque, could be identified more often using OCT than 
with IVUS.27 In contrast, OCT is not considered suitable 
for identifying vascular remodeling of the culprit plaques, 
even though it can assess the coronary wall with a higher 
degree of accuracy than IVUS. 

This systematic review identified that IVUS-derived 
features significantly correlated with plaque vulnerabil-
ity were plaque burden, remodeling index, EEM CSA and 
the amount of necrotic core, while OCT-derived features 
characterizing unstable plaque were TCFA, lipid arch, ac-
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cumulation of macrophages and the presence of intracor-
onary thrombus.

However, the consensus on IVUS-derived plaque fea-
tures was higher than the one recorded in OCT-derived 
plaque features, mainly because all IVUS analyses in-
cluded the same plaque features, while OCT analyses ad-
dressed different ones, making it relatively hard to gener-
alize their conclusion. 

CONCLUSION

Both IVUS and OCT are invasive imaging techniques able 
to provide relevant information on the vulnerability of 
coronary atheromatous plaque by identifying various 
plaque features that have been proved to be significantly 
associated with unstable plaques. Information from the 
two techniques are complementary, and both can serve as 
a useful clinical diagnostic measure, especially in cases of 
ACS patients undergoing a revascularization procedure.
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AbSTRACT

Introduction: Wellens' Syndrome is indicated by deeply inverted or biphasic T-waves in 
V2-V3 precordial leads without ST elevation or pathological Q waves, immediately following 
an episode of angina pectoris. Case presentation: A case of Wellens’ syndrome depicted by 
coronary CT angiography (CTA) and invasive coronary angiography is reported. Conclusion: 
Recognition of these ECG changes is important, due to the imminent danger of acute LAD 
occlusion. Patients with Wellens’ syndrome should undergo invasive coronary angiography 
without delay. Ischemia provocation tests (i.e. treadmill) are contraindicated in these patients.

Keywords: coronary CTA, invasive angiography, Wellens' syndrome, critical LAD occlusion
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INTRODUCTION

A 72-year-old man was scheduled for coronary CT angi-
ography (CTA) following atypical chest pain.  His medical 
anamnesis was unremarkable except for treatment of hy-
pertension over the last 15 years. Immediately prior to the 
CT examination, he complained of the recurrence of chest 
discomfort. Elevated blood pressure of 160/95 mmHg was 
measured, and a 12-lead ECG was performed that showed 
biphasic T-waves in V2-V3 and T-wave inversion in V4-
V5 (Figure 1). His chest pain resolved on the administra-
tion of 0.8 mg sublingual nitroglycerine with normaliza-
tion of blood pressure.

The coronary CTA showed an occluded proximal left 
anterior descending artery with signs of acute plaque 
rupture and thrombus formation. A weak contrast en-
hancement was observed in the distal part of the vessel. 
A partially calcified plaque was visualized in the proximal 
part of the obtuse marginal branch with moderate luminal 
narrowing and high-risk features (low attenuation, posi-
tive remodeling).1 The right coronary artery showed only 
mild atherosclerotic plaques (Figure 2).

The patient underwent urgent invasive coronary angio-
graphy, which confirmed the acute thrombotic occlusion 
of the left anterior descending (LAD) artery (Figure 2, 

DOI: 10.1515/jce-2016-0023
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fIGURE 1. 12-lead ECG on arrival. Red arrowheads indicate biphasic T-waves, which are 
characteristic for Wellens' syndrome.

fIGURE 2. A, b, C – coronary CTA images with multiplanar reconstruction. Panel A shows 
the occluded LAD and the red arrow indicates the site of coronary plaque rupture. A myocar-
dial bridge can be appreciated in the distal LAD. Panel b illustrates the OM1 branch with a high 
risk plaque (positive remodeling, low attenuation). Panel C show the RCA, which has minimal 
coronary atherosclerosis. Panels D and E panels show invasive coronary angiography snapshots 
before and after the stent implantation.
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Video 1 and 2). Percutaneous coronary intervention was 
performed with the implantation of a drug-eluting-stent. 
Post-procedural blood tests showed an elevated cardiac 
troponin level (TnT 332 ng/L) that confirmed the diagno-
sis of an acute myocardial infarction.

The patient agreed to the publication of his data, and 
the institution where the patient had been admitted ap-
proved the publication of the case.

DISCUSSION

Deeply inverted or biphasic T-waves in V2-V3 precordial 
leads without ST elevation or pathological Q waves, im-
mediately following an episode of angina pectoris, are 
indicative for Wellens' syndrome.2,3 These ECG changes 
persist after the resolution of the angina and are signs of 
proximal LAD critical stenosis. Recognition of these ECG 
changes is important due to the imminent danger of acute 
LAD occlusion.4 Cardiac enzymes are not informative in 
these patients and should not guide therapeutic decisions, 
as cardiac necrosis enzymes are not necessarily elevated.5 
Therefore, patients with Wellens' syndrome should un-
dergo invasive coronary angiography without delay. Isch-
emia provocation tests (i.e. treadmill) are contraindicated 
in this patient population. 

Coronary CTA is a uniquely suited noninvasive imaging 
modality that is able to visualize coronary atherosclerot-
ic plaques, not just the coronary lumen.6 Considering its 
high sensitivity and high negative predictive value, coro-
nary CTA has a major role in ruling out coronary artery 
disease. The use of coronary CTA can also be beneficial in 

patients with acute chest pain, helping clinicians to make 
a safe, rapid and cost-effective triage of these patients. 
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AbSTRACT

A free-floating carotid artery thrombus is a very rare ultrasonographical finding in patients 
with acute ischemic cerebrovascular events. One of the main causes of this presentation is 
represented by the hypercoagulability status of the patients. We report the case of a young 
male patient who presented with several transient ischaemic attacks secondary to a mo-
bile thrombus in the left carotid sinus. Two hematological abnormalities, essential thrombo-
cytosis and methylene tetrahydrofolate reductase mutation were found to be related to the 
thrombus formation. The role of the latter in the pathogenesis of ischemic stroke is not well 
documented in the literature. Following antiplatelet and anticoagulant medication, there was 
a fast dissolution of the thrombus, followed by a favorable clinical outcome. Neurologists 
should be aware that young patients with stroke require extensive imagistic and laboratory 
screening for an accurate etiological diagnosis.

Keywords: repetitive transient ischemic attacks, carotid artery thrombus, essential throm-
bocytosis
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INTRODUCTION

A free-floating thrombus (FFT) in the carotid circulation 
is a very rare ultrasonographical finding and is usually 
diagnosed after an acute cerebrovascular event such as 
transient ischaemic attack or cerebral infarction, second-
ary to arterio-arterial embolism. The most frequent etiol-
ogies are a complicated atherosclerotic plaque, primary or 
secondary hypercoagulable states and cardioembolism.1,2

The case of a young patient with repeated transient 
ischaemic attacks and a mobile thrombus in the carotid 
artery secondary to hypercoagulability is reported. The 
subject and the institution agreed with presentation of 
these data. The procedures described were approved by 
the institution where the patient was treated. 

DOI: 10.1515/jce-2016-0022



189Journal of Cardiovascular Emergencies 2016;2(4):188-191

CASE REPORT

A 42-year-old male patient with mild obesity was admit-
ted to a neurological ward following several short-lasting 
episodes of speech disturbance and right sided hemipa-
resis. Medical history and neurological examinations be-
tween attacks were normal. An emergency cerebral CT 
scan was performed, with nothing abnormal being ob-
served. The cerebral magnetic resonance imaging (MRI) 
was also normal. Routine laboratory tests were normal, 
excepting a mild thrombocytosis (551,000/mm3). Carotid 
ultrasound examination revealed a mobile, hypoechoic 
material, suggestive of a thrombus, at the level of the left 
carotid sinus. There was significant stenosis at this level 
(Figure 1). No atherosclerotic changes were evidenced at 
the extracranial level, and transcranial color-coded du-
plex ultrasonography examination revealed normal flow 
velocities in the major cerebral arteries. 

Thrombophilia examination evidenced a MTHFR 
A1298C mutation. The autoimmune and infectious mark-
ers were negative. Because of the thrombocytosis, the he-
matological consultant recommended further investiga-
tions to rule out the suspicion of essential thrombocytosis. 
Based on the consistently elevated platelet count, positive 
JAK2 mutation, the absence of BCR-ABL translocation be-
tween chromosomes 9 and 22, the absence of any causes 
for reactive thrombocytosis, the absence of peripheral 
blood evidence for a myelodysplastic syndrome (MDS), 
normal mean corpuscular volume (MCV) and low erythro-
poietin (EPO) level, the diagnosis of essential thrombocy-
tosis (ET) was established. 

fIGURE 1. Carotid duplex ultrasound examination. Inhomogenous, 
mainly hypoechoic material is evidenced in the left carotid sinus (A, 
b – B mode examination) with significant luminal narrowing at this 
level (C – color mode examination).

fIGURE 2. Control carotid ultrasound examination (B mode) 1 
week after the initiation of anticoagulation treatment, revealing the 
disappearance of thrombus.
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Taking into account the presence of a mobile thrombus 
with a high embolization potential, parenteral anticoagu-
lation with low-molecular-weight heparin and antiplatelet 
medication with aspirin 75 mg daily was initiated and con-
tinued for 7 days. After the initiation of anticoagulant ther-
apy, the patient had no further transient ischemic attacks. 

A control carotid ultrasound examination one week af-
ter the initiation of anticoagulant therapy showed that the 
thrombus had resolved (Figure 2).

The patient was discharged on oral anticoagulation 
(acenocumarol 4 mg daily, with the control of the Inter-
nationalized Normal Ratio) and Aspirin 75 mg daily. For 
the hematological disorder, treatment with hydroxyurea 
was initiated and continued on long term. 

During the 6-month follow-up period, the patient re-
ported no further neurological complications. 

DISCUSSIONS

A free-floating thrombus is defined as “an elongated 
thrombus attached to the arterial wall with circumfer-
ential blood flow at its distal most aspect, with a cyclical 
motion relating to the cardiac cycle”.1,3 Because of its rar-
ity, the incidence among stroke patients is not well docu-
mented in the literature. 

Chua (2012) identified this condition in twenty-five pa-
tients from a large carotid ultrasound database of 26,815 
cases (0.9%). Other studies report similar incidences of 
the condition.4,5

A floating thrombus is more frequently reported in male 
patients, with a male:female ratio of 2:1.1,4 The mean age of 
patients with floating thrombus is lower compared to pa-
tients affected by atherosclerotic carotid artery stenosis. The 
majority of reported patients are symptomatic, and most of 
the symptoms are due to distal arterio-arterial emboliza-
tion, but a hemodynamic mechanism may also be involved.6

The exact etiology of a free-floating carotid thrombus 
is unknown, with published case series reporting differ-
ent causes including complicated atherosclerotic plaques, 
hypercoagulability state, cardioembolism, dissection, 
traumatic vascular injury, aneurysm, thrombocytosis, and 
cocaine usage.1,4,6

Given its noninvasive nature, carotid duplex ultrasound 
examination is a useful diagnostic tool that can detect the 
majority of these lesions at the cervical level.2

Because of the low incidence of free-floating throm-
bus and the lack of evidence-based studies, the treatment 
methods are not standardized. Surgical and medical treat-
ments have both been used, however there is no clear in-
dication regarding the superiority of either.1,3

Hematological disorders are unusual causes of acute 
stroke. Ischemic stroke attributed to ET was found in 
0.5% of acute cerebro-vascular disease cases.7 Throm-
bosis and hemorrhage are frequent complications of ET 
due to the qualitative and quantitative alterations of the 
thrombocytes.8

The thrombotic events secondary to ET are protean and 
include cerebral infarction, transient ischemic attacks, 
retinal artery occlusion, myocardial infarction, pulmonary 
embolism, portal vein thrombosis, deep venous thrombo-
sis, and digital ischemia.9 ET, as a cause of ischemic stroke, 
is probably under-recognized, because it is usually not de-
tected if the platelet count is not significantly elevated.7

There are no clear guidelines regarding the manage-
ment of ischemic cerebro-vascular events secondary to 
ET. Antiplatelet drugs in combination with chemothera-
peutic agents to control the thrombocytosis are usually 
recommended.7 

The importance of MTHFR A1298C mutation in the cur-
rent case was not evident. 

CONCLUSIONS

A young patient with stroke required extensive imagis-
tic and laboratory examination to establish an accurate 
etiological diagnosis. Carotid duplex ultrasound is an im-
portant part of this examination, as it can detect several 
vascular abnormalities such as atherosclerosis, thrombus 
and dissection.

In the current case two unusual findings, essential 
thrombocytosis and a free-floating carotid artery throm-
bus were observed and considered a direct cause of the 
repetitive transient ischemic attacks. Both conditions are 
rare. As there are no clear therapeutic guidelines in place, 
the treatment strategies must be individualized.

ACKNOWLEDGEmENT

This publication was supported by the Internal Research 
Grant of the University of Medicine and Pharmacy of Tîrgu 
Mureş, 26/ 11.12.2013.

REfERENCES

1. Bhatti AF, Leon LR Jr, Labropoulos N, et al. Free-floating 
thrombus of the carotid artery: literature review and 
case reports. J Vasc Surg. 2007;45:199-205. doi: 10.1016/j.
jvs.2006.09.057.

2. Bajko Z, Balasa R, Petrutiu, S, Toma L, Russu S, Pascu I. Mobile 
carotid artery thrombus. Romanian Journal of Neurology. 
2009;8:188-193.



191Journal of Cardiovascular Emergencies 2016;2(4):188-191

3. Elijovich L, Mainali S, Doss V, Arthur A, Watridge C. 
Medical management of free-floating carotid thrombus. 
Clin Neurol Neurosurg. 2013;115:1532-1535. doi: 10.1016/j.
clineuro.2012.12.017. 

4. Chua HC, Lim T, Teo BC, Phua Z, Eng J. Free-floating thrombus 
of the carotid artery detected on carotid ultrasound in patients 
with cerebral infarcts: a 10-year study. Annals Academy of 
Medicine Singapore. 2012;41:420-424.

5. Inatomi Y, Mori A, Yonehara T, Hashimoto Y, Hirano T, 
Uchino M. [Mobile thrombi in the cervical carotid artery]. 
Rinsho Shinkeigaku. 2005;45:711-716.

6. Csobay-Novák C, Járányi Z, Dósa E, Hüttl K. Asymptomatic 
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I read with interest the study of Diana Opincariu et al., 
published recently in the Journal of Cardiovascular Emer-
gencies (Volume 2 Issue 2), reporting on factors associ-
ated with one-year mortality in patients with acute pul-
monary embolism (PE).1

The authors identified hemodynamic instability, left 
ventricular hypertrophy, associated pulmonary pathologies 
or chronic kidney disease as significant predictors of mor-
tality at one year, in patients surviving an acute episode of 
PE. The article is well written and provides relevant infor-
mation, studying the most common risk factors in patients 
with PE, that are encountered in the daily practice in car-
diac care units.1 Therefore, the conclusions of the study are 
very valuable for clinical practice. However, after carefully 
reviewing the study data, I have several comments to make. 

The entire study addresses the topic from a narrow clin-
ical perspective, without taking into account the potential 
risk associated with the presence of coagulation disorders. 
It has been demonstrated that a significant risk factor for 
the development of PE is protein C or protein S deficiency. 
The determination of plasma protein C and protein S ac-
tivity or concentrations could help to identify the presence 
of congenital thrombophilia, which has been reported in 
many cases to be associated with a higher risk of embolic 
events as well as with a worse outcome.2 Hyperhomocys-
teinemia has been also demonstrated to represent a risk 
factor for recurrent venous thromboembolism, and the 
presence of these disorders might impact on the survival in 
patients with PE.3 In two studies on a pediatric population 
with venous thromboembolism who underwent compre-
hensive thrombophilia screening, protein S deficiency was 

identified in 8.2% and protein C deficiency in 7.4% of their 
families, indicating that thrombophilia testing should be 
performed in all cases with an unknown etiology of PE.4,5 
However, in the study of Opincariu et al., although 25% 
from the patient population had no identifiable cause of 
PE, no thrombophilia testing was performed.

The role of hematologic disorders in the etiology of PE 
could be related to various factors that are associated with 
both increased coagulability and hemorrhagic disorders, 
and the association between pulmonary embolism and 
thrombotic thrombocytopenic purpura or von Willebrand 
disease has been described in various publications.6,7

Another interesting finding of the study is related to the 
increased mortality in patients with underlying renal or 
pulmonary disease. These conditions are usually associated 
with exacerbated inflammation, and inflammation is often 
accompanied by a pro-thrombotic state.8 As the cause of 
death is not reported, it would be interesting to find out if 
the deaths were caused by recurrent episodes of pulmonary 
embolism caused by thrombotic imbalance resulting from 
inflammation, rather than being related to the progression 
of the underlying severe pulmonary or renal disease. 

A careful consideration of the thrombophilic status and 
coagulation imbalance in these patients would be of sig-
nificant value and should, in my opinion, be included in 
any future study.
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Editor. In cases where both the Managing Editor and the 
Editor in Chief have any conflict of interest in relation to a 
manuscript, the entire work related to the review process 
of that manuscript will be undertaken by another member 
of the editorial board.
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Submissions from members of the editorial board, edi-
tors and employees of the journal will be handled by the 
Editor in Chief, who will allocate the manuscripts for re-
view to independent and blinded reviewers. Submissions 
from members of the owner institution will be assigned 
for review to members of the editorial board or external 
reviewers, taking into consideration the necessity to avoid 
any potential conflict of interest in the process of reviewer 
allocation.

Editorial manuscripts sent by members of the editorial 
board, following an invitation by the Editor-in-Chief, will 
undergo a review process in the editorial office.

confidentiality

Editors of JCE will not share information regarding the 
manuscripts submitted to JCE to any other than the au-
thors and the reviewers.At the time of reviewer allocation, 
reviewers will be instructed to keep the manuscripts and 
associated material strictly confidential. Reviewers should 
not publicly discuss author`s work and must not retain any 
manuscript for their personal use.

In case of manuscript rejection, the full content of the 
manuscript will be deleted from the editorial content of 
the Journal. In case of manuscript acceptance and publi-
cation, the Journal will keep copied of all the manuscript-
related materials for at least three years.

The identity of the reviewers will not be revealed to au-
thors, under no circumstances.

Human and animal RigHts

The authors should make sure that all the experiments 
on humans or animals are in accordance with the guiding 
principles described in the Declaration of Helsinki. Ani-
mal experiments should comply with the institutional and 
national guidelines or regulations for laboratory animals. 
Informed consent should be obtained from all the subjects 
participating in any experiment or clinical study and all 
the clinical studies should obtain the approval from the 
ethics committee of the institutions where the study is 
carried out, prior to initiation of experiments or studies. 

When reporting research involving human data, au-
thors should indicate whether the procedures followed 
have been assessed by the responsible review committee 
(institutional and national), or if no formal ethics commit-
tee is available, were in accordance with the Helsinki Dec-
laration as revised in 2013 (www.wma.net/en/30publica 
tions/10policies/b3/index.html). If doubt exists whether 
the research was conducted in accordance with the Hel-

sinki Declaration, the authors must explain the rationale 
for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of 
the study. 

When reporting experiments on animals, authors 
should indicate whether institutional and national stan-
dards for the care and use of laboratory animals were 
followed. Further guidance on animal research ethics is 
available from the International Association of Veterinary 
Editors’ Consensus Author Guidelines on Animal Ethics 
and Welfare (http://veteditors.org/ethicsconsensusguide-
lines.html).

pRotection of ReseaRcH paRticipants

In order to respect the patient's right to privacy, no in-
formation related to patients' identification data, such as 
names, images or hospital identification codes should be 
included in the manuscript, unless there is a clear written 
approval obtained from the patient for this. This signed 
approval should be sent to the editorial office along with 
the manuscript. 

Identifying information, including names, initials, or 
hospital numbers, should not be published in written de-
scriptions, photographs, or pedigrees unless the informa-
tion is essential for scientific purposes and the patient (or 
parent or guardian) gives written informed consent for 
publication. Informed consent for this purpose requires 
that an identifiable patient be shown the manuscript to be 
published. When informed consent has been obtained, it 
should be indicated in the published article.

scientific misconduct

Scientific misconduct includes but is not necessarily lim-
ited to data fabrication; data falsification including decep-
tive manipulation of images; and plagiarism. All manu-
script submitted to JCE will be first subject to a plagiarism 
check, that will be performed prior to referring the manu-
script for review, in order to identity any possible fraud 
or scientific misconduct. The journal will use highly spe-
cialized anti-plagiarism softwares and if any suspicion of 
scientific misconduct is identified, the standard procedure 
recommended by COPE (Committee on Publication Ethics) 
will be followed.

clinical tRials

Authors of manuscripts related to clinical trials should 
register the clinical trial in the official clinical trial relat-
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ed public registries prior to submission to JCE, following 
the rules stated by the International Committee of Medi-
cal Journal Editors. Information related to registration of 
clinical trials can be found at ClinicalTrials.gov. In case 
of clinical trials, the trial registration number should be 
mentioned at the end of the abstract. Whenever a trial 
registration number is available, the authors should list 
this number the first time they use the trial acronym.
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All manuscripts should be submitted via E-mail to  
office@jce.ro.

The journal does not have article processing charges nor 
article submission charges. 

The submission should include the following attach-
ments:
1. Cover letter: all manuscripts submitted to JCE should 
be accompanied by a cover letter, signed by the corre-
sponding author on behalf of all co-authors, stating that 
the reported study and manuscript are original and have 
not been published elsewhere, and the manuscript has 
not been submitted “in extenso” to any other journal. All 
disclosures relating to the preparation of the manuscript 
should be mentioned in the cover letter. The correspond-
ing author should state clearly whether or not there are 
any conflicts of interest.
2. License to publish: The Journal of Cardiovascular 
Emergencies requires authors of original papers to assign 
copyright of their published contributions to the journal. A 
model of the License to Publish is available at www.jce.ro.

Authorship is based on the following 4 criteria:

1. Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; AND

2. Drafting the work or revising it critically for important 
intellectual content; AND

3. Final approval of the version to be published; AND
4. Agreement to be accountable for all aspects of the work 

in ensuring that questions related to the accuracy or in-
tegrity of any part of the work are appropriately inves-
tigated and resolved. In addition to being accountable 
for the parts of the work he or she has done, an author 
should be able to identify which co-authors are respon-
sible for specific other parts of the work. In addition, 
authors should have confidence in the integrity of the 

contributions of their co-authors. All those designated 
as authors should meet all four criteria for authorship, 
and all who meet the four criteria should be identi-
fied as authors. Those who do not meet all four criteria  
should be acknowledged.

If authors request removal or addition of an author af-
ter manuscript submission or publication, journal edi-
tors should seek an explanation and signed statement of 
agreement for the requested change from all listed au-
thors and from the author to be removed or added.

The corresponding author is the one individual who 
takes primary responsibility for communication with the 
journal during the manuscript submission, peer review, 
and publication process, and typically ensures that all the 
journal’s administrative requirements, such as providing 
details of authorship, ethics committee approval, clinical 
trial registration documentation, and gathering conflict of 
interest forms and statements, are properly completed, 
although these duties may be delegated to one or more 
coauthors.

Authors should not submit the same manuscript simul-
taneously to more than one journal, in the same or differ-
ent language.

mANUSCRIPT TYPES

The Journal of Cardiovascular Emergencies accepts the 
following categories of articles:

oRiginal ReseaRcH

Manuscripts should be word processed. The manuscript 
must contain the title of the article, the authors' names, 
qualifications and address/es.

Peer Review: all articles undergo initial screening for 
suitability for the Journal of Cardiovascular Emergencies.

The length of contributions: ideally contributions 
should be no more than 4,000 words, including tables and 
figures. Suitable papers are then peer reviewed by two or 
more referees. Additional specialist advice may be sought 

Instructions for authors
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if necessary, for example, from a statistician, before a fi-
nal decision is made by the Editor-in-Chief.

An original research article should include a short  
Abstract of no more than 300 words, using the follow-
ing headings: Background, Aim of the study, Material and 
Methods, Results and Conclusions.

The manuscript should be structured as follows:
1. Introduction/Background: This introduces the aim of 

the study and the corresponding research hypothesis/es.
2. Material and methods: This section should describe 

all experimental details, research methodology, and study 
groups. The methodology should be detailed enough to al-
low reproducibility of the experiments. Give full descrip-
tions of all equipment used (Type, Manufacturer, Town, 
Country). Details of statistical analysis should be reported 
here together with a level of significance [α value]. Au-
thors should provide details of the statistical software 
package used. (name, version, producer, town, country). 
Abbreviations of standard SI units of measurement should 
be employed. Declaration of Helsinki: The authors should 
state that their study complied with the Declaration of 
Helsinki, that the locally appointed ethics committee ap-
proved the research protocol and that written informed 
consent was obtained from the subjects (or their guard-
ians) before the commencement of the study. Where ani-
mal are involved, the authors should state that their study 
complies with their institutional guidelines for the care 
and use of laboratory animals.

3. Results: This section should present the data arising 
from the experiments and their statistical significance. Do 
not discuss these findings in the Result Section.

4. Discussions: This section should contain a detailed 
analysis and interpretation of the results. Results should 
not be repeated in the Discussion section.

5. Conclusions: This presents the conclusions deriving 
from the outcome of the study and their clinical signifi-
cance if appropriate.

case RepoRts

Case reports are intended for the presentation of interesting 
cases of cardiovascular emergencies encountered in clinical 
practice and should refer toactual and uncommon cases.

The report should have an abstract limited to 200 
words, structured in the following manner: Introduction, 
Case presentation, and Conclusions.

The manuscriptshould be no more than a maximumof 
2000 words, excluding references, figures, and figure leg-
ends. It should be structured, Introduction, Case Presen-
tation, Discussions, and Conclusions.

A case presentation should have a maximum of four au-
thors, twenty references, and five figures.

case seRies

Case series should include an abstract limited to 200 
words, structured, Introduction, Case series presentation, 
and Conclusions.

The manuscript should be no more than 2000 words 
excluding references, tables, figures and figure legends. 
Case series should have a maximum of four authors, 
twenty references, and five figures.

images in caRdiovasculaR emeRgencies

This category is intended to facilitate the publishing of 
representative images related to any pathology represent-
ing a cardiovascular emergency. Accepted images may be 
published on the cover of the Journal. Images should be 
submitted as a figure accompanied by a clinical message 
that contains a description of the case and a detailed ex-
planation of the figure, using a maximum of 300 words. 
For images in cardiovascular emergencies, the number of 
authors should be limited to four and the number of refer-
ences to 10.

Reviews

The Journal of Cardiovascular Emergencies publishes re-
view papers in any field of cardiovascular emergencies, 
of interest at international level. Review articles should 
include a non-structured abstract of no more than 200 
words with a maximum of 6000 words excluding refer-
ences, tables, and figures.

clinical update

The Journal of Cardiovascular Emergencies publishes up-
date articles that describe current advances in any clini-
cal field related to cardiovascular emergencies. Articles 
should include a non-structured abstract of no more than 
200 words with a maximum of 4500 words excluding ref-
erences, tables, and figures.

letteR to tHe editoR

Letters to the editor should address either a recently pub-
lished article in the Journal of Cardiovascular Emergen-
cies, or a new topic in the field of cardiovascular emer-
gencies.
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Concerning a letter, discussing a recently published 
article, the comments contained in the letter will be for-
warded to the authors of the original paper who will be 
invited to respond. Any response will be published in the 
same journal issue as the letter to the editor. A letter to the 
editor should be no longer than 500 words, 5 references, 
and three authors. No abstract is required.

editoRial

Editorials should address either a particular topic that is 
currently of interest in the field of cardiovascular emer-
gencies or to an article which is published in the same 
number of the journal. The number of references should 
not exceed twenty-five in total.

mANUSCRIPT CONTENT

Style and spelling: Authors, whose first language is not 
English, are requested to have their manuscripts checked 
carefully, preferably by an English native-speaker, before 
submission, to expedite the review process.

Manuscript format: The manuscript must be submitted 
as a Word document and should be presented in the fol-
lowing order:

• Title page.

• Abstract, or a summary of case reports (references 
should not be included in abstracts or summaries).

• Main text separated under appropriate headings and 
subheadings using the following hierarchy: BOLD 
CAPS, bold lower case, Plain text, italics.

• Tables should be in Word format and placed in the 
main text where the table is first cited. Tables must 
be cited in the main text in numerical order.

• Acknowledgements, Competing Interests, Funding, 
and all other required statements. 

• Reference list. 

• Images must be uploaded as separate files (view 
further details under the Figures/illustrations sec-
tion). All images must be cited within the main text 
in numerical order, and legends should be provided 
at the end of the manuscript. Appendices should be 
uploaded using the File Designation "Supplementary 
File" and cited in the main text.

The contents of your manuscript should be arranged in 
the following order:

1. Title page – should include: (1) the title of the article; 

(2) the name(s) of authors; (3) the institutional affi-
liations of the authors; (4) the position, institution, 
and location of all authors; (5) the telephone num-
ber, fax number and e-mail address of the corres-
ponding author; (6) disclosure of grants, contracts 
and any other form of financial support received for 
the study.

2. Abstract – an abstract prepared in accordance to the 
type of the manuscript.

3. Keywords – between 3 and 6 keywords.
4. Full text – All manuscripts should be typed double-

spaced, in Times New Roman 12 fonts, using Word 
format. References, tables and figures should be ci-
ted in numerical order, as they appear in the text. 
The abbreviations should be explained the first time 
they appear in the text, followed by the abbreviation 
in brackets. 

5. Acknowledgements – should indicate clearly any 
source of funding received for the study, including 
grants, research contracts or any form of financial 
support.

6. References. References should be cited in nume-
rical order, as they appear in the text, and should 
be indicated in superscript following the end of the 
sentence or the end of the part of the phrase they 
refer to.

7. Tables should be typed on separate pages at the end 
of the manuscript and should be numbered in Ara-
bic numerals in the order of mention in the text. The 
abbreviations used in the table should be explained 
in a footnote below the table. Tables should not re-
peat the text and should be clear enough to be self-
explanatory. 

8. Figures should be prepared in TIF or JPG format, at 
a resolution of minimum 300 dpi. For figures repro-
duced or adapted from another source, this should 
be labeled as "Reproduced with permission from…" 
or "Adapted with permission from…" and should be 
accompanied by written permission from both the 
author and publisher of the original material. Figu-
res should be combined with a legend which clearly 
describes the illustration.

REfERENCE STYLE

The journal will publish the reference list according to 
the style of Index Medicus (or spelled out if not listed 
in Index Medicus). List all the authors in each reference 
following the format and punctuation indicated below as 
examples:
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Reference to an article 
1. Benedek I, Gyongyosi M, Benedek T. A prospective re-
gional registry of ST-elevation myocardial infarction 
in Central Romania: impact of the Stent for Life Initia-
tive recommendations on patient outcomes. Am Heart J. 
2013;166:457-465. doi: 10.1016/j.ahj.2013.03.033.

Reference to a book
2. Nichols WW, Rourke MF. Aging, High Blood Pressure 
and Disease in Human. 3rd ed. London/Melbourne: Lea 
and Febiger, 1990.

Reference to a chapter in a book
3. Nichols WW, O'Rourke MF. Aging, high blood pressure 
and disease in humans. In: Arnold E, ed. McDonald's Blood 
Flow in Arteries: Theoretical, Experimental and Clinical 
Principles. 3rd ed. London/Melbourne/Auckland: Lea and 
Febiger, 1990; p. 398-420.

Reference to a webpage 
4. Panteghini M. Recommendations on use of biochemi-
cal markers in acute coronary syndrome: IFCC propos-
als. eJIFCC 14. Available from: http://www.ifcc.org/ejifcc/
vol14no2/1402062003014n.htm [Accessed 28 May 2004]

COmPLAINTS
In cases where the authors wish to file a complaint, please 
contact the editorial office:

Journal of Cardiovascular Emergencies
22 Decembrie 1989 St no. 76–78, Tîrgu Mureș, Romania 
E-mail: office@jce.ro

Please describe the reason for complaining and specify 
the address for correspondence. Where the complaint is 
related to the editorial process, related to a manuscript, 
please include the name of the manuscript and the date 
the manuscript was submitted. The Editor-in-Chief, to-
gether with the editorial office will analyze the complaint 
and will answer in maximum three working days.


