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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

The Closer We Get, The Further Apart We Become
Julia Karady1, Pal Maurovich-Horvat2
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Coronary computed tomography angiography (CTA) be-
came a powerful tool in the detection of coronary artery 
disease (CAD) as it allows the visualization of the lumi-
nal stenosis and the vessel wall simultaneously. Detect-
ing the presence of coronary atherosclerosis and stenosis 
alone does not provide sufficient prognostic information 
on future events. It has been shown that plaques with high 
risk features, such as positive remodeling, low attenua-
tion, napkin ring sign, and spotty calcification, are associ-
ated with subsequent coronary events.1 Moreover, recent 
studies suggested that plaques with high risk features 
have a higher likelihood to cause ischemia independent of 
the degree of stenosis. Ischemia-guided revascularization 
compared to revascularization based on stenosis sever-
ity shows prognostic benefit.2–4 Therefore, to define the 
functional significance of atherosclerotic lesions, it is of 
utmost importance to be able to provide appropriate con-
servative or invasive therapy.

Invasive fractional flow reserve (FFR) is the gold stan-
dard technique to detect lesion-specific ischemia. How-
ever, due to the technical advances that cardiac CT un-
derwent during the past decade, noninvasive ischemia 
assessment has become feasible. Isotropic resolution and 
high-quality image datasets allow for advanced functional 
assessments and computational simulations.

With the application of computational fluid dynamic 
modeling to cardiac CT datasets flow simulation and pres-
sure estimation became feasible allowing the calculation 
of FFR values noninvasively. The simulation does not re-
quire any extra image acquisition or special medication, 
which eases the implementation of FFR-CT into the daily 
routine. All major studies aiming to assess the diagnostic 

performance of FFR-CT have been conducted with Heart-
Flow FFRCT (HeartFlow Inc, Redwood City, California, 
USA), which is a vendor-independent application.5 The 
main disadvantage of HeartFlow FFRCT however, is that it 
only provides off-site analysis, which takes 12–24 hours 
and requires data transfer. Other vendors have developed 
on-site FFR simulation algorithms; however, these still 
have to be validated. 

Transluminal attenuation gradient (TAG) quantifies 
the contrast material attenuation change along the ves-
sel, which refers to flow circumstances within coronaries.6 
TAG shows a consistent decrease and marks maximal ste-
nosis with a significant attenuation drop. This technique 
can be applied on single heart beat-acquired CTA images, 
and similarly to the FFR-CT application, the regular CTA 
protocols do not need to be extended. Additionally, with 
the implementation of corrected contrast opacification, 
the inhomogeneous attenuation can be adjusted for in da-
tasets acquired in more than one step. Initial validation 
studies confirmed diagnostic improvement if TAG was 
combined with conventional coronary CTA as compared 
to CTA only.7 However, probably due to the differences in 
scanners, reconstruction techniques, and contrast mate-
rial injection protocols, there is currently no uniform cut-
off value for TAG. 

It is of high clinical importance to understand the 
association of ischemia with the presence of high-risk 
plaque features. In two articles published in two con-
secutive issues of JCE, Orzan et al. demonstrated that 
TAG shows a good correlation with invasive FFR values. 
Furthermore, they showed that increased TAG values are 
associated with high-risk plaque characteristics, which 
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suggest the potential of this technique to help in the 
quest to identify vulnerable lesions.8,9 We appreciate Or-
zan et al. for the first steps to bring us closer to under-
stand the relationship of TAG and high-risk plaque fea-
tures. Larger studies are warranted to further elucidate 
the intricate relationship of lesion-specific ischemia and 
plaque vulnerability.
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Cardiovascular diseases continue to represent a group of 
devastating diseases, and proper treatment of cardiovas-
cular emergencies is one of the key factors required to 
reduce cardiovascular mortality.1 In acute cardiac care, 
the timely initiation of life-saving measures requires 
many organizational and logistic measures.2,3 One of 
such measures is represented by the development and 
implementation of a regional network dedicated for the 
treatment of major cardiovascular emergencies, a strat-
egy that proved to significantly reduce mortality rates 
on short and long term.4,5 This review aims to present 
the current applications of regional networks in three of 
the main cardiovascular emergencies: acute myocardial 
infarction, out-of-hospital cardiac arrest (OHCA), and 
acute stroke. 

STEmI NETWORkS

The implementation of dedicated networks for urgent re-
vascularization in patients with ST-elevation myocardial 
infarction (STEMI) have been proved to represent a life-

saving strategy and is currently the goal of many health-
care systems.6–10 

In patients with acute myocardial infarction, survival 
depends largely on the amount of viable myocardium re-
maining after the infarction.11–13 The recovery of myocar-
dial tissue is the main goal of therapy in emergency set-
tings and can be achieved by urgent revascularization.14–16 

In order to be effective, reperfusion of an occluded 
coronary artery should be achieved in the first 12 hours 
after the onset of chest pain.17 While many precious hours 
are lost by the patients who do not present in time to the 
specialized services, sustained organizational efforts have 
been made in order to shorten the time from presentation 
to revascularization.18–22 

One of the first regional STEMI networks has been ini-
tiated in the USA in Minnesota, including referral hospi-
tals located at a radius of 210 miles from the pPCI center. 
The geographic territory surrounding the pPCI center was 
divided in 2 zones according to their distance to the pPCI 
center, and the treatment strategy (pPCI or pharmaco-
invasive) was individualized according to each zone, in 
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Regional Networks in Acute Cardiac Care
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AbSTRACT

In acute cardiac care, the timely initiation of life-saving measures proved to be life-saving 
and requires many organizational and logistic measures. One of such measures is represented 
by the development and implementation of a regional network dedicated for the treatment 
of major cardiovascular emergencies, a strategy that proved to significantly reduce mortality 
rates on short and long term. This review aims to describe the current status in the develop-
ment of regional networks in three of the main cardiovascular emergencies: acute myocardial 
infarction, out-of-hospital cardiac arrest, and acute stroke. The concepts demonstrating the 
utility of such networks, together with their results in reducing cardiac events, are presented 
in this paper.
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relation to the transfer time. This complex model proved 
to increase the access of STEMI patients to coronary per-
meabilization and served as model for other STEMI net-
works.23 

In a study published 3 years ago, Benedek et al. proved 
that implementation of a regional network for STEMI 
treatment in a population of 1 million inhabitants was 
able to reduce STEMI-related mortality from 20.73% to 
6.35% within 5 years, in parallel to increasing the rate 
of primary percutaneous interventions from 10.8% to 
78.6%.24 At the same time, another study showed that a 
well-organized STEMI network can significantly reduce 
the network times (time from the presentation to STEMI 
protocol initiation and the door-to-balloon time) and is 
able to achieve better outcomes in terms of survival even 
in centers located at long distance from a pPCI center.25 
Interestingly, government-based implementation of in-
terventional treatment in STEMI was more successful in 
those territories with pre-existing such networks, where 
the network-based logistics were already in place and the 
STEMI-specific algorithms were already familiar to the 
physicians.26 

A similar network implemented in Spain demonstrated 
to reduce in-hospital mortality from 7.1% prior to network 
to 2.5% post network.27 Another Spanish study showed a 
significant reduction in STEMI-related in-hospital mor-
tality from 10.2% in 2003 to 6.8% in 2012 following de-
velopment and implementation of a regional network for 
STEMI treatment.28 

The Vienna STEMI network included the ambulance 
service and 6 pPCI centers providing 24/7 STEMI inter-
ventional treatment.29 Analysis of the data collected in 
the Vienna STEMI registry, using Vienna STEMI network, 
showed that in very well-structured STEMI networks, 
such as the one in Vienna, there are no significant differ-
ences in terms of mortality between patients treated “on-
hours” and those treated “off-hours”.29 

Significant efforts should be addressed to increase the 
adherence rates for these life-saving strategies in STEMI 
patients. In an Acute Coronary Syndromes Registry in Ja-
karta published last year, 46% of STEMI patients received 
no reperfusion and these regions from developing coun-
tries could significantly benefit from such networks.30 

However, one of the main shortcomings of a system-
based protocol initiation in a STEMI network is rep-
resented by the possible false STEMI alerts. Network 
activation at the first contact, by a non-specialist prac-
titioner, has been proved to reduce the delay times but 
with the cost of a large number of false STEMI alarms. 
In a study of Regueiro et al. on over 5,000 STEMI activa-

tions, the rate of false clinical positives was as high as 
11.6%.31 

An important issue in STEMI networks is related to the 
transfer of patients with high-risk STEMI. In an analy-
sis including 119,680 STEMI patients out of which 37,028 
were transferred between hospitals and 4,500 of them 
were high-risk, in-hospital mortality rates were not sig-
nificantly higher in patients accepting high-risk transfer 
STEMI patients, indicating that high-risk patients should 
be transferred as soon as possible to well-equipped and 
experienced centers.32 

As a significant proportion of STEMI patients (approxi-
mately 50%) present to hospitals without PCI facilities, 
adjunctive methods have been proposed in order to en-
sure a fast diagnosis and get the patient as soon as pos-
sible to the cath lab. One of these measures is represented 
by smartphone-based networking system, which seems 
to reduce the total ischemic time based on a more rapid 
communication and more rapid diagnosis.33 

NETWORkS fOR OUT-Of-
HOSPITAL CARDIAC ARREST

In patients with OHCA, the implementation of regional 
models similar to those used in STEMI networks has been 
proposed in an attempt to decrease the OHCA-related 
mortality.34–36 

The neurological outcomes and the chance of survival 
could be considerably increased by implementing new 
therapeutic management options.37,38 A systematic ap-
proach of subjects that present OHCA, by applying thera-
peutic hypothermia if the patient is comatose, extra-cor-
poreal cardio-pulmonary resuscitation (ECPR) methods, 
emergency invasive coronary angiography, and advanced 
life support measures in pre-hospital setting, have been 
shown to significantly increase the neurological status 
and discharge rates for these patients. Hwang et al. aimed 
to identify the effect of such a systematic approach on 581 
adult patients with OHCA, and their results showed an in-
crease in the rate of discharge with an improved neuro-
logical status from 3.3% to 8.5% over a period of 5 years 
(from 2009 to 2013).39 

Data from a prospective registry of non-traumatic 
OHCA in adult subjects showed that the initiation of ECPR 
within a 16-minute time frame had the highest sensitivity 
and specificity for predicting survival (AUC = 0.87, 95% 
CI: 0.85–0.89). The study, which included 1,206 cases 
with a 27% overall survival rate, found that patients with 
shockable rhythms had a survival rate of 31% if CPR was 
initiated within the first 8 minutes and 10% if it was ini-
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tiated in the first 24 minutes. In case of non-shockable 
rhythms, the probability of survival was 5.2% and 1.6% if 
the subjects were resuscitated in the first 8 minutes and 
24 minutes respectively.40 

Spangerberg et al. aimed to identify the feasibility and 
outcomes of patients who underwent ECPR, and their re-
sults revealed a significant association between survival 
rates and initiation of bystander CPR (p = 0.03), as well 
as a significantly lower period of time until initiation of 
ECPR measures in these patients (p = 0.004).41 On the oth-
er hand, an increased duration from conventional resus-
citation measures to initiation of EPCR leads to impaired 
survival of OHCA patients.42 

The Canadian registry of non-traumatic OHCA aimed 
to integrate a methodology based on initiation of ECPR 
in an already existing high-performance system, which 
presented a significant impact on outcomes and discharge 
rates. From 68% of patients who survived the OHCA for 
admission, 42% were discharged alive.43 

Ha et al. analyzed the in-hospital mortality rates of 35 
patients with OHCA, in relation to ECMO initiation, the 
time from arrest to CPR, the presence of ischemic etiolo-
gy, and coronary revascularization. The study did not find 
any significant differences between subjects who had died 
and those who survived regarding the mean time from ar-
rest to CPR (survivors – 23.5 minutes vs. deceased – 20.0 
minutes, p = 0.41) or the time from CPR to ECMO (survi-
vors – 61.0 minutes vs. deceased – 50.0 minutes, p = 0.50). 
However, the number of patients who underwent coro-
nary revascularization was significantly higher in the sur-
vivor group compared to the non-survivor group (80.0% 
vs. 32.0% respectively, p = 0.02). The multivariate Cox re-
gression analysis found that witnessed arrest, bystander 
CPR, and a successful coronary revascularization were in-
dependent predictors for in-hospital survival rates.44 

A retrospective analysis on 195 patients with resusci-
tated OHCA who survived upon hospital admission in the 
Maastricht region of the Netherlands, after implementing 
ECPR methods, found significant differences between sur-
vivors and non-survivors regarding age (63 vs. 70 years, p 
= 0.01), chronic heart failure (7% vs. 18%, p = 0.02), shock-
able rhythms (99% vs. 67%, p <0.01), and return to sponta-
neous circulation (ROSC) in pre-hospital settings (99% vs. 
46%, p <0.01). Moreover, coronary revascularization was 
performed in 52% of cases in the survivor group and in only 
14% of cases in the deceased group (p <0.01). The overall 
survival rate during hospitalization was 46.2%, and no sta-
tistical significance was observed between the two groups 
in relation to gender, witnessed arrest, bystander CPR, or 
the use of automated external defibrillators (AED).45 

Another study on an Italian population that included 
1,128 OHCA patients showed that there was a significant 
improvement in the survival of these patients (from 5.6% 
to 13.01% from 2007 to 2011) after implementing a new 
bundle of care that included the use of AED, therapeutic 
hypothermia, and ECPR. The most significant factor asso-
ciated with higher survival was found to be bystander CPR 
and dispatch-assisted CPR in the studied cohort.46 

Comparable to STEMI network times, such as “door-
to-needle” and “door-to-balloon” times, which are uti-
lized in analyzing the efficiency and efficacy of a system-
based approach in the management of acute myocardial 
infarction, the cardiac arrest networks include the “door-
to-implantation” of ECMO time in the cath lab. Leick et 
al. studied the characteristics and outcomes of patients 
with OHCA who underwent ECMO during PCI and found 
that the “door-to-ECLS” time was significantly longer in 
non-survivors (42.5 minutes vs. 25.0 minutes, p <0.01), 
the duration of ECLS did not differ between survivors 
and deceased (survivors – 4.0 days, deceased – 6.5 days, 
p = 0.69), but a door-to-implantation time of less than 
30 minutes was an independent predictor for the 30-day 
outcome in patients with OHCA.47

STROkE NETWORkS

One of the most promising applications of medical net-
working is represented by the possibility to develop net-
works for the treatment of acute stroke.48–50 

Acute ischemic stroke is responsible for approximately 
85% of acute strokes, and in 30–40% of these cases (those 
caused by occlusion of a large vessel), a catheter-based 
intervention is possible.51 Similar to the experience en-
countered in STEMI treatment, a shorter time from the 
onset of stroke to intervention is associated with a sig-
nificant improvement in survival rates and amelioration 
of the neurologic deficit. In acute ischemic stroke, a timely 
reperfusion can lead to preservation of viable cerebral tis-
sue (Widimski EHJ), in a similar fashion with the well-
known functional recovery of viable myocardium after the 
timely opening of an occluded coronary vessel. However, 
in the case of stroke patients, the time interval from onset 
to reperfusion is set to a lower limit, reperfusion being in-
dicated within the first 3 hours after the onset of stroke.51 

Taking into consideration this significant limitation 
represented by a short time window in which reperfusion 
is indicated, dedicated telenetworks for emergency treat-
ment of acute ischemic stroke have been developed in re-
cent years, showing superior results in terms of reducing 
mortality and dependency.52–54 
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StrategieS to minimize the 
critical timeS in Stroke

Other strategies addressed to minimize the time to treat-
ment in ischemic stroke include bypassing the emergency 
room and direct transfer to the cath lab, dedicated ambu-
lances equipped with mobile CT or MRI in order to facili-
tate the initiation of thrombolysis already in the ambu-
lance, or the so-called “double alert system”, meaning a 
first alert transmitted to the cath lab whenever a potential 
stroke has been identified, followed by a second alert after 
the stroke has been confirmed by imaging.51 A long time 
from stroke onset to reperfusion, as the one of 5.5 h re-
corded in the MR CLEAN trial, was associated with a high 
mortality of 18.9%, while a time of 4.1 h in the EXTEND-
IA trial was associated with a significantly lower mortal-
ity, of 8.6%.55,56 Similarly, a time of 355 minutes in the 
REVASCAT trial was associated with a mortality of 18.4% 
at 90 days, while a time of 241 minutes led to a mortality 
of 10.4% in the ESCAPE trial, and a time of 248 minutes in 
the SWIFT PRIME trial associated a mortality of 9.2%.57–59 

Direct catheter-baSeD reperfuSion in 
Stroke anD carDiology-baSeD networkS

Direct catheter-based reperfusion without thrombolysis 
has been proposed as a valid therapy for ischemic stroke 
starting with 2001.60 At the beginning, this procedure was 
performed only by neuroradiologists and neurosurgeons; 
however, starting with 2008, it also became to be applied 
by interventional cardiologists skilled in emergency treat-
ment of STEMI patients.61 Interventional cardiology teams 
have already implemented 24/7 networks and logistics for 
the treatment of acute STEMI, and these facilities can be 
easily made available for the interventional treatment of 
ischemic stroke. Furthermore, interventional cardiology 
services have an interventional team available in the hos-
pital for treating STEMI anyway, which is usually not the 
case for neurologists or interventional radiologists.62–65 
At the same time, interventional cardiologists are very 
skilled in cardiovascular interventions, and usually they 
are well experienced with network-based treatment strat-
egies, after implementing and working in well-function-
ing STEMI networks which could be easily extrapolated to 
stroke networks.66,67 

The PRAGUE-16 trial aimed to assess the role of cathe-
ter-based thrombectomy in acute ischemic stroke and the 
feasibility of this method when performed by interven-
tional cardiology teams. This trial succeeded to demon-
strate that acute stroke interventions performed by teams 

formed by interventional cardiologists, neurologists, and 
radiologists are feasible and safe, and showed that the in-
volvement of a cardiology team in acute stroke interven-
tions could be indicated especially in hospitals where an 
emergency neurointerventional radiology service is not 
available.68 

Bridging thrombolysis represents the administration of 
intravenous thrombolysis as a bridge to the mechanical-
based reperfusion. The ESCAPE trial failed to demonstrate, 
in its subgroup analysis, any significant difference in the 
rate of recanalization in patients who received intrave-
nous bridging thrombolysis as compared to those who re-
ceived direct catheter-based thrombectomy without prior 
thrombolysis.59 Currently, thrombectomy represents a 
class IA indication for patients with acute ischemic stroke 
presenting in the first 6 hours after the onset of stroke.59 

The STRATIS registry, including 984 patients with 
stroke treated in 55 centers, showed that interhospital 
transfer is associated with worse outcomes and delay in 
treatment initiation in stroke patients. In the direct group, 
60.0% of patients achieved functional independence 
compared to 52.2% in the transfer group (p = 0.02), and 
a modified Rankin score of 0–1 was recorded in 47.4% of 
patients treated directly as compared to 38.0% in those 
transferred, however, without a significant difference in 
mortality.69,70 

teleStroke networkS

Due to the lack of sufficient number of stroke specialists 
especially in centers located at a large distance to a stroke 
unit, many hospitals initiate thrombolysis based on a re-
mote consultation with specialists located in a hub, using 
telemedicine facilities. The networks developed around a 
central hub using telemedicine-based communication in 
order to facilitate rapid initiation of thrombolytic treat-
ment in stroke have been named stroke telenetworks.71–74 

Stroke telenetworks have been shown to significantly 
reduce the time intervals from stroke onset to successful 
reperfusion and could represent a promising solution for 
reducing the critical times from stroke to reperfusion.75 A 
study published recently on 542 stroke patients treated in 
a telestroke network in East Saxony showed the superior-
ity of a telenetwork approach for intravenous thromboly-
sis, especially in young patients. Time was proved to rep-
resent a critical issue for favorable outcomes, especially in 
elderly stroke patients.76 

In another study on a large telestroke cohort in the 
Delaware valley, the differences between patients trans-
ferred and non-transferred to a primary stroke care center 
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have been evaluated. The network consisted in a central 
hub and 29 spoke hospitals dealing with acute stroke pa-
tients. The results of this study indicate a linear decline in 
the rate of transfers to a primary care stroke center over 3 
years, with only 12% of patients being transferred.77 An-
other study published two years ago also demonstrated 
that telemedicine can improve the results of stroke treat-
ment in a hospital network in expansion.78 

In a recent meta-analysis including 7 studies on 1,863 
patients, Kepplinger et al. demonstrated that whenever 
accomplished in the first 3 hours after the onset of stroke, 
intravenous thrombolysis using the guidance of a stroke 
telenetwork is safe and effective. In this meta-analysis, no 
significant differences in mortality or functional indepen-
dence at 3 months were recorded between the telemed-
icine-guided group and the group treated in the stroke 
center, showing that stroke telenetworks could represent 
a viable tool for the treatment of ischemic stroke, espe-
cially in cases located at a long distance to the stroke cen-
ter.79 

The strategy consisting in the initiation of thrombo-
lytic treatment in a spoke hospital under the guidance 
provided by a specialist located in a central hospital us-
ing telemedicine facilities, followed by the transfer of 
patient to the central hospital, has been named the “drip 
and ship” strategy and proved to provide outcomes com-
parable to those obtained using treatment directly in the 
central hospital.80 In addition, a study by Heffner et al. 
analyzed the difference in terms of outcomes between the 
patients sent to the central hub and those remaining in the 
spoke hospitals after thrombolysis (the “drip and ship” 
versus “drip and stay” strategy). They found that despite 
having less severe stroke and a lower incidence of major 
vessel occlusion, patients in the drip-and-stay strategy 
arm presented a significantly increased risk of adjusted 
in-hospital mortality (OR 13.2, 95% CI 3.5–50.2) and de-
creased long-term survival rates as compared to patients 
transferred to the hub hospital (p <0.0001).81 

In a retrospective study that investigated the effec-
tiveness of the stroke pathways and trends over time in 
a stroke telenetwork in the Veneto region, Nardatto et al. 
demonstrated that the implementation of such a hub-
and-spoke-based telenetwork increases the proportion of 
admissions in a stroke unit and is directly related with a 
lower mortality and an increased percentage of patients 
who received timely reperfusion. At the same time, this 
study indicates that the implementation of several cen-
ters of excellence highly specialized in stroke treatment 
can represent an effective strategy for reducing stroke-
related mortality.82 The same conclusion has been reached 

by Chalouhi et al., who showed that implementing a 
telestroke system facility based on telemedicine consulta-
tions delivered through remote-presence robotic technol-
ogy leads to a significant increase in the rate of intrave-
nous thrombolysis, 82% of the hospitals included in the 
network reporting an increase in the thrombolytic use 
during the study period.83 

In a very recent publication, Klinger et al. addressed 
the issue of the decision to transfer the patient within a 
telestroke network and showed that patient age and the 
location of the occlusion in one major vessel were the key 
determinants for the decision to transfer the patient. In-
terestingly, the time from the symptoms onset to the mo-
ment of decision did not play a significant role in the deci-
sion process in this study.84 

In a study on 164 telestroke patients thrombolyzed us-
ing telemedicine facilities, Ranta et al. demonstrated that 
the implementation of a telestroke network is associated 
with a significant increase in the rate of timely initiation 
of intravenous thrombolysis and a significant reduction in 
door-to-needle time, represented by the time from pa-
tient presentation to the moment of thrombolysis initia-
tion. Interestingly, this study also showed a significant 
benefit resulting from the more rapid virtual interaction 
between the patient and the doctor in the hub hospitals in 
the out-of-hours period.85 

All these data underline the role of modern networking, 
including telemedicine-based networking, for decreasing 
critical time delays and improving outcomes in treatment 
of acute stroke. 

CONCLUSION

Modern networks dedicated to acute cardiac care proved 
to be life-saving in both acute myocardial infarction and 
acute stroke. The extension of such networks in complex 
regional logistic models dedicated to improve the survival 
after out-of-hospital cardiac arrest is recommendable 
and achievable.
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Associated with Coronary Plaque Vulnerability —  
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AbSTRACT

The aim of this study was to demonstrate that the transluminal contrast attenuation gradient 
(TAG), a new CT imaging-derived marker of functional significance of a coronary stenosis, is 
directly associated with the vulnerability degree of atheromatous coronary plaques. Material 
and methods: This is a prospective study on 21 patients with 30 atheromatous plaques in the 
coronary arteries, who underwent cardiac computed tomography angiography (CCTA) for as-
sessment of coronary plaques. Results: Twelve plaques were classified as vulnerable (40%) 
and 18 plaques (60%) as non-vulnerable. Plaques associated with a TAG value above 10 HU 
exhibited in a significantly higher proportion CCTA markers of plaque vulnerability, as com-
pared to plaques in which the attenuation gradient was below 10 HU. TAG values >10 HU were 
associated with a higher amount of plaque volume (107.4 ± 91.2 mm3 vs. 56.0 ± 37.5 mm3, p 
= 0.009), necrotic core (32.5 ± 36.9 mm3 vs. 3.1 ± 3.2 mm3, p = 0.0003), and fibro-fatty tis-
sue (17.7 ± 16.3 mm3 vs. 4.0 ± 2.6 mm3, p = 0.0002), as compared to those lesions with TAG 
values below 10 HU. Linear regression analysis revealed a significant correlation between TAG 
values	and	CCTA	features	of	plaque	 instability:	necrotic	core	(r	=	−0.73,	p	<0.0001),	 fibro-
fatty	tissue	(r	=	−0.63,	p	=	0.0002),	and	plaque	volume	(r	=	−0.48,	p	=	0.006).	Conclusions: 
In patients with coronary artery disease, contrast attenuation gradient along the coronary 
plaques, determined by CCTA, correlates with CT markers of plaque vulnerability. Vulnerable 
coronary plaques are associated with a higher functional significance than the stable ones 
with a similar anatomic profile.

Keywords: contrast attenuation, computed tomography angiography, coronary artery dis-
ease, fractional flow reserve, vulnerable coronary plaque 
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INTRODUCTION

Despite of recent advances in the field of cardiovascular 
prevention and rehabilitation, coronary artery disease 
continues to be associated with high mortality and mor-
bidity rates.1,2 Coronary atherosclerosis remains one of the 
most devastating diseases in the current ages, and its most 
severe form is represented by acute coronary syndromes 
(ACS), which are responsible for an increased number of 
deaths worldwide.1 The mortality of patients with acute 
myocardial infarction can reach 20% in the absence of ap-
propriate reperfusion treatment.2

According to the current definitions, the main forms of 
ACS are represented by unstable angina, acute myocardial 
infarction with ST-segment elevation, and acute myo-
cardial infarction without ST-segment elevation.3 Despite 
the differences in the clinical presentation of these three 
forms, the common substrate that triggers the acute coro-
nary event in all of them is represented by the presence 
of a vulnerable atheromatous plaque inside the coronary 
artery.4 

The concept of plaque vulnerability has been introduced 
in the literature in the last decades, describing an athero-
matous coronary plaque which is exposed to a higher risk 
of rupture, leading to coronary occlusion and myocardial 
infarction.5 Many studies tried to explain the complex 
process of plaque vulnerabilization and to characterize the 
features associated with coronary plaque vulnerability, in 
an attempt to identify imaging-derived biomarkers that 
could predict a future coronary event.6,7 

Imaging studies based on cardiac computed tomog-
raphy angiography (CCTA) identified several CT features 
that have been validated as relevant markers of plaque 
vulnerability.8,9 Some of them are related to plaque com-
position, such as the amount of necrotic core, the plaque 
burden, the amount of low-density plaque with a CT den-
sity below 30 Hounsfield Units (HU), or the presence of 
spotty calcifications inside the plaque.10 Other features are 
related to morphological characteristics of the diseased 
vessel, such as the extent of positive remodeling at the 
site of the atherosclerotic lesion.11 However, there are very 
limited data published so far related to the perturbation of 
coronary flow at the site of vulnerable plaques and their 
potential role in plaque vulnerabilization.12 

When evaluating a coronary artery stenosis, another 
important feature is represented by the functional signifi-
cance of the luminal narrowing.13 This feature is currently 
assessed with the help of invasive fractional flow reserve 
(FFR); however, alternative techniques have been sug-
gested to play a significant role in the assessment of func-

tional significance of a stenotic coronary lesion.14,15 The 
attenuation of contrast media along a coronary stenosis 
at CT examination has been proposed to serve as a reli-
able measure of the hemodynamic significance of a coro-
nary artery narrowing.16,17 However, there are no studies 
published so far to elucidate the correlation between the 
attenuation of contrast material along a coronary plaque 
and the vulnerability of the plaque. 

The aim of this study was to demonstrate that a new 
CT imaging-derived marker of functional significance of 
a coronary stenosis, represented by the transluminal con-
trast attenuation gradient (TAG) along the coronary ste-
nosis, is directly associated with the vulnerability degree 
of atheromatous coronary plaques in patients with coro-
nary artery disease. At the same time, this study aimed 
to demonstrate the correlation between TAG and other CT 
imaging-derived vulnerability markers present at the site 
of the vulnerable coronary lesions. 

mATERIAL AND mETHODS

This is a prospective study on 21 patients with coronary 
artery disease, in whom CCTA was performed for assess-
ment of 30 coronary plaques identified along the entire 
coronary tree. 

The clinical presentation was stable angina, unstable 
angina, or non-ST-segment elevation acute myocardi-
al infarction, while patients with ST-segment elevation 
acute myocardial infarction, hemodynamic instability, 
or renal failure have been excluded from the study. Beta-
blocker administration was used prior to CCTA examina-
tion with dose adjustment in order to achieve a sufficient-
ly low heart rate to allow a good quality examination, with 
the threshold set at 60/min. An intravenous line was used 
for systemic injection of contrast material at a flow rate 
of 6.1 mL/s, followed by a 150 mL saline flush at the same 
flow rate.

A Siemens Somatom 128-slice CT equipment (Siemens, 
Erlangen, Germany) was used for image acquisition and 
reconstruction. In total, 30 coronary lesions have been 
identified in the 21 patients and were analyzed using a 
dedicated software for quantification of plaque compo-
nents: QANgioCT RE software (Medis, Leiden, The Neth-
erlands), which allowed quantification of different plaque 
features such as lesion length, plaque volume, mean bur-
den of the atheromatous plaque, the volume of fibro-fatty 
and fibrotic tissue, necrotic core volume, dense calcium 
volume, % stenosis, and mean TAG along the lesion. 

TAG, expressed in HU, was defined as the drop in con-
trast density along the coronary stenosis, calculated as 
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the difference in contrast density between the segments 
located proximally and distally to the stenosis, using as 
reference points the point located 1 mm proximally to the 
plaque and the point located 1 mm distally to the lesion 
(Figure 1). The TAG ratio (TAGr) was defined as the ratio 
between the TAG value across the lesion and the entire 
length of the lesion and was expressed in HU/mm. 

The study protocol was approved by the ethics com-
mittee of the medical center where examinations and 
analyses were performed, and written informed con-
sent was obtained from each participant included in the 
study. All the study procedures have been carried out ac-
cording to the principles stipulated in the Declaration of 
Helsinki.

GraphPad InStat 3.0 software was used for statistical 
analysis, using Fisher’s exact test (or Student’s t-test for 
age) for comparison of patients and plaque characteristics 
between the groups. Continuous values were expressed as 
mean and standard deviation, and the Mann-Whitney test 
was used for determination of statistical significance in 
comparison between the groups. Statistical significance 
was considered for p values <0.05, and all p values were 
two-sided. 

RESULTS

Clinical and demographic characteristics of the study 
population are presented in Table 1. No statistically signif-
icant differences were recorded between the study groups 
in respect to age, gender, and cardiovascular risk factors 
(hypertension, obesity, smoking status, dyslipidemia).

From the total of 30 plaques analyzed, 12 were classi-
fied as vulnerable (40%) and 18 (60%) as non-vulnerable, 
based on CCTA analysis of plaque features. 

CCTA analysis of plaque composition revealed that 
the following CCTA features were significantly higher in 
vulnerable plaques as compared to non-vulnerable ones: 
plaque volume (p = 0.1), mean plaque burden (p = 0.009), 
volume of fibro-fatty tissue (p = 0.009), volume of ne-
crotic core (p <0.0001). On the contrary, dense calcium 
volume (p = 0.05) was significantly larger in non-vul-
nerable coronary plaques as compared to vulnerable ones 
(Table 2).

The severity of coronary artery stenosis, as expressed 
by the degree of luminal narrowing, was not significant-
ly different between the two groups of plaques (55.3% ± 
12.5% in vulnerable ones and 64.12% ± 14.8% in non-vul-
nerable ones, p = 0.1). Similarly, the length of the lesion 
was not significantly different (p = 0.7), showing a simi-
lar anatomic pattern in the group of vulnerable and non-
vulnerable plaques. However, TAG and TAGr values across 
the vulnerable coronary plaques were significantly higher 
than those recorded along the non-vulnerable plaques 
(Figure 2). 

At the same time, plaques associated with a TAG value 
above 10 HU exhibited in a significantly higher propor-
tion CCTA markers of plaque vulnerability, as compared 
to plaques in which the attenuation gradient was below 
10 HU. TAG values >10 HU were associated with a high-
er amount of plaque volume (107.4 ± 91.2 mm3, 95% CI: 
56.9–157.9 vs. 56.0 ± 37.5 mm3, 95% CI: 35.2–76.9, p = 
0.009), necrotic core (32.5 ± 36.9 mm3, 95% CI: 12.1–53.0 
vs. 3.1 ± 3.2 mm3, 95% CI: 1.2–5.0, p = 0.0003), and fibro-
fatty tissue (17.7 ± 16.3 mm3, 95% CI: 8.6–26.7 vs. 4.0 ± 

TAbLE 1. Patient characteristics in the study group 

 n (%)

Age, years 60.1 ± 12.4

Gender, male 10 (47.6)

Hypertension 8 (38.1)

Hyperlipidemia 12 (57.1)

Obesity (BMI >25 kg/m2) 7 (33.3)

Smoker * 11 (52.3)

Diabetes 10 (47.6)

*past or present

fIGURE 1. Software-based automated computing of a coronary 
plaque. a – reference markers for determination of transluminal 
attenuation gradient along the plaque (arrows); b – color coded 
representation of plaque components; c – plaque components 
computing based on contrast density inside the plaque.
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2.6 mm3, 95% CI: 2.5–5.5, p = 0.0002) as compared to 
the lesions with TAG values below 10 HU. However, mean 
plaque burden was not significantly different in lesions 
with high TAG values as compared to those with low TAG 
values (70.7 ± 6.8 mm3, 95% CI: 66.9–74.4 vs. 66.6 ± 8.9 
mm3, 95% CI: 61.6–70.9, p = 0.2) (Figure 3). 

Linear regression analysis revealed a significant corre-
lation between TAG values and CCTA features of plaque 
instability:	necrotic	core	(r	=	−0.73,	p	<0.0001),	fibro-fat-
ty	tissue	(r	=	−0.63,	p	=	0.0002),	and	plaque	volume	(r	=	
−0.48,	p	=	0.006)	(Figure	4),	indicating	that	plaque	vul-
nerability is associated with a more expressed decrease in 

contrast density along the lesion as compared with non-
vulnerable ones. 

DISCUSSIONS

Assessment of the functional significance of a coronary 
artery stenosis produced by an atheromatous plaque has 
become possible in the last years with the help of the re-
cently introduced imaging technologies, such as FFR on 
invasive or noninvasive route.4 Invasive FFR represents 
today the gold standard for the assessment of hemody-
namic significance of a coronary lesion, while noninvasive 

TAbLE 2. Plaque characteristics in vulnerable vs. non-vulnerable plaques

Variable
Mean ± SD (95% CI)

Group 1  
Vulnerable plaques  

n = 12

Group 2 
Non-vulnerable plaques  

n = 18 

p value

Lesion length (mm) 6.3 ± 4.0 (3.7–8.9) 5.9 ± 2.0 (4.9–6.9) 0.7

% stenosis (%) 55.3 ± 12.5 (46.9–63.8) 64.1 ± 14.8 (56.7–71.5) 0.1

Mean plaque burden (%) 72.9 ± 7.2 (68.3–77.6) 65.2 ± 7.4 (61.5–68.9) 0.009

Plaque volume (mm3) 113.7 ± 103.8 (47.7–179.7) 60.4 ± 31.5 (44.7–76.1) 0.1

TAG (HU) -38.4 ± 32.4 (-59.0–17.8) 6.5 ± 4.3 (8.7–4.4) 0.0004

TAGr (HU/mm) -5.8 ± 4.3 (-8.6–3.1) -1.2 ± 0.8 (-1.6–0.8) <0.0001

Fibrotic tissue volume (mm3) 29.7 ± 30.7 (9.1–50.4) 21.3 ± 9.6 (16.5–26.1) 0.8

Fibrofatty tissue (mm3) 21.6 ± 17.3 (9.9–33.3) 4.6 ± 3.4 (2.9–6.3) 0.009

Calcium volume (mm3) 13.3 ± 22.0 (4.3–30.3) 33.2 ± 26.0 (19.8–46.6) 0.05

Necrotic core tissue (mm3) 43.7 ± 37.5 (18.5–68.9) 2.8 ± 1.8 (1.9–3.8) <0.0001

*TAG = transluminal attenuation gradient

fIGURE 2. Morphologic and functional assessment of vulnerable versus non-vulnerable coronary plaques, 
as expressed by % stenosis, TAG, and TAGr 
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FFR assessment based on CCTA has been proposed as a 
promising alternative technique, able to replace the in-
vasive one for this purpose.4 At the same time, CCTA is 
currently validated as an extremely useful tool for the 
identification of vulnerable coronary plaques based on 
visualization and quantification of several biomarkers of 
vulnerability inside the plaque.8,9 

Determination of TAG by CCTA has been suggested in 
the last years as a faster and reliable alternative to both 
invasive and noninvasive FFR for assessing the functional 
significance of a coronary lesion, based on the concept 
that the more severe the luminal narrowing is, the higher 

drop in the contrast density along the coronary plaque will 
be recorded.18 

A recently published meta-analysis showed that in pa-
tients with coronary artery stenosis, TAG is an indepen-
dent predictor of major adverse cardiac events (MACE) 
and can serve as a long-term prognostic tool with a pre-
diction power higher than other clinical predictors or bio-
markers.18 In recent studies, TAG has shown its superi-
ority compared to invasive FFR in intermediate lesions, 
showing good sensitivity and specificity for discriminat-
ing between significant and non-significant plaques in the 
group of lesions with stenosis between 30% and 70%.15 

fIGURE 3. CCTA markers of plaque vulnerability in the group of plaques with TAG >10 HU versus TAG <10 HU

fIGURE 4. Correlation between gradual TAG values and CCTA markers of plaque vulnerability
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However, in the DISCOVER-FLOW and DeFACTO studies, 
TAG did not show superiority over CT-FFR in the evalua-
tion of stenosis degree.19 

The role of plaque vulnerability in determination of the 
functional severity of a stenosis is still unclear, and there 
are no studies published so far to demonstrate if vulnera-
ble plaques can cause a more severe ischemia as compared 
with the stable ones.20–23

As demonstrated in this study, CCTA can serve as a reli-
able imaging tool to provide anatomical, quantitative, and 
functional plaque assessment in a single step. A previous 
pilot study published by the authors demonstrated a good 
correlation between CCTA-derived TAG and vulnerability 
markers in the culprit lesions of patients with acute coro-
nary syndromes. 

In this study, we proved that the presence of vulner-
ability markers at the site of an atheromatous plaque 
is associated with higher TAG values, reflecting an in-
creased functional significance of vulnerable plaques.12 
As there were no statistically significant differences in 
lesion length or stenosis degree between the vulnerable 
and non-vulnerable lesions, the difference in TAG can 
be attributed only to the complex mechanisms related to 
plaque vulnerabilization. The complex local inflammatory 
mechanisms associated with vulnerable plaques can al-
ter the intracoronary hemodynamic forces, leading to an 
increased hemodynamic impact on the coronary bed and 
therefore increased myocardial ischemia, thus explaining 
the increased MACE rates reported in several studies for 
lesions with increased TAG.18 

A large number of studies evaluated the role of CCTA 
in assessing plaque vulnerability and its associated risk 
to trigger an acute myocardial infarction. In a study by 
Benedek et al., the volume of low-density plaque with a 
CT density below 30 HU was significantly higher in cul-
prit lesions as compared to non-culprit ones.22 At the 
same time, another study demonstrated that this amount 
of low-density volume is similar to the volume of ne-
crotic core determined by intracoronary imaging using 
intravascular ultrasound, suggesting that the necrotic 
core could be quantified by CCTA as the core of the plaque 
with very low CT density.24 However, the functional im-
pact of such a low density core has not been established 
so far. 

According to the authors’ knowledge, this is the first 
study which demonstrated the hypothesis that plaque 
vulnerabilization can lead to an increased functional sig-
nificance of the coronary lesion, decreasing coronary per-
fusion distally to the vulnerable lesion and leading to a 
more pronounced lesion-specific ischemia.

In a subgroup analysis, we also aimed to assess the vul-
nerability features in the group of plaques with high TAG 
versus those with low TAG, using a TAG value of 10 HU 
as a reference point. We demonstrated that plaques which 
exhibit attenuation higher than 10 HU along the stenosis 
present larger volumes of atheromatous plaque, as well 
as fibro-fatty tissue and necrotic core inside the plaque, 
markers traditionally associated with vulnerability. 

Our study demonstrates that the presence of a large ne-
crotic core is significantly associated with increased TAG 
values, and this necrotic core volume was significantly 
higher in plaques with TAG values above 10 HU. 

In the present study, we succeeded to demonstrate 
that TAG, a new CCTA imaging-derived parameter char-
acterizing the hemodynamic significance of coronary 
stenosis, is highly associated with several CCTA markers 
of plaque vulnerability, such as necrotic core, fibro-fat-
ty tissue, or plaque volume. This study shows that TAG 
can represent a new biomarker associated with plaque 
vulnerability, being significantly increased in vulner-
able coronary plaques. At the same time, this indicates 
that in a coronary plaque, the presence of vulnerability 
features results in an increased functional significance 
of the stenosis. This probably happens via a complex 
mechanism which involves exacerbation of local inflam-
mation at the site of the vulnerable plaques that leads 
to modifications of the local hemorheologic status and 
alters the coronary flow in the segments located distal 
to the vulnerable plaque. However, further studies, on 
larger number of patients, are required to elucidate this 
hypothesis.

CONCLUSION

In patients with coronary artery disease, TAG along the 
coronary plaques, determined by CCTA, correlates with 
CT-derived markers of plaque vulnerability. Vulnerable 
coronary artery plaques present a higher functional sig-
nificance than the stable ones with a similar anatomic 
profile, indicating that vulnerabilization of a coronary 
plaque could lead to an increased functional significance 
of the lesion.
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AbSTRACT

Background: Critical coarctation of the aorta is the most common congenital heart disease 
with ductal-dependent systemic circulation. In severe forms, this disease represents a criti-
cal condition, which can become life-threatening. The aim of this study was to evaluate the 
usefulness of different echocardiographic parameters in the prediction of aortic coarctation in 
newborns. Material and method: This is a retrospective study performed by reviewing echo-
cardiographic images of both pre-term and full-term newborns presented with aortic coarc-
tation to the emergency room of a clinic of pediatric cardiology. Based on echocardiographic 
measurements, both the common carotid artery-subclavian artery index (CSAi) and the aor-
tic isthmus-descending aorta index (I/D) were calculated. Results: Fifty-two newborns pre-
sented in acute settings with aortic coarctation and were included in the study, divided into: 
subgroup 1 (n = 26) – ductal-dependent aortic coarctation; subgroup 2 (n = 2) – non-ductal-
dependent aortic coarctation; and subgroup 3 (n = 24) – unconfirmed aortic coarctation. ROC 
analysis identified a cutoff value of 1.37 for the CSAi index and a cutoff value of 0.46 for the 
I/D index as being associated with the highest predictive power for the diagnosis of aortic co-
arctation. Conclusions: The CSAi and I/D indices are simple and accessible echocardiographic 
parameters that can provide supplemental information for the pediatric cardiologist in acute 
cases of newborns with suspicion of aortic coarctation. These new indices can contribute to 
the decision-making process in case of pre-term and full-term newborns with suspicion of 
coarctation of the aorta, independent of the presence of persistent ductus arteriosus.
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INTRODUCTION

Aortic coarctation is a disease represented by a congenital 
narrowing of the aortic lumen, frequently located between 
the origin of the left subclavicular artery and the junction 
of aorta and ductus arteriosus. This pathology is the most 
common congenital heart disease with ductal-dependent 
systemic circulation and is frequently encountered in 
emergency settings in pediatric cardiology units. Echocar-
diographic assessment of this condition could be difficult 
in the fetus and newborn, due to the presence of persistent 
ductus arteriosus (PDA), which alters the anatomy of the 
aortic lumen, making it difficult to appreciate the narrow-
ing degree of the aortic isthmus.1,2

The ductus arteriosus plays a key role in cardiovascular 
physiology in both fetuses and newborns. During preg-
nancy, the ductus arteriosus remains open as a result of 
several vasodilator systems, such as endogenous prosta-
glandins, carbon monoxide, nitric oxide, or low pO2, which 
inhibit the contractile mechanisms.3 In 90% of full-term 
newborns, the ductus arteriosus closes and turns into the 
arterial ligament during the first 48 hours after birth.4 Of-
ten, a coarctation can be detected only when the ductus 
arteriosus closes and constriction occurs at the level of 
juxtaductal region. 

In severe forms, this disease represents a critical con-
dition that can become life-threatening, especially in 
complex cases associated with other congenital heart 
malformations. Therefore, serial echocardiographic ex-
aminations are required for a careful evaluation of the 
ductus arteriosus anatomy and aortic arch follow-up.1,5–7 
Usually, aortic coarctation is established by corroborating 
information provided by general clinical examination with 
the results of transthoracic echocardiography. 

Due to the high influence of the PDA in aortic coarcta-
tion diagnosis, several studies tried to identify echocar-
diography-based predictors for aortic coarctation. A ca-
rotid artery-subclavian artery index and the ratio between 
the diameter of the aortic isthmus and the diameter of the 
descending aorta have been proved to represent relevant 
parameters for characterization of aortic coarctation, even 
in the presence of ductus arteriosus. 

The aim of this study was to evaluate the usefulness of 
different echocardiographic parameters in the prediction 
of aortic coarctation in newborns.

mATERIAL AND mETHOD 

This is a retrospective study performed by reviewing 
echocardiographic images of both pre-term and full-term 

newborns presented with aortic coarctation to the emer-
gency room of a clinic of pediatric cardiology. The inclu-
sion criteria were: age (0–28 days), diagnosis/suspicion 
of neonatal aortic coarctation, and the presence of PDA. 
The data was obtained by reviewing echocardiographic 
imaging and protocols. The measured echocardiographic 
parameters were: diameter of the aortic and mitral an-
nulus, diameter of the innominate artery, diameter of the 
ascending aorta, diameter of the proximal aortic arch, di-
ameter of the left common carotid artery, diameter of the 
transverse portion of the aortic arch, diameter of the aortic 
isthmus, diameter of the descending aorta at diaphragm 
level, diameter of the arterial ductus, diameter of the pul-
monary artery, shunt direction through the PDA, persis-
tence of diastolic gradient in the descendent aorta, dis-
tance between the innominate artery and the left common 
carotid artery, distance between the left common carotid 
artery and the left subclavicular artery. Based on echo-
cardiographic measurements, both the common carotid 
artery-subclavian artery index (CSAi) and the aortic isth-
mus-descending aorta index (I/D) were calculated. CSAi 
represents the ratio between of the aortic arch diameter at 
the level of subclavian artery to the distance between the 
left common carotid artery and the left subclavian artery, 
while I/D is the ratio between aortic isthmus and descend-
ing aorta diameters.8,9 The Z score was also calculated by 
correlating body surface area and aortic annulus diameter, 
mitral annulus, distal portion of the aortic arch, and aortic 
isthmus using the Detroit calculation formula. Newborn 
demographic data analyzed included: gender, mean age at 
the time of the first echocardiographic evaluation, mean 
weight, mean length, average body surface area, mean 
gestational age, and antenatal diagnosis.

All the study procedures were performed in accordance 
with the declaration of Helsinki and the analysis protocol 
was approved by the institutional board of the hospital.

StatiStical analySiS

The data were analyzed using MedCalc (MedCalc Software, 
Ostend, Belgium) and GraphPad Prism (GraphPad Spft-
ware, San Diego, USA) softwares. Data were classified as 
nominal or quantitative variables. The nominal variables 
were characterized by the use of frequencies. The quanti-
tative variables were tested for distribution normalization 
using the Kolmogorov-Smirnov test and were character-
ized by averages and percentiles (25–75%) or by mean 
and standard deviation (SD), if any. The chi-square test 
was used to verify if there was a statistical significance 
between two characteristics (lesion type and diagnosis). 
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Quantitative variables were compared using the Student 
test. Descriptive statistics were used to analyze the most 
common congenital heart disease associated. In order to 
appreciate the predictability of the two indices, the ROC 
curve was used, calculating the areas under the curve and 
generating characteristic values of the variables for each 
significant predictor. The level of significance of the sta-
tistics was set at p <0.05.

RESULTS 

All data of 703 newborns were evaluated, of which 52 new-
borns presented in acute settings were classified as hav-
ing aortic coarctation and included in the study. After data 
extraction, the study group was divided into 3 subgroups: 
subgroup 1 – 26 newborns diagnosed with ductal-de-
pendent aortic coarctation who subsequently underwent 
surgical correction in the neonatal period; subgroup 2 –  
2 newborns diagnosed with non-ductal-dependent aortic 
coarctation who benefited from surgical correction at ages 
ranging from 1 month to 1 year; and subgroup 3 – 24 new-
borns with unconfirmed aortic coarctation. In group 1, 21 
patients had the diagnosis established at the first echocar-
diographic evaluation, even in the presence of PDA, while 
patients from group 2 and 3 were diagnosed between 2 and 
11 echocardiographic assessments.

The demographic data of the study are shown in Table 
1. The most common associated cardiac anomalies among 
newborns in group 1 are shown in Table 2. In our study, 
18 newborns benefited from antenatal diagnosis of aortic 
coarctation, and 12 of them belonged to group 1. No data 
regarding antenatal suspicion or diagnosis could be iden-
tified in 10 newborns. 

Echocardiographic assessment identified statistically 
significant differences between the three groups of pa-
tients, patients in group 1 presenting smaller mean diam-

eters of the echocardiographic measurements than pa-
tients in group 2 and 3 (Table 3).

ROC analysis identified a cutoff value of 1.37 for the 
CSAi index and a cutoff value of 0.46 for the I/D index as 
being associated with the highest predictive power for the 
diagnosis of aortic coarctation (Figure 1 and Figure 2).

DISCUSSION

The neonatal period is characterized by changes in organ 
function, especially in the cardiovascular system.10 The 
newborn myocardium has a low tolerance in the presence 
of increased preload and a lower response in case of in-
creased afterload compared to the myocardium of an in-
fant or child, therefore an early and correct diagnosis of 
aortic coarctation is mandatory for preventing acute dete-
rioration of cardiac function.10–13

Establishing the diagnosis of aortic coarctation in new-
borns in the presence of PDA remains challenging.1 As a 
consequence, patients in group 2 and 3 in our study re-
quired serial echocardiographic evaluations for establish-
ing an accurate diagnosis and initiation of an appropriate 
decision-making process. 

A similar study conducted by Marrow et al. on 14 new-
borns diagnosed with coarctation of the aorta without 
association of any other significant cardiac abnormali-
ties, compared with 14 newborns without any cardiac 
pathology, demonstrated that neonates with aortic co-
arctation had a smaller diameter of the aortic annulus, 
transverse portion of the aortic arch, and aortic isth-
mus; a larger diameter in the innominate artery and a 
greater distance between the left common carotid ar-
tery and the left subclavicular artery between the two 
batches. They also demonstrated a larger diameter of 
the pulmonary artery in newborns with coarctation of 
the aorta.14 

TAbLE 1. Demographic data of the study population

Variable  Results

Mean weight (g) 3,159.14

Mean length (cm) 51.66

Mean body surface area (m2) 0.20

Mean age at first echocardiogram (days) 4.2

Number of echocardiograms performed until 
final diagnosis (days)

2.51

Mean gestational age (weeks) 37.88

Premature newborns (number) 5

Suspicion/antenatal diagnosis of coarctation of 
the aorta (%)

42.9

TAbLE 2. Frequency of associated congenital heart lesions in 
group 1 – results are number of patients (% of patients)

Variable  Group 1 
n = 23

%

Bicuspid aortic valve 12 52.17

Atrial septal defect 22 95.56

Ventricular septal defect 4 17.39

Subvalvular aortic stenosis 1 4.35

Valvular aortic stenosis 2 8.7

Aortic arch hypoplasia 5 21.74

Borderline LV 2 8.7

Left superior vena cava 5 21.74
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Another study conducted by Lu et al. compared two lots: 
the first lot consisted of 36 newborns diagnosed with aor-
tic coarctation associated with PDA and the control group 
consisted of 19 newborns with PDA. The results of this 
study suggested that an I/D ratio of less than 0.64 repre-
sents a strong predictor for aortic coarctation.9 Similarly, 

our study demonstrated that a value of less than 0.46 is 
associated with an increased specificity and sensitivity for 
the diagnosis of aortic coarctation.

Dodge-Khatami et al. were the first researchers to de-
scribe the CSAi index, demonstrating that an index of less 
than 1.5 has an increased specificity and sensitivity for 

TAbLE 3. Average, standard deviation and p value of each echocardiographic parameter in group 1, group 2, and group 3

Variable Group1 p value Group 2 p value Group 3 p value

Aortic valve annulus 0.60 ± 0.07 0.005 0.56 ± 0.05 0.21 0.68 ± 0.10 0.003

Aortic valve annulus Z score -1.22 ± 1.29 0.72 -1.31 ± 1.38 0.96 -1.73 ± 6.97 0.70

Mitral valve annulus 0.86 ± 0.19 0.08 0.89 ± 0.091 0.87 0.97 ± 0.26 0.10

Mitral valve annulus Z score -2.21 ± 1.48 0.01 -1.44 ± 0.83 0.77 -1.13 ± 1.33 0.026

Right innominate artery diameter (cm) 0.39 ± 0.11 0.65 0.31 ± 0.007 0.001 0.38 ± 0.13 0.79

Distal ascending aorta diameter (cm) 0.63 ± 0.10 0.031 0.56 ± 0.05 0.16 0.71 ± 0.14 0.029

Proximal transverse arch diameter (cm) 0.48 ± 0.10 0.005 0.46 ± 0.05 0.37 0.57 ± 0.11 0.006

Distance between right innominate and left CCA (cm) 0.27 ± 0.12 0.76 0.25 ± 0.007 0.28 0.29 ± 0.27 0.75

Left common carotid artery diameter (cm) 0.42 ± 0.48 0.13 0.18 ± 0.077 0.49 0.28 ± 0.06 0.19

Distal transverse arch (cm) 0.27 ± 0.74 0.49 0.35 ± 0.00 0.97 0.40 ± 0.58 0.47

Distal transverse arch diameter Z score -2.38 ± 1.44 0.002 -2.78 ± 0.12 0.001 -1.00 ± 0.84 0.0001

Distance between the left common carotid artery and the 
left subclavian artery

0.54 ± 0.19 0.058 0.45 ± 0.32 0.93 0.40 ± 0.31 0.091

Carotid-subclavian index 0.89 ± 0.55 0.0001 1.05 ± 0.76 0.69 1.70 ± 0.803 0.001

Aortic isthmus (cm) 0.27 ± 0.11 0.01 0.21 ± 0.09 0.35 0.35 ± 0.07 0.005

Aortic isthmus Z score -4.43 ± 2.01 0.01 -5.49 ± 2.55 0.50 -2.81 ± 1.64 0.004

Descending aorta at diaphragm 0.60 ± 0.09 0.046 0.59 ± 0.007 0.008 0.66 ± 0.08 0.049

I/D 0.44 ± 0.16 0.08 0.36 ± 0.15 0.21 0.52 ± 0.100 0.037

PDA diameter 0.40 ± 0.13 0.005 0.380 ± 0.02 0.74 0.29 ± 0.12 0.006

Main pulmonary artery diameter (cm) 1.10 ± 0.20 0.04 1.15 ± 0.35 0.66 1.02 ± 0.19 0.033

fIGURE 1. ROC analysis of the CSAi: AUC = 0.91; CI 82–92%; 
sensitivity = 87%, specificity = 69.2%

fIGURE 2. ROC analysis for I/D index: AUC = 69.5%; CI 60.2–
70.2%; sensitivity = 65.2 %, specificity = 23.1 %
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aortic coarctation diagnosis in children. They studied 63 
patients aged up to 3 months who were diagnosed with co-
arctation of the aorta and a control group of 23 newborns 
without cardiac abnormalities.8 Subsequently, Mivelaz et 
al. analyzed the two indices in two batches: the first group 
consisted of 68 patients aged 0–18 years with coarctation 
of the aorta, and the control group consisted of 24 sub-
jects, of which 6 had a PDA. They also demonstrated that 
a CSAi index of less than 1.5 possesses increased sensitiv-
ity and sensitivity in the diagnosis of aortic coarctation in 
children (0–18 years).10

Another study, conducted by Peng et al. that included 
33 full-term newborns with suspicion of coarctation of 
the aorta in the presence of PDA demonstrated that a CSAi 
index lower than 0.85 shows a specificity of 0.86 and a 
sensitivity of 0.83 in terms of predictability of aortic co-
arctation.1 

In our study, the group was composed of both full-
term newborns and premature babies (one newborn at 29 
weeks gestational age and one newborn at 36 weeks ges-
tational age), showing that in this clinical setting a CSAi 
value lower than 1.37 has the best predictability for the 
diagnosis of aortic coarctation. 

Our study has several limitations. First, this is a retro-
spective study and measurements were made offline, on 
images recorded by different physicians, which can im-
pact the reliability of the measurements. Secondly, as the 
study lot was not very large, validation of our results is 
necessary in future prospective studies on a larger number 
of patients.

CONCLUSION

The CSAi and I/D indices are simple and accessible echo-
cardiographic parameters that can provide supplemental 
information for the pediatric cardiologist in acute cases of 
newborns with suspicion of aortic coarctation. These new 
indices can contribute to the decision-making process in 
case of pre-term and full-term newborns with suspicion 
of coarctation of the aorta, independent of the presence of 
persistent ductus arteriosus. An early diagnosis of these 
critical cases can contribute to a decreased hospitalization 
period, subsequently decreasing both staff and material 
resources.
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INTRODUCTION

Pulmonary embolism (PE) is one of the leading cardiovas-
cular causes of morbidity and mortality in patients sur-
viving an acute coronary syndrome or stroke, and a large 
number of these patients die even before the diagnosis, 
due to the ambiguous forms of clinical presentation and 
lack of highly specific signs and symptoms.1,2 An impor-
tant percent of these patients remains undiagnosed until 
the chronic phase of the disease, when pulmonary hyper-
tension is installed, or in other cases, during autopsy.3,4 
Large registry studies show that approximately 10% of PE 
patients die during the first three months after diagno-
sis.5,6 The early recognition and treatment of PE is essen-
tial, as many studies demonstrated that mortality rates 
drop significantly if adequate therapy is administered 
from the early stages.7 

Echocardiography has become a cheap, helpful, and 
widely available method for the assessment of patients 

presenting with clinical suspicion for PE. Biomarkers such 
as D-dimers are useful for the exclusion of PE in low- and 
intermediate-risk patients, but current guidelines do not 
recommend it for the confirmation of the diagnosis. Com-
puted tomography (CT) represents the method of choice 
for a positive diagnosis in intermediate and high pre-test 
probability risk patients.8,9 

The clinical setting of PE patients is also an impor-
tant factor for both short- and long-term survival. The 
30-day mortality rates vary from 1% to over 50%, mainly 
depending on the baseline clinical characteristics of the 
patients.10 Those presenting in the emergency department 
(ED) with hemodynamic instability, right ventricular dys-
function, or necessitating cardiopulmonary resuscitation 
have mortality rates up to 70–80% in the acute phase.11 
These parameters, along with altered left ventricular 
function, older age, higher body weight, and associated 
pulmonary and renal comorbidities, are also predictors 
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for higher long-term mortality rates.11 The widespread use 
noninvasive diagnostic tools in the ED have led to better 
accuracy in the identification of even lower risk patients. 
The aim of this update is to summarize the various pat-
terns of PE presentations in the ED.

PE IN THE EmERGENCY DEPARTmENT 

The diagnosis of PE can be a very challenging task in the 
ED due to the diverse, common, and unspecific symptoms. 
The assessment of the large number of patients present-
ing with chest pain and dyspnea in the ED has to be accu-
rate and cost-effective. McCaig et al. assert that approxi-
mately 15% of all ED patients would be screened for PE if 
every patient complaining of chest pain and shortness of 
breath would be tested.12 In severe cases, patients pres-
ent to the ED with severe hypotension, tachyarrhythmia, 
or after an episode of cardiac arrest and cardiopulmonary 
resuscitation. All known risk factors, such as deep vein 
thrombosis, cancer, recent surgery, and immobilization, 
should be quickly evaluated in patients withsuspicion of 
PE, as delayed diagnosis in the ED is associated with worse 
outcomes.13 The validated clinical probability scores and 
biomarkers help the ED physician to select the proper pa-
tient category who should undergo further investigations, 
as undiagnosed PE leads to high mortality rates, and un-
necessary examinations create high costs and a possibly 
faulty diagnosis.14–16 

The triple-rule-out CT (TRO CT) is a new, emerging 
noninvasive diagnostic technique that is suitable to ex-
clude the three most common, possibly life-threatening 
vascular conditions, namely acute coronary syndromes 
(ACS), aortic dissection, and PE, using decreased amount 
of radiation. It is an appropriate and cost-effective diag-
nostic tool for patients who present with chest pain in the 
ED and have low-to-intermediate risk for ACS.17–20 In a 
study which included 1,024 patients who presented to the 
ED for chest pain, Chae et al. demonstrated that TRO CT is 
a useful tool for an efficient triage of these patients and 
has a good predictive value for 30-day major adverse car-
diovascular events (MACE), regardless of clinical scores.21 
Further clinical studies are required for the validation of 
this method. 

CLINICAL PRObAbILITY AND 
RISk STRATIfICATION

Although the common symptoms and signs in PE are lim-
ited in sensitivity and specificity, clinical judgment, aided 
by the use of prediction scores, can provide a distribu-

tion of patients with suspected PE into specific catego-
ries of probability.22 Through these scores, the algorithm 
sequence of predicting diagnosis will be based on binary 
decisions, thus inappropriate variance of clinical decision 
will be confined.22 

The sequence of diagnostic work-up consist of ap-
plying pre-test probability rules, which are necessary in 
determining whether further invasive or noninvasive in-
vestigations are needed. There are several pre-test scores 
being used, either to rule-in or to rule-out PE diagnosis. 
The most applied validated pre-test scores are: the Ge-
neva score with two derived models, the Wells score, the 
PISA models, the Charcotte model, the PESI scores, and 
the Gestalt model. 

The original Geneva model (Wicki criteria) of risk strat-
ification is based on assessment at the time of presenta-
tion. Similar to original Geneva score are the revised Ge-
neva score and the simplified Geneva score.23 Nowadays, 
the revised Geneva Criteria are most used in determin-
ing PE probability risk.24 Patients presenting a total score 
equal or less than 2 points are considered unlikely to have 
PE.25

Another widely used probability risk score of PE is the 
Wells score, which was introduced in 1995 as a clini-
cal prediction rule, then it was revised multiple times by 
modifying the cut-off value. It uses a cut-off value of 4, 
thus dividing patients into two categories, those with up 
to 4 points are unlikely to have PE, and those with more 
than 4 points are likely to have a current PE.26 

A study conducted by El Wahsh et al., comparing differ-
ent validated predicting scores of PE, showed that among 
the most used scores the PISA model is the most accurate, 
capable of better negative prediction and better determi-
nation of positive prediction.27 According to the resulting 
percentage of probability, the patients’ risk could be di-
vided as follows: up to 10% low risk of PE, between 10% 
and 50% intermediate risk of PE, 51% to 80% moderately 
high risk, and between 81% and 100% high risk of current 
PE.28 

A meta-analysis comparing the 52 most important 
studies based on applying the most reliable risk scores in 
predicting PE, reveals that the Geneva score has the best 
sensitivity, while the revised Geneva model, the Wells 
score, and the Gestalt score have the most accurate speci-
ficity. These two important predicting scores of PE were 
analyzed as well in terms of failure rate, and the results 
showed that it is 0%. The same meta-analysis compared 
the efficacy of each predicting score associated with as-
sessment of D-dimer value, and the results showed that 
the Wells score associated with D-dimer value lacked in 
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efficiency, while the Gestalt model associated with D-di-
mer was highly efficient.29

In order to assess the mortality and the adverse medical 
events in PE patients, the Pulmonary Embolism Severity 
Index (PESI) and the simplified PESI (sPESI) were intro-
duced and validated.30 The PESI stratifies patients in five 
risk classes corresponding to the 30-day mortality rate. 
The sPESI includes only 6 clinical factors, namely age over 
80 years, malignancy, chronic cardiopulmonary disease, 
heart rate >110 bpm, systolic blood pressure <100 mm Hg, 
and SaO2 <90%. If one of these parameters is present, a 
high risk of 30-day mortality and adverse events is as-
sociated.31 Current guidelines recommend the assessment 
of the PESI score at hospital admission and initiation of 
thrombolytic therapy.31 

SYNCOPE IN PE

Until recently, syncope was considered an uncommon 
clinical presentation for PE, and current guidelines and 
recommendations do not focus enough on the consider-
ation and work-up of PE for these patients. However, in a 
recent, highly cited publication, Prandoni et al. identified 
a much higher prevalence (17.3%) of PE in patients pre-
senting in the ED for a first episode of syncope.32 Based on 
Prandoni’s results, Oqab et al. performed a meta-analysis 
which included 6,608 patients from ED and found sig-
nificantly lower prevalence of PE (p <0.0001) in the same 
category of patients.33 In a recent paper published by Fri-
zell et al., the results of the Prandoni study are also con-
tested, as only 1.4% of patients were identified with PE 
from a total number of 348 of patients presenting with 
syncope in the ED.34 These controverting results suggest 
the need of further investigations for the determination 
of the prevalence of PE in patients presenting with syn-
cope in the ED. 

UNUSUAL PRESENTATIONS Of 
PE IN OUR ExPERIENCE

Unusual presentations of PE can be frequently encoun-
tered in the ED. We report, for instance, the case of a pa-
tient with massive PE presenting to the emergency room 
for sudden onset of an atrial fibrillation (AF) episode. A 
48-year-old male was admitted to our ED accusing re-
cent onset dyspnea at mild exertion and palpitations. No 
significant family history was recorded. The patient suf-
fered from deep vein thrombosis of the left inferior limb 
in the past, without other known diseases. The patient’s 
blood pressure was 140/100 mmHg with a heart rate of 

100 bpm, and no significant ECG changes were recorded. 
Cardiac ultrasound revealed a dilated right ventricle with 
an increased pulmonary pressure (55 mmHg), with sig-
nificant tricuspid regurgitation and an intracardiac hy-
perechogenic mobile mass of 13/10 mm, localized in the 
right atrium and adherent to the intertribal septum, and 
a similar hyperechogenic mass in the right ventricle. A 
chest CT was performed, which showed bilateral massive 
pulmonary embolism. Considering the history of the pa-
tient and the multiple thrombotic events, aPL and anti-
cardiolipin antibodies were determined and turned out to 
be positive, and the underlying cause of the PE proved to 
be antiphospholipid syndrome (APLS). 

In order to investigate the cause of the thrombotic 
events which lead to PE, it is important to consider other 
rare conditions in patients with unclear clinical presen-
tation. Literature data shows that the acquired hyperco-
agulability status emphasized by a thrombotic event can 
be caused by APLS with an incidence of up to 2% in the 
general population and can consist in a hypercoagulability 
state with high implications in the cardiovascular system, 
with a 5-year mortality rate of 5.3%.35–39 These patients 
are at high risk of developing arterial or venous throm-
bosis, intracardiac thrombus, pulmonary hypertension, 
coronary artery diseases, valvular disease, and stroke, and 
also can determine fetal loss.40,41 

The association between atrial fibrillation and PE is still 
highly debated and still understudied. Gex et al. suggest 
that AF increases the probability of PE in patients with 
chest pain and in a recent meta-analysis Bikdeli et al. state 
a strong relationship between AF and PE, which needs 
further studies for elucidation.42,43 

CONCLUSIONS

PE can have various clinical presentations at the ED, 
starting from mild asymptomatic cases to more classi-
cal symptoms such as dyspnea and chest pain, or severe 
forms with malignant arrhythmias and cardiac arrest. It is 
also important to take into consideration atypical forms, 
such as atrial fibrillation or syncope, for an as low as pos-
sible rate of missed diagnosis and better short- and long-
term outcomes. Clinical probability and risk stratification 
scores along with modern imagistic techniques help the 
ED physician for a quick and proper diagnosis of these pa-
tients.
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AbSTRACT

Truncus arteriosus (TA) or common arterial trunk is a rare malformation, accounting for 0.21 
to 0.34% of congenital heart diseases, which, if left untreated, leads to increased mortality 
rates. The condition is characterized by the presence of a unique arterial trunk that overrides 
the interventricular septum. Despite an overall poor outcome, few subjects present in emer-
gency settings with signs suggestive for pulmonary arterial hypoplasia and associated heart 
failure. We report the case of a 31-year-old female patient who had been previously diagnosed 
with pulmonary atresia and severe scoliosis as an infant, presenting in the emergency de-
partment with clinical sings of decompensated heart failure which were demonstrated to be 
attributable to the severe cyanogenic heart malformation and were reversible after initiation 
of appropriate therapeutic measures.
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INTRODUCTION

Congenital cardiac defects (CCD) have an incidence rang-
ing between 4 and 10 cases in every 1,000 alive births in 
the United States and 6.9 per 1,000 in Europe.1 CCD consist 
of an abnormal development of various cardiac and vas-
cular structures during the intrauterine life, which leads 
to subsequent anatomic and hemodynamic consequences 
requiring complex surgical and interventional therapies. 
These critical defects have been associated with intrauter-
ine mortality and high rates of deaths during childbirth, 
infancy, or childhood, as well as with an increased mor-
bidity and mortality in pediatric and adult populations. 
Furthermore, in addition to a decreased quality of life, 

CCD imply increased hospitalization rates and elevated 
healthcare costs.2 

The development of complex imaging methods for the 
diagnosis of these critical conditions and complex surgical 
and interventional therapies addressed to such patients, 
has led to a substantial improvement in their life expec-
tancy and in the associated survival rates. In recent years, 
the significant progress encountered in surgical, anes-
thetic, and perioperative procedures resulted in a signif-
icantly improved survival of patients with CCD, the age 
of death shifting from infancy and pediatric age towards 
adulthood. Despite of this improvement in the complex 
management of CCD patients, the risk for morbidity and 
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mortality in the CCD population remains high, mainly due 
to the associated heart failure and malignant arrhyth-
mias.3 

Truncus arteriosus (TA) or common arterial trunk is a 
rare malformation, accounting for 0.21 to 0.34% of con-
genital heart diseases, which, if left untreated, leads to in-
creased mortality rates. The condition is characterized by 
the presence of a unique arterial trunk that overrides the 
interventricular septum, supplying both the pulmonary 
and systemic circulations, as well as the coronary arter-
ies.4 Depending on the origin of the pulmonary arteries, 
there are four types of TA according to the Collett-Ed-
wards anatomical classification system: type I, in which 
a short pulmonary trunk arises from the TA, dividing into 
the two pulmonary arteries; type II, in which both pul-
monary arteries separate from the posterior wall of the 
TA; type III, where the pulmonary arteries arise from the 
lateral aspects of the TA; and type IV, in which the TA is 
overriding a large ventricular septum defect and is con-
sidered a more severe type of the tetralogy of Fallot.5,6

If left untreated, common arterial trunk presents a se-
verely impaired prognosis and high mortality rates, caus-
ing early congestive heart failure and pulmonary hyper-
tension with cyanosis in most of the cases. Associated 
cardiac malformations include right-sided or interrupted 
aortic arch, aortic coarctation, atrioventricular septum 
defects, and common atrioventricular junction, as well 
as coronary artery anomalies that may be related to an 
anomalous origin or trajectory.7

Despite an overall poor outcome in case of uncorrected 
TA, due to severe pulmonary arterial hypertension caused 
by pulmonary overflow and refractory heart failure, few 
subjects present in emergency settings with signs sug-
gestive for pulmonary arterial hypoplasia and associated 
heart failure.8 

We report the case of a 31-year-old female patient who 
had been previously diagnosed with pulmonary atresia and 
severe scoliosis as an infant, presenting in the emergency 
department with clinical sings of decompensated heart 
failure which were demonstrated to be attributable to the 
severe cyanogenic heart malformation and were reversible 
after initiation of appropriate therapeutic measures. 

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

CASE REPORT

A 31-year-old woman presented in the emergency depart-
ment with severe dyspnea and orthopnea, cyanosis, and 

an overall impaired functional capacity. The medical his-
tory revealed that she had been diagnosed during infancy 
with pulmonary atresia, left ventricular septum defect, 
bronchopulmonary and arterial collateralization, by un-
dergoing echocardiographic and angiocardiographic ex-
aminations. The patient had not undergone surgical treat-
ment due to her severe scoliosis and was discharged with 
pharmacological therapeutic recommendations.

At the age of 14 she was admitted in England for fur-
ther investigations due to moderately restricted exercise 
tolerance and had undergone cardiac catheterization for 
evaluation of the cardiac pressures and angiographic ex-
amination that had revealed three major aorto-pulmonary 
collateral arteries (MAPCAs) that supply the right lung at 
the level of the descendant aorta, while the left lung had 
no visible flow. Upon injection in the left pulmonary vein, 
the angiography revealed a retrograde filling of a central 
pulmonary artery within the hilum of the left lung, with a 
diameter of approximately 3 mm. Again, she had not un-
dergone surgical correction of the cardiac malformation 
due to the high anesthetic risk and severe scoliosis. Over 
the following years, the patient had been admitted several 
times and had been receiving oxygen therapy at home in 
the last three years before the present admission. 

At presentation in the emergency room, the patient ex-
hibited severe sinistro-convex dorsal and compensatory 
lumbar dextro-convex scoliosis and was bound to a wheel 
chair, weighing 40 kilograms. She presented central and 
peripheral cyanosis, and clubbing of the fingers. There were 
no abnormal pulmonary sounds, and upon cardiac auscul-
tation she presented a continuous murmur. The blood pres-
sure was 100/65 mmHg, heart rate 100 beats per minute 
and the respiratory rate 20 breaths per minute with an oxy-
gen saturation of 60% in the ambient air. The electrocar-
diographic examination revealed a normal sinus rhythm, 
right axis deviation, and right ventricular hypertrophy. 

The current symptoms suggested a worsening of the 
heart failure, and the patient underwent an echocardio-
graphic examination that revealed a concentric right ven-
tricular hypertrophy, the presence of perimembranous 
interventricular septum defect with a right-to-left shunt, 
and a left aortic arch (Figure 1, panels A, B, C, and D). 

An ECG-gated 128-multislice cardiac computed tomog-
raphy performed in emergency showed that the common 
arterial trunk, which was measured as having a diameter 
of 4.79 cm (Figure 2A), was overriding the perimembra-
nous interventricular septum defect (14/24 mm – Figure 
2B). The descending aorta presented 3 MAPCAs with tor-
tuous course, two of them originating at the level of the 
right, and one from the left aortic wall, all supplying the 
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right lung (Figure 3A, 3B). As for the blood supply to the 
left lung, there were a few filiform aorto-pulmonary col-
lateral arteries that emerged from the anterior wall of the 
descending aorta (Figure 3C). According to the CT exami-
nation, the patient was diagnosed with common arterial 
trunk, being categorized as a Collett-Edwards class IV 
(Figure 4A, 4B).

The therapeutic management included pharmacologi-
cal treatment with digoxin, diuretics, and ambulatory 
oxygen therapy, and the patient was closely monitored, 
being discharged with significant symptoms relief. 

DISCUSSIONS

If left uncorrected, TA presents a poor prognosis, with a 
mortality rate of 80% in the first year of life, and unre-
paired cases that survive up to adulthood are rare. TA is 

an extremely rare CCD, being characterized by a common 
vessel that emerges from both ventricular cavities on top 
of a large septum defect and feeds all three circulations 
(coronary, systemic, and pulmonary).9–12

MAPCAs are vessels developed in the intrauterine life 
that regress after proper growth of the pulmonary arter-
ies. In cases where the pulmonary blood flow is impaired, 
such as tetralogy of Fallot or pulmonary atresia, MAPCAs 
do not regress, but continue to develop as the main ar-
teries supplying the pulmonary circulation.13 Depending 
on the origin of the MAPCAs, the TA is classified in four 
types.5 The presented case was included in type IV, as she 
presented with the origin of the aorto-pulmonary branch-
es at the level of the descending aorta. Type IV TA, the 
rarest of the four categories, is also referred to as pseudo-
truncus arteriosus, as it is difficult to differentiate from 
the tetralogy of Fallot with pulmonary valve atresia.5,14

fIGURE 1. Transthoracic echocardiography. a – Apical four-chamber view with the ventricular septum defect and the left positioning 
of the aortic arch. b – Apical four-chamber view with Color Doppler showing the turbulent flow through the common arterial trunk. c – 
Parasternal short axis view revealing the right ventricular hypertrophy. D – Apical four-chamber view with Color Doppler showing the right 
to left shunt through the interventricular septum defect. 

a

c

b
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The large ventricular septum defect is a malforma-
tion associated with the TA, and the direction of the 
shunt depends on the vascular resistance ratio between 
the systemic and pulmonary circulation. The left-to-
right shunt is usually present in early stages of life, 
and it leads to congestive heart failure in TA infants. 
In time, due to increased pressures in the arterial pul-
monary circulation, vascular remodeling with intimal 
fibro-elastosis leads to development of severe pulmo-
nary hypertension with reversal of the shunt direction 
(Eisenmenger syndrome). In cases of TA it is the main 
reason for survival through adult life if left surgically 
uncorrected.15

Imaging modalities in CCD include echocardiography, 
which in TA allows the assessment of: (1) the common ar-
terial trunk; (2) the TA valve, which in this case was tri-
cuspid; (3) the associated valvular stenosis or regurgita-
tion; and (4) the shunt direction and pressure gradients.16 
Multislice computed tomography (MSCT) is a noninvasive 
imaging method that can offer both visualization of car-
diac structures and assessment of coronary, pulmonary, 
and systemic vasculature. At the same time, this technique 
allows visualization of extracardiac structures, including 
the lungs, airways, and spine.16,17 In the presented case, 
the 128-slice CT allowed proper visualization and mea-
surement of the ventricular septum defect, the anatomical 

fIGURE 2. Cardiac 128-slice CT. a – Common arterial trunk. b – Interventricular septum defect. 

a b

fIGURE 3. CT angiography of the descending aorta. a – The three major aorto-pulmonary collateral arteries for the right lung. b – Col-
lateral aorto-pulmonary branches for the right lung – 3D volume rendering. c – Filliform MAPCAs to the left lung – 3D volume rendering.

a b c



142 Journal of Cardiovascular Emergencies 2017;3(3):138-143

illustration of the MAPCAs, as well as an accurate visual-
ization of the scoliotic dorsal spine that caused deformity 
of the thoracic cavity and restrictive ventilatory dysfunc-
tion that contributed to the increased pulmonary pres-
sures and decreased tissue oxygenation. 

Despite the overall general condition of the patient, 
the lack of surgical correction and severely decreased 
oxygen saturation (less than 60% in the ambient air), she 
managed to lead a quasinormal life and has graduated 
from two universities. The main particularity of this case 
report is that it shows the natural evolution of a complex 
cyanogenic congenital heart defect that has not been op-
erated.

CONCLUSIONS

The case report underlines the importance of noninva-
sive cardiac imaging for achieving an accurate depiction 
of adult survivors with uncorrected cyanogenic congenital 
cardiac defects. Common arterial trunk is a rare congenital 
heart defect with high mortality rates if left surgically un-
treated. However, this case illustrates that a proper man-
agement of this severe condition in emergency settings 
and also during the follow-up period, makes possible to 
overcome the odds of a short lifespan and improve the 
prognosis of these critical patients.
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Atheromatous Plaque Vulnerability —  
the Neglected Vulnerable Carotid Plaques
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Dear Editor,

I read with great interest the article written by Benedek 
T et al., entitled “Assessment of Coronary Plaque Vulner-
ability in Acute Coronary Syndromes using Optical Coher-
ence Tomography and Intravascular Ultrasound. A Sys-
tematic Review”, published in a recent issue of the Journal 
of Cardiovascular Emergencies.1 The authors present a 
comprehensive description of multiple imaging-derived 
biomarkers that can characterize coronary plaque vulner-
ability. 

The role of the vulnerability of an atheromatous plaque 
has been recognized in the last years as a key determinant 
of a major cardiovascular event. However, atheromatous 
plaques are present in the entire arterial system, without 
being limited to coronary circulation. A particular loca-
tion where plaque vulnerability is of major importance 
is represented by the carotid arteries. Vulnerable carotid 
plaques have been demonstrated to be associated with 
a significantly higher risk of stroke resulting from the 
rupture and embolization of an unstable carotid plaque.2 
Therefore, identification of patients with vulnerable ca-
rotid lesions, even asymptomatic, remains an essential 
goal for stroke prevention. 

Approximately 90% of carotid interventions, either 
surgical or interventional, are performed worldwide for 
asymptomatic carotid stenosis, in order to prevent the 
risk of further progression or plaque embolization with 
consecutive stroke.2  

The presence of vulnerable components within a ca-
rotid plaque has been demonstrated to be associated with 

an increased risk of cerebrovascular events.3 Therefore, 
assessment of vulnerability markers in the atheroma-
tous plaques located in the carotid circulation could be 
extremely important. Such vulnerability markers of ca-
rotid plaques could be represented by ulceration, the 
amount of lipid core, intraplaque hemorrhage, or plaque 
inflammation. While ulceration could be easily detect-
ed by computed tomography, advanced technologies of 
magnetic resonance imaging (MRI) and positron emis-
sion tomography are required to certify the intraplaque 
hemorrhage and inflammation.3 In a recent study, the 
presence of carotid intraplaque hemorrhage document-
ed on MRI was independently associated with the size 
of cortical infarcts at brain MRI.3 At the same time, new 
molecular MRI probes have been tested and validated as 
new imaging tools for assessment of inflammatory ac-
tivity within an atheromatous plaque as a direct indicator 
of plaque vulnerability.4 

Besides these sophisticated techniques, an alternative, 
easy-to-use method could be represented by transcranial 
Doppler, able to detect the presence of atheromatous mi-
croemboli in the carotid circulation, microemboli result-
ing from the rupture of a vulnerable carotid plaque. 

In the above mentioned manuscript by Benedek T et 
al., I believe that the relevance of plaque vulnerability in 
other territories than the coronary arteries is not suf-
ficiently addressed. Taking into consideration the dev-
astating impact of a stroke on a patient’s health and 
socioeconomic status, a significant effort should be dedi-
cated to detection of vulnerable carotid plaques. The sig-
nificant progress encountered in the recent years in the 
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field of detection and treatment of vulnerable coronary 
plaques, in order to prevent an acute coronary event, 
should be translated to assessment of vulnerable carotid 
plaques, too, in order to prevent a large number of isch-
emic strokes and reduce the number of unnecessary ca-
rotid interventions. 

I believe that addressing both coronary and carotid 
plaque vulnerability could further help to elucidate the 
role of invasive and noninvasive imaging techniques in 
the complex assessment of pan-circulatory plaque vul-
nerability, at the same time putting patient vulnerability 
in the center of the pathophysiologic process related to 
acute cardiovascular events.
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