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How to Manage a Cardiovascular Imaging Journal? Reflections and Ideas
Gerald Maurer1,2

Medical University of Vienna,1 Wien – Austria
European Heart Journal Cardiovascular Imaging,2 Oxford - United Kingdom  

Cardiovascular Imaging is a rapidly growing field with 
an increasing impact on clinical practice. Each imaging 
modality has undergone remarkable development in recent 
years, requiring a very specialized understanding not only of 
physiology and disease processes, but also of technical aspects 
and physics. This has been reflected not only in the number 
but also in the complexity of published papers (as in most 
fields of medicine).  While just two or three decades ago, 
cardiovascular imaging topics could be adequately covered 
in the major general cardiology journals, this is no longer the 
case and has led to the establishment of journals specializing 
in the field.

When managing a scientific journal, several issues need 
to be considered. These include its overall goals, its target 
audience, affiliation to an academic society, and relationship 
to other journals. The European Heart Journal Cardiovascular 
Imaging1 is the official journal of the European Association 
of Cardiovascular Imaging, which is a branch of the 
European Society of Cardiology. The journal’s goals are, to 
a great extent, influenced by these affiliations and by their 
policies. As stated in its title, it is a European journal, but 
it nevertheless aims to serve the international community, 
including readers, editorial board, and authors. Indeed, 
at this point, a large percentage of our readers are from 
outside Europe and we receive many submissions from other 
continents. Similarly, the American College of Cardiology and 
the American Heart Association publish dedicated imaging 
journals in conjunction with their more general journals. It is 
therefore important that a large and vital country like Brazil, 
with its excellent and active cardiological community, publish 
a journal such as ABC Imagem Cardiovascular on behalf of 
the Brazilian Society of Cardiology.

Until some years ago scientific journals were printed only. 
With the advent of the internet there has been a move toward 
online publications. Currently, many journals follow a hybrid 
approach, with simultaneous print and online publication. 
While some demand for printed hardcopies continues, most 
readers have preferred the online versions and some journals 

Mailing Address: Gerald Maurer  •
Department of Cardiology, Medical University of Vienna. Spitalgasse 23, 
1090. Vienna, Austria.
E-mail: gerald.maurer@meduniwien.ac.at
Manuscript received March 13, 2023; revised manuscript March 13, 2023;
accepted March 20, 2023.
Editor responsible for the review: Daniela do Carmo Rassi Frota

Keywords
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ranking; open access.

DOI: https://doi.org/10.36660/abcimg.20230030i

abandoned the print issues. Obviously, the online version has 
the advantage of being published more promptly and better 
disseminated, and more easily accessible. In addition, in view 
of the proliferation of publications in the medical literature, 
physical storage space for paper journals becomes an issue. 
Any imaging journal requires the ability to provide high quality 
images to the reader. While still frames images can be delivered 
in print, dynamic video material can only be viewed online 
(the use of supplementary CDs and DVDs for this purpose has 
largely been abandoned). 

Open Access publication is an important issue peer-
reviewed academic journals are confronted with. Traditionally 
the cost of publishing has been paid by the reader, either 
in form of a subscription fee (personal or institutional), site 
license, or by purchasing individual articles. This model has 
hampered the accessibility to scientific research, especially 
in poorer countries. Thus, to an increasing degree many 
funding or governmental agencies that sponsor and finance 
scientific research require open access publication.2 This has 
led to the evolution toward open-access journals, which are 
characterized by funding models that do not require the reader 
to pay for accessing the journal’s contents. Instead, fees are 
paid by the author or via funding from other sources, such 
as public funding, subsidies and grants. In the hybrid model, 
there is a combination of the traditional approach, where 
some articles are available for subscribers or by purchase, with 
the online access, paid for by the author. There are, however, 
increasing initiatives toward publishing research sponsored by 
state-funded institutions in journals that are freely available. 
In Europe the so-called Plan S initiative was initiated by a 
consortium of national research agencies and funders from 
twelve European countries. Plan S pushes for publishing in truly 
open access journals, that are freely available to all. Hybrid 
journals are not considered to be compliant with Plan S unless 
they are part of a transformative agreement. However, there 
are also clear downsides to the open access model. For many 
authors, the publication fee can be a considerable financial 
burden, particularly when trying to publish smaller studies with 
limited funding. On the publishing side, even some prestigious 
journals have experienced an immediate and drastic drop 
in the number of submissions after switching to a fully open 
access model.3

Importantly, the rating of journals deserves mention, 
and different metrics have been used. The most popular 
is the impact factor,4 calculated as the ratio between the 
number of citations received in a year and the total number 
of citable items published in that journal during the two 
preceding years. The impact factor receives a lot of criticism 
for its shortcomings,5 which include flawed statistical validity, 
inapplicability to individual scientists and between-discipline 
differences. Despite many concerns, the impact factor 
continues to be the most widely followed metric by the 

https://orcid.org/0000-0002-9043-7657
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public. Some alternative metrics have been proposed, like 
the Eigenfactor,6 which weights citations from highly ranked 
journals to count more than those from poorly ranked journals, 
and the Citescore that reflects the yearly average number 
of citations to recent articles published in a journal. A very 
different type of measure, the Altmetrics score7 has gained 
widespread as a complement to more traditional metrics, to 
assess impact based on diverse online research output, such 
as social media, online news media, and online reference 
managers. Also, the importance of other measures, such as 
the number of downloads, content engagement, and total 

number of citations needs to be recognized. There can be 
striking discrepancies: some papers may have a relatively small 
number of citations but a very large number of downloads, as 
often seen for publications that are highly relevant for routine 
practice but perhaps not for cutting-edge research. 

So, what determines the true success of a journal? Which 
path should an editor pursue? There are differences between 
various journals’ objectives and missions, but what ultimately 
counts are integrity, scientific quality, and, most importantly, 
usefulness to its readers.

1.	 Taylor J. A New ESC Journal for All Cardiac Imaging Modalities. European 
Heart Journal. 2012;33:281–289.

2.	 Brainard J. Open Access Takes Flight. Science. 2021;371(6524):16-20. doi: 
10.1126/science.371.6524.16.
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Nature. 2020 Jul 16. doi: 10.1038/d41586-020-02134-6. 

4.	 Hoeffel C. Journal Impact Factors. Allergy. 1998;53(12):1225. doi: 10.1111/
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Contrast Echocardiography in Real Life: Practicality, Safety, and Cost-
Effectiveness
Márcio Silva Miguel Lima1,2

Instituto do Coração (InCor), Faculdade de Medicina, Universidade de São Paulo,1 São Paulo, SP – Brazil
Grupo Fleury,2 São Paulo, SP – Brazil

After approximately 2 decades of use in practice, 
based also on several clinical studies, it can be stated that 
ultrasound enhancing agents (UEA) are extremely safe, 
following recommendations for their preparation and 
administration.1-5 Severe adverse events are very rare, with 
an approximate prevalence of around 1 in every 10,000 
administrations, anaphylactoid reactions being the most 
frequent.1,6-8 Specifically with the contrast SonoVue® (sulfur 
hexafluoride) used in Brazil, Furtado, Rassi, et al., in their 
safety study, reported a very low incidence of only 0.6% of 
allergic reaction in their population of 1,099 patients who 
received this agent.9 In general, allergic reactions occur 
immediately or within 30 minutes after administration; 
they are of mild intensity and transitory. The most common 
presentation is the appearance of erythematous skin lesions 
and urticaria. In this scenario, however, special attention 
should be paid to respiratory signs and symptoms, such as 
dyspnea, laryngeal stridor, and bronchospasm, as well as 
signs and symptoms of progression to eventual circulatory 
collapse, such as dizziness, paleness, and hypotension, 
as these are warning signs for the onset of anaphylactic 
shock. Patients must be carefully evaluated and observed, 
and measures aimed at anaphylaxis should be promptly 
instituted with antihistamines, corticosteroids, and 
epinephrine, following the care protocol of the institution, 
whose personnel must be very well trained.3

In October 2007, the United States Food and Drug 
Administration (FDA) issued a general contraindication 
(“black box”) for the use of Definity® and Optison® 
agents in acutely ill patients after analysis of 11 deaths 
potentially related to the use of these UEA. This restriction 
was later withdrawn after subsequent clinical studies 
provided extensive evidence of safety. Advanced pulmonary 
disease and pulmonary hypertension initially represented 
contraindications, but clinical trials confirmed their 
safety.10-12 Additionally, in relation to the suspicion or 
presence of significant intracardiac shunt, also a previous 
contraindication, it was suspended by the FDA in 2016.2,12 
Currently, only history of allergic reaction to any component 
of UEA constitutes an absolute contraindication to their use.
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Further supporting their safety, there is also the fact in 
which clinical scenarios UEA are used, often in technically 
more difficult exams of severely ill patients. Even so, 
multiple studies have not demonstrated an increase in 
morbidity and mortality outcomes. Additionally, in these 
adverse scenarios, it is also valid to argue that UEA can 
provide important definitions, such as assessment of left 
ventricular (LV) systolic function in critically ill patients 
with marked limitation of the echocardiographic window 
or search for intracavitary thrombus, making intervention 
possible, with improved evolution and prognosis.

In medical practice, we must always base our conduct 
on what is known as “evidence-based medicine,” on well-
conducted and reliable studies. The medical literature is 
extremely important and must be followed. Nonetheless, 
I recognize that we must also consider the knowledge 
generated by the application of the various techniques in 
“real life,” a genuine translation of theory into practice with 
the challenges we face on a daily basis. A good example 
would be the use of UEA in stress echocardiography 
(SE), which is one of the main applications of contrast. 
Classically, its use is formally indicated when there is no 
clear visualization of at least 2 contiguous LV myocardial 
segments, but, in “real life” practice, it is justified in all 
exams in which the echocardiographer does not feel 
confident and judges the acoustic window suboptimal 
for interpretation, which is fundamental in this type of 
examination.2,13 UEA, in addition to increasing the sensitivity 
of the method, are also associated with an increase in the 
reproducibility of the wall motility score.14-16 In this field, I 
highlight an interesting study conducted by Larsson et al. 
The authors reported that, in 83 unenhanced exams, with 
acoustic windows considered adequate (with no formal 
indication for the use of UEA) and concluded as negative 
for the presence of myocardial ischemia, 46 patients (55%) 
showed evidence of myocardial ischemia (positive) when 
analyzed after the use of UEA and were reclassified.17 
Finally, I quote another situation that is not uncommon for 
those who routinely perform SE. Eventually, an exam with an 
adequate resting echocardiographic window may become 
suboptimal in the peak stage as cardiac imaging becomes 
more difficult to acquire. This certainly causes difficulties 
and can lead to inaccurate interpretation, especially in a 
context where there are symptoms suggestive of ischemia 
and electrocardiographic changes. Undoubtedly, UEA can 
be of great help at this crucial moment. 

The association with real-time myocardial perfusion 
(RTMP) adds even more in terms of sensitivity and 
positive predictive value for the presence of obstructive 
coronary artery disease and as a prognostic predictor, as 
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demonstrated by Tsutsui et al.18,19 However, this technique, 
in addition to still being considered “off-label” by various 
medical societies, requires an additional expertise of the 
echocardiographer, who must have experience in this 
analysis in multiple exams. This is a fact that makes RTMP 
less widely used; moreover, it is better applied in stress tests 
with a vasodilator, such as dipyridamole, which is known to 
be less frequently used than dobutamine. The observation 
of a “darkened” zone (perfusion deficit), without myocardial 
refilling with contrast after a pulse with a high mechanical 
index (“flash”), assists with eventual doubts regarding 
worsening of segmental contractile function (Figure 1). 
On the other hand, a bright myocardial segment denotes 
adequate flow in the microcirculation, and this may help 
to define normal local contraction.

In relation to cost-effectiveness, UEA also have a 
favorable profile. A cost-effectiveness analysis of a 
diagnostic test considers the cost of the method itself 
compared to what results from it, in other words, how much 
the test, based on a diagnostic definition that it provides, 
reduces or eliminates the need for additional tests for the 
same purpose, promoting or modifying a conduct. In this 
sense, UEA have been shown to be cost-effective in different 
scenarios of cardiology. This is mainly evident in critical 
medicine and in SE.1,2,20

Technically difficult echocardiograms, with limited and 
suboptimal ultrasound windows in the emergency room 
and intensive care units are very common in daily care 
routine. This fact may be related to patient positioning, 
limited access to the thorax, inappropriate local lighting, 
among others. In these cases, for example, there may be 
a significant impairment or even impossibility of assessing 
the LV systolic function, leading to inconclusive tests, and 

sometimes requiring the use of another imaging method 
in the diagnostic process, which might eventually be more 
expensive, for example, cardiac magnetic resonance (CMR). 
Within this adverse scenario, an accurate definition of LV 
volumes and calculation of the ejection fraction become 
possible with the aid of UEA, without requiring other 
methods. The use of contrast makes the echocardiographic 
examination more accurate and reproducible, similar to 
CMR, considered the gold standard. This will guide medical 
management, confirming its favorable cost-effectiveness 
profile.14,17 This is very evident, for example, in patients 
with morbid obesity. In these patients, due to the limited 
acoustic window, an eventual search for intracavitary 
thrombi may be inaccurate, especially in the apical region 
of the LV, which is more difficult to visualize. The use of 
UEA makes this exam possible, eliminating the need to 
complement it with CMR and guiding the conduct regarding 
anticoagulation for the patient, with an evident impact on 
cost.21 Finally, contrast echocardiography is virtually the 
only diagnostic method to confirm myocardial rupture in 
a critically ill patient at the bedside.

In chest pain units, even though it is not included in 
several protocols at different services, the integration of 
SE with the aid of UEA to assess LV segmental contractility, 
with or without assessment by RTMP, can be an interesting 
alternative compared to other more expensive tests, such 
as tomography angiography of the coronary arteries and 
myocardial scintigraphy.22 Echocardiography with UEA 
may represent a cheaper, more accurate alternative, 
without radiation. When there is a positive result for 
myocardial ischemia, it is also more definitive regarding 
the need to refer the patient for coronary angiography, 
reinforcing its favorable cost-effectiveness profile.23,24 

Figure 1 – A 60-year-old woman undergoing contrast-enhanced echocardiography with pharmacological stress with dobutamine. She had chest discomfort and 
presented a ST-segment depression in precordial leads on the electrocardiographic tracing. An area of hypoperfusion was identified in the apical region of the 
LV associated with local hypokinesia (arrows). Positive test for the presence of myocardial ischemia. LV: left ventricle; RV: right ventricle.
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Similarly, when it does not reveal myocardial ischemia, it 
is possible to discharge the patient safely. Exams without 
evidence of ischemia are associated with a very low risk, 
with an annual cardiovascular event rate of less than 
1%.18,25,26

In the general field of SE, whether using physical or 
pharmacological stress, UEA have also been shown to 
be cost-effective. As shown by Mathias et al., SE with 
suboptimal windows in resting images can be “saved” 
using UEA, thus optimizing cost, given that it eliminates 
the need to add another method in the diagnostic process 
(Figure 2).27

In conclusion, over the years contrast echocardiography 
has shown its value in theory and in “real life” practice. 
Theory provides the basis for practice. Practice feeds 
theory and provides the foundation for experience. In 
the words of the historian Thomas Fuller (1608 to 1661): 
“Knowledge is a treasure, but practice is the key to it.”

Figure 2 – A 60-year-old man with obesity and chronic obstructive pulmonary disease. An elective dobutamine stress echocardiogram was ordered.  
A) Suboptimal resting acoustic window for the exam. B) Echocardiographic contrast (sulfur hexafluoride; SonoVue®) was used, making the exam possible.
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How to Proceed in a Multimodality Analysis for the Diagnosis and 
Risk Stratification of Pulmonary Hypertension?
Pedro Gutiérrez-Fajardo1

Cardiotest, Laboratorio de Ecocardiografia, Hospital de Especialidades San Francisco de Asís, Guadalajara,1 Jalisco – Mexico

Pulmonary hypertension (PH) is a complex multiorgan 
system disease defined as mean pulmonary artery pressure 
(mPAP) > 20 mmHg. The etiologies related to pathological 
changes in pulmonary vasculature leading to PH are wide. 
Hemodynamic categorization considers precapillary PH, 
represented by pulmonary arterial hypertension (PAH), 
pulmonary vascular resistance (PVR) > 3 Woods units 
(WU), and pulmonary arterial wedge pressure < 15 mmHg. 
Postcapillary PH, represented by left heart disease, involves PVR 
> 3 WU and pulmonary arterial wedge pressure > 15 mmHg. 
Clinical categorization considers 5 groups. Incidence per group 
is not well known; however, group 2 (associated with left heart 
disease) is the most common cause of PH. PAH (group 1) is 
still a highly devastating condition causing limited quality of 
life and high mortality, mostly related to right ventricle (RV) 
failure. Group 3 refers to PH associated with lung diseases 
and or hypoxia. Group 4 corresponds to PH associated 
with pulmonary artery obstructions, and group 5 to PH with 
unclear and or multifactorial mechanisms.1 Currently, the 
diagnostic algorithm for PH considers a 3-step approach, 
from clinical suspicion by first-line physicians considering 
vital signs, functional class, etc.; non-invasive RV parameters 
by transthoracic echocardiography (TTE),  cardiac magnetic 
resonance imaging (CMRI), computed tomography (CT), 
and pulmonary vascular assessment by ventilation perfusion 
(V/Q) scan. For diagnostic confirmation, however, right heart 
catheterization is necessary, preferably in PH centers.2,3 

In PH, a multimodality approach involves the use of multiple 
diagnostic tests to evaluate the various aspects of the disease, 
from suspecting to determining its etiology.4 It provides a 
comprehensive assessment for prognosis and can assist in 
guiding treatment decisions and evaluating response to therapy.

Transthoracic echocardiography
TTE is considered a highly useful, inexpensive, safe, and 

available imaging modality for initial approach to differential 
diagnosis of PH. Although a normal TTE does not rule out 
diagonsis, it decreases the likelihood of PH. Neither CT nor 
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CMRI are part of the initial line of PH; however, in selected 
patients they can provide additional information before 
proceeding to right heart catheterization.1,2

It is important to be familiar with normal ranges of RV 
size and function.5,6 TTE showing right heart structure and 
function abnormalities increases suspicion of PH.7 It also 
allows detection of left heart (systolic and diastolic dysfunction, 
valvular heart disease) and congenital heart disease as potential 
causes of PH.8  RV function surrogates such as RV fractional 
area change, right atrial size, pericardial effusion, tricuspid 
annular plane systolic excursion (TAPSE), systolic pulmonary 
artery pressure (SPAP)/TAPSE ratio, and eccentricity index 
are recommended in follow-up and assessment of therapy 
response.9 However, it is important to note that these 
surrogates should be interpreted in the context of other clinical 
and imaging parameters, as they are not standalone diagnostic 
tools.  Doppler can be used to estimate the possibility of PH by 
measuring tricuspid regurgitant jet velocity (TR) and calculating 
SPAP using the modified Bernoulli equation. When no TR is 
present or the signal is inadequate, pulmonary acceleration 
time can be used to calculate mPAP obtained from pulse 
wave Doppler signal of pulmonary flow. Pulmonary artery 
diastolic pressure can be estimated if pulmonary regurgitation 
is present. The velocity at end-diastole is converted into a 
pressure gradient, adding the estimated right atrial pressure to 
the resulting value. Finally, both left ventricle and RV output 
can be calculated.9 In clinical practice, differentiating acute, 
chronic, and chronic acute PH can be challenging (Table 1).

The following recent advances in echocardiography have 
improved our understanding and ability to better characterize 
RV dysfunction in PH:

1.	 Three-dimensional echocardiography (3DE) can provide 
detailed information on the size and function of the RV. 
It has been demonstrated that 3DE is more accurate 
than 2-dimensional echocardiography in assessing RV 
function in PH.

2.	 Speckle tracking echocardiography (STE) can be used 
to quantify RV free-wall strain, which is a measure of 
how much the RV is able to contract and relax. RV strain 
has demonstrated to be both a sensitive marker of RV 
dysfunction and a predictor of clinical outcomes and 
death in patients with PH.

3.	 Real-time 3DE makes it possible to acquire rapid 
information on RV volumes, RV stroke, and RV 
ejection fraction, as well as RV strain and strain rate. It 
is especially useful in assessing RV function in dynamic 
tests, such as exercise.  

4.	 Contrast-enhanced echocardiography (CEE) improves the 
visualization of the cardiac chambers. CEE can be used to 
detect the presence of a clot, a mass, or other abnormalities.
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Cardiac magnetic resonance imaging
CMRI easily provides complete information about RV 

structure and function in patients with suspected or confirmed 
PH with high sensitivity and specificity in measuring RV mass 
index, RV diameters, RV thickness, RV free-wall motion, 
end-diastolic volume, end-systolic volume, stroke volume, 
and RV ejection fraction. CMRI can also provide information 
on the size and structure of pulmonary arteries and the blood 
flow through the lungs. It is more accurate than TTE in the 
assessment and follow-up of patients with PH, but it is a more 
time-consuming, higher cost, and less available technique. 
CMRI does not expose the patient to radiation; however, it 
can be difficult to perform in claustrophobic patients, and 
renal function should be checked before the test. Outside of 
PH centers, it is not widely used in diagnostic approach.4 Both 
TTE and CMRI play important roles in disease assessment, 
risk stratification, and evaluation of therapeutic intervention. 

Computed tomography
CT provides detailed information about the pulmonary 

vasculature, lung parenchyma, and cardiac structure.  Thus, 
information on the size and structure of the pulmonary 
arteries (PA) and the blood flow through the lungs can be 
obtained, identifying the presence of blood clots or other 
abnormalities. Accordingly, it is useful in the diagnosis of 
chronic thromboembolic pulmonary hypertension (CTEPH) 
and can also identify distal obstructions, narrowing of the 
PA and their branches and distal stenosis. Additionally, it 
identifies pouch-like defects, intimal irregularities, PA webs 
or bands, and enlargement of bronchial arteries due to 
collateral blood supply, which is of prognostic significance, 
as these patients have better postsurgical evolution. CT can 
also detect underlying lung disease, such as interstitial lung 
disease or emphysema, which also contributes to PH.10 
Currently, CT is a readily available technique, but patients are 
exposed to ionizing radiation and in some cases requires the 
administration of contrast dye.

Ventilation perfusion scan
Finally, V/Q scan evaluates the probability of blood clots 

in pulmonary vasculature. It involves the injection of a 

radioactive tracer and the inhalation of a radioactive gas in 
order to investigate if there is a V/Q mismatch, indicating 
the presence of a blood clot in wedge-shaped perfusion 
defects with normal ventilation. Due to its high sensitivity, 
V/Q scan is the test of choice when screening patients with 
suspected CTEPH. A normal V/Q scan practically excludes 
the probability of CTEPH. Importantly, complete absence 
of perfusion in one lung should raise the possibility of other 
conditions different to CTEPH, such as vasculitis, malignancy 
and fibrosing mediastinitis. One of the drawbacks of V/Q scan 
is the high number of non-diagnostic or indeterminate tests, 
as well as underestimation of central vascular obstruction 
and its incapacity to differentiate pulmonary veno-occlusive 
disease and fibrosing mediastinitis.4  In clinical practice, V/Q 
scan seems to be underutilized, even though it is part of the 
current recommendations for suspicion of PH due to its high 
sensitivity and specificity. 

In summary, advances in echocardiography have improved 
our ability to consider pulmonary pressure probability and 
to characterize RV dysfunction. TTE RV function surrogates 
are practical parameters, especially in follow-up. STE, 3DE, 
real-time 3DE, and CCE are all useful modern modalities that 
can provide more detailed information on RV function or 
dysfunction in PH. CMRI, CT, and V/Q scanning are useful 
imaging modalities in the diagnosis and risk stratification 
of PH. These techniques can help to guide treatment 
decisions and to improve clinical outcomes in this patient 
population. Every imaging modality has advantages and 
disadvantages (Table 2). Technique selection will be based on 
the clinical scenario and individual patient needs. According 
to findings, it is important to consider consultation with a 
health care professional who specializes in PH, avoiding 
unnecessary delays that could impact patient´s health. 
Artificial intelligence will be available in the near future 
and will allow faster, reliable assessment of both RV and left 
ventricular volume, ejection fraction, mass, and global and 
segmental function. These advances will certainly be of major 
significance in patients with PH.

Table 1 – Differentiating acute, chronic, and chronic acute pulmonary hypertension

Echocardiographic parameter Acute Chronic Chronic acute

Dilated right ventricle Yes Yes Yes +++

Hypertrophied right ventricle Absent Present Present

Tricuspid regurgitation Present Present Present

Pulmonary regurgitation + to ++ +++ to ++++ +++ to ++++

Pulmonary pressure MPAP < 40 mmhg Supra-systemic SPAP Supra-systemic SPAP

Right ventricle hypokinesis Severe Late finding Severe to very severe

Paradoxical septal motion Present Present (marked) Present (severe)

Dilated pulmonary artery Not common Frequent Very frequent

MPAP: mean pulmonary artery pressure; SPAP: systolic pulmonary artery pressure.
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Table 2 – Imaging modalities in pulmonary hypertension: advantages and disadvantages

Imaging modality Advantages Disadvantages

Echocardiography

First choice, widely available
Easily repeatable - monitoring
Heart rhythm independent
Pulmonary pressure calculation
2D, 3D, RT3D, ST, CEE
Low cost
No radiation

Operator dependent
Acoustic window dependent
Pulmonary pressure underestimation
Pulmonary pressure overestimation

Cardiac magnetic resonance imaging

Acoustic window independent
Complete RV structure and function
Pulmonary circulation evaluation
Myocardial tissue characterization
Low intra-interobserver variability
High quality images

Not widely available
Technically limited in arrhythmias
Contraindicated in renal failure
Secondary renal damage in few cases
Caution in claustrophobic patients
High cost

Computed tomography

Acoustic window independent
RV quantification
Lung parenchyma assessment
Mediastinum assessment
Useful in CTEPH

Radiation exposure
Contrast use
Not for monitoring
High cost

V/Q lung scan
Pulmonary vascular assessment
Good for CTEPH screening
High sensitivity and specificity

Non-specific findings
High number of non-diagnostic tests
Not for monitoring
Radiotracer use
High cost

2D: two-dimensional echocardiography; 3D: three-dimensional echocardiography; CEE: contrast-enhancement echocardiography; CTEPH: chronic 
thromboembolic pulmonary hypertension; RT3D: real-time three-dimensional echocardiography; RV: right ventricle; ST: speckle tracking echocardiography; 
V/Q: ventilation perfusion.
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Right Ventricle Diastolic Function: Correlation with Age
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Abstract
Introduction: Right ventricle (RV) elasticity tends to decrease with aging and may alter its diastolic function.

Objective: To evaluate the correlation between echocardiographic changes in RV diastolic function and advancing age 
in individuals with normal biventricular systolic function.

Methods: This retrospective observational cohort study included 110 patients: 66 (60%) women (62 [SD, 13.7] years) 
and 44 (40%) men (60.6 [SD, 10.8] years). The transthoracic echocardiography data included: spectral Doppler of 
tricuspid inflow E wave, A wave, E/A ratio, and E wave deceleration time; tissue Doppler of lateral tricuspid annulus 
e’ wave, a’ wave, and E/e’ ratio. Correlations were calculated using Pearson’s and Spearman’s correlation coefficients.

Results: Only 35.2% of the sample had RV diastolic dysfunction. Of the evaluated echocardiographic variables, the  
E wave was negatively correlated with age in both women (r 0.473; p < 0.001) and men (r -0.37, p = 0.015). The  
E/A ratio was negatively correlated with age only in women (r -0.32; p = 0.001), and E wave deceleration time was 
positively correlated with age only in women (r  0.31; p = 0.014). The other variables were not significantly correlated 
with age in men or women.

Conclusions: We found a significant correlation between age and echocardiographic parameters for RV diastolic 
dysfunction, which was more evident in women.
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Introduction
In the last 10 years, interest in the right ventricle (RV) and 

its effect on clinical outcomes has increased, largely due to 
advancements in pharmacological treatment for pulmonary 
arterial hypertension.1 However, like the left ventricle (LV), the 
RV is affected by numerous physiological changes inherent to 
age that must be distinguished from those resulting from heart 
disease.2-3 Thus, more accurate assessment of both systolic 
and diastolic function in the RV is needed in clinical practice. 
The lack of studies on this chamber is likely due to its relative 
structural and functional complexity.4 Unlike the LV, which has 
a conical shape, the RV has a hemiellipsoid shape that adheres 
to the LV. In clinical practice, indices of systolic performance, 
such as ejection fraction, reflect LV contractility as an intrinsic 
property of the myocardium. For the RV, systolic performance 
is based on analysis of ejection fraction, fractional area change, 
and tricuspid valve annular plane systolic excursion. These 
parameters are more associated with atrioventricular coupling 
related to elasticity, which shows the importance of RV 

compliance in both systolic and diastolic function.5 In patients 
over 70 years of age, studies on the RV, in addition to being 
fewer, are incomplete, eg, the prognostic relationship between 
RV dysfunction and heart failure mortality is still unknown.6 
Thus, the objective of the present study was to evaluate 
the correlation between echocardiographic parameters of 
RV diastolic function with advancing age in patients with 
preserved biventricular function.

Methods

Study population
This observational retrospective cohort study was based on 

data from the electronic medical records of 110 patients over 
18 years of age of both sexes who underwent transthoracic 
echocardiography at the Curitiba Red Cross Hospital (Curitiba, 
PR, Brazil) for any clinical indication between June 2020 and 
August 2020.  

The patient sample was chosen by convenience, 
rather than any statistical criteria, according to necessary 
echocardiographic data in the electronic medical records. For 
each patient, clinical and echocardiographic parameters were 
collected. The analyzed clinical data included: age, sex, body 
mass index, systemic arterial hypertension, diabetes mellitus, 
diabetes duration (in treatment), coronary artery disease, 
stroke, cerebral palsy, and smoking (current or former), in 
addition to regularly used medications.

1
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The exclusion criteria were: a) medical records and 
reports lacking the echocardiographic values analyzed in 
this study, b) significant valve disease (moderate or severe), 
c) valve prostheses, d) segmental changes in LV contraction 
due to ischemic heart disease or other cardiomyopathies, 
e) pulmonary emphysema or overt chronic obstructive 
pulmonary disease, f) moderate-to-severe pulmonary arterial 
hypertension (pulmonary artery systolic pressure > 50 mmHg), 
g) left ventricular contractile dysfunction (ejection fraction  
< 52% for men or < 54% for women), h) infiltrative diseases or 
pericardiomyopathy; i) congenital heart disease with increased 
pulmonary flow (with or without surgical correction), and  
j) pacemakers.

Transthoracic echocardiography was performed with a 
Phillips IE 33, Phillips HD 11, Phillips Envisor (Koninklijke 
Philips N.V., Amsterdam, Netherlands), or GE Vivid IQ 
Premium (General Electric, Boston, MA, USA) ultrasound 
machine. To be included in the analysis, the echocardiographic 
reports had to contain all standard acoustic windows (with all 
echocardiographic measurements) and a complete assessment 
of RV diastolic function. 

All ultrasound measurements were performed by 
experienced echocardiographers qualified in echocardiography 
by Brazilian Society of Cardiology ’s Department of 
Cardiovascular Imaging. This study was approved by the 
institutional research ethics committee.

Main echocardiographic parameters analyzed in this study

•	 Spectral Doppler of the tricuspid inflow: E and A waves, 
E/A ratio and E wave deceleration time

•	 Tissue Doppler of the free wall of the tricuspid annulus: 
waves e’ and a’

•	 E/e’ ratio

•	 Cav i ty  d iameter s  in  the  two -d imens iona l 
echocardiography of the right chambers

•	 RV systolic function through analysis of fractional area 
change, tricuspid valve annular plane systolic excursion 

•	 S’ wave in lateral tissue Doppler of the tricuspid 
annulus. 

These parameters were not used in the final data analysis. 
Patients with any signs of RV contractile dysfunction, such as 
fractional area change < 35%, tricuspid valve annular plane 
systolic excursion < 17 mm, or S’ wave < 10 cm/s, were 
excluded from the study.

RV diastolic dysfunction was classified according to the 
following criteria: a tricuspid E/A ratio < 0.8 suggests relaxation 
(Grade I), a tricuspid E/A ratio of 0.8-2.1 with predominant 
diastolic flow in hepatic veins suggests a “pseudonormal” 
(Grade II) filling pattern, and a tricuspid E/A ratio > 2.1 with 
an E wave deceleration time < 120 ms suggests a restrictive 
filling pattern (Grade III).7-11

All quantifications and values used in the present study 
were based on American Society of Echocardiography and 
European Society of Cardiovascular Imaging guidelines.7-11

Statistical analysis
The analysis was performed separately for women 

and men. The results were described as means, medians, 
minimum and maximum values, and SD for quantitative 
variables or as frequencies and percentages for categorical 
variables. Pearson’s or Spearman’s correlation coefficients 
were estimated for age and echocardiographic variables. 
The normality of continuous variables was assesses with the 
Kolmogorov-Smirnov test. P-values < 0.05 were considered 
statistically significant. The data were analyzed in IBM SPSS 
Statistics 20.0 (IBM, Armonk, NY, USA).

Results
The analysis included data from 110 patients, 66 (60%) 

women with a mean age of 62.6 (SD, 13.70] years (median 
64 [18-90] years), and 44 (40%) men with a mean age of 
60.6 (SD, 10.8) years (median 62.5 [37-85] years). The 
sample’s clinical characteristics are shown in Table 1. Baseline 
echocardiographic parameters (Table 2) were in agreement 
with literature.7

Regarding RV diastolic dysfunction (Table 3): 70 patients 
(64.8%) were normal, 18 (16.7%) had grade I dysfunction, 19 
(17.6%) had grade II dysfunction, and only 1 patient (male) 
had grade III dysfunction. 

In the correlation analysis (Table 4), the E wave was 
negatively correlated with age in both women (r -0.473, 
p < 0.001) and men (r -0.37, p = 0.015). The E/A ratio 
was negatively correlated with age only in women (r -0.36; 
p = 0.004), and E wave deceleration was only positively 
correlated with age only in women (r 0.31, p = 0.014) 
(Figures 1 and 2). The other variables were not significantly 
correlated with age in men or women.

Discussion
Most individuals in the sample (mean age 62 years) 

had normal RV diastolic function. We also found that the 
echocardiographic parameters, such as E wave, E/A ratio, 
and E wave deceleration of the tricuspid valve change more 
with advancing age in women than men in the same age 
group. In a similar population, Lasari Melo et al.12 also found a 
significant decrease in RV E wave and E/A ratio with age, but 
no significant sex differences. One reason that age-related RV 
diastolic dysfunction was more prevalent in women could be the 
significant drop in estrogen levels after menopause. It is known 
that estrogen receptors in female hearts can act protectively 
against heart failure with preserved ejection fraction, which is 
more common in women. Estrogen causes reduced angiotensin-
converting enzyme activity, a reduction in angiotensin-II, and 
increased production of angiotensin-I, which has an antioxidant 
and anti-inflammatory effect, among other benefits.13 

The sample of Lasari Melo et al.12 had normal diastolic 
function. Despite having similar populations, approximately 
35% of our sample had diastolic dysfunction (Table 3). 
Nevertheless, we consider this a very low degree of diastolic 
dysfunction, which raises the question of whether this low level 
of diastolic dysfunction was related to the fact that we used 
LV diastolic dysfunction criteria to assess the RV.

2



Arq Bras Cardiol: Imagem cardiovasc. 2023;36(2):e333

Original Article

De Moura et al.
Diastolic function and age

The shortening and lengthening of the RV are greater 
longitudinally than radially, unlike the LV, in which radial 
torsion is greater. Thus, pulsed tissue Doppler can be 
considered an ideal technique for assessing changes in age-
related RV function.9 Changes that occur in the myocardium 
with aging include increased deposition of extracellular matrix, 
cardiomyocyte loss and, consequently, hypertrophy of the 
remaining cells, leading to myocardial stiffness.13 Homeostasis 
between extracellular matrix synthesis and degradation is the 
key factor in maintaining cardiac structure and function.14 
However, especially in women, there is an excessive increase 
in the synthesis of type I and III collagen with aging, which 
leads to increased myocardial thickness and rigidity, causing 
heart failure with preserved LV ejection fraction.15-16 In our 
data, tissue Doppler of the tricuspid annulus did not change 
significantly with age. Corroborating these findings, Lindqvist 
et al.17 (255 healthy patients) and Alam et al.18 found that 
systolic myocardial velocities were preserved with aging. In 
Lindqvist et al.,17  the E/A ratio decreased over time, similar 
to our findings in the present study.

Inneli et al.19 divided a sample of 298 healthy individuals 
into 7 decade-based age groups, finding a significant positive 
correlation between the E/e’ ratio and aging and a negative 
correlation between e’ wave and age. However, this appears 
to be the only study to date that has found such correlations. 

Our findings reinforce the hypothesis that E wave velocity 
and RV E/A ratio (indicators of diastolic function change) 
decrease with age, and this decrease was more pronounced 
in women.

Our study’s main limitation was its small sample size and 
the fact that it was conducted retrospectively by analyzing 
medical records. Another relevant factor was the exclusion 
of patients with significant pulmonary arterial hypertension, 
making it impossible to assess diastolic dysfunction in this 
condition.20 However, our main objective was to assess RV 
diastolic function in isolation according to age.

Conclusions
The present study demonstrated that age influenced the 

progression of RV diastolic dysfunction, which was more 
evident in women. However, more studies are needed to 
confirm these findings.

Table 1 – Descriptive statistical analysis of comorbidities, 
stratified by sex

Variable Grade
Sex

General
Female Male

ECG Sinus 28 (96.6%) 25 (96.2%) 53 (96.4%)

Non-sinus 1 (3.5%) 1 (3.9%) 2 (3.6%)

SAH No 30 (45.5%) 12 (27.3%) 42 (38.2%)

Yes 36 (54.6%) 32 (72.7%) 68 (61.8%)

DM No 46 (69.7%) 28 (63.6%) 74 (67.3%)

Yes 20 (30.3%) 16 (36.4%) 36 (32.7%)

Dyslipidemia No 45 (68.2%) 16 (36.4%) 61 (55.5%)

Yes 21 (31.8%) 28 (63.6%) 49 (44.5%)

Previous AMI No 63 (95.5%) 33 (75.0%) 96 (87.3%)

Yes 3 (4.6%) 11 (25.0%) 14 (12.7%)

Previous CAD No 58 (87.9%) 29 (65.9%) 87 (79.1%)

Yes 8 (12.1%) 15 (34.1%) 23 (20.9%)

History of 
smoking

No 53 (81.5%) 32 (72.7%) 85 (78.0%)

Yes 12 (18.5%) 12 (27.3%) 24 (22.0%)

HF No 65 (98.5%) 40 (90.9%) 105 (95.5%)

Yes 1 (1.5%) 4 (9.1%) 5 (4.5%)

Valve 
disease

No 66 (100.0%) 43 (97.7%) 109 (99.1%)

Yes 0 (0.0%) 1 (2.3%) 1 (0.9%)

COPD No 63 (95.5%) 42 (95.5%) 105 (95.5%)

Yes 3 (4.6%) 2 (4.6%) 5 (4.5%)

Chronic kidney 
disease

No 64 (97.0%) 44 (100.0%) 108 (98.2%)

Yes 2 (3.0%) 0 (0.0%) 2 (1.8%)

Arrhythmias No 63 (95.5%) 40 (90.9%) 103 (93.6%)

Yes 3 (4.6%) 4 (9.1%) 7 (6.4%)

ECG: electrocardiogram; SAH: systolic arterial hypertension; DM: diabetes 
mellitus; AMI: acute myocardial infarction; CAD: coronary artery disease; 
HF: heart failure; COPD: chronic obstructive pulmonary disease.

Table 2 – Descriptive statistical analysis of echocardiographic 
variables

Variable N Mean  
(SD)

Median  
(min-max)

RV – E wave (m/s) 110 0.49±0.13 0.5 (0.1-0.8)

RV – A wave (m/s) 108 0.42±0.13 0.4 (0.18-0.8)

RV – E/A ratio 108 1.22±0.44 1.2 (0.5-2.7)

RV – e‘ lateral (m/s) 110 0.14±0.17 0.1 (0.02-0.9)

RV – A´ (m/s) 108 0.18±0.16 0.14 (0.03-0.9)

RV – E/e´ 110 4.95±2.24 4.9 (0.5-11)

RV – E deceleration (ms) 109 204.71±75.96 194.0 (84-690)

RV: right ventricle; SD: standard deviation.

Table 3 –  Descriptive statistical analysis of right ventricular 
diastolic dysfunction

Variable Grade
Sex

General
Female Male

RV diastolic 
dysfunction

0 41 (63.1%) 29 (67.4%) 70 (64.8%)

1 15 (23.1%) 3 (7.0%) 18 (16.7%)

2 9 (13.8%) 10 (23.3%) 19 (17.6%)

3 0 (0.0%) 1 (2.3%) 1 (0.9%)

RV: right ventricle.
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Table 4 – Descriptive statistical analysis of the association between age and echocardiographic variables

Variable
General Women Men

n r p n r p n r p

Age (years) x RV – E wave (m/s) 107 -0.43 < 0.001 64 -0.47 < 0.001 43 -0.37 0.015

Age (years) x RV – E/A Ratio 107 -0.32 0.001 64 -0.36 0.004 43 -0.23 0.145

Age (years) x RV – E/e’ 107 -0.01 0.925 64 -0.13 0.315 43 0.19 0.234

Age (years) x RV – E deceleration (ms) 107 0.14 0.139 64 0.31 0.014 43 -0.03 0.841

Age (years) x RV – A wave (m/s) 108 0.00 0.964 65 0.01 0.924 43 -0.07 0.651

Age (years) x RV – e’ lateral (m/s) 110 -0.14 0.135 66 -0.16 0.212 44 -0.19 0.209

Age (years) x RV – H’ (m/s) 108 0.18 0.057 65 0.13 0.306 43 0.18 0.237

*r: Pearson’s or Spearman’s correlation coefficient, p < 0.05. RV: right ventricle
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Figure 1 – Correlation between age, E wave, and E/A ratio among men. RV: right ventricle; r: Pearson’s or Spearman’s correlation coefficient.
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Pulmonary Congestion in Heart Failure With Reduced Ejection 
Fraction: Comparison Between Lung Ultrasound and Remote 
Dielectric Sensing
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Abstract
Backgound: Outpatient assessment of pulmonary congestion in patients with heart failure with reduced ejection fraction 
(HFREF) can minimize hospitalizations due to decompensation and optimize the use of diuretics.

Objective: To compare the remote dielectric sensor (REDS), a validated device for detecting pulmonary extravascular 
fluid, with clinical parameters, transthoracic echocardiogram (TTE) and lung ultrasound (ULSP).

Methods: We included 38 patients from heart failure clinic (63±12 years; 21 men). All were submitted within  
24 hours to clinical evaluation with description of paroxysmal nocturnal dyspnea, leg edema (LE), presence of dizziness; 
laboratory evaluation of NT-ProBNP; evaluation by REDS and TTE with analysis of parameters of systemic congestion 
by the inferior vena cava evaluation, function of the right ventricle and of pulmonary congestion, such as evaluation of 
filling pressures by average of E/e’ and indexed left atrial volume. The ULSP was performed using the 8 points anterior 
quadrants protocol, counting B lines in one respiratory cycle.

Results: 22 patients had REDS ≥ 35% (indicative of pulmonary congestion) and 16 patients REDS<35%. Clinical and 
echocardiographic parameters were compared with REDS ≥ 35%. In the multivariate analysis, the variables body surface 
area, B lines and LE were associated with REDS ≥ 35%. NT-ProBNP was similar and elevated in both groups.

Conclusions: Outpatient monitoring of HFREF for volume control can be sensitized by the presence of B lines on the ULSP 
with good correlation to REDS ≥ 35%. NT pro BNP was not able to differentiate patients with congestion detected by REDS.
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Recently, a new volume assessment technology,10 
called ReDS (Remote Dielectric Sensing: Sensible Medical 
Innovations, Ltd, Klar Neter, Israel), has shown promising 
results in monitoring extravascular lung fluid, including 
validation by tomography.11 Nevertheless, LUS has not 
been compared with ReDS performed in outpatient clinics 
to monitor patients with HFrEF and difficult therapeutic 
management. The advantage of using LUS associated with 
physical examination and laboratory analysis is its low cost, 
easy training, and good reproducibility.8,9,12,13

Thus, this study aimed to compare LUS with ReDS as 
the gold standard for extravascular lung fluid analysis in the 
diagnosis of pulmonary congestion among outpatients with 
HFrEF and difficult therapeutic management. Moreover, 
clinical, echocardiographic, and laboratory parameters 
were added to this analysis to provide sensitivity to 
the detection of systemic blood volume balance in this  
patient group.

Methods
In this prospective cohort pilot study, conducted from 

December 2021 to February 2022, we included patients 

Introduction
Outpatient evaluation of the blood volume status of patients 

with heart failure with reduced ejection fraction (HFrEF), 
regardless of etiology, is complex and requires the integration of 
clinical and laboratory signs.1,2 Early detection of higher blood 
volume by invasive methods was able to improve the optimization 
of pharmacological treatment, as well as avoid hospitalizations 
and complications, such as renal failure and inappropriate 
increase of diuretics.3 However, the outpatient management of 
patients with HFrEF cannot use invasive methods, needing the 
analysis of clinical parameters associated with imaging methods, 
such as echocardiography4-6 and lung ultrasound (LUS).7-9
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over 18 years selected from the cardiomyopathy outpatient 
clinic of the Instituto Dante Pazzanese de Cardiologia (IDPC) 
who receive serial follow-up at the volume outpatient clinic 
because they have HFrEF with difficult volume control. 
Informed consent was obtained from each patient, and the 
study protocol complies with the ethical guidelines of the 
1975 Helsinki Declaration. The IDPC Research Committee 
approved the protocol under the Certificate of Presentation 
for Ethical Consideration number 53224821.0.0000.5462.

Cases and study design
 Patients with HFrEF and difficult volume control are 

evaluated in a specific IDPC outpatient clinic to reduce 
complications that may occur by the use of high doses of 
diuretics and earlier returns. In this scenario, the inclusion 
of patients could be concentrated on these days so that 
ReDS could be available for IDPC once a week, with 
echocardiography — focused on the analysis of parameters 
related to volume — and LUS — for the evaluation of B-lines 
— performed on the same day or in the next morning. The 
researchers responsible for ultrasound evaluations were not 
aware of the volume result obtained by ReDS.

We included 38 consecutive patients with HFrEF of 
various etiologies. Inclusion was based on the availability 
of ReDS and the possibility of timely performing the 
echocardiography and LUS.

 
Clinical evaluation

The selected patients were evaluated in routine 
outpatient visits. The following clinical data were chosen 
for comparison with the volume state: weight, body 
surface area (BSA), body mass index (BMI), lower extremity 
edema (LEE), and functional class by the New York Heart 
Association.1 An experienced clinical cardiologist supervised 
and checked all clinical examinations.

Laboratory evaluation
Following the clinical evaluation, NT-proBNP was 

collected. The collection and analysis of blood tests 
were performed by IDPC’s clinical laboratory. Collection 
standardization, methods, and analysis equipment are in 
accordance with the service routine. 

Use of ReDS
After the collection of laboratory tests, the volunteers 

underwent a ReDS (Sensible Medical Innovations, Ltd, 
Klar Neter, Israel) evaluation. The ReDS technology 
consists of a miniature radar that transmits low-power 
electromagnetic signals to the body.11,14 It can be used to 
evaluate the patient with a chest vest (Figure 1). Two sensors 
integrated into the vest are attached to the body: one in 
the anterior chest, on the right side, and the other in the 
posterior back. Each sensor can transmit and receive the 
beam of electromagnetic waves passing through the lung. 
The reflected signal is analyzed, translating the dielectric 
properties of the lung tissue between the sensors. Because 
water has a very high dielectric coefficient, tissue dielectric 

coefficients are predominantly determined by their fluid 
content.15 A healthy human lung (for an average person 
with 70 kg) has 450 to 500 mL of blood. The extravascular 
compartment usually has another 250 to 700 mL of fluid. As 
the normal total lung air volume is 1.8 to 2.2 L, considering 
a tidal volume of 500 mL, the normal intrathoracic fluid 
content can be estimated to vary between 20 and 34% of 
the total volume.16 This range was confirmed by density 
measurements performed by different quantitative imaging 
technologies.11,14

ReDS measurements were taken by professionals trained 
to use the device. These patients remained seated at rest 
with the ReDS for 45 seconds, after which the device 
automatically provided the percentage of thoracic fluid. The 
normal value is defined as up to 34%, possible hypervolemia 
as 35–50%, significant hypervolemia as above 50%, and 
hypovolemia as below 20% (manufacturer data).

LUS
LUS was performed on GE Vivid E95 equipment (GE 

Health Care, Norway), using the eight-point anterior 
segment protocol with a 2-5 MHz sector transducer and the 
echocardiography device adjusted for “abdominal” mode. 
Images were acquired in 6 seconds, allowing the evaluation 
of a respiratory cycle. This protocol is called BLUE (Bedside 
Lung Ultrasound in Emergency),12,17-19 with the patient at a 
45-degree chest inclination in the bed. The protocol aims 
to evaluate the presence of B-lines — artifacts formed in the 
LUS due to the increase in parenchymal fluid — and count 
them in each segment during a respiratory cycle (Figure 2).19 
The finding of more than three B-lines in 2 quadrants of each 
hemithorax means congestion in patients with HFrEF. We 
chose to count the total of B-lines in both hemithorax.9,19 
This evaluation was performed by a trained examiner, who 
had no knowledge of the patient’s clinical condition or of the 
results of laboratory tests and the estimated blood volume 
in the ReDS. Images were recorded and saved on specific 
media so that another professional involved in the study 
could analyze the B-line count variability.

Figure 1 – ReDS. Image provided by the ReDS manufacturer (Remote 
Dielectric Sensing: Sensible Medical Innovations, Ltd, Klar Neter, Israel).

2



Arq Bras Cardiol: Imagem cardiovasc. 2023;36(2):e20230027

Original Article

Otto et al.
Lung ultrasound in pulmonary congestion

Echocardiography 
 The echocardiography with assessment measurements 

for the biventricular function and specific parameters related 
to blood volume was performed concomitantly with LUS, 
on the same equipment, and by the same professional, 
who only changed the image analysis mode to “adult 
echocardiography”. We evaluated the following left ventricle 
(LV) parameters: systolic diameter, diastolic diameter, and 
ejection fraction (EF) by Simpson’s biplane method; LV outflow 
tract velocity time integral (LVOT VTI); integrated measures of 
diastolic function, such as mitral E-wave velocity, mitral A-wave 
velocity, E/A ratio, tissue Doppler of the septal and lateral 
mitral annulus to evaluate the e’ wave velocity, mean E/e’ 
ratio, left atrial volume (LAV), and pulmonary artery systolic 
pressure by continuous Doppler of tricuspid regurgitation; 
semi-quantitative assessment of right ventricular function with 
tricuspid annular plane systolic excursion (TAPSE) analysis, 
tricuspid lateral annular systolic velocity, and subjective 
evaluation; right atrial pressure (RAP) assessment with analysis 
of the inferior vena cava (IVC) according to guidelines of the 
American Society of Echocardiography.20,21

Echocardiographic images were recorded and saved in 
specific media.

Statistical analysis
We compared imaging and clinical parameters among 

patients with ReDS <35% and ≥35% using Student’s t test 
or the non-parametric Mann-Whitney test for quantitative 
variables and the chi-square test or exact chi-square test for 
qualitative variables.

Evaluation of independent indicators of pulmonary 
congestion consisted of comparing heart and clinical 
parameters and adjustment of Poisson regression models with 
robust variance for the ReDS ≥35% result associated with 
epidemiological, vital signs, and anthropometric variables, LV 
mass, volume, and function, diastolic function, right ventricle 
(RV), IVC, and clinical variables, adopting prevalence ratio and 
their respective confidence intervals as the effect measure. 
The analysis had two stages: univariate and multivariate. In 
both, we calculated prevalence ratios and their respective 
95% confidence intervals. 

The univariate analysis revealed an association between each 
independent variable and ReDS≥35%; those with p<0.25 
were included in the multivariate analysis. In the multivariate 
analysis, the models were constructed by the consecutive 
exclusion of a variable with the highest p-value in the Wald 
test from each complete model, as described by Hosmer and 
Lemeshow, followed by the readjustment and verification of 
the model stability after the removal of each variable, in order 
to obtain a more parsimonious model, with a better fit to the 
data. Once the final model was obtained, the variables that had 
been excluded after the univariate analysis were added one by 
one, repeating the Poisson regression analysis to identify the 
variables that could contribute to the model.

We also evaluated the multicollinearity between 
independent variables. The multicollinearity threshold was 
defined as a tolerance indicator with values less than 0.40.

In addition, p<0.05 was considered significant. The 
analyses were performed in the SAS 9.4 application.

Figure 2 – Schematic representation of the Bedside LUS in Emergency (BLUE) protocol. A) Analysis of the anterior thorax; B) Analysis of the lateral area using 
the posterior axillary line as a reference.
Location model of points to be assessed in LUS using the BLUE protocol. A) Both hands are placed in the patient’s hemithorax with the upper little finger 
right below the clavicle (black line above the little finger); excluding the thumbs, the lower part of the other hand is placed at the level of the diaphragm 
line (black line). The point called “upper BLUE” (red dot) is in the middle of the upper hand. The “lower BLUE point” is in the middle of the lower palm. 
These four points roughly follow the lung anatomy and avoid the heart area. B) The point of the costophrenic recess area (red dot) is built from the 
horizontal line continuing from the lower BLUE point and the vertical line continuing the posterior axillary line (black line). Lastly, an upper point can 
be added between the posterior and anterior axillary lines in the upper thorax. That way, we would have 4 points in each hemithorax. Image created by 
Maria Estefânia Bosco Otto, MD.19

3



Arq Bras Cardiol: Imagem cardiovasc. 2023;36(2):e20230027

Original Article

Otto et al.
Lung ultrasound in pulmonary congestion

Results
Among the 38 patients, 22 (58%) had pulmonary 

congestion with ReDS ≥ 35%, and 16 did not have congestion 
(patients with ReDS < 35%). Tables 1 (qualitative variables) 
and 2 (quantitative variables) describe the characteristics of 
the patient sample. Table 3 compares the groups with ReDS 
≥ 35% and < 35% as to systemic and pulmonary congestion 
parameters. REDs>35% group was older than REDs < 35%, 
≥ 35% group (pulmonary congestion). Although the mean 
number of B-lines was higher in the ReDS ≥35% group than 
in the ReDS < 35% group, no statistical significance was found. 
The remaining parameters showed no differences.

Clinical data — such as BSA, gender, dizziness, paroxysmal 
nocturnal dyspnea, and LEE —, NT-proBNP, and TTE 
measurements — such as LAV, LVOT VTI, mean E/e’ ratio, RV 
peak lateral tricuspid annular systolic velocity (RV S’), TAPSE, 
IVC analysis, and B-line count — were compared with Poisson 
models with robust variance adjusted for ReDS ≥35%. In 
the multivariate analysis, these were the variables associated 
with ReDS≥35% and their adjusted prevalence ratio (aPR): 
BSA: 8.7 (2.7; 27.8), p = 0.003; RV S’: 1.12 (1.00; 1.04),  
p = 0.03; B-lines: 1.02 (1.00; 1.04), p = 0.04; and LEE: 1.56 
(1.00; 2.57), p = 0.04 (Table 4).

NT-proBNP was similar and high in both groups, with no 
correlation with ReDS (4311 ± 3289 mg/dL for ReDS <35% 
and 4267 ± 4136 mg/dL for ReDS ≥35%, p = 0.97) (Table 4). 

The B-line count variability among observers was assessed 
based on stored images from 20 patients, with a 97% 
correlation coefficient.

Discussion
The main finding of this pilot study of patients with 

HFrEF and difficult therapeutic volume management was 
the significant correlation between LUS B-lines and a high-
accuracy device for the detection of pulmonary congestion 
(ReDS). Thus, LUS can be adopted in the outpatient 
management of pulmonary congestion, reducing the costs of 
frequent hospitalizations and optimizing the use of diuretics.

ReDS has an excellent correlation with chest computed 
tomography for the detection of pulmonary congestion, using 
software that analyzes the pulmonary density of patients 
with decompensated HFrEF and normal volunteers,11 as well 
as those with pulmonary capillary pressure by an invasive 
method.14 However, no studies have compared the number 
of B-lines in outpatient LUS among patients with HFrEF and 
ReDS as the gold standard.

The use of LUS to evaluate pulmonary congestion is well 
established. A multicenter study conducted by the Study 
and Research Center of the Italian Society of Emergency 
Medicine (Società Italiana di Medicina di Emergenza Urgenza 
— SIMEU) found that clinical evaluation associated with the 
detection of B-lines in LUS had a 97% accuracy in detecting 
pulmonary congestion, a number that exceeded even that 
of NT-proBNP, which presented only 62% accuracy.9 These 
findings agree with those of our study, with B-lines correlated 
with ReDS≥35%, and NT-proBNP, although high in both 
groups, showing no correlation with ReDS.

Table 1 – Categorical variables (n = 38)

Variables Frequency (n) Percentage (%)

ReDS 

     <35% 16 42%

     ≥35% 22 58%

Gender

     Female 17 45

     Male 21 55

Mitral regurgitation

     None 2 5.3

     Mild 7 18.4

     Moderate 12 31.6

     Severe 17 44.7

Tricuspid regurgitation

     None 4 10.5

     Mild 18 47.4

     Moderate 8 21.1

     Severe 8 21.1

Etiology of cardiomyopathy

     Idiopathic 26 68.4

     Chagas 9 23.6

     Ischemic 3 7.8

ReDS: Remote Dielectric Sensing.

Table 2 – Continuous variables

Parameters Mean SD Minimum Maximum

Age (years) 63.2 12.4 26 81

Systolic blood 
pressure (mmHg)

112.8 21.4 70 160

Diastolic blood 
pressure (mmHg)

72.5 14.4 50 100

BSA (m2) 1.8 0.2 1.41 2.3

BMI (kg/m2) 29.5 8.1 16.5 55.7

LV diastolic diameter 
(mm)

66.5 7.9 55 84

Simpson's LV EF (%) 23.9 6.7 15 40

LV mass index (g/m2) 126.5 39.4 69 246

LA volume index 
(mL/m2)

65.1 23.4 31 158

RA volume index 
(mL/m2)

48.9 32.9 14 172

RV basal diameter 
(mm)

40.9 9.3 20 61

RV lateral annular 
tissue velocity

8.2 2.6 4 16

TAPSE (mmHg) 14.5 4.6 4 26

SD: standard deviation; LV: left ventricle; RV: right ventricle; LA: left atrium; 
RA: right atrium; TAPSE: tricuspid annular plane systolic excursion;  
BSA: body surface area; BMI: body mass index; EF: ejection fraction.
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Table 3 – Comparison between REDs ≥35% and REDs <35% groups

Parameters
ReDS

p-value
< 35% ≥ 35%

Age (years) 59±14.5 67±8.3 0.03

LVOT VTI 12.5 ± 4.8 12.8 ± 4.1 0.82

Mean E/e' 16.1 ± 7.2 17.1 ± 7.1 0.69

IVC (mm) 17.4 ± 7.3 17.95 ± 4.6 0.76

Vena cava collapse (%) 42.5 ± 41.5 33.36 ± 25.4 0.89

RA estimated blood pressure 
(mmHg) 6.6 ± 5.3 7.23 ± 4.41 0.44

NT-proBNP (pcg/mL) 4311.4 ± 3289.7 4267.7 ± 4136.9 0.97

B-lines (units) 7.19 ± 4.43 9.82 ± 7.43 0.18

Dizziness 0.97

No 11 (42.31) 15 (57.69)

Yes 5 (41.67) 7 (58.33)

Paroxysmal nocturnal dyspnea 0.19

No 12 (50.00) 12 (50.00)

Yes 4 (28.57) 10 (71.43)

Jugular vein distention 0.11

No 4 (26.67) 11 (73.33)

Yes 12 (52.17) 11 (47.83)

LEE 0.08

No 11 (50.00) 9 (45.00)

Yes 5 (27.78) 13 (72.22)

Hepatomegaly 0.57

No 8 (38.10) 13 (61.90)

Yes 8 (47.06) 9 (52.94)

Troponin 0.24

Abnormal (≥0.04 ng/mL) 11 (50.00) 11 (50.00)

Normal (<0.04 ng/mL) 5 (31.25) 11 (68.75)

Creatinine 0.66

Normal (<1.4 mg/dL) 8 (42.11) 11 (57.89)

Mild abnormality (1.4–2.0 mg/dL). 5 (35.71) 9 (64.29)

Moderate abnormality (>2.1 
mg/dL)

3 (60.00) 2 (40.00)

NYHA FC HF 0.82

I 0 (0.00) 2 (100.00)

II 8 (47.06) 9 (52.94)

III 7 (41.18) 10 (58.82)

IV 1 (50.00) 1 (50.00

ReDS: Remote Dielectric Sensing; LVOT VTI: left ventricular outflow tract velocity time integral; E/e’: ratio between the mitral inflow E velocity and the 
mean lateral and medial annular tissue Doppler; RA: right atrium; NT-proBNP: N-terminal pro-B-type natriuretic peptide; LEE: lower extremity edema; 
IVC: inferior vena cava; NYHA FC HF: New York Heart Association Functional Class of Heart Failure.
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The increase in B-lines identified in LUS, in addition to 
improve diagnose the cause of dyspnea in the emergency 
department,22 is associated with a higher number of 
hospitalizations23 and worse prognosis in post-myocardial 
infarction patients.24 Miglioranza et al.8 revealed that the 
finding of 15 B-lines in LUS indicated the possibility of 
imminent decompensation among patients in outpatient 
follow-up, but did not compare the congestion results from 
LUS with any gold standard. Our study found that, compared 
to a gold standard (ReDS), B-lines were correlated with 
increased pulmonary congestion in outpatients with HFrEF 
and difficult volume control.

Regarding systemic congestion parameters, we detected 
a correlation with ReDS≥35% only in the evaluation of the 

longitudinal function of RV S’ by tissue Doppler imaging and 
in the finding of LEE on physical examination. ReDS was not 
expected to correlate with systemic congestion parameters, 
since it measures the amount of extravascular lung fluid. 
Nonetheless, patients with greater pulmonary congestion and 
RV dysfunction might present higher systemic congestion and, 
consequently, LEE.1,2

BSA had a good correlation with ReDS, as the calculation 
used by the device depends on the patient’s weight and height.11

Potential limitations and strengths of the study
The main study limitation is the small number of patients, 

all recruited from a single center. Another possible limitation 
was the lack of invasive measures that could directly detect 

Table 4 – Multivariate analysis with adjusted variance for ReDS≥35%

Variables
Crude PR Adjusted PR*

PR (95%CI) p-value PR (95%CI) p-value

Gender 0.0862 - -

     Female 1 - - -

     Male 1.73 (0.92; 3.25) 0.09 - -

Systolic blood pressure 1.01 (1.00; 1.03) 0.05 - -

Diastolic blood pressure 1.01 (0.99; 1.03) 0.16 - -

BSA 5.41 (2.2; 13.6) 0.0003 8.67 (2.71; 27.82) 0.0003

BMI 1.02 (0.99; 1.06) 0.25 - -

End-diastolic diameter 1.02 (0.99; 1.05) 0.23 - -

LA volume index 1.00 (1.00; 1.01) 0.34 - -

RV S' 1.07 (0.99; 1.20) 0.06 1.12 (1.01; 1.24) 0.0262

TAPSE 1.03 (0.97; 1.09) 0.36 - -

LVOT VTI 1.01 (0.94; 1.07) 0.82 - -

Mean E/e' 1.01 (0.97; 1.05) 0.68 - -

IVC 1.01 (0.96; 1.06) 0.78 - -

Vena cava collapse 1.00 (0.99; 1.01) 0.43 - -

RA estimated blood pressure 1.01 (0.95; 1.07) 0.70 - -

NT-proBNP 1.00 (1.00; 1.00) 0.97 - -

B-lines 1.03 (0.99; 1.06) 0.09 1.02 (1.00; 1.04) 0.0403

Dizziness/BP drop 0.97 - -

     No 1 - - -

     Yes 1.01 (0.57; 1.81) 0.97 - -

Paroxysmal nocturnal dyspnea 0.17 - -

     No 1 - - -

     Yes 1.43 (0.85; 2.40) 0.18 - -

LEE 0.09 0.0479

     No 1 - 1 -

     Yes 1.60 (0.91; 2.82) 0.09 1.56 (1.00; 2.57) 0.0479

ReDS: Remote Dielectric Sensing; PR: prevalence ratio; 95%CI: 95% confidence interval; LA: left atrium; RV S’: right ventricle tricuspid annular systolic 
velocity by tissue Doppler imaging; TAPSE: tricuspid annular plane systolic excursion; LVOT VTI: left ventricular outflow tract velocity time integral; E/e’: ratio 
between the mitral inflow E velocity and the mean lateral and medial annular tissue Doppler; RA: right atrium; NT-proBNP: N-terminal pro-B-type natriuretic 
peptide; BP: blood pressure; LEE: lower extremity edema; BSA: body surface area; BMI: body mass index; IVC: inferior vena cava.
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filling pressures for comparison with the number of B-lines 
and ReDS.

Given the significant correlation of B-lines with 
ReDS≥35%, despite the reduced number of individuals 
included in the study, this result is the main strength of the 
research, due to the high sensitivity of B-line detection by 
LUS among patients with difficult volume control.

Conclusions
In this pilot study, LUS presented a good correlation with 

pulmonary congestion measured by a high-accuracy device 
(ReDS) and can be a particularly useful tool in the outpatient 
management of patients with HFrEF, reducing hospitalizations 
and improving blood volume control among these individuals.

Regarding systemic congestion parameters, only RV S’ 
was significant, indicating that patients with greater RV 
dysfunction have concomitant pulmonary congestion and 
systemic congestion.
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Lung Ultrasound in Outpatients with Heart Failure
Marco Stephan Lofrano-Alves1

Universidade Federal do Paraná,1 Curitiba, PR – Brazil
Short Editorial related to the article: Pulmonary Congestion in Heart Failure With Reduced Ejection Fraction: Comparison Between Lung 
Ultrasound and Remote Dielectric Sensing

Over the last decade, we have witnessed the widespread 
use of lung ultrasound (LU) in the assessment of pulmonary 
congestion. In addition to the well-known technique 
of auscultation of adventitious lung sounds, LU makes 
an important contribution by sharpening our vision 
to the diagnosis of pulmonary interstitial edema by 
quantification of B-lines. LU has emerged as a relevant 
and updated method, since it is a safe, low-cost, rapid 
and available at bedside, being an alternative to imaging 
methods associated with ionizing radiation, such as chest 
tomography and X-ray.1

LU is a standardized tool in diagnosis and treatment 
monitoring today, and has been studied in different 
clinical scenarios of pulmonary congestion of cardiogenic 
origin.2-5 In outpatients with heart failure and reduced 
ejection fraction (HFrEF), B-line counting by LU showed 
an 89% accuracy with a cutoff ≥ 15 B-lines.6 In another 
study with patients hospitalized for HFrEF,  the risk of an 
adverse in-hospital event increased with the rising number 
of B-lines at admission, and the risk of HF hospitalization 
and all-cause death was greater in patients with a higher 
number of B-lines at discharge.2

In the current issue of ABC Imagem Cardiovascular, 
Otto et al. present an interesting correlation of LU with 
ambulatory monitoring of pulmonary congestion using a 
remote dielectric sensing (ReDS) technology in 38 HFrEF 
patients and inappropriate control of blood volume. ReDS 
technology uses low-power electromagnetic signals that 
are emitted to the thorax to estimate lung fluid volume, 
which is expressed as percentage of total lung volume.7 
By using the ReDS method and adopting a cutoff ≥35% of 
net volume, the authors found that pulmonary congestion 
was present in 58% of HFrEF patients, mostly in older 
patients. Among the variables studied, the presence of 
B-lines on LU, the lateral tricuspid annulus peak velocity 
on tissue Doppler, and the presence of lower limb edema 
were associated with pulmonary congestion on ReDS. In 
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contrast, neither serum NT-proBNP levels nor the E/E’ ratio 
was correlated with pulmonary congestion.

To the new generation of physicians, the diagnosis of 
pulmonary congestion depends much more on “seeing” 
than “hearing”. However, caution is needed in interpreting 
the B-lines and their association with cardiogenic edema. 
B-lines can be found in pulmonary diseases including 
interstitial pneumonia, atelectasis, and severe acute 
respiratory syndrome, and are a sensitive, although 
nonspecific sign of cardiogenic pulmonary edema. The 
distinguishing of B-lines for excess interstitial fluid from 
fibrotic B-lines, for example, may be difficult by LU. Studies 
comparing LU with other methods of assessing pulmonary 
fluid content are scarce but needed for its validation. 
Therefore, the study by Otto et al. is very welcome.
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Abstract

Introduction: Hepatosplenic schistosomiasis mansoni, associated with pulmonary arterial hypertension (PAH), causes 
cardiac chamber remodeling. Little is known about its long-term evolution.

Objective: To evaluate the alterations caused by PAH in patients with schistosomiasis and analyze the clinical and 
echocardiographic evolution over a period of 10 years.

Methods: The study included 60 patients with PAH due to schistosomiasis and 50 healthy control patients. Clinical 
and echocardiographic data were evaluated, including dimensions, parietal thickness, function of the right and left 
chambers, and parameters of myocardial strain. Patients in the group with PAH due to schistosomiasis were followed for 
10 years. Data were compared using Student’s t test for unpaired samples with significance level of < 5%.

Results: Patients with PAH had smaller left ventricular dimension without alteration in the ejection fraction, but with 
decreased left ventricular global longitudinal strain and left atrial reservoir strain. The right ventricular dimensions and 
parietal thickness were increased, and the parameters of systolic function (tricuspid annular plane systolic excursion, 
fractional area change, tricuspid s’ wave, and the right ventricular global longitudinal strain) were significantly reduced. 
During the follow-up period, 18 patients (32%) died, and death was associated with higher functional class, decreased 
right ventricular longitudinal strain, larger right ventricular size, decreased fractional area change, and decreased 
tricuspid annular s’ wave velocity. 

Conclusion: PAH related to schistosomiasis causes remodeling of the right chambers, with decreased parameters of 
systolic function and myocardial strain. The long-term evolution, with elevated mortality, presents with larger right 
ventricular dimensions, lower fractional area change, lower tricuspid annular systolic velocity, lower right ventricular 
global longitudinal strain, and more advanced functional class.

Keywords: Pulmonary Hypertension; Schistosomiasis; Echocardiography.
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predominantly characterized by allergic manifestations due 
to the entry of cercariae transmitted into the water by snails 
of the biomphalaria species, and the late phase. During the 
late phase, the most frequent forms are hepatointestinal and 
hepatic, generally with few symptoms, and the hepatosplenic 
form, which may be compensated, decompensated, or 
complicated, and may progress to portal hypertension, 
splenomegaly, esophageal varices, and ascites. 2 

Approximately 10% of patients with the hepatosplenic 
form have the vasculopulmonary form, with pre-capillary 
pulmonary hypertension, caused by obstruction of pulmonary 
arterioles by eggs, dead worms, and/or pulmonary vasculitis 
due to immune complexes. In more severe cases, there may 
be cyanosis due to the presence of fistulas between the portal 
system and the pulmonary veins. It causes major dilation of 
the right chambers and the pulmonary artery, and little is 
known about its long-term evolution, even with treatment with 
pulmonary vasodilators. Other rarer complications are renal, 
neurological, pseudoneoplastic, and lymphoproliferative. 
The diagnosis can be direct (visualization of S. mansoni eggs 

Introduction
Schistosomiasis is considered a neglected tropical disease1 

originally from North Africa, caused by trematodes of the 
genus schistosoma, comprising several species. Schistosoma 
mansoni is the only one that exists in South and Central 
America, and it was likely introduced during the era of 
slavery. 2 It is widespread throughout almost all of Brazilian 
territory, especially in the Northeast Region, and it presents 
several clinical forms. The main ones are the initial phase, 

1
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in feces or tissues) or indirect (based on immunological tests 
such as ELISA, periovular reaction, and intradermal reaction). 
Abdominal ultrasonography is particularly useful in the 
hepatosplenic form, because, in severe cases, it provides 
evidence of Symmers’ hepatic fibrosis with greater sensitivity 
than percutaneous biopsy.3

The method of choice to assess pulmonary hypertension 
and its cardiac repercussions is Doppler echocardiography, 
allowing estimation of pulmonary pressures, dimensions, 
parietal thickness, and systolic function of the right ventricle 
(RV). Based on this fact, the objective of this study was 
to evaluate, through clinical and echocardiographic data, 
the long-term evolution of patients with hepatosplenic 
schistosomiasis and pulmonary hypertension.

Material and methods
This prospective longitudinal study studied 60 patients 

diagnosed with hepatosplenic schistosomiasis with pulmonary 
hypertension (PAH group) for a period of 10 years (between 
January 2012 and June 2022). For comparison, 50 healthy 
individuals in the same age group (control group) were studied. 

All patients were clinically stratified according to New York 
Heart Association functional class (FC). 

The exclusion criteria for the PAH group were the absence 
of direct or laboratory diagnosis of schistosomiasis; the 
occurrence of previous pulmonary disease, with or without 
pulmonary hypertension; any type of congenital heart disease; 
and patients who did not complete clinical follow-up.

Echocardiographic analysis
Using conventional echocardiography, the following data 

were evaluated: dimensions and function of the left chambers; 
mean left atrial (LA) pressure using the ratio between the 
mitral E wave and the mean e’ wave of the mitral annulus 
by tissue Doppler (E/e’); dimensions and function of the 
right chambers by tricuspid annular plane systolic excursion 
(TAPSE), RV fractional area change, and tricuspid annular s’ 
wave; RV systolic pressure by tricuspid regurgitation gradient; 
pulmonary vascular resistance in Wood units; and the relative 
RV thickness, by the quotient between the basal RV diameter 
and the thickness of the RV lateral wall. All measurements were 
taken according to American Society of Echocardiography 
recommendations.4

The following formula was used to assess RV systolic 
pressure: 

RVSP = TRV² × 4
RVSP: right ventricular systolic pressure; TRV: maximal 

tricuspid regurgitation velocity.
The following formula was used to assess pulmonary 

vascular resistance:5

PVR = (TRV × TVIRVOT) × 10 + 0.16
PVR: pulmonary vascular resistance; TRV: tricuspid 

regurgitation velocity; TVIRVOT: right ventricular outflow tract 
time-velocity integral.

Using the speckle tracking method, the longitudinal 
strain of the ventricular and atrial chambers was evaluated. 

To obtain the global longitudinal strain of the left ventricle 
(LV), the apical 4-, 2- and 3-chamber views were used.6 To 
obtain the global longitudinal strain of the RV, the apical 
4-chamber view focused on this cavity was used.7 The apical 
4-chamber view aligned with the atrial cavities was used to 
obtain the longitudinal strain of the reservoir of the LA 8 and 
right atrium (RA). 9

In a prospective analysis, the outcome and evolution of 
the patients was determined by studying the clinical records 
and the echocardiographic examinations performed during 
the study period.

Echocardiographic examinations were performed using 
CX50 and Affiniti 70 equipment (Philips, Andover, MA) by a 
single examiner. Qlab 15 (Koninklijke Philips Electronics N.V. 
2020) software was used for the analysis of strain data stored 
in DICOM format.

Statistical analysis
Study sample size was defined by convenience. The data, 

between the first examination of patients in the PAH group, 
expressed as mean and standard deviation of the mean, 
were compared with those of individuals in the control group 
using Student’s t test for unpaired samples, with a statistical 
significance level of < 5 %. To verify the homoscedasticity 
between numerical data, analysis of variances was performed 
(Z test). For all statistical measurements, the Bioestat 5.0 
program was used.

Results
The mean age at the time of the first examination was 48 

± 12 years, with 38 female patients and 22 male patients. The 
control group included 50 healthy individuals in the same age 
group (49 ± 17 years, 30 females and 20 males).

The demographic data of the control and PAH groups are 
displayed in Table 1, where LV diastolic diameter and LV mass 
index were reduced in the PAH group.

Table 2 displays data on diastolic function, RV parameters, 
and RV systolic pressure in the control and PAH groups, 
showing a decrease in the mitral E wave and the e’ wave 
by tissue Doppler in the PAH group, with normal E/e’ ratio, 
decreased tricuspid annular s’ wave velocity, and increased 
RV systolic pressure.

Table 3 displays the dimensions and function of the RV 
and the indexed RA volume in the control and PAH groups, 
with increased diameters, increased RV thickness, increased 
RA volume, decreased RV function parameters, and increased 
pulmonary resistance in the PAH group.

Table 4 shows the parameters of myocardial strain of the 
ventricles and atria, with a decrease in strain observed in all 
cavities in the PAH group.

Graph 1 shows that, from January 2012 to June 2022, 18 
patients died (32%). In this group there were no patients in 
FC I. There were 3 patients in FC II, 9 in FC III, and 6 in FC 
IV. Among the 42 surviving patients who remained under 
treatment with pulmonary vasodilators, there were 7 patients 
in FC I, 29 in FC II, 6 in FC III, and no patients in FC IV. Patients 
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Table 4 – Strain data of right and left chambers, mean ± standard deviation

Group LV GLS (%) LA LS (%) RV GLS (%) RA LS (%)

Control
-19.96
(±1.0)

37.74
(±10.84)

-28.80
(±8.56)

40.18
(±13.01)

PAH
-17.27
(±4.65)

30.84
(±15.8)

-12.9
(±7.9)

20.9
(±8.5)

P value <0.0001 <0.0001 <0.0001 <0.0001

LA LS: left atrial reservoir longitudinal strain; LV GLS: left ventricular global longitudinal strain; PAH: pulmonary arterial hypertension; RA LS: right atrial 
reservoir longitudinal strain; RV GLS: right ventricular global longitudinal strain.

Table 3 – Dimensions and functional parameters of the right chambers, mean ± standard deviation

Group RV basal 
diameter (mm)

RV thickness
(mm)

RV FAC
(%)

TAPSE
(cm) RRVT PVR

(Wood units)
RAVi

mL/m²

Control
32.52

(±4.40)
5.06

(±0.62)
46.58

(±4.63)
2.25

(±0.38)
0.16

(±0.02)
1.25

(±0.61)
24.465
(±4.22)

PAH
43.80
(5.68)

8.93
(±2.04)

28.21
(±10.71)

1.9
(±0.46)

0.24
(±0.11)

3.51
(±1.42)

55.67
(±35.74)

P value <0.0001 <0.0001 <0.0001 0.0011 <0.0001 <0.0001 <0.0001

FAC: fractional area change; PAH: pulmonary arterial hypertension; PVR: pulmonary vascular resistance; RAVi: indexed right atrial volume; RV: right ventricle; 
RRVT: relative right ventricular thickness; TAPSE: tricuspid annular plane systolic excursion.

Table 2 – Data obtained with flow Doppler and tissue Doppler echocardiography, mean ± standard deviation

Group Mitral E wave
(cm/s)

TD e’ wave 
(cm/s) E/e’ ratio PCP

(mmHg)
TV s’ wave

(cm/s)
TRV

(m/s)
RVSP

(mmHg)

Control
84.78

(±13.48)
15.38

(±3.14)
5.82

(±1.81)
7.1

(±1.9)
15.00

(±1.31)
2.63

(±0.15)
32.55

(±2.94)

PAH
63.66

(±18.15)
11.40

(±3.45)
5.89

(±1.84)
8.5

(±2.1)
9.80

(±2.40)
4.23

(±0.78)
89.52

(±21.92)

P value <0.0001 <0.0001 0.44 0.74 <0.0001 <0.0001 <0.0001

PAH: pulmonary arterial hypertension; PCP: pulmonary capillary pressure; RVSP: right ventricular systolic pressure; TD: tissue Doppler; TRV: tricuspid 
regurgitation velocity; TV: tricuspid valve.

Table 1 – Demographic data and dimensions of the left chambers, n (%) or mean ± standard deviation

Group Sex Age
(years)

BSA
(m²)

LVDD
(mm)

LVMI
(g/m²)

LVEF
(%) LAVi (mL/m²)

Control
M 20(41%)
F 30(59%)

48.95
(±17.45)

1.75
(±0.19)

49.41
(±3.84)

83.48
(±24.36)

58.68
(±5.07)

24.09
(±4.39)

PAH
M 22(37%)
F 38 (63%)

48.49
(±12.01)

1.67
(±0.20)

44.57
(±6.20)

72.71
(±19.33)

59.65
(±6.59)

21.10
(±14.05)

P value 0.44 0.06 <0.0001 0.05 0.29 0.07

BSA: body surface area; F: female sex; LAVi: indexed left atrial volume; LVDD: left ventricular diastolic diameter; LVEF: left ventricular ejection fraction; LVMI: 
left ventricular mass index; M: male sex; PAH: pulmonary arterial hypertension.

who died had a significantly lower mean age (45.7 ± 13.1 
years versus 51.1 ± 10.8 years, p < 0.0001).

Regarding the echocardiographic parameters, as shown 
in Graph 2, the patients who died had larger RV diameter 
(44.9 ± 9 mm versus 40.8 ± 5 mm, p < 0.0001), lower 
RV fractional area change (25.7% ± 9.2% versus 29.5% ± 

10.2%, p < 0.0001), lower tricuspid annular s’ wave (9.7 
± 2.1 cm/s versus 11.6 ± 2.6 cm/s, p < 0.0001), lower 
absolute RV global longitudinal strain (−12.4 ± 5.3% 
versus −17.3 ± 4.5%, p < 0.0001), and lower absolute LV 
global longitudinal strain (−14.2% ± 3.9% versus −16.7% 
± 3.4%, p < 0.0001). TAPSE, relative thickness of the RV 
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walls, and tricuspid regurgitation velocity did not show 
significant differences.

Discussion
When comparing patients with pulmonary hypertension 

due to schistosomiasis with healthy individuals, we observed 
a decrease in LV size and mass index, probably due to RV 
dilation that pushes the interventricular septum. The ejection 
fraction did not change, but LV longitudinal strain was 
significantly reduced, suggesting that there is also subclinical 
systolic dysfunction in this cavity.10 This condition has 
been observed in other studies, indicating that myocardial 
involvement is not restricted to the right cavities.11, 12 With 
regard to diastolic function, there was a significant decrease 
in the velocity of the mitral E wave and mean e’ wave by 

tissue Doppler in patients with PAH; however, the E/e’ 
ratio was normal, allowing estimation of mean LA pressure 
within the normal values, which characterizes pre-capillary 
pulmonary hypertension. Tricuspid regurgitation velocity and, 
consequently, RV systolic pressure were significantly increased, 
characterizing pulmonary hypertension. We did not use 
correction with diameter and expansion of the inferior vena 
cava due to the great variability of this measurement, which 
makes it unreliable.13 

When we evaluated the right cavities, the differences were 
more evident, with important dilation of the cavity, increased 
lateral wall thickness, and decreased functional parameters (RV 
fractional area change, tricuspid annular s’ wave velocity, and 
TAPSE), RA dilation, and significantly increased pulmonary 
resistance.

Graph 1 – Pulmonary hypertension outcome. FC: functional class.
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Relative RV thickness, determined by the quotient between 
the basal RV diameter and the diastolic thickness of the lateral 
wall, obtained from the subcostal position, was significantly 
increased, as a response to the remodeling of the cavity caused 
by the pressure overload, translating the relationship between 
the diameter of the cavity and wall thickness. The RV has 
the particularity of remodeling by simultaneously increasing 
cavity size and wall thickness, in both pressure and volume 
overload.10 Under physiological conditions, relative RV thickness 
is low, adapted to the low pressure of the right cavities. Under 
pressure overload, the relationship between cavity dilation and 
wall thickness reflects the degree of concentric or eccentric 
remodeling that occurs in response to increased pressure.14 
One study used relative thickness of the RV, analogously to that 
of the LV, to determine the type of remodeling in this cavity.15 
The greater the predominance of hypertrophy at the expense 
of cavity dilation (concentric remodeling), the more favorable 
the evolution of patients. The cutoff value used to detect better 
survival was ≥ 0.21. In the present study, we were unable to 
verify this condition, because there was no significant difference 
between survivors (whose relative RV thickness was 0.22 ± 
0.05) and patients who died (whose relative RV thickness was 
0.21 ± 0.05). 

All myocardial strain parameters were reduced. In addition 
to LV longitudinal strain, LA reservoir longitudinal strain was 
decreased, although still within normal limits. The global 
longitudinal strain of the RV and RA were markedly reduced, 
indicating systolic dysfunction of the right cavities observed on 
the echocardiogram. The longitudinal strain values of the RV 
lateral wall were not used because, in this study, there were no 
relevant differences in relation to the global longitudinal strain 
of this chamber.

When we compare the results of the patients who died with 
those who survived, in addition to FC, where all patients in FC 
IV died, while no patient in FC I had this outcome (Graph 1), 
RV dimensions, RV fractional area change, tricuspid annular 
s’ wave velocity, RV global longitudinal strain, and LV global 
longitudinal strain showed a significant relation with death 
(Graph 2). The decrease in LV longitudinal strain may be 
related to the greater severity of pulmonary hypertension 

which, by affecting the RV musculature, also decreases LV 
systolic function.11, 12  

Conclusion
Pulmonary hypertension related to the hepatosplenic 

form of schistosomiasis causes remodeling of the right 
chambers, with decreased parameters of RV systolic function 
and myocardial strain. Patients who died during the 10-year 
follow-up showed larger RV dimensions, lower fractional area 
change, lower tricuspid annular systolic velocity, lower RV 
global longitudinal strain, and more advanced functional class.
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The Use of Echocardiography in Schistosomiasis
Daniela do Carmo Rassi1
Faculdade de Medicina da Universidade de Goiás,1 Goiânia, GO – Brazil
Short Editorial related to the article: Long-Term Evolution of Patients with Important Pulmonary Hypertension due to Schistosomiasis

Schistosomiasis, a neglected tropical disease, affects 
240 million people worldwide, with more than 90% of 
cases reported in Africa, according to the World Health 
Organization. The disease is endemic to South America, the 
Caribbean, Southeast Asia, and Africa, in areas with little 
infrastructure, especially lack of drinking water and basic 
sanitation. The infection is caused by helminths of the genus  
Schistosoma. Contamination occurs through contact with 
water where host snails are present. After penetrating human 
skin, the worms can migrate and produce eggs in the liver, 
lungs, and intestines. 

During the acute phase, patients may be asymptomatic 
or develop myocarditis and pericarditis related to an allergic 
reaction to the schistosomes, in which eosinophils play an 
important role. Myocardial ischemia may rarely occur, and 
the exact mechanism remains unknown.

The most important complication of schistosomiasis is 
pulmonary arterial hypertension (PAH), and schistosomiasis 
is considered the main cause of PAH in some endemic 
countries.1 Of the approximately 23 million people worldwide 
with hepatosplenic schistosomiasis, up to 5% develop PAH.2

Several mechanisms have been suggested for PAH in 
schistosomiasis, including obstruction of the pulmonary 
circulation by eggs, endothelial dysfunction due to 
inflammation, and portal hypertension leading to pulmonary 
overflow and endothelial cell dysfunction, similar to 
portopulmonary hypertension.

Schistosomiasis-induced PAH can be asymptomatic in early 
stages, but most patients will develop right heart failure in later 
stages of the disease.3 

Echocardiography is the initial imaging method of choice for 
suspected cardiac involvement in patients with schistosomiasis. 
In the acute phase, it allows assessment of left ventricular 
systolic function and pericardial effusion in patients with 
suspected myopericarditis. In the chronic phase, when 
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there are signs and symptoms of right ventricular failure or 
pulmonary hypertension, echocardiography may reveal an 
enlarged right ventricle, hypertrophy of the right ventricular 
free wall, deviation of the interventricular septum to the left, 
tricuspid insufficiency, and increased right ventricular systolic 
pressure.

Castillo et al. evaluated 60 patients with PAH due to 
schistosomiasis and compared them with 50 healthy control 
subjects. Clinical and echocardiographic data were analyzed, 
and the group with PAH due to schistosomiasis was followed 
up for 10 years. The group with schistosomiasis-related PAH 
showed involvement of the right chambers with decreased 
parameters of systolic function and myocardial deformation, 
as well as lower values of left ventricular global longitudinal 
strain. The long-term evolution of patients with schistosomiasis 
showed elevated mortality, with larger dimensions of the 
right ventricle, lower fractional area change, lower tricuspid 
annular systolic velocity, and lower right ventricular global 
longitudinal strain.4

A systematic review has shown that patients with 
schistosomiasis-associated PAH have more favorable 
hemodynamic profile and survival rate than those with 
idiopathic PAH.5

Although there are reports of cardiac complications of 
this infection, they have not yet been validated by robust 
population data. This can be attributed to these patients’ 
limited access to health care. Therefore, the true impact of this 
disease on the cardiovascular system may be underestimated, 
due to underdiagnosis and underreporting bias

Likewise, the cardiovascular manifestations of this disease 
require attention, because they are rarely identified or are 
identified late, with devastating consequences.1 Adequate 
recognition and treatment can improve these patients’ survival 
and reduce the use of resources that are scarce in their regions.
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My Approach to Three-Dimensional Echocardiography for 
Pathophysiological Classification of Tricuspid Regurgitation
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Introduction
Although it was known as the “forgotten valve” in the past, 

there has been increasing interest in studying the tricuspid 
valve (TV) during the last two decades. Tricuspid regurgitation 
(TR) has been identified as a prognostic marker not only when 
associated with other cardiac diseases, like heart failure, mitral 
regurgitation, or aortic stenosis,1-3 but also as an isolated entity.4 
Understanding the pathophysiological mechanisms of this 
disease is of paramount importance, since new options of 
transcatheter devices and techniques are emerging, offering 
invasive treatment for high-risk patients unsuitable for surgical 
intervention.5

The TV is difficult to image in transesophageal 
echocardiography (TEE) for the following reasons: 1) the 
leaflets are much thinner compared to mitral leaflets, with 
greater anatomic variability; 2) it is an anterior structure, far 
away from the esophagus, with acoustic shadowing from 
the fibrous heart skeleton; and 3) it cannot be aligned to 
the esophageal probe in order to acquire en face views and 
requires use of lateral resolution. These restrictions may limit 
the ability of traditional TEE to evaluate the TV, making it 
necessary to complement the evaluation with special windows 
from the lower esophagus and transgastric views. Different 
from other cardiac valves, images of the TV obtained from 
transthoracic echocardiography (TTE) usually have better 
resolution than images obtained by TEE. Even though all 
protocols start with two-dimensional (2D) assessment of 
the TV, three-dimensional echocardiography (3DE) plays an 
important role in the evaluation of TV diseases, due not only to 
its ability to precisely depict the anatomy of the valve and the 
subvalvular apparatus, but also to its accuracy in quantitation 
of right ventricular (RV) and right atrial volumes and function 
and functional analysis of valvular dysfunction, especially for 
grading TR and evaluating dynamics of the tricuspid annulus 
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(TA) through dedicated software. All of this information is of 
unparalleled importance for patient management and pre-
procedural planning in surgical and transcatheter approaches. 

TV anatomy
The TV complex is a functional unity composed of leaflets, 

subvalvular apparatus, papillary muscles (PM), and TA (Figure 
1), which interact during the cardiac cycle in a dynamic fashion 
in order to maintain valvular function. Although it is called 
traditionally “tricuspid”, this valve has a great anatomical 
variability. As a matter of fact, up to 46% of them can have 
two, four or even more cusps6 (Figure 2). TV leaflets are 
asymmetric; the anterior leaflet is typically the largest in radial 
diameter and area. The septal leaflet has the least mobility 
and is the shortest in radial diameter, while the posterior is 
the shortest circumferentially and often has multiple scallops. 
The attachment of the TV is more apically positioned than 
the mitral valve (normal distance ≤ 10 mm in relation to the 
anterior mitral leaflet).

The TV subvalvular apparatus is normally composed of two 
well differentiated PM: anterior and posterior, with a variable 
presence of a septal PM. The anterior PM is the most prominent 
and lends chordal support to anterior and posterior leaflets. 
It blends with the right end of the septal marginal trabeculae 
(moderator band) below the antero-posterior commissure. 
The posterior PM, which can be bifid or trifid, lends chordal 
support to the posterior and septal leaflets. The septal PM, when 
present, may be small or multiple, and is often indistinguishable 
from the ventricular wall. There are usually some small chords 
that emerge directly from the ventricular septum and attach to 
anterior and septal leaflets.6 Accessory chords may be directly 
attached to the RV free wall or to the moderator band (Figure 
3). In the RV, the subvalvular chords are less distensible than 
those seen in the mitral valve, with dense collagen bundles, 
helping to explain why there is more extensive tethering when 
there is ventricular remodeling, with displacement of either the 
RV septal or lateral wall positions, affecting leaflet coaptation.

One of the most important structures for maintaining 
adequate TV function is the TA. It is a very dynamic 
structure, with varying size and geometry during the cardiac 
cycle, usually oval and saddle-shaped. It becomes more 
spherical and planar when dilated, extending towards 
the anterolateral and posterior RV walls, regions where 
there is no fibrous tissue around the valve, making it less 
resistant to remodelling.7 Based on current guidelines,8,9 
a significant dilatation of the TA is present when there is a 
linear medial-lateral measurement > 40 mm or > 21 mm/m2 
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Figure 1 – TV complex anatomy viewed by 3DE. A functional unity composed of leaflets, subvalvular apparatus, PM, and TA. Ant PM: anterior papillary muscle; 
Ant TV leaflet: anterior tricuspid valve leaflet; RA: right atrium; RAA: right atrial appendage; SVC: superior vena cava; *TV: tricuspid valve annulus.

A- Bicuspid TV C- Quadricuspid TV

1

2

1

3

2

4

2C

1

2

2C

1 1

2

2

3

1

2

3
1

2
3

B- Tricuspid TV

Figure 2 – Anatomical variations of TVs viewed by 3DE (ventricular perspective). In A we can see a bicuspid TV; in B a tricuspid TV; and in C a quadricuspid TV. 
TV: tricuspid valve

acquired by 2D echocardiography in apical 4-chamber 
view (during diastole).  3DE identifies numerous different 
linear dimensions for every TA in a cross section (Figure 4), 
as expected for an oval structure, and it is important to 
mention that 2D apical 4-chamber view almost always fails 
to demonstrate the largest TV diameter. Using 3DE, we can 
measure the largest dimensions and area of the TA with great 

accuracy with multiplanar reconstruction tools. At the end of 
ventricular diastole, the normal value for the largest diameter 
of the TA is 40 ± 5 mm on 3DE (23 ± 3 mm/m2),10 always 
bearing in mind that this is a highly dynamic structure, whose 
area undergoes significant variations during the cardiac cycle 
(approximately 35%), being larger in the end of diastole and 
smaller in the middle and end of ventricular systole.11 
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Figure 3 – Anatomical detail of a TV complex viewed by transthoracic 3DE. A) 3D rendered coronal view showing anterior papillary muscle (green arrow) rising 
from the septomarginal trabeculeae (green asterisk) at the anterolateral wall. B) Oblique view, where we can see direct chordal attachment (yellow asterisk) to 
the interventricular septum. RA: right atrium; RV: right ventricle.

Figure 4 – Most TV annuli are oval-shaped, and 3DE  is able to identify numerous different linear dimensions in a cross section with multiplanar reconstruction 
(A), and it is important to mention that 2D apical 4-chamber view almost always fails to demonstrate the largest TV diameter.

Pathophysiological classification of TR
It is of great importance to understand the pathophysiological 

mechanisms responsible for the development of TR, not only 
to define the best treatment modality and intervention timing 
for each specific patient, but also to prevent TR progression in 
some conditions, for example, in patients with atrial fibrillation 
that is amenable to cardioversion. 

Traditionally, TR is stratified by the presence of leaflet tissue 
involvement into two broad categories: primary TR (organic) and 
secondary TR (functional). However, given the great complexity 
and superposition of different mechanisms in TR development, 
a new classification was made necessary to provide a better 
understanding, integrating more information, not only focusing 
on the tricuspid leaflet tethering, but also considering right 

atrial, TA, and RV dilatation, as well as RV dysfunction. In this 
new approach, functional or secondary TR is divided into two 
categories: atrial functional TR (AFTR) and ventricular functional 
TR (VFTR). Furthermore, cardiac implantable electronic device 
(CIED)-related TR is also included as a new separate category.12 
Based on this new concept we propose a practical framework 
to differentiate between these pathophysiological phenotypes 
(Figure 5). This new classification provides further information 
to understand the great diversity of phenotypes of TR, assisting 
therapeutic and interventional planning.

Primary TR (organic)
TR may be the result of organic valvular disease (primary 

TR), when tissue damage or degeneration is the main reason 
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for valvular incompetence.  Primary TR is far less common 
than secondary TR, with reported prevalence in literature 
of less than 10%, and generally more difficult to repair, 
demanding surgical TV replacement. In the new integrated 
classification of TR, the main pathophysiologic mechanisms 
for primary TR are leaflet changes leading to restricted or 
excessive leaflet mobility or leaflet perforation. Specific 
conditions have also been included in the Carpentier 
classification with type I including congenital heart diseases 
and endocarditis (both vegetations and perforation), type 
II referring to myxomatous valve disease with prolapse, 
traumatic TR (e.g., chest trauma) and TR after biopsy, 
and type IIIA including carcinoid, rheumatic dysfunction, 
radiotherapy, and tumors (Figure 6). Imaging plays a major 
role in the identification of these subgroups of valvopathies, 
because the echocardiographic criteria are definitive for 
diagnosis and easily detectable.

Ventricular secondary TR 
Secondary TR is the most prevalent form. It is frequently 

the result of inappropriate leaflet coaptation as a secondary 
mechanism, in response to volume or pressure overload, due 
to RV remodeling, annular dilatations, displacement of the PM, 
and leaflet tethering (Figure 7). Left-sided heart diseases are 
the leading cause of secondary TR, either as a consequence of 
elevated pulmonary pressures due to left-sided valvular heart 
diseases or secondary to non-valvular heart failure, with high 
diastolic filling pressures, both in reduced or preserved ejection 
fraction. Secondary TR may also be frequently present in 
advanced isolated RV diseases, such as pulmonary hypertension 
(cor pulmonale), congenital heart diseases, or primary RV 
myocardial diseases (arrhythmogenic cardiomyopathy, RV 
myocardial infarction). For each patient with secondary TR, it is 
very important to have a full understanding of the mechanisms 
involved, to evaluate the possibility and best technical approach 
for a surgical management (when submitted to left-sided 
heart valve surgery), or in patients with high surgical risk, to 
explore transcatheter therapeutic options. Optimization of 
pharmacologic therapy for heart failure may change the degree 
of secondary TR, which is very sensitive to preload (volume) and 
afterload (elevated left ventricular filling pressures transmitted 
retrograde as elevation of capillary pressures and pulmonary 
artery systolic pressures), and, according to ACC and ESC 
guidelines, secondary TR should be treated percutaneously in 
patients under optimal medical treatment only.

Atrial secondary TR
What was previously known as “idiopathic” TR, today 

is recognized as AFTR, or “atriogenic” TR, a distinct 
pathophysiological phenotype, where TA dilatation and 
dysfunction is the main substrate of valvular incompetence. 
It is primarily caused by right atrial remodeling, as we often 
notice in patients with persistent atrial fibrillation,13 where 

right atrial volume is the key factor to determine alterations 
in the TV/TA complex14-16 (Figure 8). Differently from the 
classic form of functional TR (“ventricular” TR), patients with 
AFTR have normal-sized or only mildly dilated (conical-
shaped) RV, usually without RV dysfunction.17,18

For the diagnosis of AFTR, we have to exclude other 
conditions which may justify the development of TR, such 
as all causes of primary TR, the presence of left-sided 
valvular heart disease, left ventricular systolic dysfunction, 
pulmonary hypertension, or the presence of pacemaker 
wires. Distinguishing atrial from ventricular forms of 
secondary TR is very important, not only because they carry 
different prognostic implications (atrial TR develops more 
rapidly than ventricular TR, which is usually seen only in 
advanced stages of disease), but also to help guide specific 
interventions such as rhythm control or cardioversion in 
patients with persistent atrial fibrillation.

CIED-related TR
CIED-related TR is a multifactorial disease, comprising 

different possible types of pathophysiology, and it can 
share features of primary or secondary TR, depending on 
its etiological features. Primary CIED-related TR may be 
caused by lead impingement or adherence to TV leaflets 
(Figure 9), interference with subvalvular apparatus, leaflet 
perforation, laceration, or in some dramatic cases even 
leaflet avulsion (caused by lead extraction).

Approximately 25% to 29% of patients with permanent 
pacemaker have TR, which is more than double the 
frequency of TR compared to control groups.19 Defining 
the underlying mechanism is very important to explore the 
therapeutic options or even the need for lead extraction 
in some cases.12 CIED-related TR is associated with poor 
outcomes20 and must be avoided at any cost. By using 3DE 
it is feasible to guide lead positioning intraoperatively, 
avoiding complications and leaflet impingement, or 
evaluate the interference of the wire with the TV in the 
early postoperative period, when there is still the option 
to intervene and reposition the wire. 

The pathophysiological link between the existence of 
device leads and the development of a significant TR or 
worsening of a pre-existent regurgitation is not always 
related to mechanical interference of the device with 
leaflet mobility or the subvalvular apparatus (primary 
TR); it can also be due to secondary mechanisms, for 
example, in cases where pacing causes chamber dilatation 
and/or heart failure, or when it causes significant RV 
dyssynchrony. In fact, secondary mechanisms may be 
responsible for more than 60% of cases of CIED-related 
TR,21 and even when primary TR is the initial mechanism, 
long-lasting volumetric overload may lead to RV dilatation 
and remodeling, generating a model of coexistent primary 
and secondary TR. 

When considering lead extraction in an attempt to reduce 
TR, we must perform a detailed evaluation of the TV complex 
to determine if there is a significant secondary component 
(isolated or mixed); specifically looking for annular dilation, 
RV remodeling, RV dysfunction, and leaflet tethering, which 
can be determinants of worse treatment response.

Analysis of TV anatomy and mechanisms of TR with 3DE
3DE is a promising technique for accurate qualitative 

and quantitative analysis of the TV, obtaining important 
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Figure 5 – Integrative classification of TR according to pathophysiology and predominant phenotypes. CIED: cardiac implantable electronic device; FTR: functional 
tricuspid regurgitation; RHD: rheumatic heart disease; TR: tricuspid regurgitation.
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Figure 7 – Example of ventricular secondary TR. Young patient with chronic renal failure, high output A-V fistula with congestive heart failure. A) Simultaneous 
2D images with and without color Doppler showing severe tenting of leaflets and torrential TR. B) Color 3D rendered image, from a sagittal perspective, of 
the huge coaptation gap and the large TR color jet. C) Using dedicated software for analysis of TV, we can see also a dilated annulus (16.4 cm2) pointing to 
already mixed mechanism and a tenting volume of 12 mL. D) Volumetric analysis of right ventricular volumes and function by 3DE, showing a dilated right 
ventricle with dysfunction (RVEF = 35%). RVEDV: right ventricular end-diastolic volume; RVEF: right ventricular ejection fraction.

RVEF = 35% RVEDV = 150mL
ANNULUS AREA = 16.4cm2

TENTING VOLUME = 12mL

A B

C D

Figure 8 – Example of secondary atriogenic TR. An elderly patient with persistent atrial fibrillation. A) Torrential TR with eccentric jet in a hugely dilated right 
atrium. There is no significant tenting of leaflets on 2D parasternal right ventricular inflow view (B), and a dilated annulus showed on quantitative analysis 
(16.4 cm2). This patient has no right ventricular pathology, with normal volumes and ejection fraction in 3D volumetric analysis (D). RVEDV: right ventricular 
end-diastolic volume; RVEF: right ventricular ejection fraction.

RVEF = 50% RVEDV = 81mL

ANNULUS AREA = 14.2cm2

TENTING VOLUME = 2.1mL
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parameters which can guide the best therapeutic option 
for each patient. 3DE is more accurate than 2D in severity 
assessment with vena contracta area and anatomic evaluation 
of the valve. With 3DE, it is possible to study any of the 
components of the TV complex in a dynamic way, with good 
temporal and spatial resolution.

Step by Step approach for acquisiton and analysis of an 
optimized TV 3DE Dataset: 

• The main key to a reliable 3DE analysis is to obtain a 
good echocardiographic dataset. Specifically, focusing on the 
RV is important, along with good patient positioning at left 
lateral decubitus, preferentially with a proper examination 

Ventricular PerspectiveAtrial Perspective Color 3D

A B C

*
nt

Figure 9 – CIED-related TR caused by pacemaker lead impingement (arrows). Transthoracic acquisition, with 3D rendered views of the TV from atrial perspective 
(A), ventricular perspective showing lack of coaptation of leaflets (asterisk) caused by septal leaflet impingement (B). In C, 3D color image from atrial perspective 
showing torrential TR. Ant: anterior leaflet; P: posterior leaflet; PM: pacemaker; S: septal leaflet.

Figure 10 – Acquiring an optimized TV 3DE dataset. A) Acquiring a good apical right ventricular focused view is very important. Ensure good patient positioning 
at left lateral decubitus, preferentially with a proper examination bed, with a removable lateral part to properly expose the chest to the transducer. B) To obtain 
good 2D images, it is essential to have a good 3D image, including all the TV in the dataset, in the most central position possible, with some surrounding 
structures, such as the interventricular septum and aorta for spatial orientation (C). Before storing the acquired dataset, we should always check the quality 
of the images obtained, verifying whether all right ventricular walls are included and looking for artifacts. We can do this on rendered images or with a 
multislice tool (D). The suggested anatomic view of the TV is acquired from the ventricular side, by placing the septum on our right side (3 o’clock) and 
the aortic valve on top of it (1 o’clock). Thus, the septal leaflet (s) is shown on the right side, next to the septum, the anterior leaflet (a) on top, next to the 
aortic valve, and the posterior leaflet (p) on the bottom side opposite the aortic valve (E).
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C

D
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s

p

Ventricular perspective
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bed, with a removable lateral part to properly expose the 
chest to the transducer (Figure 10A). 

• The first important rule in 3DE is that optimal 2D 
images are necessary in order to achieve adequate analysis 
of 3DE views. In case of poor acoustic window, the 
acquisition of 3DE will be difficult and data obtained may 
not be interpretable or reliable (Figure 10B). 

• Asking for breath-hold from the patient, if possible, to 
enable a multi-beat acquisition without significant artifacts 
(stitching), can help us achieve decent temporal and spatial 
resolution at the same time. This requires a patient on sinus 
rhythm or at least not on a significant arrhythmia with great 
R-R variation between the cardiac cycles. Even with atrial 
fibrillation, it may be possible to acquire multi-beat images, 
but never for example with a bigeminy rhythm. 

• In order to achieve a good temporal resolution, 
ensuring a satisfactory volume rate, we have to use the 
maximum number of beats possible for each patient 
(difficult when the patient cannot or is not cooperative 
or in the setting of rhythm disturbances), while limiting 
lateral and elevation widths and focusing on the TV and 
subvalvular apparatus only. Surrounding structures such 
as the interventricular septum and the aortic valve should 
also be included and serve as markers during 3D analysis 
(Figure 10C).  

• Before storing the acquired dataset, we should 
always check the quality of the images obtained, looking 
for artifacts (significant stitching) and confirm if the entire 
structure of interest was adequately included. This can be 
done either in volume rendering mode or in the 2D multi-
slice/multiplanar mode (Figure 10D). 

• For post-processing we can navigate freely into the 
dataset looking for anatomic abnormalities and the relation 
to surrounding structures. The suggested anatomic view 
of the TV is acquired from the ventricular side, by placing 
the septum on our right side (3 o’clock) and the aortic 
valve on top of it (1 o’clock). That way the septal leaflet 

is demonstrated on the right side, next to the septum, the 
anterior leaflet on the top, next to the aortic valve, and the 
posterior on the bottom side opposite to the aortic valve 
(Figure 10E). Easy cropping features are also available, 
embedded in most machines, and they are an important 
tool to understand the etiology and pathophysiology of TR. 

• It is possible to analyze dimensions of the TV annulus 
using multiplanar slicing or multiplanar reconstruction tools. 
Both modalities enable the alignment of planes to obtain 
accurate annular dimensions and area (Figure 11).

• To analyze tenting volume, coaptation height, annulus 
area, and other quantitative parameters, we can adapt the 
mitral valve software (available from many vendors), or use 
a specific software dedicated to the TV developed by GE 
Healthcare (AutoTVQ) (Figure 12). These applications are 
easy to use and have a good correlation of measurements, 
when compared to cardiac computed tomography.

Conclusion
Echocardiography is the most important noninvasive 

diagnostic method for evaluation of TV diseases, and 3DE 
has been proven to have additional value, not only for 
evaluation of valve anatomy and quantitation of TR, but 
also for a complete understanding of its pathophysiological 
mechanisms, playing a decisive role in planning the best 
therapeutic strategy. Quantitative data obtained from 
3D TV analysis by specific software can provide valuable 
information to tailor the best surgical or percutaneous 
technique for each patient and to help develop new 
treatment strategies for valve intervention in the near future.
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Figure 11 –  Tricuspid annular dimensions and area analysis by 3DE post-processing. A) multi-slice tool with appropriate alignment for TV annulus (hinge point 
of leaflets) in 3 different projections (2D on the left image) showing an oval annulus with different dimensions depending on the axis chosen. B) The same 
aspect is showed by multiplanar reconstruction.
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Abstract 
Pediatric heart transplantation is the definitive therapeutic 

option for patients with heart failure refractory to optimized 
clinical treatment, due either to cardiomyopathies 
or congenital heart disease. Morbidity and mortality 
remain concerning factors during evolution, and primary 
dysfunction, rejection, and graft vascular disease (GVD) 
are the main causes of death in the first 5 years after 
transplantation. As a surveillance method, transthoracic 
echocardiography has significant benefits in assisting 
diagnosis when there is clinical suspicion of rejection or 
GVD. The objective of this article is to present, in a clear 
and objective manner, which echocardiographic data 
assist pediatric cardiologists in follow-up of transplanted 
patients. The use of echocardiography, either through 
conventional tools or advanced methods, carefully focusing 
on different early and late post-cardiac transplantation 
phases, with information from current and comparative 
examination of evolution, mainly regarding tissue Doppler 
and longitudinal strain, can assist pediatric cardiologists 
in the decision to anticipate endomyocardial biopsy and 
coronary angiography (gold standard) for early diagnosis and 
immediate intervention, allowing greater graft durability.

Introduction
Pediatric heart transplantation is the definitive therapeutic 

option for patients with heart failure refractory to optimized 
clinical treatment, due either to cardiomyopathies or 
congenital heart disease.1,2 Since the first pediatric heart 
transplant by Dr. Adrian Kantrowitz in 1967 to the present 
day, when approximately 700 transplants per year are 
performed, there has been substantial progress in the study 
of the immune response to grafts, the use of medications, 
surgical techniques, and lifestyle changes. Therefore, 
survival after pediatric transplantation has progressively 
improved in recent years, with a median survival of 18 years 
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for all age groups; for transplants performed in patients 
younger than 1 year of age, the median survival is greater 
than 24 years.3 

Morbidity and mortality remain concerning factors 
during evolution, and primary dysfunction, rejection, and 
graft vascular disease (GVD) are the main causes of death in 
the first 5 years after transplantation.3 Other complications 
are associated with the use of immunosuppressive drugs, 
such as infections, lymphoproliferative disorders, diabetes, 
and target organ damage, such as kidney failure.4

For evaluation of graft integrity, the gold standard is the 
presence of direct cardiomyocyte damage on microscopy 
obtained through endomyocardial biopsy and the study of 
the coronary arteries by catheterization. However, it is an 
invasive procedure with risks of complications (perforation, 
tamponade, thrombi, arrhythmias, tricuspid valve injury) and, 
in the pediatric age range, the need for sedation/anesthesia. 
As a surveillance method, transthoracic echocardiography has 
significant benefits in assisting diagnosis when there is clinical 
suspicion of rejection or GVD. The new methods associated 
with myocardial deformation have shown promising results 
in anticipating outcomes and long-term patient survival, 
as untreated episodes of subclinical rejection can progress 
to GVD and progressive deterioration of the organ.5 After 
diagnosis of GVD, survival drops significantly to 58% at 5 
years and to only 40% at 10 years. These complications 
can lead to graft failure, and retransplantation is indicated, 
occurring in approximately 25% to 30% of pediatric heart 
transplants in the past decade.1

The objective of this article is to present, in a clear and 
objective manner, which echocardiographic data assist 
pediatric cardiologists in follow-up of transplanted patients, 
focusing on alterations that may, as early as possible, suggest 
graft anomalies before hemodynamic worsening, given that 
ventricular dysfunction due to reduced ejection fraction 
calculated by traditional methods is usually a late finding.4

Transplant timing: early versus late
Cardiac grafts present some peculiarities during the first 

postoperative months, requiring careful evaluation and 
interpretation of the data obtained by echocardiography 
in order to correlate and differentiate evolution suggestive 
of graft rejection in adaptation to the new hemodynamic 
state. Initially, during the period prior to implantation, 
the following factors may influence immediate organ 
function: ischemia time, donor age, presence of donor 
comorbidities, care in hemodynamic maintenance, and 
adequate preservation of the organ. After implantation, the 
graft may present temporary alterations due to reperfusion 
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injury, adaptation of the right ventricle to elevated 
pulmonary artery pressure, and the presence of circulating 
inflammatory mediators.2,3 The use of immunosuppressants, 
mainly cyclosporine,6 increased circulating catecholamines, 
systemic arterial hypertension, and worsening lymphatic 
drainage lead to a progressive increase in ventricular mass, 
which peaks around the third postoperative month and 
progressively reduces until normalization in the first year 
after transplantation5 (Figure 1).

Non-invasive detection of acute rejection is particularly 
challenging in the early post-transplant period as systolic 
and diastolic function (relaxation disorder and restrictive 
physiology) undergo changes during the first few months. 
The denervated heart has a particular physiology, with an 
impact on the validation and reliability of non-invasive 
methods; therefore, echocardiographic evaluation must take 
this graft modification/adaptation into consideration during 
the initial months. The follow-up protocols of most large 
transplant centers include mandatory hemodynamic study and 
endomyocardial biopsy at pre-established periods during the 
first months, regardless of good clinical evolution5 (Figure 2).

Conventional echocardiography measurements

Tissue Doppler imaging
Myocardial inflammation caused by graft rejection 

alters tissue characteristics even before the onset of 
systolic or diastolic dysfunction. Tissue Doppler imaging 
(TDI) quantifies the velocity of movement in a myocardial 
region in relation to the transducer. TDI is, thus, a tool that 
characterizes myocardial mechanics and a non-invasive 
imaging instrument that can monitor acute cellular rejection 
in adults and children.7 

TDI values are normally lower in pediatric transplant 
patients without rejection in relation to the values found 
in healthy controls.8 Thus, variations in TDI measurement 
values are more predictive for evaluation of rejection than 
when considered alone. The longitudinal evaluation of 
patients makes it possible to detect changes in graft systolic 
and diastolic function.

Derek et al. studied 53 transplanted children, and 
8 of them evolved to terminal graft failure (death or 
retransplantation). The authors detected a reduction in 
the S’ velocity of the tricuspid valve approximately 6 
months before the terminal failure. A reduction in mitral 
valve S’ velocity occurred only 3 months before the event, 
demonstrating left ventricular failure after right ventricular 
failure.9  

Lunze et al. demonstrated that a reduction of up to 15% 
in S’ velocity and up to 5% in A’ velocity of the left ventricle 
was able to predict absence of rejection in pediatric 
transplant patients with an accuracy greater than 99%.10 

The E/E’ ratio of the mitral and tricuspid valves is also a 
useful parameter in suspected humoral graft rejection, as 
demonstrated by Behera et al.,11 who studied 148 pediatric 
heart transplant patients. Echocardiography was performed 
on the same day as endomyocardial biopsy. The mitral 
and tricuspid E/E’ ratio was significantly lower in patients 
with rejection compared to patients without alterations 
on biopsy.

The myocardial performance index (MPI) derived from 
TDI is a useful parameter in suspected graft rejection in 
transplant patients. The MPI can increase by an average 
of 98% during the period of rejection compared to the 
baseline value and return to pretreatment index levels after 
resolution of myocardial inflammation.6 

Figure 1 – Main factors associated with success in early and late transplantation that influence graft function and echocardiographic findings, showing the 
evolution of ventricular mass and ventricular strain (STE). HT: heart transplantation; STE: speckle-tracking echocardiography; GVD: graft vascular disease.
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Flanagan et al. studied 40 children with heart transplant (60 
days after the procedure) with endomyocardial biopsy-proven 
acute cellular rejection and compared them with 40 children 
with transplantation, but without rejection. The authors identified 
a significant increase in left ventricular MPI during the rejection 
period in relation to the same patient’s baseline value (0.59 +/− 
017 versus 0.41 +/− 0.11; p < 0.001) and similar values of left 
ventricular MPI after resolution of inflammation compared to the 
baseline value without rejection (0.41 +/− 0.11 versus 0.42 +/− 
0.11; p = 0.65). Thus, the authors concluded that an increase of 
≥ 0.47 in the baseline value of left ventricular MPI had a sensitivity 
of 82.5% and specificity of 85% in the detection of acute cellular 
rejection and that an increase of ≥ 20.4% in left ventricular MPI 
in relation to the patient’s baseline value has a sensitivity of 90% 
and specificity of 100% in the detection of acute cellular rejection. 
Their study illustrates the importance of longitudinal evaluation 
of left ventricular MPI in patients with heart transplantation.12 

Tricuspid annular plane systolic excursion (TAPSE)
Echocardiographic markers are essential for diagnosis and 

monitoring of the graft in cases of rejection. Initially, this evaluation 
focused mainly on the left ventricle. More recently, parameters 
for evaluating right ventricular function have been studied in this 
scenario.  

TAPSE is a measure that evaluates right ventricular longitudinal 
function. Using the M mode, with the cursor positioned on the 
lateral wall of the tricuspid annulus, it is possible to measure the 
displacement distance of this annulus, a parameter that evaluates 
right ventricular longitudinal function. Heart transplantation alters 
the geometry of the heart and thus modifies the longitudinal 

movement of the right ventricle. Changes in TAPSE soon after heart 
transplantation may correspond to changes in the mechanism of 
right ventricular contractility rather than solely systolic dysfunction 
in this chamber.12  Hence, longitudinal follow-up of patients is 
important in order to detect variations in graft performance. 

Brian et al. studied 127 stable pediatric heart transplant patients 
and compared them with 380 age-matched healthy children. The 
authors demonstrated a reduction in TAPSE values in transplant 
patients compared to healthy controls (mean Z score: −3.38).13 
Michalski et al. retrospectively studied 52 patients (pediatric 
and adult) with heart transplantation and observed a reduction 
in TAPSE immediately after transplantation, with progressive 
improvement over time. They also demonstrated an association 
between a reduction in TAPSE and an increase in mean pulmonary 
artery pressure calculated by cardiac catheterization 10 years after 
transplantation.14 

Pediatric patients show a decrease in TAPSE during an episode 
of rejection, and the values improve after resolution of the 
condition, as demonstrated in a retrospective study carried out 
by Arthur et al., which evaluated 44 pediatric heart transplant 
patients.15 

Mitral annular plane systolic excursion (MAPSE)

MAPSE is a parameter for evaluating left ventricular systolic 
function, measured using the M mode of the lateral portion of the 
mitral annulus in 4-chamber view. This index may also be reduced 
in pediatric patients who have undergone heart transplantation.

Chinalli et al. studied 60 children who underwent heart 
transplantation and compared them with 60 healthy controls. 

Figure 2 – Temporal follow-up of evolution after cardiac transplantation in parasternal longitudinal and short-axis echocardiographic views, showing 2-dimensional 
imaging, global longitudinal strain, ventricular mass, biomarkers, and paired endomyocardial biopsy results. BNP: B-type natriuretic peptide; EMB: endomyocardial 
biopsy; GLS: global longitudinal strain.
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All patients had normal ejection fraction by Simpson’s method. 
The transplanted patients had lower MAPSE values than patients 
in the control group (13 mm +/− 2.6 versus 18 mm +/− 2.3; 
p < 0.0001).16

New technologies: applications in the pediatric range?
Echocardiography is commonly the primary non-invasive 

technique for surveillance of the transplanted heart; however, 
the traditionally used parameters are affected by heart rate, 
pre- and after-load conditions, and paradoxical movement of 
the graft septum, leading to calculations of ventricular function 
with low sensitivity and specificity to detect asymptomatic 
episodes of rejection.17,18 The greatest advantage in cardiac 
graft evaluation is the method’s ability to distinguish between 
passive and active myocardial movement. 

The use of speckle tracking in 2-dimensional 
echocardiography is relatively new, non-invasive, and reliable, 
with adequate sensitivity, and it is not angle-dependent for 
measuring ventricular systolic and diastolic function.17,19 Two-
dimensional strain and strain rate analyze myocardial deformity 
by tracking natural acoustic markers (speckles) during the 
cardiac cycle.20

The ability of myocardial strain to detect subclinical 
abnormalities, including subtle changes in regional mobilities, 
has led to its being explored as an early predictor of rejection. 
Longitudinal peak systolic strain has been shown to be more 
sensitive in the evaluation of lesions and reliable in relation to 
myocardial maturity in the pediatric population.17

A gradual increase occurs in longitudinal peak systolic 
strain values during the first 2 years after heart transplantation, 
and many patients continue with values below the normality 
of control groups, even in the absence of rejection or GVD, 
constituting the “new normal” for stable transplant patients, 
with absolute values between 16% and 18%.16,19

Chanana et al., simultaneously comparing data obtained by 
catheterization and echocardiography, obtained a cut-off value 
of 14% for longitudinal strain as a predictor of acute rejection in 
pediatric recipients, reaching sensitivity greater than 85% and 
specificity greater than 80%.17

Engelhardt et al., using global longitudinal strain comparatively 
during stable phase and episodes of rejection in transplanted 
children, observed that a 33% reduction in values from the 
baseline result was associated with the presence of rejection.21

Regardless of the presence or absence of focal coronary 
stenosis, GVD may be associated with low global longitudinal 
strain and strain rate values. The use of the method for evaluating 
left ventricular synchrony and synergy allows the detection of 
regional differences in the left ventricle and may even indicate the 
relationship with coronary perfusion and the area it encompasses 
(Figure 3).

GVD typically manifests loss of the distal coronary vasculature 
by proliferation of the intima and media layer, and it occurs 
diffusely, affecting the entire microvasculature, resulting in 
diastolic dysfunction and graft loss. Zoller et al. have described 
a reduction in left ventricular global longitudinal strain in patients 
with coronary vasculopathy, preceding diagnosis via cardiac 
catheterization by approximately 2 years.17

It is important to remember that it is very difficult to 
establish cut-off values in the pediatric age group, as the 
samples are numerically small for generalization, and the 
available data are from single-center studies; consequently, 
other echocardiographic measurements such as circumferential 
strain, radial strain, and twist present conflicting data. Due to 
the already mentioned aspects of the transplanted heart, stress 
echocardiography, whether induced by exercise or by the infusion 
of dobutamine, has limitations in the pediatric range. The use of 
the 3-dimensional method and right atrial and left atrial strain, 
with numerous studies carried out in adults, still require better 
validation in the pediatric range.

How can these data help?
The main objective of a multidisciplinary team is to provide 

quality of life to patients with heart transplant, limiting damage 
to the graft, by means of strict monitoring for early diagnosis of 
rejection and GVD, which are associated with significant morbidity 
and mortality. The use of echocardiography, either through 
conventional tools or advanced methods, carefully focusing 
on different early and late post-cardiac transplantation phases, 
with information from current and comparative examination 
of evolution, mainly regarding TDI and longitudinal strain, 
can assist pediatric cardiologists in the decision to anticipate 
endomyocardial biopsy and coronary angiography (gold standard) 
for early diagnosis and immediate intervention, allowing greater 
graft durability. In recent decades, the progressive increase in 
the survival of children who undergo heart transplantation has 
shown evidence of this continuous effort to adapt technological 
innovations without losing the human relationship (Figure 4).

Figure 3 – Regional alterations demonstrated by segments in global longitudinal strain correlated with diffuse focal lesions in the left coronary artery visualized 
in coronary angiography.
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Figure 4 – Diagram of echocardiography findings directly associated with suspected alteration of the cardiac graft, highlighting the main data for pediatric 
cardiologists to intervene. DD: delta D or shortening fraction; ECG: electrocardiogram; GLS: global longitudinal strain; LVEF: left ventricular ejection fraction; 
s’LV: s’ of the left ventricular lateral wall.
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Abstract

Echocardiographic assessment of preterm infants, why do it?
The incidence of premature births has been increasing 

worldwide and already affects about 10% of live births. 
Extremely preterm newborns (PTNB) are at increased risk 
of developing pulmonary immaturity, leading to pulmonary 
hypertension (PH), in addition to cardiovascular immaturity 
and patent ductus arteriosus (PDA).

Hemodynamic monitoring of this population is challenging 
and differs from critically ill pediatric patients due to 
hemodynamic lability. Thus, minimal manipulation is 
essential to avoid complications. In this context, non-invasive 
monitoring methods such as transthoracic echocardiography 
(TTE) gain importance for hemodynamic assessment. It is 
a low-cost, radiation-free test that offers good anatomical 
and functional visualization in pediatric patients, making it 
a useful tool in the clinical management of severe preterm 
newborns.

What you will find in this article:
We will take an objective, didactic, and at times humorous 

approach to the use of echocardiography in premature 
newborns in the neonatal intensive care unit (NICU), and we 
will discuss the echocardiographic particularities of premature 
infants, especially regarding equipment adjustments, PH, and 
persistence of the ductus arteriosus (DA).

Introduction
The incidence of premature births has increased 

significantly in recent decades and already affects about 
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10% of live births worldwide.1 The advent of surfactants, 
corticosteroids and better understanding of respiratory 
and hemodynamic management resulted in a reduction in 
morbidity and mortality in these patients, although these 
advances are not yet widely accessible across the country.

Extremely preterm newborns (PTNB) are at greater 
risk of presenting pulmonary immaturity with consequent 
alterations in alveolar development, affecting the pulmonary 
vasculature, in addition to patent ductus arteriosus (PDA). 
It is also known that prematurity alone is an independent 
risk factor for cardiac remodeling, which, associated with 
increased pulmonary vascular resistance, results in overload 
of the cardiovascular system.2

It is also worth noting that the hemodynamic monitoring 
of this population differs from that of severe adult and 
pediatric patients, due to several factors such as low weight 
(many patients weighing less than 1 kilogram), hemodynamic 
lability, reduced blood volume and immaturity of all systems, 
especially the respiratory system. In this context, minimal 
manipulation of the PTNB is essential. Many of the invasive 
monitoring devices used in other groups of critically ill 
patients cannot be used here, increasing the importance 
of non-invasive monitoring methods. Transthoracic 
echocardiography (TTE) is a low-cost exam, without 
radiation, with good anatomical and dynamic functional 
visualization in pediatric patients, which therefore comes 
to add a lot to the clinical management of severe PTNB.

In this article, a didactic and objective approach was taken 
to the echocardiogram in premature infants in the neonatal 
intensive care unit (NICU); there was no pretension to discuss 
all the parameters contained in the neonatal echocardiogram, 
but rather the particularities inherent to premature babies.

Echocardiogram in patients weighing less than 1Kg, now what?
Given the scenario of minimal manipulation of the PTNB 

in the NICU, before starting TTE itself, one should observe 
an overview of the conditions found and try to obtain as 
much information as possible so that the examination is 
brief and brings as much information as possible to the 
handling of the case.

–	 Is the patient using invasive ventilation? If non-invasive, 
is there positive airway pressure in this ventilation mode?

–	 Is there use of vasoactive drugs?
–	 Are catheters used? What position?
–	 Age in days?

https://orcid.org/0000-0002-6418-1424
https://orcid.org/0000-0002-6417-1744
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It seems obvious, but it is worth noting that these patients 
have a tenuous hemodynamic balance, so an increase in 
pressure on the inferior vena cava (IVC) when evaluating 
the subcostal plane with the transducer, for example, may 
be enough to collapse it, preventing return venous system 
and reducing ventricular preload. Thus, attention should be 
paid to the amount of force applied to the transducer on 
the abdomen and chest. PTNB are also more susceptible 
to hypothermia; therefore, it is essential to open as few 
incubator doors as possible and not forget to close them 
at the end of TTE.3

How to adjust the equipment for preterm echocardiography?
New echocardiogram software have made great 

advances in recent years, favoring better image quality in 
very low weight patients. Many devices come with specific 
presets for the neonatal or even premature population, 
however, some specific tips can help to improve the exam:

•	Use transducer with the higher frequency as possible, 
therefore, the higher the frequency, the higher the 
frame rate. There are, ideally, 12 Mhz transducers 
(Figure 1), however, if this type of transducer is not 
available, try to use one with a minimum frequency 
of 8 Mhz;

•	Turn off the ultrasound harmonics (small structures 
very close to the transducer evaluated with high 
frequency transducers do not need this feature);

•	You can use the device’s “penetration/resolution” 
adjustment feature; in this case, reduce penetration 
and increase resolution (frequency); and 

•	PTNB smaller than 1Kg commonly have a limited 
parasternal window (especially when ventilated with 
positive pressure); therefore, the use of the subcostal 
window with alternative planes is very useful.

What is special about the echocardiogram of the preterm 
newborn?

Considering the importance of “looking at the whole”, 
mentioned earlier, it is possible to make an analogy with 
a hunting eagle: it is important to fly free and look at the 
general panorama (patient conditions and acquisition of 
general parameters of the echocardiogram), however, 
when it spots its prey, it focuses on calculations of speed 
of descent and precision of attack. Like an eagle hunting, 
the TTE of PTNB should focus on the peculiarities inherent 
to prematurity. Therefore, this article will not detail 
parameters such as evaluation of left ventricular systolic 
function, evaluation of pericardial effusion repercussions, 
evaluation of intracardiac masses or complex congenital 
heart diseases. These themes are better addressed in other 
references, we will focus on the peculiarities of PTNB.

Lung  immatur i ty  p lays  a  c ruc ia l  ro le  in  th i s 
pathophysiology. The lung undergoes pre- and postnatal 
injuries, altering the growth of the pulmonary vasculature, 
which in turn leads to increased afterload imposed 
on the right ventricle (RV), leading to pulmonary 
hypertension (PH). In extreme cases, there is overload 

of the cardiovascular system with right heart failure and 
consequent worsening of the left cardiac output.4 Thus, 
a cautious assessment of the entire right heart system, 
starting with the systemic venous return, RV dimensions, 
and systolic function, the estimation of pulmonary vascular 
resistance and the interrelationship with the left ventricle 
(LV) is necessary. 

Another relevant point is the evaluation of the PDA. Its 
prevalence in premature newborns is inversely proportional 
to gestational age, occurring in 20% of patients with 
gestational age greater than 32 weeks and in 80-90% of 
premature infants with extremely low birth weight (less 
than 1,000g) and gestational age of less than 26 weeks.5 

How to assess PH in preterm infants?
First, the presence of congenital heart diseases must be 

excluded, except for patent foramen ovale (PFO), atrial septal 
defect (ASD) and PDA. Once this is done, the assessment of 
PH in preterm infants can begin. Here, it is possible to think 
of it as a system of closed connections and to segment the 
reasoning as follows:

•	The increase in pulmonary pressure is directly 
proportional to the increase in pulmonary vascular 
resistance (either secondary to the immaturity of the 
pulmonary vascular bed, or due to persistence of the 
fetal pattern or other injuries) while the pulmonary 
cardiac output is maintained;    

•	There is RV pressure overload, which evolves with 
dilation and systolic dysfunction;    

•	RV dilation (when important) added to suprasystemic 
pulmonary pressure physically makes the RV insinuate 
against the LV, disturbing the systemic cardiac output 

Figure 1 – High frequency transducer used to assess nearby structures (4-6cm) 
to the sternum, useful for evaluating low weight patients.
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by reducing the LV filling volume, in addition to the 
lower return preload of the pulmonary veins;

•	This whole process leads to an increase in RV end-
diastolic pressure (RV DP2) which means enlargement 
of the right atrium (RA), leading to venous congestion; 
and

•	Evaluation of flow pattern across communications.

1.Quantifying is good! Is it always possible?

1.1 Pulmonary artery systolic pressure (PASP)

PASP measurement can be performed using tricuspid 
regurgitation (TR) Doppler. PASP can be estimated using the 
modified Bernoulli formula6 (Equation 1):

PASP= 4xVTR2 + RAP   (1)

Where:

PASP: pulmonary artery systolic pressure (mmHg);

VTR: maximum velocity of tricuspid regurgitation (m/s); 
and

RAP: RA pressure (mmHg).

RAP is often not measured and can be considered as 
3-5mmHg3, except in cases of invasive mechanical ventilation 
with high pressure parameters or IVC dilation and reduced 
collapsibility, considering 7-10 mmHg.

However, it is not always possible to estimate the PASP, 
recommending aligning the cursor with the TR orifice, usually 
in the apical 4-chamber plane (Figure 2). One should pay 
attention to the quality of the Doppler curve, since the PASP 
is proportional to the maximum velocity squared. Thus, if 
there is an error in the measurement, its dimension will be 
exponentially underestimated.

If the neonate has PDA, PASP can be estimated by 
Doppler alignment of the DA through Equation 2:

PASP = SBP – 4xVAoTP2
    (2)

Where

PASP: pulmonary artery systolic pressure (mmHg);

SBP: systolic blood pressure (mmHg); and

VAoPT: maximum flow velocity from the aorta (Ao) to the 
pulmonary trunk (PT) (m/s).

It is essential to compare the pulmonary pressure obtained 
with the patient’s systemic systolic pressure and not just 
the absolute value. It is worth reporting if the pulmonary 
pressure obtained is less than 50% of the systemic pressure, 
greater than 50% of the systemic pressure, or greater than 
the systemic pressure (important PH).

1.2 Mean pulmonary artery pressure (MPAP)
The MPAP can be estimated using the pulmonary artery 

reflux (PR) curve, using Equation 3:6,7

MPAP= 4x VRP2+ PD2VD   (3)
Where
MPAP: mean pulmonary artery pressure (mmHg);
PRV: maximum pulmonary reflux velocity (m/s); and
RV DP2: right ventricular end-diastolic pressure (mmHg).

1.3 Pulmonary vascular resistance: The pulmonary 
Doppler pattern   

The Doppler pattern of the RV outflow tract can provide 
relevant information on the estimation of RV afterload. It 
is known that a shortening of the systolic acceleration time 
correlates with an increase in pulmonary pressure. Thus, a 
“symmetrical” flow pattern is expected during systole for 
normal pressures, a shortening of the systolic acceleration 
time as pulmonary pressure increases and, finally, a mid-
systolic notch when there is suprasystemic PH8 (Figure 3). 
Analogously, the integral velocity over time (IVT) decreases 
proportionally with the increase in pulmonary vascular 
resistance.6

2. Brute force versus complacency: Dilation and dysfunction

2.1 The evaluation of the dimensions of the RV
The RV is a compliant cardiac chamber that evolves with 

hypertrophy and dilation in response to increased afterload. 
That said, one should actively look for signs of ventricular 
dilation in all planes. It is known that access to RV morphology 
is complex through the assessment of two-dimensional TTE, 

Figure 2 – A: Image showing how to align the cursor with the tricuspid regurgitation jet (TR) in the apical 4-chamber plane. B: TR Doppler. C: Tricuspid 
continuous Doppler flow pattern. RA: right atrium; LA: left atrium; RV: right ventricle; LV: left ventricle; TR: Tricuspid regurgitation; P: pressure (mmHg); 
v: flow velocity (m/s).
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as can be seen in Figure 4-A of the three-dimensional 
echocardiogram of the RV, reinforcing the importance of 
imaging assessment in different echocardiographic planes. 
The RV and LV commonly have similar dimensions in the 
apical 4-chamber view during the neonatal period, but the 
RV should not be larger than the LV (Figure 4-B and 4-C). The 
parasternal short axis plane complements the RV assessment 
and can be indexed by body surface area and age.9

2.2 Assessment of right ventricular systolic function:

2.2.1 Tricuspid Annular Plane Systolic Excursion (TAPSE)

TAPSE is the measure of the distance traveled by the tricuspid 
valve annulus toward the cardiac apex during systole. It is 
acquired in the apical four-chamber plane, usually positioning 
the M-mode cursor on the lateral portion of the valve annulus 

Figure 3 – Pulmonary artery Doppler pattern. In the first image (a) the symmetrical Doppler pattern of the pulmonary artery can be seen in the patient 
with normal pulmonary vascular resistance, in blue, the area under the curve proportional to the pulmonary VTI. In the second image (b), the mid-systolic 
notch (arrow) and the representation of the VTI (red area) of the patient with increased pulmonary vascular resistance can be seen. Image below shows 
representation of Doppler patterns.

Figure 4 – Three-dimensional echocardiogram of the right ventricle, seen from different angles, showing the complexity of its morphology (A). Two-dimensional 
echocardiogram showing the apical 4-chamber view in a normal PTNB without pulmonary hypertension with normal proportions of LV and RV dimensions (B) 
and PTNB with pulmonary hypertension showing dilation of the right chambers (C). RA: Right atrium; LA: Left atrium; RV: Right ventricle; LV: left ventricle; 
PTNB: Preterm newborn
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(Figure 5). The TAPSE value is negatively correlated with 
pulmonary vascular resistance and pulmonary pressure values.10 
Normality values for TAPSE in neonates are indexed by body 
surface area and vary over the days of life. Jain et al. found a 
mean TAPSE of 0.92 cm on the first day of life.9

2.2.2 Fractional area change (FAC)
The FAC is the variation of the RV area in systole compared 

to diastole. It incorporates the global RV systolic function 
and can be obtained with a two-dimensional image of the 
apical four-chamber view modified for the RV, in which the 
endocardial walls should be traced in diastole (end diastolic 
area) and in systole (end systolic area), as shown in Figure 5. 
The normal value of FAC in adults is greater than 35%; in 
neonates it can also vary with the days of life and with the 
body surface.9 It can be obtained by the following equation:

FAC = end diastolic area – end systolic area × 100
end diastolic area

There are other ways of assessing RV systolic function that 
will not be approached in this article.6,7 The ones mentioned 
above are the most used in practice.

3. High pressure: Two bodies do not occupy the same 
space. Straightening of the interventricular septum (IVS)

RV pressure overload leads to rectification of the IVS at 
the end of ventricular systole, resulting in a change in LV 
configuration that goes from an “O” shape (normal) to a 
“crescent” shape (in severe PH) passing through the “D” 
shape, when visualized in the short axis parasternal view. 
The assessment of IVS offers indirect evidence of increased 
pressure in the right chambers and is especially important 
when it is impossible to obtain an objective estimate of 
pulmonary pressure (Figure 6). It is even possible to infer 
the relationship between pulmonary and systemic pressure 
according to the curvature of the IVS,6 as seen in Table 1.

3.1. Eccentricity Index (EI)

The EI is derived from the ratio between the anteroposterior 
and septolateral diameters of the LV obtained in the 
parasternal short axis view at the level of the papillary 
muscle at the end of ventricular systole (Figure 7). EI > 1.3 is 
related to pulmonary pressure greater than half the systemic 
pressure, with good specificity.11

4. Pipes and connections: Impaired systemic venous return   

It has been observed so far that PTNB with PH show an 
increase in RV DP2, with a consequent increase in RA pressure 
and often show IVC dilation and reduced collapsibility. In 
this population, the evaluation of the dimensions of the 
IVC is done subjectively and collapsibility can be calculated 
using Equation 4:

Observou-se até aqui que o RNPT com HP apresenta 
aumento da PD2 do VD, com consequente aumento da 
pressão do AD e frequentemente apresenta dilatação e 
redução de colapsabilidade da VCI. Nessa população, a 
avaliação das dimensões da VCI é feita de forma subjetiva e 
a colapsabilidade pode ser calculada pela Equação 4:

Dmax- Dmin/Dmax   (4)

Where Dmax is the maximum diameter of the IVC and 
Dmin is the minimum diameter measured, as in Figure 1. 
This measurement is expressed as a percentage.7 Another 
subjective indicator of increased pulmonary pressure that 
can be observed in the systemic venous return is the evident 
reverse flow in the hepatic veins (Figure 8). It is worth 
emphasizing that the increase in RA pressure can be due to 
several causes in addition to PH (hypervolemia, important 
tricuspid insufficiency, RV systolic or diastolic dysfunction, 
etc.), which highlights the importance of correlation with 
clinical data.

Figure 5 – A: Apical 4-chamber view showing the M-mode of the RV free wall, the red arrow shows the tricuspid annular plane systolic excursion (TAPSE). B: 
RV fractional area change (FAC). RV: Right ventricle; LV: left ventricle; AD: Right atrium; LA: Left atrium.
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5. Communications between the systemic and pulmonary 
bed: A problem or a relief?

In situations of normal pulmonary pressure, shunts such as 
the ASD and the PDA present flow directed from the left to 
the right chambers. Increased pressure in the right chambers 
causes flow from the AD to the left atrium (LA) through the 
ASD. The inversion of flow in the ductus arteriosus (DA) 
translates into important PH since the pulmonary pressure 
exceeds the systemic one. Pulmonary pressure can be 
estimated as discussed above. In cases of severe PH, the LV 
preload from the pulmonary venous return may be greatly 

reduced, the flow coming from the right side through the 
communications can help complement this preload and 
increase the systemic cardiac output.

Importance of assessing the DA in preterm 
infants

PDA is a common problem in the NICU and can have 
deleterious effects on both the severely ill full-term newborn 
and the PTNB.

A failure to close the DA associated with a drop in 
postpartum pulmonary vascular resistance results in a 
left-to-right shunt. Consequences may include pulmonary 
hyperflow and/or systemic hypoperfusion, both of which are 
associated with increased morbidity. Clinical impact depends 
on the magnitude of the flow, existing comorbidities and the 
ability of the neonate to initiate compensatory mechanisms. 
The increase in pulmonary flow and the accumulation 
of interstitial fluid secondary to the large patent ductus 
contribute to a decrease in lung compliance and an increase 
in LV DP2, which can be more pronounced in preterm infants, 
since ventricular compliance is lower.

In PTNB, a hemodynamically significant channel is 
associated with an increased risk of pulmonary edema, 
pulmonary hemorrhage, bronchopulmonary dysplasia, and 
increased duration of pulmonary ventilation. Although the 
presence of a wide duct supports increased cardiac output, 
post-ductal blood flow is reduced due to the left-to-right 
shunt, resulting in reduced oxygen delivery and perfusion to 
vital organs, thus contributing to an increased risk of intra- 
and periventricular hemorrhage, necrotizing enterocolitis, 
renal injury, and hypotension.12 

Clinical findings may develop earlier in those patients 
treated with surfactant because the reduction in pulmonary 
vascular resistance associated with improved lung function 
results in increased left-to-right shunting.

Surgical or pharmacological closure should be postponed 
in patients with severe PH due to the risk of right heart failure. 
The assessment of ventricular function should be performed 
using qualitative and quantitative methods in these cases, 
always comparing to previous exams, if available.

The quantification of the size of the left cardiac chambers 
reflects the chronic effect of the left ventricular volume 

Figure 6 – Echocardiogram on the short axis, showing the shape of the LV. A: “O” shape, estimate of RVP <50% of LVP; B: NB with pulmonary hypertension, 
“D” shape, estimate of RVP 50-100% of LVP; C: NB with diaphragmatic hernia and significant PH, “crescent” shape, estimated RVP > 100% of LVP.
LV: left ventricle; RVP: Right ventricular pressure; LVP: Left ventricular pressure; NB: newborn; PH: Pulmonary hypertension.

Figure 7 – Echocardiogram in the parasternal short axis view at the level 
of the papillary muscle at the end of ventricular systole. EI= A/B. EI: 
Eccentricity index.

Table 1 – RVP estimate based on LV configuration

LV configuration RVP estimate

“O” shape <50% of LVP

“D” shape 50-100% of LVP

“crescent” shape >100% of LVP

Modified from WP from Boode et al., 2018. RVP: Right ventricular 
pressure; LV: left ventricle; LVP: Left ventricular pressure.
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overload due to the left-right shunt through the duct and, 
therefore, is not an early parameter of hemodynamic 
repercussions.13

1. Anatomical assessment of the DA
The first echocardiographic assessment should always 

be comprehensive to exclude congenital heart defects. The 
following plans are used in DA assessment:

•	On the parasternal short axis, the channel can be seen 
lateral to the left pulmonary branch and connecting 
to the descending thoracic aorta at the opposite end. 
With a slight inclination, it is possible to elongate the 
aorta and obtain a better image of the canal;

•	In the high left parasternal short axis, also called the 
canal cut, it is possible to evaluate the entire path of 
the DA. This cut is obtained by placing the transducer 
in the left infraclavicular area, between the sternal 
notch and the conventional parasternal plane. This 
plane allows a more precise measurement of the 
size of the defect, normally acquired at its narrowest 
point, close to the left pulmonary artery (LPA). Prefer 
this measurement to the two-dimensional one, since 
the color Doppler tends to overestimate the DA size 
(Figure 9); and

•	Suprasternal long-axis view angled toward the LPA 
allows a wide view of the DA.

The echocardiographer must provide information 
regarding the morphology, measurements of the diameters 
of the pulmonary and aortic extremities, total length and 
site of greatest canal narrowing, especially in cases that 
are candidates for percutaneous closure. An assertive 
determination of the diameter is extremely important 
in the sense of a probable hemodynamic impact, and a 
diameter ≤1.5 mm is associated with a risk of slight clinical 
repercussions, a diameter between 1.5 and 3.0 mm with 
moderate hemodynamic repercussions, and above 3.0 mm 
with significant repercussions.14

Krichenko et al.15 described isolated PDA as seen by 
angiography in five main groups, using the site of canal 
narrowing as a reference:

•	Group A or conical ductus: narrow pulmonary end 
and hourglass at the aortic end;

•	Group B or window-type ductus: short and narrow 
channel in the aortic region, wide in the pulmonary 
region;      

•	Group C: comprises the tubular ductus without 
constriction at the aortic and pulmonary end;

•	Group D or saccular: the ductus has a wide central 
region with aortic and pulmonary constriction;

•	Group E: channel is elongated, with constriction at the 
lung end; and

•	Group F (fetal): in premature neonates who do not 
fit any of the morphologies previously described, 
generally with wide and tortuous canals, without 
significant stenoses (Figure 10).

2. Doppler assessment of the canal: new paradigms
Color flow mapping improves visualization of the 

DA, especially small caliber ones (<1mm), and allows 
visualization of the site of greatest flow acceleration, 

Figure 8 – IVC M-mode, the red arrows show the respiratory variation of the IVC diameter; B: Color flow mapping of the hepatic vein showing forward (blue) 
and reverse (red) flow. IVC: Inferior vena cava.

Figure 9 – High left parasternal view. A: Representation on the dummy of 
the site of the upper left parasternal cut (“canal cut”). B: Echocardiogram 
in the upper left parasternal plane demonstrating the location of the ductus 
arteriosus measurement, as well as its relationship with the left pulmonary 
artery, pulmonary trunk, and aorta. PT: pulmonary trunk; PDA: patent ductus 
arteriosus; Ao: descending aorta.
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improving the positioning and alignment of the Doppler 
sample. Flow direction can be left-right, bidirectional 
or right-left, as seen in severe PH with suprasystemic 
pulmonary pressure and in heart diseases with DA-
dependent systemic flow (Figure 11). Flow velocities 
below 1m/s should be recorded with pulsed Doppler. 
Continuous Doppler with the sample in the DA allows 
quantifying the pulmonary artery pressure using the 
modified Bernoulli equation. This measurement correlates 
with the instantaneous peak gradient between the aorta 
and the pulmonary artery by cardiac catheterization. Thus, 
by measuring the patient’s systemic systolic pressure using 
conventional methods during the echocardiogram and 
subtracting it by the peak gradient obtained by continuous 
Doppler, it is possible to estimate the PASP. In the case of 
right-left flow, the pulmonary systolic pressure is estimated 
by adding the pressure gradient obtained by the Bernoulli 
equation to the systemic systolic pressure measured at the 
time of the test. If the Doppler flow pattern is bidirectional, 
with right-left flow occupying less than 30% of the cardiac 
cycle, the pulmonary pressure is probably lower than the 
systemic one. This bidirectional flow time measurement can 
also be obtained using the color M-mode in doubtful cases. 
Additional care must be taken with continuous Doppler flow 
contamination of structures adjacent to the canal, such as 
the LPA, aorta, and pulmonary systemic collaterals.

The appearance and speed of the Doppler curve also 

already give us important signals about the degree of flow 
restriction. In a small, restrictive DA without hemodynamic 
repercussions, the Doppler curve shows a high continuous 
flow velocity, both in systole and diastole, with a maximum 

Figura 10 – Classificação de Krichenco para canal arterial isolado Adaptado de: 
DeFaria Yeh, Doreen; Bhatt, Ami (2018). [In Clinical Practice] Adult Congenital 
Heart Disease in Clinical Practice || Patent Ductus Arteriosus. , (Chapter 7), 
91–105. doi:10.1007/978-3-319-67420-9_7

Figure 11 – Doppler pattern of the ductus arteriosus. A: Bidirectional pulsatile flow through the ductus arteriosus. B: right-left pulsatile flow through the ductus 
arteriosus. C: Flow curve with a continuous left-right pattern with diastolic velocity greater than 50% of the systolic velocity, suggestive of a restrictive canal. 
D: Flow curve tending to pulsatile, with diastolic velocity < 50% of the systolic velocity.
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diastolic velocity greater than 2.0 m/s. Wide channels, 
without flow restriction, with important hemodynamic 
repercussions, present a flow curve tending more toward 
pulsatile flow, with a diastolic component with a velocity 
lower than 1.0 m/s and a wide difference in systolic and 
diastolic velocity. Channels with moderate hemodynamic 
repercussions have a pulsatile, non-restrictive flow model 
and maximum diastolic velocity lower than 2.0 m/s  
(Figure 11).

When analyzing the maximum velocity of the canal at 
the end of systole, it is possible to classify as a small canal 
those with velocity above 2.5m/s, moderate between 1.5 and 
2.5m/s, and large with velocity below 1.5m /s.

It is important to differentiate the Doppler patterns of 
the pulmonary artery from the DA with a right-to-left shunt. 
The spectral Doppler of the pulmonary artery begins at 
the beginning of systole and reaches maximum amplitude 
quickly, while the flow from the DA with a right-to-left shunt 
begins at a later stage of systole and reaches maximum 
amplitude between mid- and late-systole.

In some cases, a characteristic serration on the pulsed 
Doppler curve of the pulmonary valve may be observed, 
raising the suspicion of a small DA not visualized previously 
on the exam (Figure 12).

The diastolic anterograde flow of the LPA has been 
considered a marker of pulmonary hyperflow in neonates. 
This measurement is obtained with the marker in the 
proximal third of the LPA. Some authors have demonstrated 
that a mean LPA velocity of 0.42m/s and/or an end-diastolic 
velocity of 0.2m/s are predictive of a Qp/Qs above 2, with 
high sensitivity and specificity (Figure 12-B).16

Evaluation of the E/A ratio on pulsed Doppler of the 
mitral valve may show signs of increased left heart filling 
pressure, with an E/A ratio greater than 1.5 in large ducts 
and an E/A ratio of 1 to 1.5 in moderate channels (Figure 
13).

3. And does the Qp/Qs measurement really matter in 
preterm newborns?

In congenital heart diseases with increased pulmonary 
blood flow, it is common to use measures to compare 
pulmonary cardiac output with systemic output (Qp/Qs) to 
estimate the degree of the shunt. Echocardiography can 
estimate this relationship with good correlation with the 
data obtained during the hemodynamic study. In the DA, 
the calculation of Qp/Qs is performed differently from other 
congenital heart diseases such as ASD and ventricular septal 
defect. The flow through the pulmonary valve corresponds 

Figura 12 – A: Pulsed Doppler of the pulmonary valve demonstrating a serration in the ascending part of the curve as shown by the arrow, suggestive of 
contamination of flow from the ductus arteriosus. B: Doppler flow pattern in the left pulmonary artery demonstrating an end-diastolic component with high 
velocity predictive of increased pulmonary hyperflow.

Figura 13 – A: Doppler pattern of the mitral valve in the apical 4-chamber view demonstrating alteration in the E/A wave ratio in preterm newborns with wide 
ductus arteriosus. B: Doppler pattern of the descending abdominal aorta, arrow shows the presence of holodiastolic reverse flow.
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to the systemic flow (Qs) and the flow through the aortic 
valve represents the effective pulmonary flow (sum of Qs 
with the flow from the DA, causing overload of the left 
heart chambers). The presence of a PFO in the neonate, 
ASDs greater than 3mm, as well as alterations in the flow 
from the vena cava, can alter the estimation of the right 
ventricular output and, consequently, the systemic flow.17

4. Are signs of systemic flow steal easily assessed?
A large AC with significant left-to-right flow shunt will 

result in significant retrograde flow from the thoracic and 
abdominal aorta. The amount of retrograde diastolic flow 
can be >50% of the total aortic flow in neonates with a 
large AC, contributing to decreased systemic perfusion 
(renal, intestinal, and even coronary). Various indices based 
on pulmonary, aortic, and peripheral arterial flow velocity 
patterns have been proposed as objective methods for 
assessing the magnitude of ductal steal. The qualitative 
evaluation of the pulsed Doppler tracing of the descending 
aorta allows identifying the presence of reverse holodiastolic 
flow in the abdominal aorta and superior mesenteric artery, 
both evaluated in the subcostal or sagittal abdominal plane 
(Figure 13-B). The presence of holodiastolic reverse flow 
suggests moderate flow steal, which is associated with a Qp/
Qs greater than 1.6, being one of the most specific signs of 
hemodynamic repercussion. Reverse flow in the abdominal 
aorta can occur in other congenital heart diseases that must 
be exhaustively investigated and ruled out.

5. DA assessment proposal based on a scorecard
A recent study by a group from Iowa18 proposes a 

useful echocardiographic score to assess the hemodynamic 
repercussions of DA through signs of pulmonary hyperflow 
and systemic hypoflow. The score is obtained with the sum of 
the points of the variables listed in the table below, added to 
the canal diameter divided by the weight (Table 2). Treatment 
has been considered when score ≥ 6.

Soon a f ter  DA l iga t ion,  some PTNB become 
hemodynamically unstable due to acute changes in pre- 
and afterload, with oxygenation failure and systemic 
hypoperfusion, particularly in the first 8 to 12 hours after 
DA ligation. Thus, an early echocardiographic evaluation is 
necessary to optimize the treatment of these patients.

6. Does percutaneous treatment have its role?
More recently, several studies have reported experiences 

with the percutaneous closure technique, using various 
devices for closing the canal in PTNB. Comparison with 
surgical ligation revealed a positive impact on post-procedure 
pulmonary outcome. Currently, percutaneous closure of the 
DA in extremely low-weight premature patients weighing 
more than 700 grams is a safe procedure, with high efficacy, 
low complication rates, and is proven to be associated with 
improved prognosis in well-selected patients. TTE is the exam 
of choice both for selecting favorable cases and for guiding 
the procedure, thus reducing the amount of contrast used. 
Canals with a diameter < 4.0mm and length > 3.0mm are 
the most appropriate for the devices currently used.19

New perspectives in assessing DA and PH in 
preterm newborns

More recent methods for assessing myocardial contractility 
were incorporated into the echocardiogram with the aim of 
assessing LV and RV function regardless of their geometry or 
ventricular filling.20 One of these methods, speckle tracking 
(ST) by TTE, assesses myocardial fiber deformation during 
the cardiac cycle, allowing earlier diagnosis of myocardial 
dysfunction, before a drop in ejection fraction occurs. Levy 
et al.21 demonstrated in a prospective study that it is possible 
to perform global longitudinal strain (GLS) of the RV using 
the ST method in PTNB patients with reliable reproducibility 
of right ventricular function and hemodynamic variations. 
Almeida et al.22 confirmed that the analysis of myocardial 
deformation through the ST technique by TTE is feasible 
and reproducible in PTNB ≤ 34 weeks of gestational age. 
It was also shown that radial and circumferential strain and 
GLS measurements are significantly higher in PTNB with 
DA with hemodynamic repercussions, possibly as a means 
of compensating for the left ventricular volume overload 
imposed by the large duct.
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Table 2 – IOWA Score: echocardiographic evaluation of PDA severity

PDA IOWA SCORE 0 1 2

Mitral E velocity (cm/s) < 45 45 - 80 > 80

IVRT (ms) > 50 30 - 50 < 30

VD PV velocity < 0.3 0.3 - 0.5 > 0.5

LA/Ao < 1.3 1.3 - 2.2 > 2.2

LVEF:RVEF ≤ 1 1 - 1.7 > 1.7

Aorta/peripheral flow Anterograde Reverse

PDA: patent ductus arteriosus; IVRT: isovolumetric relaxation time; 
PV: pulmonary vein; LA: left atrium; Ao: aorta; LVEF: left ventricular 
ejection fraction; RVEF: right ventricular ejection fraction. Adapted 
from John M. Dagle, Matthew A. Rysavy, Stephen K. Hunter, Tarah 
T. Colaizy, Timothy G. Elgin, Regan E. Giesinger, Steve J. McElroy, 
Heidi M. Harmon, Jonathan M. Klein, Patrick J. McNamara, 
Cardiorespiratory management of infants born at 22 weeks’ 
gestation: The Iowa approach, Seminars in Perinatology, Volume 46, 
Issue 1, 2022
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Summary
Nuclear medicine has played an increasing role in the 

evaluation of patients with a suspected or confirmed diagnosis 
of infective endocarditis. Scintigraphy with marked leukocytes 
(ML) is a method widely used in clinical practice to detect 
sites of infection, being especially indicated in patients with 
suspected infective endocarditis (IE) in prosthetic valves or 
implantable cardiac devices (ICD) when other conventional  
imaging methods studies are not conclusive. The technique 
involves labeling the patient’s own leukocytes with a 
radiotracer, such as 99m Tc-HMPAO, maintaining its biological 
properties. Upon injection into the bloodstream, leukocytes 
actively mark sites of active inflammation, allowing detection 
of infection.

Blood collection for ML scintigraphy requires a sufficient 
amount of leukocytes, which can be a major limiting factor 
in patients with neutropenia. Another point of limitation is 
that the leukocyte labeling process and the start of obtaining 
scintigraphic images can take about 2 hours. The images are 
acquired at different times, and the presence of capture in 
the 4-hour and 24-hour images is important to confirm the 
presence of active infection.

ML scintigraphy has been recommended as part of the 
diagnostic algorithm for IE in patients with prosthetic valves or 
implantable cardiac devices such as pacemakers who suspect 
the disease, being considered a major modified Duke criterion 
when positive. It is indicated when the echocardiogram is 
inconclusive or doubtful, and may change the categorization 
of IE from possible to defined in up to 25% of patients. In 
addition, it can also be used in the investigation of embolic 
events in extracardiac sites, such as the lung, spleen and 
bone/joint tissue.

Positron Emission Tomography coupled with Computed 
Tomography (PET-CT) is a molecular imaging technique 
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that has shown great importance in the management of IE. 
PET-CT uses a radiopharmaceutical labeled with a short-
lived radioactive substance, such as 18F-fluordeoxyglucose 
(18F-FDG), which is captured by cells with high metabolism, 
such as inflammatory cells present in areas of active infection. 
This allows for accurate, non-invasive detection of areas of 
inflammation, including the lesions, vegetations and abscesses 
associated with IE.

The use of PET-CT in IE has shown promise in the early 
detection of infection, providing important information 
for diagnosis and treatment planning. Additionally, PET-CT 
can help differentiate between active infection and post-
surgical complications, as well as identify areas of infection 
in extracardiac sites, which can be useful in evaluating more 
complex cases. The high sensitivity and specificity of PET-CT 
in detecting active inflammation make it a valuable tool in 
the clinical management of IE, especially in cases of moderate 
clinical suspicion or when conventional imaging methods 
are inconclusive. However, it is important to consider the 
limitations of PET-CT, such as its availability in some health 
centers, cost and exposure to ionizing radiation, and to 
use PET-CT findings in conjunction with other clinical and 
laboratory data for an proper diagnosis and management of IE.

Introduction
The incidence of infective endocarditis (IE) has been 

increasing. It is estimated to be 3-15 cases per 100,000 
inhabitants per year and associated with elevated morbidity 
and mortality. The most common cause of IE is Staphylococcus 
aureus infection, affecting mostly male and older individuals. 
In the United States and Europe, 16-30% of all cases of IC 
are prosthetic valve (PV) endocarditis, and 25-35% of native 
valve endocarditis are acquired in the hospital. In Brazil, 
rheumatic valve disease is still an important predisposing factor 
for infection, in contrast with developed countries where 
rheumatic disease has become rare.1

Difficulty in raising clinical suspicion and confirming the 
diagnosis of IE are among the greatest challenges faced by 
cardiologists in their clinical practice. Although the use of 
clinical rules such as the Duke criteria increases the success of IE 
diagnosis and its clinical management, the presence of infection 
by atypical organisms, PVs or cardiac implantable electronic 
devices (CIEDs) can make the diagnosis of IE difficult.1,2   

Risk factors for IE 
The major risk factors for IE are congenital heart disease 

(CHD), previous episode of IE, and the presence of PV or 
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CIED.1 Regarding CHDs, the incidence of post-surgical IE varies 
from 1.3 to 13.3%, in addition to the high risk of mortality for 
CHDs, estimated at 6-14%.3 Recurrence or reinfection occurs 
in 2.6-8.8% of patients who survived IE, with high rates of 
complications and mortality.1 

Epidemiology of IE in patients with PVs 
Patients with PVs are at higher risk of IE in the first year 

after valve replacement, and the risk gradually decreases to a 
low and stable risk. Bioprosthetic valves are associated with a 
higher risk of IE as compared with mechanical valves. Besides, 
the risk of transcatheter aortic valve implantation (TAVI) for IE 
seems not to differ from that found in conventional surgery, 
with an incidence of 1.4-2.8 per 100 patient-years in the first 
year and 0.8 in each of the four following years.2-4 

CIED-related IE corresponds to nearly 10% of the IE 
episodes.1 In these cases, in-hospital mortality varies from 
six to 14%, with an overall mortality of approximately 20% a 
year.5 PV endocarditis is a severe, life-threatening condition, 
accounting for 10-30% of all cases of IE, with an incidence of 
0.3-1.2% per patient-year. Patients with PVs are considered 
to be at high risk for IE, with higher morbidity and mortality, 
often requiring surgical interventions, with associated risks. 

Challenges in the management of IE in PVs and CIEDs
Echocardiography and laboratory tests are still the basis of 

diagnostic investigation of IE. However, conventional imaging 
techniques still yield inconclusive results in up to 40% of 
patients with PVs or CIEDs.6 Transesophageal echocardiography 
(TEE) should be considered in all suspected cases of PV 
endocarditis for assessment of valve hemodynamics, and 
detection of vegetations, abscesses or fistulas. Detection of 
vegetation may be extremely difficult due to artifacts related 
to the material used in the PVs. Sensitivity of TEE in detecting 
IE in PVs varies from 82% to 96%, in contrast to transthoracic 
echocardiogram that has a sensitivity of 17-36%.6 In case 
of suspicion of CIED endocarditis, echocardiography is the 
first test to be considered for detection of vegetations in the 
electrodes and cardiac valves, with TEE being superior to 
transthoracic echocardiography. Both techniques, however, 
have similar limitations for the detection of IE, be it for the size 
and location of vegetations, be it for the presence of foreign 
material to the body limits the visibility of echocardiogram. It 
is important to highlight that a normal echocardiogram does 
not rule out the diagnosis of IE in patients with CIEDs and 
clinical suspicion of IE.7       

In light of the increasing number of cases of IE, its 
high morbidity and mortality, and diagnostic limitations 
of conventional techniques, studies investigating the 
usefulness of nuclear imaging techniques, including the 
18F-fluorodeoxyglucose positron emission tomography/
computed tomography (18F-FDG PET-CT) for in diagnosis 
of IE have been conducted. These techniques showed 
good cost-effectiveness relationship, preventing prolonged 
hospitalizations and unnecessary studies, and improving 
patient clinical outcomes. The set of studies in the literature, 
including meta-analysis and systematic reviews have 
demonstrated the clinical impact of 18F-FDG PET/CT, 

supporting its inclusion in the European guidelines on the 
investigation of PV endocarditis since 20151 and in the North 
American guidelines since 2020.8 In addition to PET-CT, 
another useful alternative is labeled leukocyte scintigraphy 
(LLS), currently the gold-standard method in the investigation 
of infections of prosthetic orthopedic implants. The method 
is also specific for IE, and useful in confirming the diagnosis 
in case of possible false-positive PET-CT results, as in the first 
months after surgery.1,9-11 

How to use PET-CT in IE 
The main use of PET-CT in the management of IE is in 

patients with suspicion of PV or CIED endocarditis, whose 
results from transthoracic or transesophageal echocardiogram 
were inconclusive or negative. In 18F-FDG PET/CT, FDG 
uptake occurs in areas of increased metabolic activity, since 
18-fluorine is intensively captured by inflammatory cells. 
Thus, accumulation of the marker around the PV or in 
perivalvular cardiac tissues is a powerful indicator of active 
infection. Besides, whole-body 18F-FDG PET-CT allows the 
detection of infectious complications of endocarditis, such 
as splenic embolization, embolism to the lower extremities, 
spondylodiscitis, or even the portal entry in case of infection 
of soft tissues or the oral cavity. 

The study supporting the inclusion of PET-CT in the 
European Society of Cardiology guidelines was the study by 
Saby et al.12 The authors prospectively studied 72 consecutive 
patients with PV endocarditis, who were subjected to clinical, 
microbiological, and echocardiographic evaluation. Thirty-six 
patients (50%) exhibited abnormal FDG uptake around the site 
of the PV. The sensitivity, specificity, positive predictive value, 
negative predictive value, and global accuracy were as follows 
(95% confidence interval): 73% (54% to 87%), 80% (56% to 
93%), 85% (64% to 95%), 67% (45% to 84%), and 76% (63% 
to 86%), respectively. Adding abnormal FDG uptake around 
the PV significantly increased the sensitivity of the modified 
Duke criteria at admission (70% [52% to 83%] vs. 97% [83% to 
99%] and became a new major criterion for IE diagnosis. This 
study was crucial in demonstrating the usefulness of 18F-FDG 
PET-CT in diagnosing IE in patients with PV.12 In 2015, the 
ESC included the 18F-FDG PET-CT in the algorithm for the 
detection of VP endocarditis as a major diagnostic criterion 
(Figure 1). PET CT should be carried out in patients whose 
modified Duke criteria are inconclusive (possible or rejected 
IE, in the presence of high clinical suspicion), two months 
after cardiac surgery, due to the risk of false-positive results 
related to scarring inflammatory process. At this point, the 
exam of choice is 18F-FDG PET-CT with labeled leukocytes.1 In 
Figure 2, we illustrate the use of 18F-FDG PET-CT in a patient 
with suspected IE and persistently negative echocardiography 
despite positive blood cultures. PET-CT clearly demonstrated 
abnormal glycolytic metabolism in the aortic prosthesis that 
was subcutaneously implanted on a valve-tube graft (valve-
in-valve), compatible with IE.

It is worth noting that PET CT has also been indicated for 
patients with suspected IE in native valves and even for patients 
with confirmed IE, for localization of both local (e.g. cardiac 
abscesses) and distal (e.g. septic embolism) complications. 
This has been compiled in the literature by systematic 
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reviews and meta-analyses, and been recommended by 
guidelines, including the updated Brazilian guideline on 
nuclear cardiology, updated in 2020.13 The use of PET-CT in 
the assessment of cardiac inflammation is one of the branches 
of nuclear medicine in precision medicine, not only in IE 
but also in the evaluation of myocarditis, particularly cardiac 
sarcoidosis, and pericardial inflammation.14 

When to use LLS in the management of IE in PVs and CIEDs 

LLS has been widely used to detect infection sites and applied 
in clinical practice for decades. Today, its use is recommended 
in patients with suspected IE, particularly in those with PVs or 
CIEDs, with negative results from conventional imaging methods 
but still with moderate/high suspicion of IE. In LLS, patient 
blood is aseptically prepared for labeling of leukocytes with a 
radiotracer, such as the 99mTc-hexamethylpropyleneamine oxime 
(HMPAO). The leukocytes are then radiolabeled, without losing 

their biological properties of chemotaxis and diapedesis, i.e., 
they can actively accumulate in active inflammation sites after 
being injected into the circulation. 

In this method, a sufficient number of leukocytes is required; 
50mL of blood is collected from the patient, and for neutropenic 
individuals (<2x103 neutrophils/mm3), an additional sample of 
blood may be required. Thus, the presence of neutropenia may 
be a limitation for the test. Also, LLS takes longer than 18F-FDG 
PET/CT, due to the whole process of labeling of leukocytes, and 
plasma and leukocyte isolation, which may take approximately 
two hours. For IE investigation, scintigraphic images are acquired 
at four and 24 hours after injection. This is important, since 
the scintigraphic criteria for detecting active infection is the 
presence of radiolabeled leukocyte uptake at four hours and 
an increase of the uptake at 24 hours. If radiolabeled leukocyte 
uptake is detected at four hours but not at 24 hours, the scans 
are classified as negative.2 The type of scintigraphic imaging is 
also important. In addition to the conventional whole-body 

Figura 2 - PET CT with 18F-FDG showing tracer uptake around valve endoprosthesis (valve-in-valve transcatheter aortic valve replacement) in a patient with 
positive blood cultures for streptococcus and persistently negative transesophageal echocardiograph; positive PET CT scan for IE

Figure 1 – Patients with suspected PV endocarditis benefit from the use of nuclear medicine after echocardiographic investigation, particularly TEE (adapted 
from Habib et al.1). IE: infective endocarditis; TEE: transesophageal echocardiography, 18F-FDG PET-CT: 18F-fluorodeoxyglucose positron emission tomography/
computed tomography; PV: prosthetic valve  
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and static images of the region of interest (i.e., the chest), single 
photon emission computerized tomography (SPECT) images 
are also indispensable in the investigation of endocarditis. 
Hybrid CT/scintigraphy devices allow acquisition of SPECT-CT 
images, which are more sensitive and specific than conventional 
scintigraphy and important in the diagnosis of IE (Figure 3). 

99mTc-HMPAO-labeled leukocytes has several indications, 
including in IE investigation. In 2015, the method was formally 
included in the ESC guidelines in the diagnostic algorithm of IE in 
patients with PV or CIED and suspected IE, as a major modified 
Duke criterion.1 According to the guidelines, 99mTc-HMPAO-
labeled leukocytes is indicated for patients with suspected IE, 
when echocardiographic findings are inconclusive or doubtful, 
as it can change patient classification from possible IE (by the 
Duke criteria) to definite IE in up to 25% of cases. The method 
is also indicated for detection of embolic events in extracardiac 
sites. Scintigraphic findings of embolic disease/metastatic 
infection in the lungs, spleen, bone and articular tissue.6 For the 
investigation of PV endocarditis, scintigraphy combined with 
99mTc-HMPAO-labeled leukocyte SPECT-CT has a sensitivity 
of 86% and specificity of 97%.15 Sensitivity of this method can 
reach 100% with the presence of perivalvular abscess.5 For 
CIED-associated IE, scintigraphy with 99mTc-HMPAO-labeled 
leukocyte SPECT-CT had 94% sensitivity, 100% specificity, 
100% positive predictive value and 94% negative predictive 
value.16 Besides, in these cases, the method helps to describe 
the extension of the infection, and whether it was specific 
to the generator or if the cables were involved. Patients with 
positive scintigraphy have higher risk of in-hospital mortality and 
complications.8 The literature recommends 18F-FDG PET-CT 
as the first line imaging modality due to its higher sensitivity 
compared with scintigraphy. Scintigraphy has higher specificity 
and is particularly useful for patients with a history of recent 
surgery (within the last two months) due to higher chance of 
false-positive 18F-FDG PET-CT.17

One of the greatest advantages of LLS is its high specificity 
for IE related to PV or devices, especially when compared with 
18F-FDG PET-CT, and the earlier screening for IE in patients 
with recent surgery compared with PET-CT. Also, as compared 

Figure 3 – 99mTc- HMPAO-labeled leukocyte scintigraphy with SPECT/CT in coronal (a) and axial (B) planes, with focal uptake in percutaneously inserted aortic 
valve prosthesis

with 18F-FDG PET-CT, there is no need for a special diet 
or fasting. Another advantage is the test is covered by the 
Brazilian national agency for supplementary health, which 
is not true for PET-CT.

Limitations for LLS in cl inical practice include 
manipulation of patient’s blood, the minimum volume 
of blood required for labeling, equipment (laminar flow 
cabinet and centrifuge) for leukocyte labeling). While in 
LLS, images should be obtained at two time points (four 
and 24 hours), in 18F-FDG PET-CT, 60- minute image 
acquisition was performed. Other clinical situations that 
may limit the use of LLS and its sensitivity are neutropenia, 
use of antibiotics or steroids, type of pathogens (higher 
sensitivity for neutrophil-mediated infections) and small 
vegetations (<6mm).6

 Finally, similar to PET-CT, LLS uses ionizing radiation, 
which, per se, is contraindicated in pregnancy. Lactating 
women should be instructed to discontinue breastfeeding 
for 24 hours mainly due to exposure of the infants to 
radiation while on their laps. 

Comparison of 18F-FDG PET CT versus LLS
How to choose a nuclear imaging technique when both 

18F-FDG PET CT and LLS are available? Referral centers 
for patients with suspected IE should have both techniques 
available; the methods are complementary, especially in 
highly complex cases and recent surgeries. The decision 
on which method to use should be individualized for each 
patient. Factors like technical characteristics, costs and 
availability of the methods, expertise of the group, and 
patient severity should be considered. In general, 18F-FDG 
PET CT is the method of choice in the literature, considering 
its wide availability in first-world countries, where the factor 
“cost” is less relevant in light of such a lethal disease as IE.18 
What makes FDG PET CT scintigraphy the method of choice 
is its operational characteristics. Rouzet et al.19 compared 
the performance of 18F-FDG PET and LLS in patients with 
PVs and showed that the former offers high sensitivity for 
the detection of active infection in patients with suspected 
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PV endocarditis and inconclusive echocardiography.19 
However, LLS offered a higher specificity than for diagnosis 
of IE and should, mainly in the first two months after cardiac 
surgery. A direct comparison of nuclear imaging techniques 
in patients with CIEDs was conducted by Calais et al.,20 who 
compared 18F-FDG PET CT with LLS. Forty-eight patients 
underwent both 18F-FDG PET CT and LLS. The diagnostic 
sensitivity, specificity, positive predictive value, and negative 
predictive value were respectively 80%, 91%, 80%, and 91% 
for 18F-FDG PET CT and 60%, 100%, 100%, and 85% for 
LLS. Although PET-CT was more sensitive than LLS, the latter 
showed higher specificity.20  

Conclusions
Nuclear medicine has become part of the diagnostic 

investigation of IE in patients with PVs or CIEDs. 18F-FDG 
PET CT has high sensitivity for detecting active infection when 
echocardiographic findings are inconclusive or negative. LLS 
is more specific than18F-FDG PET CT for the diagnosis of IE 
and should be considered in cases of doubtful or suspected 
false-positive 18F-FDG PET CT or in the first two months 
after cardiac surgery.
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Abstract
Amyloidosis is a systemic infiltrative disease characterized 

by the extracellular deposition of amyloid fibrils.  Heart 
involvement is common and associated with a poor prognosis. 
The most predominant types of cardiac amyloidosis (CA) 
are amyloid immunoglobulin light chain (AL) and amyloid 
transthyretin (ATTR). Diagnosis of CA and differentiation 
between the types are important for prognosis, therapy, and 
genetic counseling. ATTR-CA is an under-diagnosed cause of 
heart failure. However, great accomplishments in non-invasive 
imaging methods, as well as the possibility of effective clinical 
treatment, have shifted ATTR-CA from a rare and untreatable 
disease to a condition that clinicians should consider on a 
daily basis. The advent of scintigraphy imaging with bone-
seeking tracers has allowed the early diagnosis of ATTR-CA 
with high accuracy once monoclonal gammopathies have 
been excluded. Interpretation of cardiac scintigraphy with 
bone-seeking tracers requires expertise, and we propose a 
step-by-step guide to performing this exam in clinical practice 
according to the most recent guidelines. Moreover, we 
reviewed some crucial points that we believe are of paramount 
importance in clinical practice and patient outcomes. 

Introduction
Amyloidosis is a systemic infiltrative disease characterized 

by the extracellular deposition of misfolded proteins which 
aggregate as amyloid fibrils.  Heart involvement is common 
and, unfortunately, associated with a poor prognosis for those 
patients. The most predominant types of cardiac amyloidosis 
(CA) are amyloid immunoglobulin light chain (AL) and 
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amyloid transthyretin (ATTR). The latter is further subtyped 
into hereditary (ATTRv), which results from protein mutations, 
and wild type (ATTRw), formerly known as senile type, which 
is not associated with DNA mutations.1

ATTR-CA has been considered a rare disease, but recent 
data have shown an exponential increase in incidence over 
the past 10 years, especially for ATTR-CA wild type.2 Until 
very recently, only endomyocardial biopsy (EMB) could 
diagnose CA, and no specific treatment was available. Great 
accomplishments in non-invasive imaging methods, as well 
as the possibility of effective clinical treatment, have shifted 
ATTR-CA from a rare and untreatable disease to a condition 
that clinicians should consider on a daily basis.3 Bone-seeking 
tracers scintigraphy has assumed a central role in diagnosis 
since it is currently the only non-invasive imaging method 
capable of accurately diagnosing ATTR-CA.4

In order to guide good practice, consensus,5,6 practice 
points,7 and guidelines1,8 have been proposed by highly valued 
international societies. In this context, the authors decided 
to devise this guide based on their own experiences in the 
real world and call attention to some crucial points that we 
believe are of paramount importance in clinical practice and 
patient outcomes.

Bone-seeking tracers scintigraphy

Bone-seeking tracers

Amyloid deposits are the most direct targets to diagnose 
and type CA. They consist of insoluble b-pleated sheets of 
fibrils formed from misfolded precursor proteins, as well 
as non-fibrillar components of serum amyloid P (SAP), 
glycosaminoglycans, and calcium.9 Nuclear medicine methods 
act on a molecular level and can identify amyloid deposits 
even before structural and functional changes can be observed 
on echocardiography or cardiac magnetic resonance (CMR), 
leading to an early diagnosis that directly impacts  prognosis.6

In the past, bone-seeking tracers were used to detect 
myocardial necrosis, and their potential use to diagnose CA 
has been recently described.10 The phosphate domains in 
those tracers are supposed to bind to calcium in transthyretin 
fibrils. Pepys et al.11 suggest that the P-component could bind 
to amyloid fibrils via a calcium-mediated mechanism, and 
Stats et al.12 showed microcalcifications in EMB samples. The 
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precise molecular mechanism behind differential uptake in 
ATTR and AL-CA is not well known, but it has been postulated 
that it might be related to a higher calcium content, i.e., 
microcalcifications in TTR amyloid fibrils.10 Even so, in a 
few cases of AL-CA, the amount of microcalcifications is 
comparable to ATTR-CA, explaining why bone-seeking tracers 
are not specific for ATTR-CA.4

Perugini et al.13 first described that 3,3-diphosphono-
1,2-propanodicarboxylic acid linked to technetium-99m 
(99mTc-DPD) scintigraphy is highly sensitive and specific 
in differentiating ATTR-CA from AL-CA in patients with 
documented CA.  Subsequently, other authors have confirmed 
scintigraphy as an accurate diagnostic method, even when 
other types of bone-seeking tracers were used.14

Gillmore et al.4 have revolutionized clinical practice 
by proposing that ATTR-CA could be non-invasively 
diagnosed using bone scintigraphy. In a multicenter study 
involving 1217 patients with suspected CA, grades 2 or 3 of 
myocardial radiotracer uptake, in the absence of monoclonal 
gammopathies in serum or urine, had a specificity and positive 
predictive value of 100% to detect ATTR-CA. The results were 
similar among the most available bone-seeking tracers, as 
well as for patients with hereditary and wild-type ATTR-CA. 
Therefore, in this context, EMB is not needed, and specific 
treatment can be safely initiated.

As expected, after the publication of Gilmore et al.’s results,4 
an increase in the number of patients referred to scintigraphy 
was observed. However, it is worth mentioning that the study 
had included patients with a high pretest probability of CA, 
i.e., symptoms of heart failure and echocardiogram or CMR 
consistent with CA, and the scans were carried out in reference 
centers following the best practices. 

Nowadays, three types of 99mTc-labeled myocardial bone-
avid radiotracer have been used for the diagnosis of ATTR-CA:  
99mTc-pyrophosphate (99mTc-PYP), 99mTc-DPD, and 99mTc-
hydroxymethylene diphosphonate (99mTc-HMPD), and all 
have shown high accuracy for imaging cardiac TTR amyloid.5  

99mTc-PYP is the most used radiotracer in the United States 
and Brazil.  99mTc-DPD and 99mTc-HMPD are currently the 
most used in Europe and other countries. It is worth noting 
that, because of the 99mTc-PYP shortage, some centers in the 
United States have been using 99mTc-methylene diphosphonate 
(99mTc-MPD) as well. It is important to highlight that 99mTc-
MDP is currently used for bone scintigraphy, but it is not 
recommended for ATTR-CA diagnosis because of its low 
sensitivity compared to the other bone-seeking tracers.13

Imaging protocols and interpretation
Since 99mTc-PYP is the only radiotracer used for ATTR-CA 

diagnosis in Brazil, it will be the focus of this document. 
99mTc-PYP scintigraphy is a simple, inexpensive 

procedure available in major centers in Brazil. No absolute 
contraindications are described, and modern scans have 
allowed the use of lower doses of radiation. Furthermore, no 
preparation is required.5,15 

An activity dose of 10 to 20 mCi (370 to 740 MBq) of 99mTc-
PYP is administered intravenously. Subsequently, 2 to 3 hours 

after the injection, anterior and left lateral chest planar images 
are acquired, followed by a cardiac single photon emission 
computed tomography (SPECT) imaging. Whenever possible, 
a hybrid acquisition using SPECT associated to computed 
tomography (SPECT/CT) is advisable.5,15 

Former consensus5 and practice points15 recommended 
that planar and SPECT images should be obtained 1 hour after 
radiotracer injection. If a blood pool was present, a 3-hour 
image should be performed. Most recent data16 suggest that 
the 1-hour imaging is optional. Hutt et al.17 have demonstrated 
that myocardial and bone uptake over time is distinct. As the 
peak myocardial counts on planar images occur 1 hour after 
injection of 99mTc-DPD followed by a progressive decline 
over time, bone counts increase gradually and peak after 2 
to 3 hours. Therefore, 1-hour imaging is more sensitive, and 
3-hour imaging is more specific for ATTR-CA diagnosis. Similar 
kinetics is observed with the other radiotracers. It is important 
to emphasize that a 1-hour imaging protocol is equivalent to a 
3-hour protocol since SPECT images are incorporated, which 
positively impacts patient comfort and laboratory output.18

The first step in scan interpretation is to proceed to a visual 
or semi-quantitative analysis using planar imaging. Radiotracer 
uptake into the bones (ribs) is compared to heart uptake 
and rated as previously described by Perugini et al.:13 grade 
0 (no heart uptake and normal rib uptake), grade 1 (heart 
uptake less than rib uptake), grade 2 (heart uptake equal to 
rib uptake) and grade 3 (greater than rib uptake with mild/
absent rib uptake), as illustrated in Figure 1. Heart uptake must 
be confirmed in SPECT or SPECT/CT images. Scans showing 
visual scores greater than or equal to 2, i.e., 2 or 3 on planar 
and SPECT images, are classified as positive and suggestive 
of ATTR-CA (Figure 2). Analysis of planar images alone is no 
longer accepted, irrespective of the time between injection 
and scans, showing the importance of directly visualizing and 
confirming myocardial uptake. Then, we must always perform 
SPECT imaging.16

The second step is quantitative analysis. Bokhari et al.14 
defined a simple technique based on drawing a circular 
region of interest (ROI) over the heart on the anterior chest 
planar imaging and mirroring this ROI over the contralateral 
chest to adjust for background and ribs. Heart-to-contralateral 
lung uptake ratio (H/CL) is calculated as a ratio of heart 
ROI mean counts to contralateral chest ROI mean counts.  
H/CL > 1.5 at 1 hour-imaging and H/CL > 1.3 at 3-hour 
imaging are highly accurate to diagnose ATTR-CA (Figure 3). 
Hence, some caution is required when drawing the ROI, for 
example, size adjustment to maximize coverage of the heart 
without including the adjacent lung and avoiding sternal, ribs, 
and right ventricle areas to obtain reliable ratios. 

Planar imaging alone is limited in spatial resolution when 
compared to SPECT or SPECT/CT. Myocardial uptake cannot 
be differentiated from blood pool uptake; overlying rib uptake 
may add counts to the region of the heart, and attenuation 
correction is not feasible. SPECT overcomes these limitations 
and should always be performed.19 Indeed, Régis et al.20 
showed that visual analysis on SPECT imaging has led to fewer 
scans interpreted as equivocal when compared to quantitative 
analysis (H/CL ratio).
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Figure 1 –  Grading 99mTc-PYP uptake on planar and SPECT images. This figure illustrates visual semi-quantitative analysis of cardiac 99mTc-PYP uptake using planar 
(upper) and SPECT (lower) imaging. Radiotracer uptake into the rib is compared to heart uptake and rated: grade 0 (no heart uptake and normal rib uptake), 
grade 1 (heart uptake less than rib uptake), grade 2 (heart uptake equal to rib uptake) and grade 3 (greater than rib uptake with mild/absent rib uptake). From 
“99mTechnetium-pyrophosphate Imaging for Transthyretin Cardiac Amyloidosis” by Dorbala et al., 2019, ASNC Cardiac Amyloidosis Practice Points. Copyright 
2019 by American Society of Nuclear Cardiology. Reprinted with permission.15 99mTc-PYP: 99mTc-pyrophosphate; SPECT: single photon emission computed 
tomography; SQA: semiquantitative score.

Grade 0 Grade 1 Grade 2 Grade 3

Figure 2 –  Positive cardiac 99mTc-PYP scintigraphy. Planar images (A) demonstrate abnormally increased radiotracer activity in the heart (arrows) and greater 
than the ribs (Perugini grade 3), and SPECT (B) and SPECT/CT (C) images confirm radiotracer uptake throughout the left ventricle (arrows). Those findings are 
highly suggestive of ATTR-CA. The advantage of SPECT/CT imaging is to better identify myocardial 99mTc-PYP uptake. Source: the authors. ATTR-CA: amyloid 
transthyretin cardiac amyloidosis; 99mTc-PYP: 99mTc-pyrophosphate; SPECT: single photon emission computed tomography; SPECT/CT: single photon emission 
computed tomography associated to computed tomography.
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Another important change in diagnostic criteria is the role 
of the H/CL ratio. In a former consensus,6 H/CL ratio > 1.5 
was considered as strongly suggestive of ATTR-CA. Currently, 
a scan is strongly suggestive of ATTR-CA if diffuse myocardial 
uptake grade 2 or 3 is observed in SPECT imaging, even if the 
H/CL ratio is < 1.5. Nevertheless, the H/CL ratio can still be 
useful to reclassify equivocal exams as positive or negative.16

False-positive and false-negative results 
As previously stated, scintigraphy with bone-seeking tracers 

is a highly accurate method to diagnose ATTR-CA. However, 
some peculiar scenarios should always be considered, given 
that false-positive and false-negative results may occur, as 
described in Table 1.6,8,21

Regarding possible false negatives of scintigraphy for 
detecting ATTR-CA, the most common causes are an early-
stage disease where myocardial infiltration can be minimal or 
mild and not yet detectable, as well as some pathogenic TTR 
mutations such as Phe64Leu, Val30Met, Thr59Lys, Se77Tyr, 
and Glu61Ala;22 VaL122Ile has more recently been described 
in some subjects as well.23 It is well known that the sensitivity 
of bone avid tracer scintigraphy in hereditary ATTR-CA might 
be lower in some cases.5,21

Scintigraphy with bone-seeking tracers has led to fewer 
cases where EMB is required, but EMB is still considered the 
gold standard for the diagnosis of CA. EMB should always 
be considered in the following cases: 1) 99mTc-PYP scan is 
negative or equivocal, but clinical suspicion is high, i.e., 
echocardiogram or CMR show typical findings in patients 
with suggestive symptoms; 2) 99mTc-PYP scan is positive, but 
free light chains are elevated, or monoclonal gammopathy is 
present. It has been described in the literature that, in elderly 
patients, AL-CA and ATTR-CA might coexist; 3) Bone-seeking 
tracer scintigraphy is unavailable.21

It is worth mentioning that fat-pad biopsy is not highly 
sensitive to exclude ATTR amyloidosis and should not be 
routinely ordered.21

How to properly exclude gammopathies
Clinicians must not rely solely on imaging to confirm or 

exclude ATTR-CA. Gilmore et al.4 have shown that any grade 
of radiotracer uptake was associated with 99% sensitivity and 
68% specificity to diagnose ATTR-CA. The poorer specificity 
was due to false positives related to AL-CA. Indeed, 40% of 
patients with AL-CA might show any grade of radiotracer 
uptake on scintigraphy. Therefore, only uptake grade 2 or 
3 after the exclusion of AL- CA was associated with 100% 
specificity and positive predictive value for the non-invasive 
diagnosis of ATTR-CA. 

Serum-free light chain concentration and serum and 
urine immunofixation electrophoresis is > 99% sensitive to 
detect AL amyloidosis. However, serum plasma and urine 
plasma electrophoresis are much less sensitive and should be 
avoided.8 It is important to point out that up to 40% of patients 
with ATTR-CA may have a condition called monoclonal 
gammopathy of unknown significance (MGUS), and EMB is 
necessary to confirm ATTR-CA. Also, in some cases, MGUS 
may progress to AL amyloidosis or multiple myeloma, and 
those patients must be closely followed by a hematologist.24

Algorithms to diagnose CA
The Brazilian Society of Cardiology has proposed a very 

practical algorithm to guide CA diagnosis based on two main 
routes: Hematological and Cardiological (Figure 4).25

Perspectives for the near future
Studies have demonstrated that cardiac absolute 

quantification of 99mTc-PYP uptake is feasible with cadmium-
zinc-telluride gamma cameras (SPECT/CT), and that different 
quantification parameters correlated strongly with extracellular 
volume obtained by CMR. Larger studies are necessary to 
definitively establish the value of quantification in ATTR-CA 
and move to the next frontier in the non-invasive diagnostic 
evaluation of CA.26

Figure 3 – Quantitation of cardiac 99mTc-PYP using heart-to-contralateral (H/CL) lung uptake ratio over the heart on the anterior chest planar imaging. This image 
(shown in 3 different colors) was acquired 3 hours after the radiotracer injection. The H/CL was 1.76, which is highly accurate to diagnose ATTR-CA. Source: 
the authors. ATTR-CA: amyloid transthyretin cardiac amyloidosis; 99mTc-PYP: 99mTc-pyrophosphate
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Table 1 – Possible causes of false-positive scans for detecting transthyretin CA.

AL-CA: AL-CA is the most common and important cause of misdiagnosis. Most clinicians are not familiar with the fact that nearly 20% of scans can be 
positive in patients with AL-CA; therefore, always properly rule out AL-CA.

Blood pool uptake in planar images: Although they are not recommended, some labs still use solely planar images to diagnose CA, and a blood pool can 
be interpreted as a positive scan. Cardiac uptake must always be confirmed in SPECT images. Always perform SPECT.

Rib fractures, valvular and annular calcifications, and breast implants: These structures may overlay the heart, thereby affecting H/CL results. Currently, H/
CL alone is not recommended to diagnose CA. Always perform SPECT.

Acute or subacute myocardial infarction (< 4 months): Focal uptake may be present, and scintigraphy should not be used to diagnose CA in this early 
phase.

Hydroxychloroquine cardiotoxicity (histological confirmation).

Rare forms of CA for example, apolipoprotein A1).

AL-CA: amyloid immunoglobulin light chain cardiac amyloidosis; CA: cardiac amyloidosis; H/CL: heart-to-contralateral lung uptake ratio; SPECT: single photon 
emission computed tomography.

Figure 4 – Flowchart for diagnosing cardiac amyloidosis. Brazilian Society of Cardiology practical algorithm to diagnose CA based on two main routes: Hematological 
and Cardiological. Adapted from Position Statement on Diagnosis and Treatment of CA – 2021.25 CMR: cardiac magnetic resonance; ECG: eletrocardiogram; 
ATTR: amyloid transthyretin; TTR: transthyretin; SPECT: single photon emission computed tomography 

CLINICAL SUSPICION OF CARDIAC AMYLOIDOSIS BASED ON CLINICAL HISTORY AND PHYSICAL EXAMINATION 
WITH SUGGESTIVE FINDINGS IN ECG, ECHOCARDIOGRAM, AND CMR – TABLES 2 AND 4
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The advent of specific positron emission tomography (PET) 
amyloid-binding radiotracers has the potential to change 
currently employed diagnostic algorithms for imaging CA. 
These PET tracers have promising potential for the early 
detection of a particular type of CA, pursuing relevant medical 
intervention, assessing amyloid burden, monitoring treatment 
response, and determining overall prognosis.27

 

Final considerations

The advent of scintigraphy imaging with bone-seeking 
tracers has allowed the diagnosis of ATTR-CA with high 
accuracy once monoclonal gammopathies have been 
excluded. Interpretation of cardiac 99mTc-PYP images requires 
expertise, and we have proposed a step-by-step guide to 
performing this exam in clinical practice according to the most 
recent guidelines. We would like to highlight the importance 
of always performing SPECT imaging to truly ensure a positive 
test result and emphasize that false negatives can also occur, 
mostly in some inherited forms of ATTR-CA; in this scenario, 
an EMB might be necessary.
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Abstract
Infective endocarditis (IE) is a life-threatening condition 

and during its course several complications may occur, 
including embolic events, perivalvular extension and valvular 
destruction. Echocardiography is fundamental across all 
stages of the disease, from the diagnosis until the follow-up 
after completion of the definitive therapy. Three-dimensional 
transesophageal echocardiography (TEE) can demonstrate a 
better anatomical definition and it is especially useful in the 
assessment of perivalvular extension of the infection, prosthetic 
valve dehiscence and valve perforation. In this article we 
report a case of double damage in the same mitral valve: 
leaflet perforation and rupture of chords in a patient with IE.

Introduction 
Echocardiography has a known important role in the 

diagnosis of IE, the prediction of embolic risk, the prognostic 
assessment of the patients, as well as for their follow-up 
under therapy, helping the physician in decision-making, 
mainly when a surgical intervention is considered. In this 
rare case, we demonstrate the additional value of the 3D TEE 
in the assessment of double lesion in the same mitral valve 
(perforation and ruptured chords) in the presence of IE with 
a realistic, single and peculiar en face view of the mitral valve.

Case Presentation 
A  55 - yea r - o l d  ma l e  pa t i en t  w i t h  A cqu i r ed 

Immunodeficiency Syndrome  (AIDS)  and chronic kidney 
disease, undergoing dialysis, was admitted to a hospital 
complaining of progressive dyspnea for 3 months, lower-
limb edema and sporadic episodes of fever. He had multiple 
reports of previous hospitalizations due to dialysis catheter 
infection and currently with multiple dental abscesses. 
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Antibiotic therapy was introduced, and the patient was 
submitted to cardiac evaluation.

A transthoracic echocardiography (TTE) showed diffuse 
left ventricular hypokinesia with an ejection fraction 
estimated at 45% (Simpson’s method). The valve was 
diffusely thickened with multiple, small, movable thread-
like strands structures carpeting the entire atrial surface of 
both leaflets. It was also observed that the mitral valve had a 
suggestive image of perforation in the anterior leaflet, which 
was responsible for generating a significant regurgitation 
jet at the Color Doppler flow mapping.  Furthermore, the 
presence of a second regurgitation jet was demonstrated 
from the posterior leaflet (Figure 1; Video 1). Two-
dimensional TEE (2D TEE) showed a characteristic anterior 
leaflet perforation image with significant regurgitation 
(Figure 2A, 2B; Videos 2 and 4). Additionally, a chordal 
rupture image was observed in the apical two-chamber  
view, related to the medial scallop of the posterior leaflet 
(P3) with a second and eccentric valve regurgitation jet 
(Figure 2C, 2D). The 3D TEE in the en face view of the mitral 
valve realistically demonstrated the two valve dysfunction 
mechanisms (Video 3). In a single and peculiar image, the 
presence of an evident perforation and its precise location 
were observed in the attachment basis of the anterior 
mitral leaflet at the aortic-mitral curtain associated with 
the presence of ruptured chords in the P3 scallop of the 
posterior leaflet (Figure 3A).

After a period of antibiotic therapy, the patient 
underwent cardiac surgery. The intraoperative findings 
related to the double damage in the same valve - rupture of 
the posterior leaflet chordal and perforation of the anterior 
leaflet of the mitral valve - were confirmed (Figure 3B, 3C). 
Mitral valve replacement was performed with implantation 
of a biological prosthesis, without complications.

Discussion
IE  may be responsible for acute mitral regurgitation 

through several mechanisms, including leaflet perforation, 
mitral valve annulus alteration secondary to abscess 
formation, or chordae tendineae rupture.1

Native valve perforations develop in 10% to 30% of 
patients with IE.2 An accurate differentiation between true 
vegetations and other IE-related changes, such as ruptured 
chordae, is frequently difficult to establish.3 

Even with 2D TEE, which is much more sensitive than 
TTE (90% vs 45%), perforations can be difficult to visualize 
using 2D imaging alone. 3D TEE imaging can significantly 
enhance detection of valvular perforations complicating IE.4
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Real-time 3D TEE is particularly useful in the assessment 
of perivalvular extension of the infection, prosthetic valve 
dehiscence and valve perforation.5 We present a rare case 
of two dysfunction mechanisms present in the same valve.

But that is the question: Is the chordae rupture of primary 
etiology (since we have a diffusely thickened valve, even 
without a previous diagnosis of mitral valve prolapse - MVP) 
or secondary to the infection itself?

It is known that there are multiple causes of chordae 
tendineae rupture. IE was considered the main etiology in 
the remote past. However, currently, after some studies of 
case series, it appears that the main etiology is primary, with 
mitral valve prolapse being the leading cause.6

It is worth remembering that mitral valve prolapse is 
considered a predisposing condition for both chordae 
tendineae rupture and IE, since it makes the valve 
anatomically abnormal and, therefore, a substrate for the 
occurrence of vegetations.

Once an infection is installed, it is not a simple task 
to identify the cause of the rupture: primary etiology or 
endocarditis.

In a study conducted by Shirley Portuguese et al.,6 66% of 
patients diagnosed with endocarditis were previously aware 
of the presence of MVP, while only 9% of the primary etiology 
group knew that they had the pathology.

This allows us to affirm that it is not safe, in this case, to 
state that the chordae rupture is due to IE. It is possible that 
this is a patient with rupture secondary to MVP, which was 
a predisposing condition for the occurrence of endocarditis.

Still regarding this case, although the 2D TEE established 
the diagnosis, the 3D TEE, through the singular en face view, 
was able to demonstrate additional information, such as 
extension and actual location of the valve perforation and 
the ruptured chords with a realistic and peculiar view of 
the mitral valve.

Especially in the context of IE, providing valuable data 
such the mechanisms intrinsically responsible for valve 
regurgitation, the exact location of the perforation is of great 
importance and have not only diagnostic but also prognostic 
value. The three-dimensional echocardiographic imaging 
is ideal for interrogating the anatomy of each individual 
components of the mitral apparatus.7-10 So it is a better 
approach to plan the surgical procedure, since it is possible 
to define the valve dysfunction mechanism, as well as the 
precise lesion location.

Conclusion
The 3D TEE is important for the accurate characterization 

of the complexity of mitral valve lesions through a 
better anatomical definition of the valve. This accurate 
characterization of valve disease is fundamental for the 
determination and planning of the surgical procedure.

Figure 1 – TTE. A)  Parasternal long-axis view showing a thickened mitral valve with characteristic image of perforation (orange arrow) in the anterior leaflet 
(left) and significant severe mitral regurgitation jet at the color Doppler flow mapping (right) originating from the perforation orifice; B)  Apical four-chamber 
view showing the thickened aspect of the entire valve (left) with a second jet of severe eccentric mitral regurgitation related to the posterior leaflet. RV: right 
ventricle; LV: left ventricle; LA: left atrium; Ao: aorta.

Figure 2 – A) Four-chamber view showing the characteristic perforation 
image in the anterior mitral leaflet (orange arrow); B) Color Doppler flow 
mapping showing the regurgitation jet (orange arrow) originating from 
the orifice; C) Two-chamber view showing ruptured chord associated 
with P3 scallop of the posterior leaflet of the mitral valve; D) Significant 
jet of severe mitral regurgitation related to the rupture of the P3 scallop 
chords. RV: right ventricle; LV: left ventricle; LA: left atrium; LAA: left 
atrial appendage.
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Figure 3 – A) Zoomed three-dimensional TEE imaging through en face view of the mitral valve, as seen from the left atrium showing the evident perforation 
orifice (black arrow) in the attachment basis of the anterior mitral leaflet - scallop A2 - and ruptured chords (red arrow) in the P3 scallop of the posterior leaflet; 
B)  Surgical view of the mitral valve after opening the left atrium showing perforation in the anterior leaflet (black arrow); C)  Surgically removed mitral valve 
seen on its left ventricular face corroborating the echocardiographic image, showing perforation (black arrow) in the anterior leaflet and the P3 scallop (red 
arrow) of the posterior leaflet, where the presence of ruptured chords (red arrow) can be observed.
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Video 1 – TTE showing a thickened mitral valve with image of perforation and 
a significant regurgitation mitral jet origination from the orifice. Link: http://
abcimaging.org/supplementary-material/2023/3602/abc-322-vídeo-1.mp4

Video 3 – 3D TEE mitral en face view showing the double damage: 
perforation and ruptured chords. Link: http://abcimaging.org/supplementary-
material/2023/3602/abc-322-vídeo-3.mp4

Video 2 – 2D TEE showing a significant jet of mitral regurgitantion related to 
the rupture of P3 scallop chords. Link: http://abcimaging.org/supplementary-
material/2023/3602/abc-322-vídeo-2.mp4

Video 4 – 2D TEE 4 chamber view showing the perforation image in the anterior 
mitral leaflet. Link: http://abcimaging.org/supplementary-material/2023/3602/
abc-322-vídeo-4.mp4
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Comparative Analysis of Myocardial Work After Decongestion 
Therapy in a Patient With Acutely Decompensated HFrEF
Alexandre Costa Souza,1,2  Stephanie de Azevedo Drubi,1,2  Bruna de Mattos Ivo Junqueira,1,2  Ricardo André 
Sales Pereira Guedes,1,2  Adriano Chaves de Almeida Filho,1,2  Carolina Thé Macêdo1,2
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Introduction
Acutely decompensated reduced ejection fraction heart 

failure (HFrEF) is one of the leading causes of hospitalization 
in our setting, with a 90-day readmission rate of 50%.1 The 
use of additional tools in the assessment of the left ventricular 
function, such as the measurement of myocardial deformation 
through the Global Longitudinal Strain of the left ventricle 
(GLS) has greater prognostic value than the evaluation of 
the left ventricular ejection fraction (LVEF) by the Simpson 
method.2 Despite the analysis of the myocardial deformity 
through the GLS being considered an independent predictor 
of mortality in patients with HFrEF, it is a parameter that 
experiences changes in pre- and after-load and, therefore, 
has limitations regarding the assessment of ventricular 
performance.2-4 Myocardial work (MW) has stood out in 
recent years as a complementary tool to access parameters 
of myocardial function from the GLS-derived analysis, with 
the benefit of incorporating afterload information through 
the interpretation of the dynamic curve of deformity due to 
non-invasive left ventricular (LV) filling pressure.5 Hence, the 
analysis of MW has been encouraging in patients with HFrHF, 
and, when analyzed in combination with classic hemodynamic 
parameters, it can add information with greater accuracy and 
prognostic value in the cardiac decompensation scenario.3-5

Clinical Case
Male patient, 52 years old, hypertensive, dyslipidemic, 

former smoker, admitted to the emergency unit for progressive 
Dyspnea Functional Class IV (NYHA) approximately one 
month ago. He presented worsening of the clinical condition 
in the last few days associated with orthopnea, lower limb (LL) 
edema and reduced urinary volume. The patient was admitted 
to the intensive care unit (ICU), using low-flow oxygen through 
a nasal catheter, for investigation and standard treatment of 
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decompensated heart failure, including decongestion therapy 
with intravenous diuretics and vasodilators. Electrocardiogram 
in sinus rhythm on admission, with first-degree atrioventricular 
(AV) block, signs of left chamber overload with LV strain pattern 
and QRS duration of 100ms. Transthoracic echocardiogram 
(TTE) showed significant LV systolic dysfunction (LVEF: 25%) 
and right ventricle with borderline diameters (basal segment: 
42mm and medial segment: 34mm); RV S’: 09 cm/s; TAPSE: 
15mm; FAC: 30%; mild tricuspid valve reflux with estimated 
pulmonary artery systolic pressure (PASP) through tricuspid 
reflux of 75mmHg, considering right atrial pressure of 
15mmHg (inferior vena cava measurement of 21mm with 
inspiratory collapse < 50%); in addition to mitral valve reflux 
of an important degree of functional etiology. During the 
examination, blood pressure was 140 x 80 mmHg. The GLS 
analysis resulted in a value of -04%, global MW index of 385 
mmHg%, constructive MW of 678 mmHg%, wasted MW of 
359 mmHg% and efficiency of MW of 65%.

From the laboratory point of view, the patient had plateau 
troponin I (TnI) (0.135 > 0.133µg/L), increased NT pro-BNP 
and creatinine (6670 pg/m and 1.5 mg/dl, respectively), with 
no signs of associated infection. Cardiac catheterization was 
indicated to investigate coronary disease, without evidence 
of obstructive lesions.

The patient evolved with progressive clinical and 
hemodynamic improvement, being discharged from the ICU 
within 48 hours and responding well to the therapy instituted, 
without the use of supplemental oxygen and maintaining a 
negative fluid balance. He remained stable after converting 
the diuretic to oral administration, showing improvement in 
objective laboratory parameters (TnI: 0.135> 0.133> 0.09 
µg/L; NT pro-BNP: 6670> 5594> 3818 pg/m), function stability 
(Cr: 1.5> 1.4> 1.5 mg/dl), in addition to improvement in 
dyspnea (CF II NYHA) and LL edema, with good deambulation 
tolerance and estimated weight loss of 3.6 kg since admission 
and negative cumulative fluid balance of 4,000ml.

TTE was performed at the time of hospital discharge, 72 
hours after admission, with evidence of maintenance of the 
LVEF (26%), however, it showed indirect signs of reduced 
venous pressure in the right chambers (measurement of 
the inferior vena cava of 16mm with inspiratory collapse 
> 50% and minimal tricuspid valve regurgitation with 
Doppler curve limitation for PASP estimation). At the time 
of the examination, the blood pressure measured was 
130 x 80 mmHg, showing new parameters: GLS of -07%, 
global MW index of 614 mmHg%, constructive MW of 
839 mmHg%, wasted MW of 152 mmHg% and efficiency 
of the MW of 80%.
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Discussion
In the context of assessing ventricular performance 

in patients with HFrHF, the GLS has become a tool 
with prognostic information for the follow-up of this 
population.3 Nevertheless, one of the limitations of the 
Longitudinal Strain is the dependency on pre- and post-
load, whose variations can lead to alterations in its values 
with subsequent interference in the results.3 Usually, the 
WM can allow an in-depth evaluation of the systolic 
performance of the myocardium through a wide range of 
physiological and pathological conditions in addition to 
traditional echocardiographic techniques.5 In this context, a 
recent study using MW in HFrEF showed greater sensitivity 
in the assessment of ventricular systolic function when 
using speckle tracking analysis of myocardial deformation 
combined with the measurement of non- invasively, LV 
ventricular pressure, reducing load-dependent limitation 
on myocardial contraction.4,6

The quantification of cardiac work occurs through the 
following indexes: global MW index (GWI), constructive 
MW (GCW), wasted MW (GWW) and global efficiency 
(GWE).4 There is growing evidence about the evaluation 
of constructive work (GCW) after optimization of therapy 
in heart failure, suggesting the identification of patients at 
increased risk of major cardiovascular events, as well as 
good correlation with conventional laboratory prognostic 
parameters, such as NT pro-BNP and troponin values.5 
Nevertheless, reference values for patients with HFrEF have 
not been described, so comparative analysis of parameters 
before and after decongestion therapy was used. Some 
studies also suggest a greater sensitivity of global MW index 
values related to functional improvement, demonstrated by 
the increase in the distance covered in 6 minutes without 
changes in LVEF and GLS.5

Comparatively in the case described, there was clinical 
improvement, reduction in the value of NT pro-BNP, 
improvement in all ventricular performance parameters 

analyzed, as well as an increase in GLS after decongestion 
therapy. In the analysis of the area of the deformity-pressure 
curve, there was an increase in the area correlated with the 
improvement in metabolism and the total amount of work 
performed by the LV, expressed through the reduction of global 
wasted work and increase of global constructive work (Figure 
1). Additionally, there was an increase in overall efficiency of 
MW from 65% to 85%, with a reduction in overall wasted work 
from 359 mmHg% to 152 mmHg% (Figure 2), findings in line 
with published studies.3,5 The described report demonstrates 
the use of this tool, through the recognition of the increase in 
GCW and GWE with a reduction in the rate of wasted MW, 
which can detect early markers of the effectiveness of therapy 
for decompensated HFrEF.

In the context of acute decompensation of heart failure, 
non-invasive dynamic assessment using MW is more sensitive 
than GLS in characterizing myocardial performance, adding 
prognostic value to other parameters already established.3,5 
Additionally, the joint assessment of WM with the patient’s 
clinical condition and laboratory tests, such as NT pro-BNP and 
troponin values, can help in decisions regarding the adjustment 
of pharmacological therapy, diuretic conversion, evaluation of 
hospital discharge and even in the follow-up clinical.5

Although it is a technique with encouraging applicability 
in this scenario of assessing ventricular performance in HFrEF, 
there are intrinsic limitations to the method that must be 
considered. The measurement of myocardial deformation 
depends on the quality of the 2D image and the frame 
rate, and may generate inaccurate results in the presence of 
limited acoustic windows as well as in the presence of non-
sinusal rhythm. The software for MW analysis is owned by a 
single company, with low reproducibility so far; alterations 
in ventricular geometry, as well as the presence of aortic 
stenosis are conditions in which the measurement of wall 
stress should be included in the assessment of WM instead 
of, exclusively, the non-invasive estimation of LV pressure.4 
In addition, the technique does not allow the performance 
evaluation, combined with the speckle tracking analysis, of 

Figure 1 – Comparative analysis of MW before and after decongestion therapy. Evaluation of the pressure-deformity curve of the left ventricle and bull’s eye of 
the 17 segments in patients with dilated cardiomyopathy with severe ventricular dysfunction before (A) and after (B) decongestion therapy.
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Figure 2 – Comparative analysis of MW before and after decongestion therapy. Evaluation of the pressure-deformity curve of the left ventricle and bull’s eye of 
the 17 segments in patients with dilated cardiomyopathy with severe ventricular dysfunction before (A) and after (B) decongestion therapy.

other chambers, such as the right ventricle and left atrium, 
which are important for the global evaluation of the prognosis 
of patients with HFrHF.4,5

Additional studies are required to validate these parameters 
and their correlation with clinical and laboratory markers, with 
the possibility of adding prognostic value to this patient profile, 
being able to identify patients at greater risk of readmissions, 
as well as monitoring the response to clinical therapy.5
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Acute Coronary Syndrome Followed by Pulmonary 
Thromboembolism and Identification of a Large Fixed Thrombus 
between Atria in a Patient with Severe COVID-19: A Case Report
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Silva,1  João Lucas O’Connell1
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Introduction
Patent foramen ovale (PFO) is a relatively frequent 

congenital heart defect; however, the identification of large 
thrombi between the atria through a PFO is a rare condition.1 
When visualized, they represent a major clinical challenge and 
require emergency treatment.2 

The severity of this condition becomes even more 
accentuated when associated with other thrombotic events, 
such as pulmonary embolism.3 In turn, these events may 
have their genesis in hyperinflammatory states with high 
thrombogenic and angiopathic potential, as in the case of 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection.4

This study reports a rare case of a large fixed thrombus 
between the atria in a patient with severe condition caused 
by COVID-19, associated with the diagnosis of pulmonary 
embolism, which occurred days after an acute coronary 
syndrome (ACS) event.

Case description
We report the case of a 69-year-old female patient with 

grade III obesity,  history of hypertension, hypothyroidism, 
and chronic venous insufficiency. On the sixth day of 
COVID-19 symptoms, the patient was hospitalized due 
to dyspnea and desaturation. At that time, isolation, 
bed rest, prophylactic anticoagulation with enoxaparin, 
supplemental oxygen, and non-invasive ventilatory support 
were required. 

On the sixteenth day of evolution, the patient presented 
sudden-onset chest pain with tightness, radiating to the 
left upper limb, associated with sudden worsening of 
dyspnea. The electrocardiogram revealed an ST-segment 
elevation in the inferior wall, compatible with evolving 
acute myocardial infarction. The patient was referred to 
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a tertiary hospital for diagnostic coronary angiography, 
which was performed more than 12 hours after the onset 
of symptoms, due to persistent chest pain, dyspnea and 
dependence on oxygen therapy. Coronary angiography 
showed tortuosity of the proximal segment of the right 
coronary artery (RCA) associated with a subocclusive 
stenosis of its middle segment, with an image suggestive of 
intracoronary thrombus (Figure 1A, 1B). No other coronary 
injury was observed. Primary angioplasty was carried out 
with drug-eluting stent implantation in the RCA, with 
satisfactory clinical and angiographic results (Figure 1C). 

The patient was maintained on dual antiplatelet therapy 
with acetylsalicylic acid (ASA) and clopidogrel. On the 
day after angioplasty, she underwent a transthoracic 
echocardiogram that showed preserved cardiac chambers, 
left ventricular inferior wall hypokinesia, and preserved 
global ventricular systolic function. Moreover, the presence 
of a hypoechoic image with hypermobility in the left atrial 
cavity, measured at 60 mm × 10 mm, extending to the 
left ventricle, and a hypoechoic image with hypermobility 
in the right atrial cavity, measured at 55 mm × 10 mm, 
extending to the right ventricle were identified (Figure 
2, Figure 3A, Video 1, Video 2), both suggestive of large 
intracavitary thrombi. In the diagnostic complementation 
by transesophageal echocardiography, a large filament 
image was confirmed, straddling the PFO, with mobile 
segments in the right and left atria (Video 3, Video 4, 
Video 5). No signs of pulmonary hypertension or right 
chamber overload suggestive of pulmonary embolism 
were identified.

Due to the risk of thrombus fragmentation and 
possible pulmonary or arterial embolization, the option of 
fibrinolysis was not considered. Once the characteristics 
and dimensions of the thrombus, the risk of pulmonary and 
systemic embolism, the recent infection status, the use of 
dual antiplatelet therapy and the increased risk of bleeding 
were known, surgical embolectomy was scheduled for the 
following days. Full anticoagulation with subcutaneous 
enoxaparin was initiated, and ASA was maintained.

In order to perform the embolectomy surgery, we opted 
to use tirofiban instead of clopidogrel, maintaining the triple 
therapy with enoxaparin, ASA, and tirofiban for 5 days before 
surgery. However, on the day immediately before surgery, 
a new control transthoracic echocardiogram showed that 
the interatrial thrombus was no longer present (Figure 3B). 
The presence of PFO was visualized, without associated 
thrombi, with left-right shunt. In view of this finding, surgical 
embolectomy was suspended.
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Figure 1 – Coronary angiography. A and B: Tortuosity of the proximal segment of the RCA associated with a subocclusive stenosis of its middle segment, with 
an image suggestive of intracoronary thrombus; C: RCA after drug-eluting stent implantation with good angiographic result after angioplasty.

Figure 2 – *Transthoracic echocardiogram with hypoechoic image in the left and right atrial cavity extending to the left and right ventricles, respectively.

Figure 3 – *A: *Transthoracic echocardiogram with hypoechoic image in the left and right atrial cavity extending to the left and right ventricles, respectively;  
B: Absence of interatrial thrombus after drug therapy.

To investigate possible thrombus fragmentation and 
secondary embolization, the patient underwent a pulmonary 
artery computed tomography angiography with iodinated 
contrast in cross-section. The exam demonstrated filling defects 
in the left pulmonary artery trunk and in segmental arterial 
branches to the left lower lobe, suggestive of acute pulmonary 
thromboembolism (Figure 4), in addition to lung parenchyma 

with sequelae of COVID-19. Carotid and venous Doppler 
results of lower limbs did not show significant changes.

Due to complete remission of the thrombus associated 
with PFO and clinical compensation, the patient was 
discharged from the hospital on day 33 of COVID-19 
diagnosis, without requiring oxygen. Triple therapy (ASA, 
clopidogrel, and rivaroxaban) was indicated for 30 days due 
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Videos 1 and 2 – Transthoracic echocardiogram with hypoechoic image with hypermobility in the left and right atrial cavity extending to the left and right 
ventricles, respectively.
Link video 1:  http://abcimaging.org/supplementary-material/2023/3601/ABC 351_RC_Vídeo1.mp4
Link video 2:  http://abcimaging.org/supplementary-material/2023/3601/ABC 351_RC_Vídeo2.mp4

1 2

Videos 3, 4 and 5 – Transesophageal echocardiography with hypoechoic large filament image, straddling the PFO, with mobile segments in the right and left atria.
Link video 3:  http://abcimaging.org/supplementary-material/2023/3601/ABC 351_RC_Video3.mp4
Link video 4:  http://abcimaging.org/supplementary-material/2023/3601/ABC 351_RC_Video4.mp4
Link video 5:  http://abcimaging.org/supplementary-material/2023/3601/ABC 351_RC_Video5.mp4

3 4

5

http://abcimaging.org/supplementary-material/2023/3601/ABC 351_RC_Vídeo1.mp4
http://abcimaging.org/supplementary-material/2023/3601/ABC 351_RC_Video2.mp4
http://abcimaging.org/supplementary-material/2023/3601/ABC 351_RC_Video3.mp4
http://abcimaging.org/supplementary-material/2023/3601/ABC 351_RC_Video4.mp4
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Figure 4 – Pulmonary artery CT angiography. A: Filling defects in segmental arterial branches to the left lower lobe; B: Filling defects in the left pulmonary 
artery trunk.

to the high thrombotic risk, in addition to beta-blocker and 
statin therapy for coronary artery disease. After this period, 
ASA was suspended, and rivaroxaban and clopidogrel were 
administered for at least another 6 months, to optimize the 
risk-benefit ratio of prophylaxis of thromboembolic events 
versus prevention of bleeding events.

Discussion
The case reported here exemplifies an association between 

COVID-19 and ACS, already observed in some patients in 
recent years.5 Notably, it is not possible to state whether ACS 
occurred due to the classic rupture of an atherosclerotic plaque 
in the RCA or due to an embolus originating from the thrombus 
through the PFO, identified one day after the coronary event. 
Numerous recent reports in the literature indicate that, even 
without a previous atherosclerotic event,6 the pro-inflammatory 
and prothrombotic state related to COVID-19 may act as 
triggering factors for coronary thrombosis.5

The increased metabolic demand caused by a viral 
infection can induce hypoxemia, hypotension, instability of 
atherosclerotic plaques, or some stress on the vascular system, 
thereby leading to the development of an occlusive thrombus 
and, consequently, ACS.6 Furthermore, the inflammatory injury 
caused by SARS-CoV-2 in vascular and cardiac cells is also 
capable of causing ischemia or myocardial infarction.5

Another previously documented hypothesis is related to 
coagulation abnormalities, including increased prothrombin 
time, elevated D-dimer levels, platelet activation, and 
endothelial dysfunction7 during severe cases of COVID-19. 
This scenario favors thrombogenesis and corroborates the 
occurrence of thromboembolic complications. Besides 
that, immobilization secondary to prolonged hospitalization 
also contributes to the hypercoagulable state, given the 
thrombogenic potential of blood stasis.8 Additionally, obesity 
and chronic venous insufficiency are also risk factors for the 
occurrence of thromboembolic events, especially in patients 
with PFO.7

Another relevant aspect was the visualization of a thrombus 
trapped in the PFO during the transthoracic echocardiogram, 
which is a rare event.9 Its identification requires immediate and 
timely treatment, especially due to the possible outcome of 
pulmonary or paradoxical systemic embolism.2 If that occurs, 
the brain is the most frequently affected organ, followed by 
the coronary arteries.1 It is not possible to state whether the 
identified interatrial thrombus was formed from the progression 
of a thrombus formed at the site or whether it was secondary 
to the expansion of an embolus from the lower limb or pelvis 
to the pulmonary artery, eventually “captured” by the PFO.

It is noteworthy that the transit of the thrombus in the 
interatrial septum, through the PFO, occurs when right atrial 
pressure exceeds left atrial pressure. This can happen in cases 
of acute pulmonary embolism and pulmonary hypertension.9 
In this case, the patient underwent an angiotomography of the 
pulmonary arteries, which showed filling failures compatible 
with pulmonary thromboembolism, but it was not possible to 
confirm the date of its occurrence.

Treatment strategy of thrombus in transit is challenging 
and controversial,1,2 but three possible approaches include 
anticoagulation, fibrinolysis or cardiac surgery, which have 
particular benefits and risks.1,2 It is worth emphasizing that 
anticoagulation alone is primarily used in patients with 
comorbidities or patients who refuse invasive therapy.1

Fibrinolysis should be considered in hemodynamically 
unstable patients with high surgical risk.1 In view of the stability 
of the patient, this therapeutic option was not considered. 
Furthermore, this approach may cause thrombus fragmentation 
with subsequent pulmonary and/or systemic embolization.1,2

Currently, the treatment associated with a lower overall 
incidence of post-therapy embolic events and lower mortality 
is cardiac surgery for thrombus extraction.2,3 The recommended 
treatment is surgical embolectomy with exploration of the right 
heart and closure of the PFO using cardiopulmonary bypass.2 
This was the conduct of choice for the patient in the reported 
case. However, surprisingly, the prescribed pre-surgical drug 
therapy (ASA, enoxaparin, and tirofiban for 5 days) resulted 
in complete disappearance of the thrombus.
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Considering the disappearance of the image of the 
interatrial thrombus and a possible pulmonary and systemic 
embolization,1,2 carotid, vertebral, and lower limb Doppler 
scans were performed, with normal results. Nevertheless, 
an angiotomography of the pulmonary arteries revealed an 
acute pulmonary thromboembolism. It is not possible to state 
whether the patient had already had an episode of pulmonary 
embolism before the occurrence of ACS. On the one hand, 
the previous occurrence of pulmonary thromboembolism 
could facilitate the understanding of the thrombus in transit 
through a PFO due to the increase in right atrial pressure.9 
However, the absence of signs of pulmonary hypertension and 
right chamber overload on the first echocardiogram makes it 
difficult to defend this thesis to explain the pathophysiological 
mechanism. Thus, the occurrence of pulmonary embolism as 
a consequence of the dissolution of the interatrial thrombus 
through drug therapy used seems more plausible.

The uniqueness of the case reported, as a limitation of 
the study, makes it difficult to generalize the results and 
conclusions obtained in our analysis; furthermore, it supports 
the replication of the procedures used.
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Introduction
The interruption of the aortic arch is a rare congenital 

cardiopathy, whose surgical correction generally requires 
reconstruction of the aortic arch. This intervention can cause 
distortion of the aortopulmonary space and results in bronchial 
compression with a consequent pulmonary atelectasis and 
dependence on ventilatory assistance. The most commonly 
used therapeutic options for bronchial decompression are not 
always enough to make pulmonary expansion possible. Our 
study presents a case of the implant of an endoluminal stent 
in an infant who, in the post-operative stage of the correction 
of the interruption of the aortic arch, developed complete 
atelectasis of the left lung secondary to bronchial compression, 
with no response after posterior aortopexy

Case Report
Our study presents the case of a 3-year-old, preschool, 

female patient with a diagnosis of the interruption of the aortic 
arch and a major interventricular communication, submitted 
to the reconstruction of the aortic arch at 13 days of life, with 
end-to-side anastomosis of the descending aorta with the 
ascending aorta, due to the large distance from the stumps 
and difference in the diameter of the aortic extremities. 

In post-op, the patient presented complete and persistent 
atelectasis of the left lung (Figure 1A) and was kept on 
mechanical ventilation with high-level parameters, with no 
possibility of extubation.

Bronchoscopy suggested an extrinsic compression of the 
proximal portion of the left bronchus, a hypothesis confirmed 
by angiotomography, which demonstrated an external vascular 
compression of the main left bronchus between the left atrium 
and the descending aorta (Figure 2A). 

Despite the tracheostomy performed at two months of age 
and positive pressure ventilation, the child continued with a 
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collapsed left lung and frequent episodes of hypoxia. At three 
months of age, she was submitted to aortopexy, which promoted 
an adequate distancing of the aorta from the bronchus, but this 
did not result in lung aeration, demonstrating damage to the 
bronchial structure. A resection of the altered tracheal segment 
was contraindicated due to technical difficulties and the severity 
of the ventilatory condition.

At four months, after a multidisciplinary discussion, an 
expandable mechanical stent (Cordis Palmaz® BlueTM 5x15 
mm) was implanted in the left bronchus by the hemodynamic 
service team (Video 1). Hence, progressive aeration of the 
affected lung (Figure 1B) led to a decrease in the ventilatory 
parameters. The child evolved with refractory heart failure 
due to the drug treatment, and was thus submitted to surgical 
correction of the ventricular septal defect and an implant of a 
stent in the anastomosis region of the aorta (Video 1), which 
proved to be stenotic, with good results.

During bronchoscopy follow-up, an excessive proliferation 
of the granulation tissue was observed (Figure 3A), causing a 
progressive obstruction of the bronchial light, with no response 
to the three attempts of balloon dilatation and consequent total 
obstruction after three months of stent implant.

As the child presented a good respiratory pattern, using 
oxygen inhaled through the tracheostomy, she was released at 
eight months of life, with the proposal of the evaluation of the 
implant of a new bronchial stent (Dynamic Renal® 5x15 mm).  

At approximately one year of life, five months after 
bronchoscopic confirmation of the total obstruction of the 
stent, a chest X-ray, performed within an infectious context, 
showed left lung aeration (Figure 1c).

At one year and six months, the child was admitted to an 
intensive care unit (ICU) with a severe respiratory failure. The 
chest X-ray showed a diaphragmatic hernia on the right side 
and complete aeration of the left lung (Figure 1D), confirmed 
through chest computed tomography (CT) (Figure 2B) and 
bronchoscopy (Figure 3B, video 2). After having performed 
surgery to correct the Morgani hernia, the child was released 
in good condition, with planning to be gradually weaned off 
of the tracheostomy.

Discussion
Bronchial compression is a potentially severe complication 

described in both the pre-operative and post-operative 
stages of congenital cardiopathies with an obstruction of 
the aortic arch, such as the coarctation of the aorta, the 
interruption of the aortic arch, and left heart syndrome. The 
altered relation between the blood vessels of the arch and 
the tracheobronchial tree found in these pathologies causes 
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Figure 1 – A) complete atelectasia of the left lung in the post-operative stage immediately after correction of the aortic arch; B) left lung aeration shortly after 
the endoluminal stent implant in the left bronchus; C) late aeration of the left lung after the spontaneous resolution of the obstruction of the stent; D) right 
diaphragmatic hernia, left lung aerated.

Figure 2 – A) extrinsic compression of the main left bronchus (arrow: left lung without aeration; star: aorta compressing the bronchus); B) left lung aeration 
even in the face of a right diaphragmatic hernia.
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a distortion and straightening of the aortopulmonary space, 
and can lead to an extrinsic bronchial compression.1,2 In this 
case, this alteration occurred in the geometry and position of 
the aortic arch after the surgical correction of the interruption.

The knowledge of a possible compression of the airways 
is of utmost importance, as its incidence can reach 27.2% 
in the pre-operative and 33.3% in the post-operative stages 
of cardiopathies that require the reconstruction of the aortic 
arch, according to findings from Jhang et al.1 

The respiratory symptoms are generally unclear and may 
be absent in many cases.2,3 In a study conducted by An et al., 
only 50% of the patients with airway compression found in 
CT images presented symptoms.2 The bronchoscopy enabled 
the direct viewing of the compression of the tracheobronchial 
tree, while the CT enabled the evaluation of the spatial region 
between the airway and cardiovascular structures, and should 
therefore be considered, especially in patients with persistent 
atelectasis and failure to wean off of mechanical ventilation.3-5

The early diagnosis of this medical condition is essential, 
since a prolonged bronchial compression can cause significant 
functional involvement and tracheobronchomalacia, which 
can persist even after the release of extrinsic compression2-5, 
as observed in the case described above.

If on the one hand the diagnosis of airway compression 
can be easily performed, the therapeutic handling can be 
challenging, especially in cases of severe residual malacia. 
The choice between a surgical option, such as posterior 
aortopexy, the remodeling of the aortic arch, and transverse 
extension of the aortic arch using an autograft of the 
pulmonary artery, as compared to a conservative conduct,1,6 
should be based on the severity of the obstruction and the 
clinical condition of the patient.2,5 The tracheostomy with 
prolonged mechanical ventilation has been proposed when 
one considers the tracheomalacia to be self-limited, with 
progressive improvement during childhood.5 In this case 
report, even if one had removed the bronchial compression, 

posterior aortopexy did not result in lung aeration, illustrating 
damage to the bronchial structure.

In recent years, attention has been geared toward placing the 
endoluminal stent in airways in severe cases of bronchomalacia 
that did not respond to the implemented therapy. Barnes et 
al. described the successful use of the stent in a case of severe 
bronchomalacia after stage I of the Norwood procedure, which 
was not reverted after posterior aortopexy.7 Arcieri et al. also 
reported the use of the left bronchial stent in six patients with 
severe residual bronchomalacia after posterior aortopexy; 
however, these authors only analyzed the results of aortopexy.4 
In the study conducted by Serio et al., the stent implant restored 
the spontaneous respiration in 20 patients with severe residual 
malacia after surgery.8 Based on these descriptions and faced 
with the complexity of the case and absence of new surgical 
proposals, we chose the endobronchial stent implant.

Although the stent implant in airways is a tempting 
conduct, as it can quickly restore the permeability of the 
bronchus and enable pulmonary aeration, it is not free of 
complications, such as migration, fracture, obstruction caused 
by mucus and granulation tissue, the rupture of the airways, 
and infection.9,10 The formation of the granulation tissue is a 
constant, since the airway stent did not become epithelated 
like the endovascular stent.5  In the case described herein, we 
detected the proliferation of serial dilatations with a balloon 
catheter, but with a partial and spontaneous resolution 
after nearly five months, most likely after a decrease in the 
reactional inflammatory process.

Therefore, a recommendation must first undergo a detailed 
analysis, since the stents are easy to implant, but difficult to 
remove, especially metallic stents, which should be considered 
permanent.5

Complication related to the use of the stent indicate the 
need for protocols to maintain the permeability of the lumen9 
and for regular follow-up by bronchoscopy and/or CT in order 
to achieve an early identification of the complications.9,10

Figure 3 – A) endoluminal stent in the left bronchus with proliferation of the granulation tissue; B) stent in the left bronchial light, causing progressive obstruction 
of the bronchial light, partial resolution.
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Conclusions
Bronchial compression after the reconstruction of the 

aortic arch is a severe complication, which one may not be 
able to solve with available surgical interventions. In these 
cases, the stent implant in the location where the bronchial 
light is tapered can represent a successful alternative, 
though reserved for children in a critical condition, whose 
airway decompression surgery did not result in affective 
lung aeration.
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Introduction
Patent forame ovale (PFO) is the most common type 

of interatrial shunt, with a prevalence between 25% and 
27% of the adult population. It has a flap-like functioning 
and is generally asymptomatic. In some cases, it can be 
associated with clinical complications, such as brain strokes, 
paradoxical embolism, platypnea-orthodeoxia syndrome, 
and obstructive sleep apnea. The diagnosis is mainly found 
in young patients who present brain strokes, with no other 
apparent risk factor.1

The evaluation of PFO is commonly performed by means 
of transthoracic echocardiogram (TTE) and transesophageal 
echocardiogram (TEE). However, another important method 
of evaluation that is rarely used in our area is the Transcranial 
Doppler (TCD), which evaluates the presence of an indirect 
shunt in an awake patient and with high sensitivity.2

This article reports on two cases and demonstrates the TCD 
value in the initial screening in patients suspected of PFO.

Case 1
M.C., male, 57 years of age, with systemic arterial 

hypertension presented amaurosis fugax of the right eye. The 
patient underwent a cranial tomography, which presented 
a stroke in the region of the cerebellum. The 24-hr Holter 
showed no atrial fibrillation. The patient was referred to a 
reference center to undergo TCD, TTE, and TEE, sequentially, 
for etiological investigation. The TCD study was performed, 
following important steps. First, peripheral venous access was 
obtained in the right upper membrane (Figure 1A) for the 
injection of agitated saline solution (microbubbles), enabling 
the analysis in real time of the presence of high intense 
temporary signal (HITS) in the middle cerebral artery (MCA) 
directly through the transtemporal window. Next, the patient 
was asked to undergo the Valsalva maneuver (strain phase), 
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and finally, shortly after the injection of microbubbles, the 
patient was asked to undergo the release phase. Through the 
Spectral Doppler of the MCA, HITS was visualized, defining 
the presence of the R-L shunt during the first three cardiac 
cycles. The image was easily acquired through the TCD 
resulting from the Valsalva maneuver, a situation commonly 
faced in the TTE. Once the presence of the shunt had been 
defined, the next step was to confirm its cardiac origin (Figure 
1B and C).

After, the patient underwent a TTE with microbubbles, 
associated with the Valsalva maneuver, which showed, 
with the passage of the microbubbles from the right to the 
left atrium in the first three cycles in the apical plane, four 
chambers through the fossa ovalis, suggestive of PFO. Three 
injections of saline solution were necessary, since during the 
release phase of the Valsalva maneuver, there was a loss of 
the echocardiographic window (Figure 1C).

The TTE was conducted to adequately visualize the 
characteristics of the interatrial septum and PFO, focused on 
percutaneous closure, with no observation of an interatrial 
septum aneurysm, redundant Eustachian valve, or other 
interatrial septum defects (Figure 2).

Case 2
V.L.O.M., female, 32 years of age, with no comorbidities, 

but with a report of ischemic stroke. The patient was referred 
for echocardiographic study to evaluate the cardioembolic 
source. The 24-hr Holter showed atrial fibrillation. The 
same previous sequence of exams was carried out in 
this patient. During the TCD, the number of HITS was 
significant, suggesting a R-L shunt when compared to the 
previous patient (Figure 3A). The TTE (Figure 3B) and the TEE 
(Figure 4A and 4B) showed an interatrial septum aneurysm 
associated with PFO and a large shunt. It is important to 
highlight that, in this case, to visualize the flow through the 
PFO, some injections of saline solution were made due to 
the difficulty to conduct an effective Valsalva maneuver in 
a sedated patient.

Discussion
The brain stroke is the main cause of morbidity in the 

Brazilian population and its socioeconomic impact is highly 
significant, especially among young individuals, considered to 
be a portion of the active population of the country.3 

The cryptogenic brain stroke (with no defined cause) occurs 
in a significant number of patients; however, 3% – 40% of the 
cases present PFO as the cause.
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Figure 1 – A) Illustation of the system set up for the infusion of agitated saline solution. First, the peripheral venous access is acquired in the right upper 
membrane, with a 24g caliber intravenouos catheter. The dual-valve short polifix is then connected to the catheter, attached to a three-valve tap: in one of the 
entrance valves of the polifix and in the other valve, a salinized vial with 100 ml of saline solution (this should fill the entire vial, making innumerous injections 
possible). Connect the two syringes of 10ml in the tap and aspirate 9ml of saline solution and 1ml of air to mix the content of the syringes until a whitish 
coloration is obtained. If necessary, aspirate a small quantity of blood to obtain a greater contrast. It is important to maintain the plunger of the syringe positioned 
upwards when introducing into the patient so as not to inject air through the syringe. B) TCD showing a flow in the MCA with the presence of HITS after the 
injection of saline solution. C) 4-chamber apical plane of the TTE, showing the passage of microbubbles (arrow) through the PFO, in the first three cycles after 
the injection of agitated saline.

Figure 3 – A) TCD demonstrating the presence of a significant number of HITS in the Spectral Doppler of the MCA. B) 4-chamber apical plane of the TTE with 
passage in the first three cardiac cycles of innumerous microbubbles through the PFO.

Figure 2 – TEE showing the passage of microbubbles from the right atrium 
to the left atrium. LA: left atrium; RA: right atrium.

PFO is a well-known cause of brain strokes, found in 27% 
of all autopsies, and the diagnosis is mainly found in young 
individuals with no risk factor.4,5

During the fetal period, the PFO is an embryonic structure 
resulting from an incomplete fusion of the septum primum 
and septum secundum, which work as a single valve, enabling 
the passage of oxygenated blood to the left atrium, to the left 
ventricle, and for systemic circulation, without passing through 
pulmonary circulation. After birth, PFO closure occurs, since 
the right atrial pressure decreases and the blood passes through 
pulmonary circulation. The complete fusion occurs in 75% of 
the cases. In those in which it remains, the PFO works as an 
intermittent valve, and the occurrence of the R-L shunt can 
lead to an embolic event.6 

The Valsalva maneuver was described by Dr. Antonio 
Valsalva in 1704 in Bolonha. It is performed by asking 
the patient to cough, or to make an effort, such as that of 
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defecating or blowing in an instrument, causing an acute 
increase in the intrathoracic and abdominal pressure. During 
the strain phase, a decrease in the venous return occurs from 
the left to the right side, while during the release phase, the 
right atrium abruptly receives a large volume of blood, greater 
than the volume of blood through the pulmonary veins to the 
left atrium. The right atrial pressure in relation to the left atrium 
favors the appearance of PFO. One piece of data suggests that 
the Valsalva maneuver was effective, as was the bulge of the 
right atrium with agitated saline solution.7 As these two findings 
are not always present in the echocardiographic studies, it is 
recommended that the patient receive a greater number of 
injections in order to increase the sensitivity of the exam. The 
Valsalva maneuver is, therefore, essential to detect it, since 
in the case of the PFO, the shunt can be transitory and is not 
always detected. Another piece of data that demonstrates 
that the maneuver was adequate is the decrease in speed of 
the E wave in the mitral flow by 20 cm/s, shown through the 
pulsed Doppler.1,8	

The TTE with microbubbles associated with the Valsalva 
maneuver is the most commonly used due to its broad 
availability, not requiring sedation or an invasive procedure, 
only needing peripheral access (antecubital). The mixture of 
the agitated saline solution with a small quantity of blood 
increases the sensitivity of the exam. The study is considered 
positive for the R-L shunt through PFO when the passage of 
microbubbles occurs in the first three cardiac cycles. In this 
case, it is paramount that the electrocardiogram of the heart 
be firmly attached to the patient. The exam should perform 
a recording with a high number of cardiac cycles in order to 
safely check when the passage of the microbubbles occurs. 
It is important to highlight the differential diagnosis of PFO 
with arteriovenous pulmonary fistulas. In this pathology, a 
R-L shunt will occur after the fourth cardiac cycle. However, 
the TTE presents a low resolution and a low sensitivity when 
compared to the TEE with microbubbles.2 The loss of the image 
in the apical plane of the four chambers is common with the 
Valsalva maneuver, thus hindering the diagnosis.

The TEE with microbubbles is considered to be the method 
of choice, as it confirms the presence of the PFO and studies 
the anatomy of the interatrial septum, classifying it as simple or 
complex, using the following variables: tunnel size (>8 mm), 
presence of the redundant Chiari network, fenestrations, and 
interatrial septum aneurysm. These data are important for the 
recommendation of the percutaneous closure of the PFO.9 In 
addition, the TEE evaluates other sources of embolism, such 
as thrombi in the left atrial appendix or in the atriums, the 
presence of an atrial appendage, or atheromatous plaques in 
the thoracic aorta. In the cases in which it is difficult to conduct 
the Valsalva maneuver due to sedation, abdominal or inferior 
vena cava compression can be used to increase its sensitivity 
to detect the passage of the R-L flow through the PFO.2,8

The TCD is considered to be highly sensitive to the 
detection and quantification of the R-L shunt. It is a non-
invasive, economical, and safe exam, which does not require 
sedation. However, it does have the limitation of the incapacity 
to define the origin of the shunt. The exam can be conducted 
through the transtemporal window, with the transducer index 
pointed to the right of the patient. The Spectral Doppler of 
the MCA shows the presence of HITS after the injection 
of microbubbles associated with the Valsalva maneuver, 
which does not hinder the capture of the image of the flow 
through the MCA. The diagnosis of the shunt is defined by 
the presence of one or more HITS. The intensity of the shunt 
can be quantified using the Spencer logarithmic scale. This 
can be graded from degree 0 – absence of HITS; degree 1 – 1 
to 10 HITS; degree 2 – 11 to 30 HITS; degree 3 – 31 to 100 
HITS; degree 4 – 101 to 300 HITS; and degree 5 – > 300 
HITS (“curtain effect”).10 In a meta-analysis of 27 prospective 
studies, with 1,968 patients, which compared the TCD and 
the TEE with microbubbles, presented a 97% sensitivity and 
a 93% specificity to detect right-left intracardiac shunts, as 
compared to the TEE, which presented sensitivity values of 
91-100% and specificity values of 88-97%.2 This study shows 
how the TCD is an important tool that can be used in the 
initial screening of patients suspected of PFO.

Figura 4 – A) ETE demonstrando passagem de microbolhas do átrio direito para o átrio esquerdo. B) Imagem tridimensional do septo interatrial pela perspectiva 
do átrio esquerdo, evidenciando o aneurisma do septo e microbolhas em sua parede. AE: átrio esquerdo; AD: átrio direito.
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In sum, the TCD is a diagnostic tool that should be used in 
the initial investigation of patients with brain strokes, especially 
in those in which the detection of a R-L shunt through the 
PFO is important for therapeutic handling.
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Introduction
The superior vena cava syndrome (SVCS) is caused by the 

obstruction or severe occlusion of the superior vena cava 
(SVC) and can result in significant morbidity or mortality.1,2 
Malignancy is the most common cause of this obstruction, 
corresponding to approximately 70% of the cases.3 However, 
more recently, the incidence of SVCS related to devices, such 
as central venous catheters and electrodes of a pacemaker or 
defibrillator, have increased.4,5

These devices, together with states of hypercoagulability, 
can precipitate the formation of thrombi.4 In extreme 
situations, in the context of bacteremia, these can lead to 
the formation of a complex thrombus-vegetation association.

The traditional clinical findings include: facial, periorbital, 
cervical, and upper limb edemas, followed by venous dilations 
of the anterior thoracic wall, illustrating collateral circulation.1-3 
Although it generally does not represent an imminent risk, 
SVCS is often associated with symptoms of high morbidity-
mortality, such as dyspnea, dysphagia, and even intracranial 
hypertension, which can result in a coma.1,2 

To diagnose this condition, the transesophageal 
echocardiogram (TEE) plays a complementary role in a 
bedside multimodal image to demonstrate the presence of 
thrombus in SVC topography.6 New tools, such as the real-
time three-dimensional TEE (3D TEE), has enabled a greater 
quantification of the lesions in the right atrium and the SVC, 
with the risk of evolving into SVCS.

Case Report
A 52-year-old male patient, who was hypertensive, 

diabetic, and diagnosed with prior coronary artery disease 
and chronic dialytic kidney disease, underwent a kidney 
transplant in 2021, evolving with graft loss. The patient was 
hospitalized in February 2022 due to a fungal endocarditis 
and remained hospitalized during antifungal treatment. After 
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six months, he developed a new medical condition of fever 
and chills associated with the use of the dialysis catheter and 
the poor functioning of this device, in addition to redness 
and facial edema, dysphagia, and dyspnea. The blood 
cultures showed the growth of S. epidermidis, and the patient 
had been taking vancomycin, staggered with teicoplanin 
and meropenem, and continued to use fluconazole. The 
two-dimensional (2D) TEE showed the presence of a large 
hyperechogenic image within the right atrium, protruding 
to the SVC, measuring approximately 40 x 08 mm (Figure 
1). A 3D technique was used, which allowed for a better 
characterization of the lesion and its extension, occupying 
approximately 67% of the circumferential diameter of the SVC, 
associated with the presence of a mobile filament image in 
its outer portions, which can correspond to a thrombus or to 
vegetation (Figure 2). An angiotomography of the cervical and 
thoracic blood vessels was conducted, with signs of a partial 
thrombosis of the internal jugular veins, the left subclavian 
vein, the brachiocephalic veins, and the SVC. The dialysis 
catheter was moved by the vascular surgery team to the left 
femoral vein, and anticoagulation was begun.

Discussion
The incidence of SVCS related to devices has increased 

considerably due to the increased use of catheters, 
pacemakers, and defibrillators.1,2 In a recent study, 28% of all 
SVCS were related to devices.3 Venous thrombosis, which is 
normally clinically silent, occurred in nearly 30% of all patients 
using pacemaker electrodes.3 However, the obstruction of 
the SVC is rare and observed in only 0.1% to 3.3% of all 
patients.2,3 The stenosis in the SVC-atrial junction occurs 
due to the deposit of fibrin on the surface of the stimulating 
electrodes and their incorporation  in a person’s reproductive 
organs, followed by the inflammation of the blood vessel 
wall, fibrosis, the formation of thrombosis, and stenosis.3 
The chronic mechanical irritation and reaction of the foreign 
body are the main mechanisms of the formation of thrombi 
and vegetations in this location. The extraction of devices 
and posterior re-implant also caused mechanical trauma and 
can be considered additional risk factors for the emergence 
of thrombi and venous occlusion.4

The diagnosis of this complication can be difficult. 
Although the computed tomography can show the location 
of the catheter, it is quite limited in revealing the structural 
details concerning the implanted device itself.5 The proximal 
portion of the SCV can be viewed in the TEE through the 
subcostal window. However, the views are generally quite 
limited in many patients.6 The TEE in this scenario is an 
excellent diagnostic approach as it is minimally invasive 
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and has few contra-indications.6,7 The SVC can be easily 
observed, as demonstrated in our case, especially through 
the transesophageal acoustic window in a medium esophagus 
with an angulation of about 90° (bicaval incidence). The good 
spatial resolution of the echocardiographic images allows 
for an adequate definition of the catheter and associated 
pathology. In addition, follow-up using this imaging method 
is feasible, presents a low morbidity-mortality, and can guide 
additional treatment.8 

A prior study evaluated the role of the TEE in the diagnosis 
of central venous thrombi associated with the implant of 
intracardiac devices (pacemaker electrodes), using the TEE 

and venography. After 06 months, the transesophageal method 
enabled the detection of most of the episodes of thrombosis in 
the intracardiac devices. By contrast, the venogram detected 
only thrombi in the subclavian vein and/or innominate 
vein. The main finding of this prospective study was that 
the thrombosis associated with the pacemaker electrode in 
the right atrium and with SVC is not uncommon six months 
after the implant, and that the 3D TEE was superior in the 
diagnosis of these thrombi when compared to the venogram 
with peripheral intravenous contrast and the TEE.4 

The study of these emboligenic sources is essential, as it can 
reduce the rate of pulmonary embolism, the emergence of 

Fígure 1 – TEE showing a hyperechogenic image in the inner portion of the right atrium, projecting to the superior vena cava (yellow arrow).

Fígure 2 – TEE with 3D reconstruction of the superior vena cava: Hyperechogenic image occupying approximately 67% of the circumference diameter of the superior 
vena cava (yellow arrow).
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infectious endocarditis, and even rare cases of the SVCS due to 
the subtotal/total occlusion of this blood vessel, as seen in the 
present case report. In this context, the TEE is extremely useful, 
as it is a semi-invasive method, which is readily available, 
inexpensive, and capable of detecting thrombi in devices 
and/or long-term catheters, even in asymptomatic patients.4,5

The venogram by digital subtraction, by contrast, represents 
the gold standard in this syndrome, defining the severity of 
the obstruction and enabling the interventionist to develop 
the strategy for revascularization.3,9,10 However, the viewing 
of the superior right vena cava is still a challenge due to the 
acoustic shadow imposed by the ribs and the lungs. In this 
context, it is important to perform not only the fluoroscopy, but 
also the TEE, which has the power to evaluate the insertion of 
the SVC in the right atrium.6,7 The inadequate observation of 
the SVC junction – right atrium by the fluoroscopy enhances 
the accuracy of the TEE, making it an excellent ally in the 
visualization of this portion through the image obtained in the 
bicaval acoustic window, which is a quick, safe, and technically 
precise method for the differential diagnosis of SVCS.7

In the spectrum of the TEE, the use of the 3D TEE is an 
additional tool capable of bringing relevant information 
provided by an adequate spatial relationship.7,8 In this sense, 
the 3D TEE allows for an improved evaluation of the SVC 
and its relation with the thrombus area, determining the 
occupation rate and the respective hemodynamic effects 
resulting from this obstruction, characterizing lesions with a 
greater risk of developing SVCS.7,8

Conclusion
The incidence of SVCS related to devices, such as central 

venous catheters and electrodes from pacemakers and 
defibrillators, have increased progressively. In this light, the 
echocardiogram, especially the transesophageal analysis, 

emerges as a quick, safe, and technically precise method 
to evaluate the presence of thrombi and/or vegetations that 
may well be related to SVCS, as seen in the present case 
report. The good spatial relation of the 3D TEE allows for an 
additional value in the topographical evaluation of the lesion 
in relation to the adjacent planes and a better evaluation of 
its dimensions.
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Takayasu’s Arteritis: Ascending Aortic Aneurysm and Coronary Artery 
Disease in a 19-year-old Young Adult
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Abstract
Takayasu’s Arteritis (TA) is a disease of multiple presentation, 

which can involve many different systems and mainly affects 
women in the first decades of life. The present case reports on 
a 19-year-old patient with TA, with a diagnosis of ascending 
aortic aneurysm and severe coronary artery disease in the 
right coronary artery (RCA) and left coronary trunk (LCT), 
who underwent an implant of a supracoronary Dacron graft 
in the ascending aorta and myocardial revascularization 
with a double internal thoracic artery. The patient evolved 
satisfactorily in post-op and is today undergoing clinical follow-
up in our medical services.

Introduction
Takayasu’s Arteritis (TA) is a rare disease,1 described for 

this first time in 1908 by Mikito Takayasu as a case of retinal 
vasculitis with the absence of a pulse in a young adult.2 In an 
overall perspective, this disease is more common in women 
(80-90% of the cases), between the 2nd and 4th decades of 
life.1 Its incidence varies and, according to statistical data 
from Japan, Europe, and the USA, around 1-3 new cases/one 
million inhabitants, are diagnosed each year.3

TA is defined as a progressive and granulomatous chronic 
inflammatory disease of the large blood vessels (aorta and its 
main supra-aortic branches, as well as the mid-sized pulmonary 
and coronary arteries), characterized by stenosis, occlusion, 
and/or dilation/aneurysm.4,5 Of unknown etiology and poorly 
understood pathogenesis, it is presumed that genetic factors and 
infectious agents can play key roles in the origin of the disease.6 

There are no specific laboratory exams for the diagnosis and 
follow-up of the disease’s activity. Angiotomography (Angio-
CT) and the magnetic resonance angiography (MRA) represent 
the gold standards for the diagnosis of TA.7,8 According to 
angiographic findings, TA has been classified in 6 types of 
alterations, based on the affected region, which is useful for 
surgical planning.9

Mailing Address: Iuri Betuel Gomes António  •
Instituto Dante Pazzanese de Cardiologia. Avenida Dante Pazzanese. Postal 
code: 04012-909. São Paulo, SP – Brazil 
E-mail: adsm.ccv@gmail.com  
Manuscript received March 18, 2023; revised manuscript April 17, 2023; 
accepted April 19, 2023
Editor responsible for the review: Daniela do Carmo Rassi Frota

Keywords
Coronary Disease; Aneurysm; Takayasu Arteritis.

DOI: https://doi.org/10.36660/abcimg.20230032i

The clinical treatment of this entity can be found in the 
guidelines, whose objective is the control of active inflammation 
and the prevention of new vascular damage. However, when 
in the presence of critical stenotic lesions, dilation, and/or 
aneurysm, percutaneous angioplasty and surgical treatment 
are recommended, on a case by case basis.8 In this context, 
this work aims to describe a rare clinical manifestation of TA

Case report
Our study reports on a 19-year-old female patient, weighing 

57 kg, with TA diagnosed at 3 years of age, who was medicated 
with applications of pulse therapy and methotrexate until 12 
years of age, at which time she ceased to continue her medical 
follow-up until she was 18 years of age. The patient resumed 
her follow-up treatment one year ago at the same medical 
institution, at which time she was diagnosed with ectasia of 
the ascending aorta, with 35 x 34 mm in the transthoracic 
echocardiogram (TEE). The patient was then sent to the medical 
reference service.

She underwent an MRA, which revealed a thickening of 
the artic wall and dilation of the ascending aorta of 37x35 
mm (Figure 1). Six months later, she returned to the outpatient 
clinic, reporting a medical condition of typical chest pain 
lasting 30 minutes, followed by syncope, but she did not go to 
the hospital on that occasion. An Angio-CT of the aorta and 
coronary arteries was requested, which revealed an aneurysm of 
the ascending aorta, 46 x 44 mm, with signs of circumferential 
parietal thickening and parietal calcification along its entire 
extension, as well as severe coronary artery involvement by 
extrinsic compression related to the parietal thickening of the 
aorta (Figure 2). 

The coronary cineangiography showed severe lesions in the 
right coronary artery (RCA), 80% proximal and 80% proximal 
of the left coronary trunk (LCT). The case was discussed with 
the aorta Heart Team, and it was decided that the patient 
should be hospitalized for surgical treatment. The patient was 
asymptomatic at the time of hospitalization.

Upon physical exam, a systolic murmur appeared at a 
II/IV aortic focus. Laboratory data presented no significant 
alterations. During the pre-operative period, the patient’s 
routine medication was maintained. Given the evidence of 
disease progression, the patient underwent a supracoronary 
Dacron graft implant in the ascending aorta and myocardial 
revascularization with double internal thoracic artery (ATIE-DA 
and ATID-CD, in Portuguese) (Figure 2). With no complications 
during hospitalization, the patient was released on the 8th post-
operative day. She is currently undergoing optimized clinical 
treatment and is taking medicine to control the base disease, 
as advised by the healthcare team.

http://orcid.org/0000-0001-6561-7376
http://orcid.org/0000-0001-6506-7589
http://orcid.org/0000-0001-7526-1350
mailto:adsm.ccv@gmail.com
https://doi.org/10.36660/abcimg.2023361


Arq Bras Cardiol: Imagem cardiovasc. 2023;36(2):e20230032  2

Case Report

António et al.
Takayasu’s Arteritis: Aneurysm & CAD in young adult

Discussion
The description of this case refers to the severity of TA, 

as well as to its complexity in the diagnostic approach and 
treatment. TA is a rare disease, most commonly found in 
women before 50 years of age, but many studies also show 
a high prevalence at more advanced ages.10

The diagnosis is based on diagnostic criteria from 
EULAR/PRINTO/PRES.11 In this case, the clinical means 
of presentation was of coronary artery disease. Coronary 
artery involvement is uncommon, showing only a 9% 
incidence.12 Although it is rare, myocardial ischemia is one 
of the main causes of death. The inflammatory process 
of the aorta has been identified as being responsible for 
these lesions, in which the occlusion of the ostium of the 
coronary arteries occurs more often, though there are 
many cases in the literature that describe coronary arteritis 
with no occlusion of the ostium.13,14 Coronary artery 
involvement in this patient is similar to that described by 

Endo et al., in which 24 patients presented coronary artery 
stenosis, of whom 83.3% were women.12

According to angiographic findings, the TA was classified 
in six types of alterations based on the affected region, 
which is useful for surgical planning.7,8 The decision of 
when to use an endovascular approach or open surgery 
can be influenced by a series of factors.15 Percutaneous 
coronary interventions (PCI) have been used in the initial 
treatment of the obstructive lesions, presenting uncertain 
results and a long-term survival that is still not fully 
understood.16 

Due to a serious chance of intra-stent restenosis, cardiac 
magnetic resonance (CMR) is the procedure of choice to 
treat coronary artery lesions.14 In a retrospective case series 
involving 106 Japanese patients, Miyata et al.17 observed 
a 15-year increase in the survival rate, rising from 43% 
(among those treated with medical therapy) to 67.5% after 
the addition of surgical intervention.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figura 1 - A e B) Ressonância magnética cardíaca demostrando 
espessamento parietal circunferencial com dilatação da aorta 
ascendente 37x35 mm; C e D) Aneurisma da aorta ascendente por 
TC medindo 46x44 mm, com sinais de espessamento e calcificação 
parietal em toda sua extensão. 

Figure 1 – A and B) CMR illustrating circumferential parietal thickening with dilation of the ascending aorta of 37x35 mm; C and D) Ascending aortic aneurysm 
by CT, measuring 46x44 mm, with signs of thickening and parietal calcification along its entire extension.
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Figura 2 - A e B) Angiografia coronária mostrando lesões graves na 
ACD e TCE; C e D) Aspecto final da cirurgia após a cirurgia de 
revascularização miocárdica e implante do enxerto de Dacron. 

Figure 2 – A and B) Coronary angiography, showing severe lesions in the RCA and LCT; C and D) Final aspect of the surgery after myocardial revascularization 
and Dacron graft implant.

Yang et al.,18 in an analysis of 31 patients with TA who 
underwent revascularization by CMR (12) and PCI (19), in an 
average follow-up of 101 months, observed higher restenosis 
rates in the percutaneous group. The inflammatory process can 
affect different parts of the coronary artery, but with a greater 
prevalence of ostial/proximal lesions, in accordance with 
that reported in the present study. The authors also highlight 
that the myocardial ischemia resulting from coronary artery 
involvement constitutes the main cause of death among TA 
patients. In this sense, the importance of studying the coronary 
arteries of these patients when there is a clinical suspicion is 
crucial.

Huang et al.,19 in a study involving 90 patients comparing 
medicine vs. revascularization treatments in TA patients (CMR 
and PCI) were unable to identify any difference in mortality 
due to cardiovascular causes among the groups. Nevertheless, 
in the analysis of the subgroup through a revascularization 
strategy, the findings corroborated with those reported by 
Yang et al.18 with higher restenosis rates in the percutaneous 

approach. Moreover, in this study, heart failure was an 
independent predictor of mortality.

Modalities of revascularization were also the focus of 
the study published by Wang et al.,20 in an analysis of 46 
patients with TA and coronary artery involvement. The 
authors found that the MACE rates (all-causes mortality, 
myocardial infarction, and revascularization) were greater in 
the group submitted to PCI. The multivariate analysis for the 
MACE outcome viewed the disease activity and the type of 
revascularization (CMR vs. PCI) as predictive factors. Such data 
reinforce the individualized indication and the importance of 
the Heart Team in these patients’ medical evaluations.

Conclusion
Coronary artery lesions vary from patient to patient, 

especially proximal involvement, and therefore careful 
planning in all stages of the treatment through revascularization, 
be it percutaneous or surgical, is of utmost importance. The 
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data point to higher restenosis rates after the percutaneous 
approach, with the CMR being the preferred method when 
no contraindications were presented, such as the availability 
of grafts and the possibility of using the internal thoracic artery.

The adequate suppression of the inflammatory activity 
from the pre-operative stage and the choice of technique to 
be used guarantee better end results. Thus, the evaluation 
of the patient’s stage of the disease is essential, given that it 
is a factor associated with higher MACE rates, as well as the 
shared decision on the case. The rigorous and specialized 
clinical follow-up in a reference center should be encouraged.
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Takotsubo Syndrome After Mitral Valve Surgery: Multimedia 
Presentation of a Rare Diagnosis
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Instituto Dante Pazzanese de Cardiologia (IDPC),¹ São Paulo, SP – Brazil

Introduction
The Takotsubo Syndrome, also known as “broken heart 

syndrome”, is characterized by a severe and transitory left 
ventricular dysfunction, with the presence of alterations in 
the contraction of the basal, medial, or apical segments of 
the left ventricular walls.1 The syndrome can be caused by an 
emotional or physical trigger, or by a combination of both; 
however, this is not a mandatory criterion for its diagnosis.2

This study describes a case of Takotsubo Syndrome after 
mitral valve surgery to replace the valve with a mechanical 
prosthesis.

Case report
A 56-year-old, female patient, with a history of smoking, 

atrial fibrillation, rheumatoid arthritis, and mitral stenosis, 
underwent a percutaneous mitral valvuloplasty in 2007, 
using warfarin, atenolol, digoxin, amiodarone, prednisone 
(intermittent), hydroxychloroquine, and leflunomide. The 
patient was hospitalized to undergo elective mitral valve 
replacement surgery.

The transthoracic echocardiogram showed an ejection 
fraction of 64%, with an increase in the left atrium (indexed 
volume of 122ml/m2) and eccentric left ventricular 
hypertrophy. The mitral vale presented thickened cusps, 
with the posterior leaflet fixed and the anterior with a cup-
shaped opening. The Doppler imaging showed an important 
reflux with a maximum and average gradient of 14 and 4 
mmHg, respectively. The planimetry indicated a valve area 
of 1.9 cm². The previously conducted cinecoronariography 
showed a 40% obstruction in the anterior descending artery 
(Figure 1).

The patient underwent mitral valve surgery to replace 
the valve with a mechanical prosthesis, and to close the 
left atrial auricle, without complications. On the second 
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post-operative day, the patient evolved with a hypertensive 
acute pulmonary edema and atrial fibrillation with a 
good ventricular response, introducing a treatment with 
intravenous amiodarone, nitroglycerin, and furosemide. 
The electrocardiogram presented a T-wave inversion 
in the V2-V4 derivations (Figure 2). A transthoracic 
echocardiogram was performed, which presented 
hypercontractility of the basal segments and akinesia of 
the medial, apical, and apex segments (standard suggestive 
of Takotsubo cardiomyopathy), as well as a high-degree 
systolic dysfunction of the left ventricle (ejection fraction 
of the left ventricle = 22% by the Simpson method). The 
mitral mechanical prosthesis showed a normal function, 
with no obstruction of the left ventricle outflow (Figure 
3 and 4, Videos 1 and 2). Due to a suspected coronary 
complications resulting from the heart surgery, a dose of 
troponin was applied, which showed a value of 3,305 ng/L 
(reference: < 11 ng/L). However, the patient’s coronary 
anatomy was only understood after the decision by the 
clinical-surgical team, along with the results from the 
imaging exams (echocardiographic standard) and the given 
surgical context. For this reason, we opted to manage this 
situation clinically. 

Due to the worsening of her medical condition, the 
patient underwent orotracheal intubation and therapy 
with noradrenaline (0.25 mcg/kg/min), and dobutamine (8 
mcg/kg/min) was applied in the context cardiogenic shock. 
After 96 horas, The patient’s medical condition improved 
to a hemodynamic state, leading to the gradual suspension 
of the support measures. The echocardiogram showed a 
recovery of the systolic function of the left ventricle, with 
a left ventricle ejection fraction of 61%, with anomalous 
movement of the intraventricular septum and myocardial 
contractility preserved in the other segments of the left 
ventricle. The mechanical prosthesis was in the mitral 
position, with a good excursion of its mobile elements.

After an excellent clinical evolution, the patient was 
released from the ICU, with subsequent outpatient follow-up.

Discussion
The Takotsubo Syndrome has been described in some 

cases of patients submitted to gynecological, urological, 
and abdominal surgeries.3 The cardiovascular procedures 
are also reported as triggers of the Takotsubo Syndrome, 
including stress tests with dobutamine, pericardiocentesis, 
cardioversion of atrial fibrillation, insertion of a pacemaker, 
electrophysiological tests, ablation and valve replacement 
surgery, and the use of a transcatheter.4

Takotsubo cardiomyopathy in the perioperative period has 
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Figure 1 – Preoperative cinecoronariography showing a lesion of 40% in the descending artery.

Figure 2 – Electrocardiogram taken in the Intensive Care Unit, showing atrial fibrillation associated with T-wave inversion on the anterior wall.

gained recognition, but its association with heart surgery is, to 
a great extent, mostly unknown and rarely described.5 There 
are insufficient data in the literature on which to base the 
hypothesis of the prevalence of a cardiothoracic procedure 
or other procedure concerning the increased risk of the 
development of the syndrome. However, what is important to 
note here is the increase in the number of cases that describe 

the development of Takotsubo Syndrome after heart surgery.5

 The possible mechanisms associated with the event 
in patients submitted to heart surgery are likely multiple, 
such as a coronary vasospasm (epicardial and microvascular 
ischemia), toxicity mediated by catecholamine, and 
excessive sympathetic activation.6
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Video 1 – Link: http://abcimaging.org/supplementary-material/2023/3601/ABC 362_RC_video-01.mp4

Video 2 – Link: http://abcimaging.org/supplementary-material/2023/3601/ABC 362_RC_video-02.mp4

 
 

 

 

 

 

 

 

 

Figure 3  – Transthoracic Echocardiogram, showing, during the systole (A) and 
the diastole (B), respectively, movement of the basal segment and akinesia of 
the medial and apical segments.

 

 

 

 

 

Figure 4  – Transthoracic Echocardiogram, showing, during the systole (A) and 
the diastole (B), respectively, movement of the basal segment.

http://abcimaging.org/supplementary-material/2023/3601/ABC 362_RC_video-01.mp4
http://abcimaging.org/supplementary-material/2023/3601/ABC 362_RC_video-02.mp4
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Lyon et al.,7 in a review of the physical-pathological 
mechanisms involved in the genesis of this syndrome, 
highlight the intense sympathetic activation, as well as 
the high levels of catecholamines, as central triggers. 
These findings are related to micro and macrovascular 
dysfunctions and, consequently, to the dysfunction of 
the cardiomyocytes and their respective consequences 
evidenced in the manifestation of the syndrome.

Thus, the development of electrocardiographic 
abnormalities, circumferential dysfunction of the ventricular 
contraction, clinical signs/symptoms (precordial pain and/or 
hypotension/circulatory shock) in the postoperative period 
of cardiovascular surgery are possible manifestations of 
the Takotsubo Syndrome, likely caused by extracorporeal 
circulation and surgical trauma, factors associated with 
the rise in catecholamines in this post-procedural period. 
Fundao et al., in their study, showed that these patients 
represented 10.4% of the cases.8

Many entities around the world have created diagnostic 
criteria to recognize this syndrome.6 In an attempt to define 
a consensus, a new group of diagnostic criteria (InterTAK 
criteria) was proposed by specialists in 2018, including:

•	 The patients show a transitory lef t ventricular 
dysfunction (hypokinesia, akinesia, or dyskinesia), 
appearing with an apical or medial ventricular 
ballooning, basal, or focal abnormalities of wall 
movement. The involvement of the right ventricle 
may appear;

•	 An emotional, physical, or combined trigger can 
precede the Takotsubo Syndrome event, but this is 
not a mandatory factor;

•	 New abnormalities in the ECG are present (ST-
segment elevation, ST-segment depression, T-wave 
inversion, and QTc extension); however, there are 
rare cases with no alterations in the ECG.

The InterTAK criteria mention the occurrence of the 
syndrome in the postoperative period of heart surgery, that 
is, they do not confirm nor exclude the diagnosis of the 
Takotsubo Syndrome in this case; however, with the increase 
in the number of cases reported in the literature, these criteria 
have been used for diagnoses in these groups of patients.8 
Findings from Fundao et al. suggest that, for future updates 
of the diagnostic criteria, one should consider the inclusion of 
heart surgery as a trigger for Takotsubo Syndrome.8

The differential diagnosis should mainly include acute 
coronary syndromes, since cardiomyopathies caused by 
stress overlap with acute coronary syndromes in their 
clinical and electrocardiographic manifestations.3 In this 
scenario, in which the patient develops a cardiogenic shock 
in the postoperative period of heart surgery with acute 
alterations in the electrocardiogram and a left ventricle 
dysfunction with an anomalous movement of the wall, the 
first possibility to be discarded is coronary disease.9

In myocardiopathy caused by stress, the left ventricular 
function returns to normal within a few weeks; however, 
some complications can occur before fully recovering 
the ventricular systolic function. The main complications 
include: cardiogenic shock, obstruction of the left ventricular 

outflow, arrhythmias, systemic thromboembolism, and 
intramyocardial rupture.3

Treatment of the Takotsubo Syndrome is controversial, 
since no randomized prospective clinical trials have been 
conducted on the theme. Thus, the treatments are based on 
clinical experience and the consensus of specialists. One of the 
main questions in the treatment is to determine the presence 
or absence of the obstruction of the left ventricular outflow, 
which can change the therapeutic approach. The detection of 
the obstruction of left ventricular outflow is generally achieved 
through echocardiography or hemodynamic measures during 
the cardiac catheterization.2 In the case reported here, the 
obstruction of the left ventricular outflow was discarded, 
and treatment using inotropics was implemented. Another 
possibility would be the temporary use of the intra-aortic 
balloon to minimize the use of inotropics, which was not 
necessary in the present case.

Conclusion
The Takotsubo Syndrome should be remembered as 

a rare complication in the context of cardiogenic shock 
during the postoperative period of cardiovascular surgery. 
This syndrome stems from conditions directly related to 
stress factors, with an abrupt rise in catecholamine levels. 
The characteristic echocardiographic standard, associated 
with the clinical scenario presented above, can aid in the 
diagnostic definition.

There are still many aspects concerning Takotsubo 
Syndrome that are still not fully understood. Clinical 
research is necessary to evaluate the treatment strategies 
in the acute stage and their impacts upon the patients’ 
recovery of their ventricular function.
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Introduction
Takayasu arteritis (TA) is a rare large-vessel arteritis 

that primarily affects the aorta and its major branches.1 
The greatest challenge is to identify disease activity,  
since therapeutic measures modify the clinical course of 
the disease.

 Vascular ultrasonography (VUS) is a promising tool for 
characterizing vessel wall inflammation and monitoring 
hemodynamic changes in response to therapy.2 

We present 2 case reports that demonstrate the 
importance of VUS in identifying inflammatory activity in 
TA. The cases reflect the differences in thickened intima-
media complex (IMC) between patients in active and 
non-active phases of the disease.

Case reports

First case: A 6-year-old boy who was suffering 
headaches but had no previous comorbidities was brought 
to a pediatrician. Clinical examination detected arterial 
hypertension (140 x 90 mmHg), and laboratory tests and 
VUS were scheduled to assess the renal arteries. 

VUS revealed: 1) stenosis > 80% in the proximal 
segment of the left renal artery, and 2) thickened IMC of the 
abdominal aorta, with a lumen reduction of approximately 
40% in the segment adjacent to the origin of the mesenteric 
vessels (Figure 1 B.C). Magnetic resonance angiography of 
the abdominal aorta and its branches was then performed 
(Figure 1D), with the findings confirming the VUS results. 
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Examination of the carotid arteries was indicated, 
and significant thickening of the IMC was detected in 
both common carotid arteries, although the internal  
carotid artery was preserved, which is suggestive of TA 
(Figures 2 A-C).

VUS can be used to characterize vascular tissue as hypo- 
or hyperechogenic, and is validated by the adventitial layer 
or adjacent muscle. In this case, the IMC was characterized 
as hyperechogenic, suggesting fibrosis with no apparent 
disease activity.3 The laboratory results showed no 
changes, with a C-reactive protein level of 0.1 mg/L and 
an erythrocyte sedimentation rate of 7 mm/h.

Clinical course: The patient was treated with 
antihypertensive drugs; the renal artery lesion was not 
treated with angioplasty due to his age. Ultrasound follow-
up of the carotid arteries, aorta, and renal arteries 1 year 
after the initial examination showed no significant changes.

Second case: A 22-year-old woman presented with 
neck and axillary pain for the last 2 months, which 
worsened with movement and palpation. This was initially 
attributed to her physical activity. However, her neck 
and axillary pain worsened, and she progressed to fever 
and fatigue during light activity. She was evaluated by a 
rheumatologist, who requested laboratory tests and VUS 
of the carotid arteries, axillary vessels, and subclavian 
artery, in addition to magnetic resonance angiography of 
the cervical vessels. 

VUS of the brachiocephalic trunk, the right common 
carotid artery, and the right supraclavicular region of the 
subclavian artery revealed increased diameters at the 
expense of significant intima-media thickening, causing 
subocclusion of these vessels (Figure 3A-C). The movement 
of the vessels was blocked, representing a drop in 
pulsatility, and the presence of hypoechoic areas probably 
represented vascularization of the wall of the right common 
carotid artery, which was detected by B-mode, color flow 
mapping, and amplitude Doppler imaging (Figure 4A-C). 
Retrograde flow in the external carotid artery flow was 
filling the internal carotid artery, which kept the flow at 
low speed, but in a cephalad direction. The caliber of both 
carotid branches was reduced, with no IMC involvement. 
The right vertebral artery was occluded (Figure 4D). The 
caliber of the infraclavicular region of the subclavian artery 
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Figure 1 – A) Color flow mapping shows lumen narrowing in the proximal 
course of the renal artery with flow turbulence; B) spectral Doppler analysis 
with PSV = 429cm/s and EDV = 208cm/s; C) measurement of the caliber of 
the abdominal aorta in the path with narrowing = 7.4mm, compared to the 
most distal path = 10.9mm; D) magnetic angioresonance of the abdominal 
aorta showing narrowing of the aorta in the path close to the origin of the 
mesenteric vessels.

Figure 2 – A) Diffuse and hyperechogenic thickening of the intima-media complex of the left common carotid artery; B) a reduction of the vascular lumen is 
observed as a result of the intima-media thickening; C) diffuse and hyperechoic thickening of the intima-media complex of the right common carotid artery.

and the axillary artery was reduced due to IMC thickening, 
with low-amplitude single-phase flow.

Ultrasound imaging of the left carotid, subclavian, and 
axillary arteries showed no abnormalities. 

In maximum intensity projection reconstruction, 
magnetic resonance angiography of the intracranial vessels 
showed no opacification of the right internal carotid artery, 
suggesting chronic occlusion or subocclusion, and the 
right middle cerebral and right anterior cerebral arteries 
were visualized through the right anterior and posterior 
communicating arteries (Figure 5A). However, contrasted 
axial sections showed diffuse parietal thickening and 

thread-like f low in the right internal carotid artery  
(Figure 5B).

The patient’s laboratory results showed increased 
inflammatory response, with a C-reactive protein level 
of 97 mg /L and an erythrocyte sedimentation rate  
of 114 mm/h.

Clinical course: Treatment consisted of prednisone 1 
mg/kg and methylprednisolone pulse therapy 1000 mg for 
3 consecutive days, associated with 6 monthly pulses of 
cyclophosphamide. Approximately 1 month after treatment 
began, the clinical picture improved and new VUS of the 
cervical arteries showed reduced arterial caliber and no 
signs of artery wall vascularization, but arterial obstruction 
had not reduced.

Discussion
TA is a chronic granulomatous panarteritis of unclear 

etiology that involves the large vessels, primarily the aorta 
and its major branches. The vast majority of cases (75% 
to 97%) occur women < 40 years of age.1 There is no 
gold standard imaging or laboratory test with adequate 
sensitivity or specificity to diagnose TA. The diagnostic 
criteria for TA are a combination of physical examination, 
laboratory findings, and imaging studies. 

Several authors have demonstrated the importance 
of VUS in diagnosis and follow-up of giant cell arteritis, 
suggesting that it should be included as a complementary 
exam in both TA and temporal arteritis.3-5

The recommended technique for evaluating IMC in 
patients with suspected arteritis is longitudinal ultrasound 
section imaging in B-mode with a high-frequency linear 
transducer. Measurement is made from the inner edge of 
the IMC to the outer edge of the adventitial layer of the 
vessel. Diffuse, homogeneous, and concentric increase in 
IMC, associated or not with loss of pulsatility, are considered 
positive criteria. The degree of echogenicity depends on 
disease stage. Vascularization in the arterial wall indicates 
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Figure 4 – A) Transverse section of the right common carotid artery with color 
flow mapping showing areas of neovascularization intermingled in the thickened 
mediointimal complex; B) areas of vascularization in the arterial wall evidenced 
by amplitude Doppler in the transverse section; C) longitudinal section of the 
common carotid artery; D) absence of flow on color flow mapping in the right 
vertebral artery (occlusion).

Figure 3 – A) Transverse section of the right common carotid artery with increased anteroposterior diameter (9.13mm); B) Longitudinal section of the right 
common carotid artery, with marked thickening of the intima-media complex, with color flow mapping showing significant reduction of the vascular lumen; 
C) right subclavian artery, in its supraclavicular course, with increased diameters and accentuated intima-media thickening.

disease activity, which can be further investigated through 
ultrasound with contrast-enhancing agents.6

After the creation of fast-track clinics, which provide 
clinical and laboratory tests and VUS within 24 hours, 
the importance of ultrasound assessment for patients with 
suspected arteritis has become clear. The decreased number 
of patients with permanent vision loss and the reduced 
number of biopsies in patients with suspected temporal 
arteritis, which have been demonstrated in 2 important 
studies, reinforce the value of VUS in the rapid diagnosis of 
this disease, as well as arteritis in general.7,8

Increased IMC thickness, which is identified through 
B-mode VUS, reflects inflammation in the vessel wall due 
to the mobilization and migration of myofibroblasts to the 
IMC.9 This increase in mural thickness can cause stenosis, 
occlusion and, consequently, ischemia and damage to the 
target organ tissue.10

In ultrasound assessment, an arteritic IMC will be 
concentrically and homogeneously arranged, which must 
be differentiated from non-homogeneous, asymmetrical, 
and partially calcified alterations of the arterial wall, which 
are typically observed in atherosclerosis.11

IMC thickening, which is associated with vessel caliber 
> 10 mm and neovascularization, has been described as a sign 
of disease activity.12 As has been described in the diagnosis of 
temporal arteritis, an inflammatory halo, representing low IMC 
echogenicity, may be a sign of disease activity in a thickened 
IMC in TA. The opposite is also true, ie, hyperechogenic areas 
in a thickened IMC indicate the presence of fibrotic material, 
characterizing a more chronic stage of the disease.13

Svensson et al.14 compared IMC characteristics in 
patients with and without disease activity, characterizing 
the different stages into five grades. Grades I, II and V are 
considered disease activity:

Grade I: - Increased IMC, low-to-medium echogenicity 
and hypoechoic areas in the IMC

–	 Increased IMC, low-to-medium echogenicity and 
neovascularization

–	 Increased IMC, low-to-medium echogenicity, and 
increased vessel diameter

Grade II: Increased IMC, medium echogenicity (no 
increase in diameter or hypoechoic areas)
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Figure 5 – AngioRM of intracranial vessels. A) MIP reconstruction of cervical AngioMR: absence of flow in the right brachiocephalic trunk, right subclavian artery, 
ACCD and in most of the ACID; B) Axial section of MRA, with contrast: ACID with diffuse parietal thickening and marked luminal reduction, with threadlike flow inside it.

Grade III: Increased IMC, medium echogenicity and 
fibrotic areas

Grade  IV: Increased IMC, high echogenicity and 
fibrotic areas

Grade  V: Grade III or IV with any signs of grade I 

Conclusions
VUS is a non-invasive method that can aid in the 

diagnosis and monitoring of inflammatory changes in the 
vessel wall of patients with TA. Increased artery diameter 
at the expense of a thickened hypoechoic IMC or with 
signs of increased vascularization of the arterial wall are 
suggestive of disease activity. Thickening of the IMC, 
which is characterized by greater echogenicity and the 
appearance of fibrotic elements in the wall, suggests disease 
stability and a lack of inflammation. 
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Transient Perivascular Inflammation of the Carotid Artery 
(TIPIC syndrome) is a rare and underdiagnosed condition. 
In this article, we describe a case of TIPIC syndrome, 
including topics such as clinical evaluation, indication and 
findings of vascular ultrasonography (VUS), treatment and 
follow-up, with a brief review of the literature.

Case Report
Male patient, 53 years old, complaining of progressive 

unilateral neck pain, which appeared spontaneously, 
in association with edema, local redness, and great 
sensitivity to palpation. The patient’s past history included 
radiotherapy for about 5 years in the neck and face region, 
on the opposite side of the current complaint. The patient 
was a non-smoker and had no other significant risk factors 
for atherosclerotic disease. One year before the current 
clinical picture, the patient had undergone VUS of the 
carotid arteries, in a routine evaluation for follow-up after 
radiotherapy, the result was within normal limits.

Given the clinical picture, a new VUS examination 
was requested, which included the standard protocol 
for evaluating the extracranial common, external, and 
internal carotid arteries (ACC, ICA and ACE). Special 
attention was given to extracarotid (perivascular) tissues 
due to the history of radiotherapy. The B-mode US showed 
extensive hypoechoic and homogeneous involvement of 
the tissues, including the arterial wall at the level of the 
carotid bifurcation, expanding to the proximal ICA (Figure 
1A). The peak systolic velocity and end-diastolic velocity 
(PSV/EDV) were high: PSV/EDV = 288/129 cm/s (Figure 
1B). Local stenosis measured in the transverse plane of the 
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image was estimated at 74% (Figure 1C), consistent with 
the Doppler velocity data. The extent of the affected area 
was 5.57 mm compared to a lumen of 1.96 mm. Magnetic 
resonance imaging (MRI) and angioresonance (MRA) 
showed irregular thickening, with contrast enhancement, 
in the proximal ICA and bifurcation, corroborating the VUS 
findings (Figures 2A and 2B).

The  pa t ien t  underwent  d rug  t rea tment  w i th 
corticosteroids for 2 weeks with significant improvement 
in symptoms.

The VUS of the carotid arteries was repeated after 4 
months, this second exam being essential for the diagnostic 
conclusion. Ultrasound examination showed that, after 
treatment, there was a reduction in the degree of stenosis 
to approximately 50% (Figures 3A and 3B). The ICA luminal 
diameter increased from 1.96 mm to 3.19 mm. PSV 
decreased from 288 cm/s to 132 cm/s and EDV decreased 
from 129 cm/s to 62 cm/s (Figure 3C).

Due to clinical improvement and VUS data after 
treatment, the diagnosis of TIPIC syndrome was considered.

Discussion
TIPIC syndrome is a rare and underdiagnosed disease, 

supposedly of an inflammatory nature.1 Its etiology and 
pathophysiology are unknown, and it may be part of 
an autoimmune process that has not yet been clarified. 
Prevalence was estimated at 2.8%, in individuals with acute 
onset neck pain, with a slight male predominance (1,5,1) and 
a mean age of 48 years. Its evolution suggests that it is 
benign, with resolution of the symptoms in approximately 
2 weeks, either spontaneously or with the use of drugs such 
as non-hormonal anti-inflammatory drugs, corticosteroids 
and acetylsalicylic acid.1-3

Laboratory tests can be normal or nonspecific, and the 
diagnosis is made by clinical presentation and imaging tests.1 
VUS is capable of identifying vascular and perivascular 
alterations in TIPIC syndrome, in which one of the 
characteristic alterations is the diffuse and homogeneous 
increase in the echogenicity of the perivascular fatty tissue 
at the site of pain, causing attenuation of the sound beam, 
as well as the presence of a self-limited intimal soft plaque 
could be related to the carotid inflammatory process.1,2 
Other imaging methods that can also be used for the 
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Figure 1 – Transient Perivascular Inflammation of the Carotid Artery (TIPIC syndrome) is a rare and underdiagnosed condition. In this article, we describe a 
case of TIPIC syndrome, including topics such as clinical evaluation, indication and findings of vascular ultrasonography (VUS), treatment and follow-up, with 
a brief review of the literature.

Figure 2 – MRI and magnetic resonance angiography (NMR). A) MRA showing a 70% reduction in the lumen of the proximal ICA; B) Irregular thickening with 
contrast enhancement in the periphery of the ICA. Cortesy: Fernando Santos Emerick Gomes M.D. Federal University of Espírito Santo.

diagnosis of TIPIC and that contribute to the sonographic 
findings are computed tomography (CT), MRI and NMR.2-4

A retrospective multinational observational study, 
involving 72 patients, discussed findings such as thickness 
and longitudinal extent of the disease in ultrasound images, 
with the purpose of evaluating the clinical behavior and 
characteristics at VUS in the TIPIC syndrome.2 The authors 
reaffirmed the use of the previously proposed term TIPIC, 
replacing the term “carotidynia” for cases such as the one 
described in this article.1,2

Lecler et al.1 proposed 4 major diagnostic criteria 
for TIPIC: 1) presence of acute pain along the course 
of the carotid artery, which may radiate to the head; 2) 

eccentric perivascular infiltration on imaging; 3) exclusion 
of another diagnosis, whether vascular or non-vascular; 4) 
improvement in 14 days with anti-inflammatory treatment 
or spontaneous. And yet a minor criterion: presence of 
self-limited intimal soft plaque.

Potential differential diagnoses include acute carotid 
artery dissection, Takayasu arteritis, giant cell arteritis, 
other vasculitis (including radiation-induced arteritis), 
jugular vein thrombosis, lymphadenitis, submandibular 
gland disorder, and tumors.1,2

Lately, two case reports were published that presented 
similar clinical characteristics, however, one of them was 
affected by COVID-19. Both were male individuals, 38 
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Figure 3 – VUS findings of the TIPIC case, 4 months after diagnosis and treatment. A) Cross-sectional image in B-mode and power Doppler, with measurement 
of the degree of stenosis in the proximal ICA; B) Thickening reduction covering the wall of the proximal ICA, from the carotid bifurcation, with color Doppler 
flow; C) Pulsed Doppler of the proximal ICA demonstrating a reduction in flow velocity values.

and 45 years old, with thickening of the arterial wall of 
the ACC and carotid bifurcation on VUS. B-mode VUS 
imaging demonstrated hypoechogenic homogeneous 
tissue, without significant arterial stenosis, and the findings 
were corroborated by CT and magnetic resonance.3,4 As 
in our case, local signs and symptoms in the neck region 
improved within two weeks after treatment.

The VUS performed 4 months after the beginning of the 
condition in our patient showed a substantial improvement 
in the alterations, compared with the alterations detected 
in the diagnostic ultrasound examination. Such findings are 
consistent with the data described in the literature, and 
there may be complete remission of the ultrasonographic 
alterations, although there may be residual lesions.1-3 One 
explanation, according to the histopathological study, 
would be the early development of fibrosis associated with 
chronic and low-grade inflammatory activity.1

Ultrasound Tissue Characterization Analysis can use tissue 
brightness to identify cases of TIPIC.5 The technique used 
by Lal et al.5 stratifies the B-mode image using reference 
points between 0-190 in differentiating blood -adventitia. 
Adventitia may not be clear in TIPIC cases, but tissue 
characterization can separate homogeneous TIPIC findings 
from heterogeneous findings suggestive of atherosclerotic 
plaque. There is also the prospect of using contrast-enhanced 
ultrasound (CEUS) to investigate TIPIC findings, just as CEUS 
has been promising for the detection of flow on Doppler 
arising from neovascularization within carotid plaques2,6 and 
also in cases of carotid membranes.7

Conclusion
VUS, cl inical history and physical examination 

documented a rare case of TIPIC, which was confirmed by 
MRI. Treatment results were consistent with literature data. 
The etiology of the TIPIC syndrome still requires further 
investigation for its better elucidation.
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New Application of FFRCT in Clinical Practice: Evaluation of 
Interarterial Anomalous Coronary Course
Fábio Bordin Trindade,¹  Thamara Carvalho Morais,1,2  Roberto Nery Dantas Junior,1,2  Roberto Vitor Almeida 
Torres,1,2  Clarice Santos Parreira Soares,1  José Rodrigues Parga Filho1,2

Hospital Sírio-Libanês,¹ São Paulo, SP – Brazil
Instituto do Coração da Faculdade de Medicina, Universidade de São Paulo (InCor/FMUSP),² São Paulo, SP – Brazil

A 58-year-old male patient, who worked as an 
airline pilot, sought emergency cardiology care due to 
palpitations and ill-defined chest discomfort, which had 
onset at rest 1 hour before admission, without irradiation 
or associated symptoms. He had personal history of 
diabetes mellitus, obesity, generalized anxiety disorder, 
and a mild COVID-19 episode 3 months prior (not 
requiring hospitalization), in addition to family history of 
early coronary artery disease (his father had an infarction at 
40 years of age). Physical examination showed no relevant 
alterations. The electrocardiogram showed only sinus 
tachycardia and nonspecific ventricular repolarization 
changes. Serial troponin testing was performed, and all 
results were within normal limits. Echocardiogram showed 
preserved left ventricular ejection fraction (71%), absence 
of alterations in segmental contractility, and discreet 
diastolic dysfunction (altered relaxation). Following the 
institutional chest pain protocol, the patient was referred 
for computed tomography angiography (CTA) of the 
coronary arteries, which showed right coronary artery 
with an anomalous origin in the left coronary sinus and 
an interarterial (suprapulmonary) course, with significant 
luminal reduction (> 50%) in the ostium and proximal 
segment (Figure 1). After the diagnostic finding, the patient 
was recruited in a research protocol for evaluation of 
myocardial ischemia by tomography by means of non-
invasive quantification of the myocardial fractional flow 
reserve (FFRCT). Software based on artificial intelligence 
(cFFR, version 3.0.0) available on a research platform 
(Syngovia Frontier Platform, Siemens Healthineers) was 
used. The calculation of FFRCT demonstrated ischemia in 
the right coronary artery territory (Figure 2; FFRCT 0.63 
[reference values: FFRCT ≤ 0.75 = indicates ischemia; 
between 0.76 and 0.80 = borderline zone; > 0.80 = 
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excludes ischemia]).1 The patient continued investigation 
with coronary angiography with invasive FFR (iFFR), which 
confirmed flow limitation in the anomalous right coronary 
artery (Figure 3A; iFFR 0.68 [reference values: iFFR ≤ 0.8 
indicates ischemia; > 0.8 excludes ischemia]).2 At that 
moment, treatment with drug-eluting stent implantation 
was chosen (Figure 3B), with good angiographic results 
and no complications. After 6 months, the patient was 
asymptomatic, with no recurrence of symptoms.

Discussion
Anomalous origin and course of coronary arteries are 

rare congenital heart diseases, affecting less than 1% of the 
general population.3,4 Anomalous coronary origin with an 
interarterial (suprapulmonary) course is characterized by 
the course of the coronary artery between the ascending 
aorta and the pulmonary artery trunk, most commonly 
involving the right coronary artery.3,5 Most individuals are 
asymptomatic, but, among symptomatic patients, chest 
pain and dyspnea on exertion are the most prevalent 
complaints. There is also an increase in rates of arrhythmia, 
sudden death, and acute myocardial infarction.4,6 Sudden 
death is the main complication of this anatomical variant, 
occurring in approximately 30% of patients.3,4,6 In these 
cases, the narrowing and stretching of the anomalous 
ostium, mainly during physical exercise and in stressful 
situations, with consequent reduction in coronary flow, is 
the substrate for potentially fatal ischemic alterations.3,4,6 
Since electrocardiogram, in most cases, does not reveal 
ischemic alterations, diagnosis is generally made through 
an incidental finding on imaging exams.4 These exams are 
of great importance, especially coronary CTA, which, in 
addition to being a non-invasive exam with high negative 
predictive value, allows detailed anatomical visualization 
(angle of the origin, presence of intramural trajectory in 
the aorta, degree of ostial/proximal luminal reduction) 
and the correct classification in relation to the pulmonary 
valve plane (suprapulmonary versus subpulmonary).2,6,7 

Recent studies have demonstrated that coronary CTA 
is an accurate test for identifying myocardial ischemia 
through FFRCT, when compared to invasive measurement 
(iFFR) by coronary angiography.1,2,7,8 The detection of 
ischemia in coronary CTA is of great importance in 
decision-making, mainly in plaques considered moderate 
(50% to 69% luminal reduction) or when there is diagnostic 
doubt, reducing the number of unnecessary referrals 
to coronary angiography in cases without ischemia 
on FFRct.1,2,8 Due to the excellent accuracy between 
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Figure 1 – Three-dimensional reconstruction of the coronary tree with origin of the anomalous right coronary artery (arrow) in the left coronary sinus and 
interarterial course (A); two-dimensional curved planar reconstruction of the anomalous right coronary artery (arrow) with significant luminal reduction (> 50%) 
of the ostium and proximal segment (B).

Figure 2 – Two-dimensional curved planar reformatting (A), with delimitation of the coronary lumen (B) of the anomalous right coronary artery. Three-dimensional 
reconstruction with representation of FFRCT values throughout the entire coronary tree (C). FFRCT demonstrates coronary flow limitation, calculated approximately 
1 cm after the luminal reduction in the ostium/proximal third of the anomalous right coronary artery (arrow).

the methods in the analysis of a coronary tree without 
anomaly, the applicability of the method in the context 
of coronary anomaly has been extrapolated.5,7 Our group 
applied the most current version of a tool for calculating 
FFRCT currently available only on a research platform 
developed by Siemens Healthineers (cFRR, version 3.0.0) 

in the clinical case described. This research tool is available 
for installation on standard configuration computers, and 
it uses artificial intelligence tools, with reduced processing 
time.8 Currently, commercially available options require 
the step of sending images in DICOM format for processing 
in specific centers, with delivery of results at least 24 hours 
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Figure 3 – Ischemia in the right coronary artery confirmed by iFFR (reference value for ischemia ≤ 0.8) (A); invasive coronary angiography demonstrating the 
final result after drug-eluting stent implantation (arrow) in the proximal segment of the anomalous pathway (B).

after the images have been sent.1,2 The research tool used 
in this clinical case has advantages, such as fast processing 
time on standard configuration computers in the analysis 
room and use of tomographic images from the standard 
routine protocol, without requiring the addition of a 
specific protocol or a higher dose of radiation, without 
the use of stressors.2,8 This tool, in general, has some 
limitations, such as difficulty in defining the coronary 
borders in the presence of excessive calcification, and 
the need for high-quality images, without movement 
artifacts, for adequate automatic detection of the central 
luminal line and the lines that delimit the coronary 
borders, allowing adequate calculation of FFRct.8 It 
is important to emphasize that this tool distinguishes 
the interarterial pathways associated with ischemia, 
considering only the flow obstacle during rest, without 
estimating the risk of ischemic events associated with 
dynamic changes secondary to intense exercise. Use of this 
tool is scarce in the literature,5 and it still does not have 
a robust body of evidence. Nevertheless, in the clinical 
case described, the FFRCT tool was applied in a context 
different than what is usual, where luminal reduction was 
not determined by coronary atheromatosis, but by ostial 
angulation and compression of the proximal segment 
of the anomalous interarterial pathway. The ischemic 
response was considered a parameter of poor prognosis; 
subsequently, the confirmatory invasive functional test 
(iFFR) was indicated to assist in the therapeutic decision. 

Treatment of coronary anomalies involves the following 
two strategies: conservative treatment with clinical follow-
up of patients in asymptomatic cases; or invasive (surgical 
or percutaneous) treatment, myocardial revascularization 
surgery being the preferred technique in symptomatic 
patients under 30 years of age.4,6,7 Percutaneous coronary 
intervention with drug-eluting stent implantation, as in the 
clinical case described, has emerged more recently as a 
promising alternative therapy.4

Conclusion
Considered a rare anatomical variation, interarterial course 

is a potentially fatal coronary anomaly, even in asymptomatic 
patients. In the case described, the novel application of FFRCT 
based on artificial intelligence proved to be an excellent 
diagnostic alternative in this anatomical context, given that it is 
a non-invasive method capable of detecting ischemic coronary 
luminal reductions in accordance with iFFR, with future 
potential to guide planning and decision-making in myocardial 
revascularization interventions.
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Important Constrictive Pericarditis in a Patient with Schistosomiasis: 
A Case Report
Djair Brindeiro Filho,¹  José Maria Del Castillo,¹  Fábio Antonio Amando Granja²
Escola de Ecografia de Pernambuco,¹ Recife, PE – Brazil
Hospital de Clínicas da UFPE,² Recife, PE – Brazil

Introduction
Schistosomiasis mansoni (SM) is one of the most common 

causes of pulmonary hypertension and is often associated 
with the hepatosplenic form of the disease. However, 
constrictive pericarditis (CP) is not cited in the medical 
literature as a consequence of SM.1,2 One single case report, 
published in 1979, associating CP with schistosomiasis, 
presented the etiologic agent of Schistosoma haematobium.3 
The present study described a rare case of CP in a patient with 
chronic hepatosplenic SM, with a significant improvement 
in the parameters of ventricular filling and myocardial 
deformation after surgery, illustrating the importance of the 
echocardiogram in the detection of complications caused 
by this disease.

Case report
A 47-year-old, female patient, diagnosed with 

schistosomiasis 10 years ago, presented signs of right heart 
failure (jugular ingurgitation, hepatomegaly, edema of the 
lower limbs) and left heart failure (exhaustion with minimum/
maximum effort, hypotension). The precordium examination 
showed no abnormalities and upon auscultation of the heart, 
one could hear a third sound and a discrete systolic murmur 
on the left sternal border.

The preliminary echocardiogram showed a major biatrial 
dilation, signs of mild pulmonary hypertension (41 mmHg), 
major thickening of the pericardium with no stroke, and the 
interventricular septum with an altered movement, with a 
“septal bounce ” pattern (Figure 1). The spectral Doppler 
showed a mitral flow with a left ventricular restrictive 
pattern, and the Tissue Doppler (TD) of the mitral ring with 
a septal-lateral inversion in an Annulus reversus pattern 
(Figure 2). The speed of left ventricle (LV) outflow was above 
100 cm/s and the LV’s longitudinal global strain (LGS) was 
discretely reduced (-14.7%), with an accentuated decrease 
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in the inferolateral and anterolateral walls (Figure 3). Taking 
these data into account, the CP diagnostic hypothesis 
was conducted, together with x-ray. A partial surgical 
pericardiectomy was recommended, revealing an important 
calcification and adherence of the pericardial layers; the 
material was sent to the pathological anatomy department 
(Figure 4).

Eight months after the surgery, there was a clear 
improvement in the systolic function and the LV filling 
pattern, diminishing the atrial volumes and increasing the 
speed of the e´ wave of the lateral ring in relation to the 
speed of the LV, which increased to -20.7% strain, with the 
disappearance of the alterations in the inferolateral and 
anterolateral walls (Figure 5).

Discussion
Chronic CP is associated with a wide range of possible 

causes. The disease develops in an insidious manner and, in 
many cases, the etiology remains undefined.4 The diagnosis 
of CP is based on symptoms and signs of heart failure due 
to the constriction of the pericardium associated with one 
or more imaging methods. Transthoracic echocardiography 
(TTE) is recommended in all patients suspected of CP.5 
Schistosomiasis, a tropical endemic parasitosis, can lead 
to pulmonary hypertension due to the occlusion of the 
pulmonary arterioles by the SM eggs. The myocardial and 
pericardial involvement of SM species is rare and can occur 
due to the accumulation of SM eggs, which induce a local 
granulomatous response.6 In the only case published in 
the medical literature,3 the histopathological study of the 
pericardium showed a fibrous thickening with an increase 
in the connective tissue and identified the presence of 
Schistosoma haematobium eggs. In the present case, the 
anatomopathological study of pericardial fragments showed 
fibrous connective tissue, showing extensive dystrophic 
calcification, but no SM eggs were identified. Two possibilities 
can be suggested: the absence of eggs in the analyzed 
fragments and/or the disintegration of the eggs. In any case, 
the etiological possibility cannot be discarded, since there 
was no medical history or other concomitant disease that 
could be attributed as a cause of CP. The TTE identified 
various parameters of CP, which normalized in the exams 
performed about eight months after the excellent result of the 
surgical procedure (Figure 5). The analysis of the myocardial 
strain can aid in providing a more precise detection of the 
adherence of the pericardium to the myocardium along the 
free wall of the LV, aiding in the diagnosis of CP, as illustrated 
the present case.
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Figure 1 – Eco 2D 4C showing the dilation of the atriums and tricuspid regurgitation; B) Estimation of pulmonary systolic blood pressure using the continuous 
Doppler; C) Mode M “septal bounce” and pericardial thickening. PSAP: Pulmonary Systolic Arterial Pressure.

Figure 2 – Mitral flow with restrictive pattern (Left); TD showing lateral E´ < septal E´ speed (Right).

Figure 3 – Left: Colored Mode M; Speed of outflow with 220 cm/s (arrow  photo); Right: LGS, 14.8% (arrow  photo) with evident decrease in the inferolateral 
and anterolateral walls.



Arq Bras Cardiol: Imagem cardiovasc. 2023;36(2):e3783

Case Report

Castillo & Brindeiro
Constrictive pericarditis and schistosomiasis

Figure 5 – Above (TD). Normalization of the speed of the lateral ring (lateral ring E´ wave > septal). Below (LGS). Normalization of the deformity in the inferolateral 
and anterolateral walls.

Figure 4 – Intense pericardial thickening observed in the chest X-ray (left) and during surgery (right)
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Behcet’s Disease with Vascular Involvement: Case Report
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Barros,1  Caio Buscatti Folino,1  Vitor Leonidas Boher Dornas,1  Mohamed Hassan Saleh,1  Fábio Henrique 
Rossi,1  Raquel Peres Sousa,1  Larissa Chaves Nunes Carvalho1
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Behçet’s disease is an inflammatory, multisystemic, relapsing 
syndrome of unknown etiology. It involves heterogeneous 
clinical manifestations such as: recurrent oral ulcers, ocular 
inflammation, genital ulcers, and skin lesions. More severe 
manifestations may occur due to vasculitis of small and large 
arteries and/or veins with formation of arterial aneurysms 
or thrombosis, in addition to neurological or gastrointestinal 
involvement. Diagnosis is clinical and mainly symptomatic, 
and treatment may include corticosteroids with or without 
immunosuppressants and, eventually, other interventions for 
more severe manifestations.

Clinical case
Male patient, 34 years of age, previously healthy, admitted 

to the Emergency Room (ER) of Instituto Dante Pazzanese de 
Cardiologia reporting a 3-month history of pain in the right 
lower limb (RLL) and limping for distances of 100 meters in 
the 3 weeks prior to admission. The patient evolved with 
worsening pain in the right calf and spontaneous pulsatile 
bulging a week before admission. He mentioned the use 
of Rivaroxaban for deep venous thrombosis (DVT) in the 
RLL five months before, weight loss (15kg in 6 months), and 
appearance of aphthous lesions in the oropharyngeal region. 
He had a vascular ultrasound image from another service, 
with signs of DVT in a partially recanalized right popliteal vein.

On the occasion of admission, physical examination 
indicated: posteromedial pulsatile mass on the right leg and 
present pulses, except posterior tibial. Heart, lungs, abdomen, 
and left lower limb (LLL) without alterations.

A new vascular echography with Doppler of the RLL 
was performed, which showed a pseudoaneurysm of the 
tibioperoneal trunk (TPT), measuring 4.5 cm x 5.7 cm 
[anteroposterior (AP) X laterolateral (LL)] (Figures 1A and 
1B), in addition to chronic post-thrombotic changes in the 
ipsilateral femoral and popliteal veins. An echocardiogram 
was also performed with patterns within normal limits. 
Endovascular treatment by bilateral puncture of the common 
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femoral arteries was the elected therapeutics. TPT angioplasty 
was performed with a V12 tubular endoprosthesis (5 mm x 
38 mm) and successful embolization of the D peroneal artery 
with an Interlock 2D occlusion system (4 mm x 8 cm – 2 units) 
was performed (Figure 1C). The patient was discharged with 
a prescription for Clopidogrel (75mg/day) and ASA (100mg/
day); the use of Rivaroxaban was discontinued.

At the outpatient follow-up, after two weeks, the 
patient reported improvement in pain in the RLL, however 
accompanied by worsening of pain in the right foot, associated 
with paresthesia, coldness, and stable oral lesions. RLL pulses 
were present, except for the tibialis posterior with a slight 
thermal gradient in the right foot. A new vascular ultrasound 
examination showed occlusion of the TPT endoprosthesis 
(Figure 1D). Clinical follow-up and reintroduction of 
Rivaroxaban 20mg plus maintenance of ASA were carried out.

After 3 weeks, the patient was readmitted to the ER 
reporting a new, spontaneous, pulsating bulge in the right 
thigh, with progressive increase associated with significant 
pain at the site and impaired walking. The complaint of 
paresthesia in the right foot persisted. He also reported 
worsening of the aphthous lesions in the oral cavity and the 
appearance of ulcerated lesions in the scrotal region (Figures 
2A and 2B). Physical examination indicated a large pulsating 
bulge in the distal right thigh and loss of pedal pulse. A new 
vascular echography with RLL Doppler was performed, 
which showed, in the right superficial femoral artery (RSFA), 
the presence of a pseudoaneurysm of the posterior wall, 
in the distal segment, measuring approximately 3.06 cm x 
4.01 cm (AP x LL), in addition to another pseudoaneurysm 
measuring approximately 0.5 cm x 0.8 cm, 2.5 cm away from 
the femoral bifurcation, and two bulges in the posterior wall 
with apparent intimal rupture, maintaining the integrity of the 
adventitia. Images of partially thrombosed pseudoaneurysms 
were observed in the right (RCFA) and left common femoral 
arteries (LCFA) measuring approximately 1.1 cm and 1.0 
cm, respectively. He also presented intraluminal hypoechoic 
material in the right femoral vein (RFV) and right popliteal 
vein (RPV), compatible with acute DVT. Ultrasound findings 
are shown in Figures 3A–F.

Laboratory tests: normal white blood cell count, 
hypochromic and microcytic anemia — Hemoglobin (Hb) = 
10.9 g/dL, Mean Corpuscular Volume (MCV) = 75.9, Mean 
Corpuscular Hemoglobin Concentration (MCHC) = 31.5 
—, C-reactive protein (CRP), erythrocyte sedimentation 
rate (ESR) and high fibrinogen (CRP = 25.2 mg/dL, ESR 
= 44mm/h, and fibrinogen= 636mg/dL); high values 
of oxaloacetic transaminase (TGO) = 233 U/L, pyruvic 
transaminase (TGP) = 153 U/L, gamma glutamyl transferase 
(GGT) = 490 U/L; and alkaline phosphatase (FA) = 264 
U/L; negative serologies for hepatitis and syphilis.
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The hypothesis of autoimmune vasculitis was suggested. 
Given the disease activity, no invasive investigation was 
performed at that time and a rheumatological evaluation 
was requested. Considering the arterial and venous 
involvement — arterial pseudoaneurysms and venous 
thrombosis, elevated inflammatory tests, and oral and 
genital ulcers —, the diagnosis of Behçet’s disease was 
concluded. Pulse therapy with methylprednisolone and 
cyclophosphamide was onset. There was a reduction 
in symptoms, oral and genital ulcers, and inflammatory 
evidence after the first session (Figure 2C). In reassessment, 
after the second session of pulse therapy (30 days), a new 
intervention in RLL was indicated.

Endovascular treatment of the RSFA pseudoaneurysm 
was then performed with Viabahn Gore (7 mm x 100 mm), 
with good therapeutic results (Figures 4A-D). The patient 
had an uneventful postoperative period and was discharged 
from the hospital.

Discussion
Behçet’s disease consists of a multisystem inflammatory 

process of unknown etiology characterized by recurrent episodes 
of oral and genital ulcers, other skin lesions, and ocular lesions. 
It was first described by Hulûsi Behçet in 1937 as a triad of oral, 
genital, and uveitis ulcers.1

Currently, it is known that the involvement goes beyond this 
triad and extends to several systems, including neurological, 
pulmonary, gastrointestinal, cardiac, articular, and vascular. 
Manifestations are not the same in all patients, clinical phenotypes 
are very heterogeneous and disease progression varies according 
to ethnicity, geography, and individual differences.2 

The increase in evidence indicating the possibility of 
immunological mechanisms in the pathogenesis of the disease 
suggests an autoimmune etiology. Vascular alterations, for 
example, result from endothelial cell dysfunction caused by a 
probable immune-mediated reaction. Vasculitis appears to be 
the pathogenic basis of the various systemic manifestations.3 

Figure 1 – Pseudoaneurysm of the tibiofibular trunk. A) Power Doppler; B) Color flow mapping; C) Angiographic control after correction of the tibiofibular trunk 
pseudoaneurysm with endoprosthesis; D) Endoprosthesis occluded at USV in Power Doppler mode (two weeks later).

Figure 2 – A) Oral ulcerated lesions; B) Genital ulcerated lesions; C) Improvement of oral lesions after treatment with pulse therapy.
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Series of patients confirmed that young men are more 
prone to vascular involvement of the disease.2 Large vessel 
disease is one of the manifestations associated with systemic 
symptoms and laboratory evidence of acute phase response.4 
There is no specific laboratory test for Behçet’s disease, 

but the presence of the HLAB-51 gene is suggestive of the 
disease.2,4-6

The arteries most affected by the formation of aneurysms 
are the pulmonary, femoral, iliac, aorta, and popliteal 
arteries. The main pathological findings in the aneurysm 
wall are: thickening of the adventitia, fibrosis, perivascular 
lymphocytic infiltration, decrease in muscle and elastic fibers 
in the media layer, and increase in spongy cells and fibroblasts 
in the intimal layer.7 The inflammatory process is acute and 
causes destruction of the arterial wall, resulting in rapid 
formation of aneurysms or pseudoaneurysms, increasing the 
incidence of rupture and bleeding.4

Venous involvement is the most frequent (88%), while 
arterial involvement is responsible for a smaller number of 
cases (12%).8 Venous thrombosis is the most common finding, 
which can occur in different territories and progress despite 
anticoagulation.8 Thrombi, aneurysms or pseudoaneurysms 
can occur as complications of surgery or invasive procedures.4 

Treatment is based on immunosuppression. Anticoagulants 
are used in the treatment and prevention of thromboembolic 
phenomena9 and surgical or endovascular procedures may 
be necessary. 

The use of endovascular repair has been increasing in 
Behçet’s disease, with the aim of reducing complications 
resulting from surgical trauma. Surgical treatment in the 
acute phase of the disease is associated with higher rates of 
thrombosis and suture dehiscence.5 It is suggested that the 
combined use of corticosteroids and immunosuppressants, 
and possibly the use of antiplatelet agents or anticoagulants, 
may be effective in reducing complications associated to 
the procedures.4

Aneurysms and pseudoaneurysms of the distal arteries 
are infrequent in these patients and each case must be 
evaluated individually. The literature describes few cases of 

Figure 3 – A) Pseudoaneurysm in RCFA; B, C and D) Small pseudoaneurysm 
on the anterior wall of the RSFA and two bulges on the posterior wall, with 
apparent intimal rupture; E) deep venous thrombosis of the right popliteal vein; 
F) Large pseudoaneurysm in RSFA. RCFA: right common femoral arteries; 
RSFA: right superficial femoral artery

Figure 4 – A) RSFA pseudoaneurysm on color flow mapping; B) Control vascular ultrasound (VUS) after endovascular treatment of the RSFA pseudoaneurysm;  
C) Angiography demonstrates RSFA pseudoaneurysm; D) Control angiography after endovascular treatment of the RSFA pseudoaneurysm.
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TPT involvement in Behçet’s disease. The main advantage 
of the endovascular technique is that it is less invasive and 
allows access to the affected area from a different site, 
without direct manipulation.
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Aortocaval Fistula: A Rare Complication of Ruptured Abdominal 
Aortic Aneurysm
Karoline Evelyn Barbosa Gomes,1  Eduardo Koltun Sanvesso,1  Edwaldo Edner Joviliano,1  Maurício Serra 
Ribeiro,1  Elisa Helena Subtil Zampieri1
Departamento de Cirurgia Vascular e Endovascular, Hospital das Clínicas da Faculdade de Medicina, Universidade de São Paulo,1 Ribeirão 
Preto, SP – Brazil

Aortocaval fistula is a rare complication of aortic aneurysm, 
occurring in approximately 0.2% to 6.04% of all abdominal 
aortic aneurysms.1 It may occur in the context of aortic 
aneurysm rupture, aortitis, Ehlers-Danlos syndrome, Marfan 
syndrome, or penetrating abdominal trauma.1,2 The classic 
clinical signs are abdominal pain, abdominal thrill, and 
symptoms of decompensated heart failure.1 It is usually 
diagnosed via computed tomography angiography, and 
typical findings include early contrast enhancement of the 
inferior vena cava (prior to contrast of the renal and hepatic 
parenchyma) and retrograde enhancement of the renal or iliac 
veins.1 Open surgical treatment has high associated morbidity 
and mortality, with reported rates of approximately 30%. With 
the advent of endovascular therapy, these rates have been 
reduced, with success rates as high as 96%.3

An 85-year-old male patient, with hypertension and 
history of tobacco use, was admitted to the emergency unit 
with a history of sudden onset of abdominal pain four days 
prior, associated with a pulsating abdominal mass in the 
hypogastric region. Tomography angiography of the total 
aorta was performed, showing a pararenal abdominal aortic 
aneurysm with a diameter of 11.5 cm, extending from the right 
renal artery to the aortic bifurcation, with signs of tamponade 
rupture into the retroperitoneum (Figure 1A), associated with 
an aortocaval fistula with a point of communication at the 
level of the iliac veins. In the tomography image, retrograde 
and early enhancement of the iliac veins was observed in the 
arterial phase (Figure 1B and 1C). During clinical evaluation, 
the patient presented hemodynamic instability, and an 
emergency surgical procedure was indicated. Intraoperatively 
(Figure 2), an aneurysm with signs of rupture was found, 
showing thrill on palpation. The patient evolved with refractory 
hypotension and died.

Aortocaval fistula is a rare complication of abdominal aortic 
aneurysm, and it is associated with high morbidity and mortality 
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rates. Knowledge about it is highly important for suspected 
diagnosis, in order to improve patients’ survival results.
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Aortocaval fistula

Figure 1 – A) Abdominal aortic aneurysm with signs of tamponade rupture; B) retrograde and early enhancement of the iliac veins (arrow) in the arterial phase; 
C) abdominal aortic aneurysm compressing the inferior vena cava (arrow) showing early enhancement in the arterial phase due to an aortocaval fistula.

Figure 2 – Intraoperative finding showing inferior vena cava (*) and aortic wall (arrow) in close contact with an area of aortocaval fistula.

1. Lorenzati B, Perotto M, Bottone S, Tenconi G, Gazzina G, Cataldi W. 
Aortocaval Fistula. Intern Emerg Med. 2014;9(8):895-6. doi: 10.1007/
s11739-014-1076-5.

2. Kashyap VS, Kumar A, Atallah PC, Warner C. Aortocaval Fistula. J Am Coll 
Surg. 2006;203(5):780. doi: 10.1016/j.jamcollsurg.2006.03.024.

3. Brightwell RE, Pegna V, Boyne N. Aortocaval Fistula: Current Management 
Strategies. ANZ J Surg . 2013;83(1-2):31-5. doi: 10.1111/j.1445-
2197.2012.06294.x.

References

This is an open-access article distributed under the terms of the Creative Commons Attribution License



Arq Bras Cardiol: Imagem cardiovasc. 2023;36(2):e202300341

Review Article

SOC

IE
D

A
D

E
 B

R

A
S I L E I R A  D E  C

A
R

D
IO

L
O

GIA

My Approach To: Vascular Ultrasonography in Dolichoarteriopathies 
of the Carotid Arteries
Armando Luis Cantisano,1  Catarina Schiavo Grubert1

Hospital Barra D’Or, Ecocardiograma,1 Rio de Janeiro, RJ – Brazil

Abstract
This article provides step-by-step guidance on how I 

investigate, classify and evaluate dolichoarteriopathies 
anatomically and hemodynamically, often found in the 
carotid and vertebral arteries. Dolichoarteriopathies may 
be present in children, disappearing during growth and 
reappearing with increasing age. Previously considered 
benign anatomic variations (AVs), discussion has arisen on 
the topic in view of new implications due to associations with 
cardiovascular events, risk factors, and various pathologies. 

Introduction
The internal carotid artery (ICA) usually runs a straight 

extracranial course in the parapharyngeal space to the base 
of the skull, without branching. It runs posterolaterally to 
the pharyngeal wall and the external carotid artery and 
medial to the internal jugular vein. However, the vessel may 
elongate to form tortuosity, coils, loops, and kinks. These 
anatomic variations (AVs), also called dolichoarteriopathies, 
are frequently found in the general population, ranging 
from 10% to 45%, with 5% of them being pronounced 
aberrations.1-3

Among AVs, kinking is the most prevalent. Women are 
predominantly affected by kinking and coiling, while both 
men and women are equally affected by tortuosity. The 
incidence rate of AVs increases with age and is particularly 
high in people over the age of 70 years. The peak prevalence 
has a bimodal characteristic, occurring in the youngest and 
oldest extremities, with a lower incidence between 21 and 
60 years of age (Table 1).3,4 

In children, AVs are often the reason for reduced cognitive 
and neuropsychological capacity, with developmental delay 
and presence of focal seizures or status epilepticus.3,5,6 It is 
a sporadic congenital condition that, apparently, decreases 
and/or disappears with increasing age and body growth due 
to stretching of the aorta and supra-aortic trunk. In older 
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people, however, dolichoarteriopathies may manifest due 
to senile crushing (eg, osteoporotic vertebral compression).3,4

Different hypotheses for the development of AVs include 
embryological and genetic causes and the presence of 
fibromuscular dysplasia (more closely related to coiling), 
as well as the process of atherosclerosis in patients with 
hypertension, diabetes and smokers (more closely related to 
kinking and tortuosity).5-8 The ICA is normally coiled during 
intrauterine development, and straightening occurs as the 
fetal heart and great vessels descend into the mediastinum. 
If the descent is incomplete, coiling of the ICA occurs.9

There is an increased prevalence of kinking in patients with 
arterial hypertension, probably due to increased endoluminal 
pressure and parietal tension, favoring endothelial thickening 
and deformation. A more severe alteration in vessel wall 
elasticity may also be related to postmenopause in women 
due to the hormonal process, without excluding a bias 
associated with the larger number of comorbidities in men. 
This might explain the higher overall prevalence of AVs in 
women than in men aged 60 years or older.10,11

The carotid ultrasound study assesses ICA’s morphological 
and atherothrombotic risk by observing alterations in 
arterial wall thickness and hemodynamic disturbance due 
to luminal narrowing, which may lead to turbulent blood 
flow, thus predisposing patients to stroke.3 However, not 
all AVs lead to stroke, which occurs in 11% to 33% of cases 
with AVs.6 Coiling and tortuosity cannot be considered risk 
factors for ischemic events due to their weak association 

Table 1 – Prevalence of coils and kinks stratified by age decades

Age 
groups 
(years)

Patients 
undergoing 
ECD of ICA 
(2856) (n)

Patients with 
ICCK (284) 

(n)

Prevalence,  
% (ratio)

0–10 208 39 18.8 15.2% 
(57/374)11–20 166 18 10.8

21–30 55 2 3.6 4.4 % 
(5/113)31–40 58 3 5.2

41–50 228 18 7.9 5.3% 
(36/682)51–60 454 18 4

61–70 777 59 7.6
11% 

(186/1687)
71–80 680 90 13.2

> 80 230 37 16.1

ECD : echo-color Doppler; ICA: internal carotid artery; ICCK: internal 
carotid coiling and kinking.
Table adapted from Luigi Di Pino et al.3
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with cerebrovascular events. Kinking, however, even in the 
absence of atherosclerotic plaques, is more closely associated 
with the onset of events, being aggravated when combined 
with carotid stenosis.4

Cerebral ischemia occurs by two mechanisms: 
thromboembolic mechanism, resulting from endothelial 
lesions associated with blood flow stasis at the kink level and 
the occurrence of microembolization; and hemodynamic 
mechanism, which plays a role in both neutral and dynamic 
conditions. The smaller the angle formed between the kinked 
carotid segments, the greater the resistance to blood flow, 
which can worsen in conditions such as hypotension during 
sleep or flexion and/or extension of the head. Altogether, 
these situations may lead to vessel collapse at the point of 
greatest narrowing.3,5,6

Dolichoarteriopathies can be classified into 3 types, as 
shown in Figure 1:2,6

•	 Type 1: S- or C-shaped tortuosity of a non-rectilinear 
artery segment with an angulation > 90°;

•	 Type 2: a 360° angulation of an artery on its transverse 
axis in a circular or spiral shape (coil);

•	 Type 3: torsion of the inflection of 2 or more 
segments of an artery with an internal angle of ≤ 90° 
(kinking).

While Type 2 or coiling is attributed to embryological 
causes, the other two types are generally caused by the 
aging process with progression of atherosclerosis or by 
fibromuscular dysplasia.11-13

 The anatomic classification of kinks using the Metz criteria 
is performed as follows (Figure 2):6,8,13

•	 Mild kinking: acute ICA angle between the two 
segments forming the kink, ≥ 60°;

•	 Moderate kinking: acute ICA angle between the two 
segments forming the kink, between 30° and 60°;

•	 Severe kinking: acute ICA angle between the two 
segments forming the kink, < 30°.

Kinks are common among patients with ischemic stroke, 
affecting both the intracranial and extracranial vasculature. 
The unfavorable anatomy of these vessels has been identified 
as an impediment to several types of endovascular treatment, 
such as ICA catheterization, leading to worse outcomes 
with increased revascularization time during thrombectomy. 
Alternative procedures include vessel resection and bypass 
grafting. Carotid stenting may also have its outcome quite 
impaired, since this device will further stretch the carotid 
artery, making a distal kink to become even more kinked. 
Twists and spirals are a contraindication to endovascular 
interventions because of the danger associated with passing 
a wire through an angled segment.3,9,12,14 Carotid ultrasound 
is the gold standard for assessing extracranial circulation, has 
replaced carotid arteriography as a screening test for carotid 
artery occlusive disease, and has low cost, minimal risk, and 
good diagnostic accuracy.4 

The use of intraoperative duplex ultrasonography in 
carotid endarterectomy has allowed the identification and 
repair of intraluminal residual defects, which may arise from 
the arterial reconstruction at the distal end of the repair and 

appear to result from hydrodynamic forces seen after primary 
closure of the arteriotomy.15 The specificity of the method 
for predicting small ICA diameter, high carotid bifurcation, 
and a coiled or kinked carotid artery was 56%, 100%, and 
100%, respectively. The presence of severe tortuosity of an 
artery, high carotid bifurcation, obesity or arterial calcification 
will reduce the accuracy of the ultrasound. This method can 
be improved with the use of high-frequency combined with 
low-frequency probes. This combination can provide an 
intuitive interface with a complete anatomic image of the 
artery for surgeons. 

As it is a simple method that does not add risk or increase 
cost or discomfort for patients, the use of a convex probe 
is suggested as a complement to conventional ultrasound if 
necessary.6,16,17 It is a noninvasive and effective method to 
easily detect vascular dysfunctions that allows us to assess the 
presence of AV-related submucosal masses in the posterior 
pharyngeal wall, which may be at risk for surgical injury to 
the oropharynx and laryngopharynx. Thus, it is possible try 
to predict cardiovascular events and complications during 
surgical procedures, both vascular and non-vascular, such as 
tonsillectomy, treatment of peritonsillar abscess, and adenoid 
surgery. Hence the great importance of careful and accurate 
examination prior to the procedure.5,6,18 

Vascular ultrasound image acquisition technique with color 
flow mapping – “how I do it” step by step

1.	 Use a device with a multifrequency linear array 
transducer with frequencies greater than 7 MHz and 
color and power Doppler capability. Not infrequently, 
we need to use of a convex probe with frequencies 
ranging from 2 to 5 MHz in order to obtain an image 

Figure 1 – Classification of dolichoarteriopathies: Type 1, Type 2, and Type 3.

Figure 2 – Anatomic classification of kinks. Mild kinking, angle between 
60° and 90° (A); moderate kinking, angle between 30° and 60° (B); severe 
kinking, angle < 30° (C).
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of the complete extent of the carotid alteration and 
reach a greater depth;

2.	 Lay the patient in the supine position with the head 
slightly hyperextended and rotated 45° away from the 
side to be examined;

3.	 Perform an axial and longitudinal scan from the origin 
of the common carotid artery to the most distal visible 
portion of the ICA, looking for any tortuosity;

4.	 Using pulse Doppler, color Doppler and power 
Doppler, detect blood flow and determine its direction, 
velocity, spectral waveform, and morphology;

5.	 Using spectral or pulse Doppler, record the peak 
systolic velocity (PSV), end-diastolic velocity (EDV), 
and resistance index in the common carotid artery, 
proximal ICA, and proximal external carotid artery;

6.	 Once an AV is identified, still using pulse Doppler, 
record the velocities before, inside, and after the 
curved portion, keeping the angle correction at 0° 
(Figures 3 and 4):

a)	 PSV > 140 cm/s – hemodynamically significant 
parameter, suggestive of an approximately 50% 
diameter stenosis; 

b)	 PSV > 140 cm/s  wi th EDV < 70 cm/s  – 
hemodynamically significant parameters, suggestive 
of 50% to 69% diameter stenosis;

c)	 PSV > 140 cm/s with EDV > 70 cm/s – parameter 
suggestive of 70% to 99% diameter stenosis.

7.	 Calculate the PSV ratio between two carotid segments 
(velocity at the kinking level divided by the velocity 
obtained at 2 cm proximal to the internal branch 
before the lesion).3

	 If: 

a)	 Ratio < 1.5 � physiological or stenosis < 50% 

b)	 Ratio > 3.2 � stenosis > 60% 

c)	 Ratio > 3.3 � stenosis > 70%

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3 – Mapping of velocities along the kinked segment, without angle correction in the region of kinking.

 
 
 
 

Figure 4 – Stenotic kinking with a peak velocity of 2.26 m/s. The common carotid artery velocity before the kinked segment was 0.68 m/s. Ratio = 3.3.
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Technical pitfalls

In our service, we usually use a ratio of 2.5 for kinks with 
significant stenosis (above 60%), a criterion used for the serial 
assessment of the severity of peripheral arterial occlusion. 
It is important to note that a kink is considered occlusive 
only when it presents a significant increase in pulse Doppler 
velocities. The degree of kinking is not necessarily related 
to major occlusion (even with angles close to 0°). Also, the 
presence of turbulent flow on Doppler does not reflect 
the degree of stenosis, as it is found in all kinks, whether 
occlusive or not.

Dolichoarteriopathies can be located at the very beginning 
of the common carotid artery or at a great distance from 
the carotid bifurcation in the internal branch, requiring a 
scan of the entire length of the carotid artery from the base 

of the neck until it is no longer visible in the skull vault. 
Approximately 75% of the abnormalities are found at 2-4 cm 
proximal to the carotid bifurcation, but they are also seen 
more distally, as shown in Figure 5.5,6 A possible presence of 
distal kinking in the internal branch should be considered 
when the opening angle between the internal and external 
carotid arteries is greater than 60° (Figure 6).

Coils can be found in different planes, requiring a “3D 
mental” map, with image acquisition in different axes, planes 
and angles of the neck for their composition and evaluation 
(Figure 7).

When as soc ia ted  wi th  aneurysms ,  d i l a t ions , 
atheromatous plaques or thrombi in dolichoarteriopathies, 
the quantification of possible stenosis is even more difficult 
(Figure 8).

Figure 5 – Kinking far from the bifurcation. Bifurc: carotid bifurcation; Ext: external carotid artery; Int: internal carotid.

 

Figure 6 – In the illustration, the angle formed between the carotid branches. A: small angle between the branches, which is more common; B: there is a greater 
probability of kinking, as the angle between them is > 60°, as shown in the image on the right. Comun: common carotid; Ext: external carotid artery; Int: internal carotid.
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A B 
Figure 7 – Coil being built in two ways. A) circular, it appears entirely in the same plane; B) spiral, where its complete tracing is observed in several planes, 
requiring a scan with the transducer. Int: internal carotid.

 

Figure 8 – Associated conditions. A) occlusive atheromatous plaque preceding kinking (plaque turbulence, yellow arrows, mixes with kinking, white arrow);  
B) large internal branch aneurysm after kinking. Int: internal carotid artery; B: carotid bifurcation; T: thrombus; An: Aneurysm.

Conclusion
Dolichoarteriopathies are frequently found in our clinical 

practice, whether in preoperative patients with non-vascular 
or vascular diseases, patients with stroke, and those with 
genetic diseases or in children with seizures, who require 
a detailed study of the entire course of the vessel in the 
search for anatomic abnormalities with turbulent flows and 
increased velocities.

Faced with a patient with a cerebrovascular condition, 
using the appropriate technique, we must actively search 
for these abnormalities, which may be responsible for the 
event and, thus, guide our decision on the optimal approach 
and treatment.
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