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Abstract
The increase in health care costs is not sustainable 
and has heightened the need for innovative low 
cost effective strategies for delivering patient care. 
Remote monitoring holds great promise for preventing 
or shortening duration of hospitalization even while 
improving quality of care. We therefore conducted 
a proof of concept study to examine the quality of 
electrocardiograph (ECG) recordings obtained remotely 
and to test its potential utility in detecting harmful 
rhythms such as atrial fibrillation. We tested a novel 
adhesive strip ECG monitor and assessed the ECG 
quality in ambulatory individuals. 2630 ECG strips were 
analyzed and classified as: Sinus, atrial fibrillation (AF), 
indeterminate, or other. Four readers independently 
rated ECG quality: 0: Noise; 1: QRS complexes seen, 
but P-wave indeterminate; 2: QRS complexes seen, 
P-waves seen but poor quality; and 3: Clean QRS 
complexes and P-waves. The combined average rating 
was: Noise 12%; R-R, no P-wave 10%; R-R, no PR 
interval 18%; and R-R with PR interval 60% (if Sinus). 
If minimum diagnostic quality was a score of 1, 88% 
of strips were diagnostic. There was moderate to high 
agreement regarding quality (weighted Kappa statistic 
values; 0.58 to 0.76) and high level of agreement 
regarding ECG diagnosis (ICC = 0.93). A highly variable 
RR interval (HRV ≥ 7) predicted AF (AUC = 0.87). The 
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monitor acquires and transmits diagnostic high quality 
ECG data and permits characterization of AF.

Key words: Remote; Electrocardiograph; Monitoring; 
Atrial fibrillation; Novel; Sensor 

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The findings of this pilot study confirm that 
a remote monitoring system using a novel adhesive 
strip electrocardiograph (ECG) sensor can acquire and 
transmit diagnostic high quality ECG data over a period 
of 3 d when worn by elderly subjects leading active 
independent lives. Automated determination of heart 
rate variability permitted reliable characterization of ECG 
strips with atrial fibrillation. These data have implications 
for long term continuous monitoring for development of 
atrial fibrillation in independent elderly patients. 

Bruce CJ, Ladewig DJ, Somers VK, Bennet KE, Burrichter S, 
Scott CG, Olson LJ, Friedman PA. Remote electrocardiograph 
monitoring using a novel adhesive strip sensor: A pilot study. 
World J Cardiol 2016; 8(10): 559-565  Available from: URL: 
http://www.wjgnet.com/1949-8462/full/v8/i10/559.htm  DOI: 
http://dx.doi.org/10.4330/wjc.v8.i10.559

REMOTE ELECTROCARDIOGRAPH 
MONITORING USING A NOVEL 
ADHESIVE STRIP SENSOR: A PILOT 
STUDY
Due to increased longevity, people are facing an increa­
sing prevalence of chronic disease that threatens their 
ability to live independently and has led to rapidly 
escalating healthcare costs. It is imperative that new, 
effective, economical and efficient methods to prevent 
and manage chronic disease are developed. Cardio­
vascular disease accounts for a significant burden of 
chronic illness, often manifesting as heart failure, and 
arrhythmias such as atrial fibrillation (AF) are commonly 
observed[1-4]. These arrhythmias may be difficult to 
detect, often initially presenting as decompensation of 
heart failure or stroke. Remote monitoring of physiologic 
measures such as the ECG and heart rate may provide 
an important option for early detection of cardiovascular 
compromise and arrhythmias[5]. Limitations of current 
monitoring systems include a large body burden and 
inconvenience in use, latency in transmission of physiolo­
gic information, enormous volumes of data for analysis 
consuming human resources, and significant false alarms 
generated by artifact, requiring human oversight[6-8].

We have developed a personal monitoring system 
capable of interfacing with additional low profile, 
unobtrusive, on-body and off-body sensors to provide 
real-time and cumulative data to a health care pro­

vider at any internet or cellular network enabled 
location. The system records ECG, respiration (via bio-
impedance measurement), and physical activity using 
a 3-axis accelerometer. The system also has embedded 
algorithms that provide a self-diagnostic reliability index 
to qualify the value of the data, permitting reviewers 
to discard noisy signals, thus facilitating generation 
of alerts with greater specificity. In this pilot study, 
we sought to test the monitoring system in healthy 
volunteers residing in an independent living center, to 
determine whether the system satisfactorily acquires, 
stores, and displays ECG information of diagnostic 
quality in ambulatory, free-living individuals. 

LITERATURE AND RESEARCH
We prospectively enrolled 10 healthy volunteers 
from residents of the Mayo Clinic Charter House, an 
assisted living center near the Mayo Clinic Rochester 
downtown campus. To be eligible, participants had to 
live in apartments with appropriate cellular network 
coverage. Subjects with implanted cardiac defibrillators 
or pacemakers were excluded. 

After enrollment, a study coordinator provided 
each participant with a data hub that consisted of a 
SmartPhone preloaded with custom monitoring software 
(Google Nexus, HTC Corporation, Taipei, Taiwan), a 
charger for the SmartPhone, as well as two fully charged 
monitoring units and adhesive snap strips (Figure 
1, BodyGuardian, Preventice Inc., Minneapolis, MN, 
described further below). A study coordinator instructed 
the subject on applying the adhesive strip sensor to the 
chest, methods for ensuring good signal quality, and 
how to ask for assistance if required. 

Each subject was asked to use the system for 3 
consecutive days. Supervised maneuvers, such as lying 
supine, sitting, standing, and walking were performed 
once per day, each day for 3 d, at which time the 
various signals were recorded. At the end of each 24-h 
period, the Study Coordinator exchanged the unit for a 
newly charged unit. 

The study was approved by the Institutional Review 
Board. Since the system was not FDA approved at the 
time of the study, no clinical decisions or management 
changes were made based on data obtained during the 
trial.

REMOTE MONITORING SYSTEM
The remote health management system connects 
personal health sensors with secure mobile communi­
cation devices. The monitor front-end is composed of 
an electronic unit; an adhesive patch with attached 
electrodes and snaps for a rechargeable module. The 
rechargeable module measures 59 mm × 50 mm and 
houses the sensors, battery and wireless transmitter 
(Figure 2). It is detachable from the electrode snap strips 
to permit showering. The module is able to measure 
heart rate (HR), ECG, respiratory rate, and activity level. 
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The ECG is recorded via the two inner electrodes (the 
distance between the inner electrodes is 70 mm and 
the distance between the outer electrodes is 104 mm). 
The electrode pads measure 10 mm diameter and have 
a signal sampling rate of 256 Hz with 12 bit resolution. 
Respirations are measured by injection of a low 
voltage charge from one pair of electrode contacts and 
measuring the change in voltage over a fixed distance on 
the other pair of electrode contacts (current amplitude: 
100 µA, current frequency: 50 kHz, sampling frequency: 
32 Hz). A three dimensional accelerometer acquires 
samples at 50 Hz and the signal is algorithmically 
processed to determine physical activity. Physiologic 
information is communicated to a remote server using 
a mobile phone as the communication hub. The mobile 
phone displays data acquisition, battery level and data 
transmission to the subject. 

During normal operation, the system collects phy­
siologic data and stores it in its on-board memory. The 
data are transmitted to the smart phone data hub at 
programmable intervals (nominally 60 min). In the 
absence of proximity to the data hub, data are stored 
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on the rechargeable module attached to the adhesive 
strip until the next communication attempt. Data are 
automatically transmitted from the smart phone hub to 
a secure, HIPAA compliant server database. 

 Utilizing clinical algorithms, the system is capable 
of automated decision making based upon integration 
of data and can provide immediate feedback to the 
subject. The solution is a multi-tiered mobile health 
platform (Figure 3). The stored data are presented 
for review via a web-based interface, or using custom 
software on an iPad (Apple Computer, Cupertino, CA). 

SELECTION OF ECG STRIPS FOR 
ANALYSIS
Each hour, a randomly selected two-minute ECG strip 
was automatically recorded and transmitted for the 
purposes of this study. Users could also manually 
activate a recording using the smart phone data hub 
interface.

ANALYSIS OF ECG QUALITY
Each of the ECG strips was read by 4 independent, 
experienced readers for ECG signal quality and rhythm 
interpretability. The readers were ECG technicians 
working in a 24-h continuous telemetry unit, and were 
blinded to clinical information and other readers’ inter­
pretations. Each reader independently rated the ECG 
quality using an ordinal scoring system: 0 Noise, cannot 
reliably determine QRS complexes 1 QRS complexes 
reliably seen and R-R intervals determined, but atrial 
activity indeterminate due to baseline noise 2, QRS 
intervals reliably recorded, and atrial activity seen but 
of poor quality, and PR interval not reliably seen 3, 
clean signal, with reliable assessment of QRS intervals, 
and PR intervals (when present). Quality scores were 
compared between each pair of readers and a weighted 
Kappa statistic was calculated assuming an ordinal 
outcome. In addition, in order to compare quality scores 
from all 4 readers, an intra-class correlation coefficient 
was calculated as a measure of agreement across all 4 
raters. 

ANALYSIS OF HEART RATE VARIABILITY
The system reports an average HR. The HR is derived 
by detecting the R wave component of the QRS complex 
for both normal and premature ventricular complexes 
(PVCs). The system calculates the interval between R 
waves (R-R interval) and processes this information to 
derive an average HR value every 10 s. The system also 
calculates heart rate variability (HRV). HRV is a value 
derived from the variance of the ECG R-to-R intervals 
based on a 10-s time interval. It is sensitive to both 
normal beats and PVCs. An event is triggered when the 
number of heart beats per minute varies by more than 
the HRV threshold. For example, if the threshold is set 

Figure 1  Remote monitoring system. Top left: The rechargeable module is 
attached to the adhesive SnapStrip. The SnapStrip is positioned vertically over 
the sternum. Top right: The cellphone serves as (1) a wireless communication 
hub with the cloud and (2) as a user interface. Bottom: Recorded physiologic 
data including ECG and heart rate are presented on an iPAD for analysis and 
review. ECG: Electrocardiograph.
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for the 72-h duration the device was used.

Assessment of ECG quality
Data for 2630 ECG 2-min strips were available for 
analysis. Rhythm was classified by each of the 4 
readers as sinus, AF, indeterminate or other (Table 1). 
There was moderate agreement in rhythm classification 
between pairs of readers (median Kappa = 0.65). In 
particular, variability was noted in the percentages of 
strips rated by each reader as sinus (48%-70%) while 
the percentages of those rated as AF was comparable 
across readers (11%-15%). Quality scores were 
compared between each pair of readers. There was a 
moderate to high level of concordance between readers 
(weighted Kappa statistic values ranged from 0.58 to 
0.76). There was also a very high level of agreement 
across the 4 readers (ICC = 0.93). 

The combined average rating of ECG quality based 

to 30-bpm, a HR that varies from the average by more 
than 5 beats in a 10 s interval triggers an HRV event. 
Use of the HRV threshold to trigger an event helps to 
identify ECG tracings that may require physician review 
as they are more likely to indicate arrhythmia, based 
on dropped beats or irregular rhythm or increased heart 
rate. Logistic regression analysis was used to examine 
the association of HRV with the outcome of AF. A Re
ceiver Operator Characteristic curve and concordance 
statistic (AUC) was used to illustrate the sensitivity and 
specificity of HRV. 

RESULTS OF STUDY
Ten healthy volunteers were recruited to the study (4 
men, average age 79.5 years (range 74 to 92 years). 
All 10 subjects wore the device for 72 h. Data from all 
10 subjects were stored and were available for analysis 
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Figure 2  Remote monitoring system architecture.
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Figure 3  Representative examples of electrocardiograph strips. A: This strip demonstrates sinus rhythm. All 4 raters scored this strip as having high quality 
(score 3); B: This strip demonstrates atrial fibrillation. Although the raters quality score ranged from 1 through 3, the irregularly irregular RR interval and absence of 
discernible P waves present in this Electrocardiograph signal is diagnostic for atrial fibrillation.
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7 were classified as AF. This variable was also entered 
into a logistic regression model for predicting AF. The 
univariate area under the curve (AUC) for a highly 
variable RR interval (HRV ≥ 7) in predicting AF was 0.87 
(Figure 5). Using HRV ≥ 7, sensitivity was calculated 
to be 97% (95%CI: 94-99) while specificity was 77% 
(74-80), positive predictive value was 54% (49-59) and 
negative predictive value was 99% (98-99).

DISCUSSION
The findings of this pilot study demonstrate for the first 
time the ability of this low body burden, unobtrusive, 
wireless remote monitoring system to acquire and 
transmit high diagnostic quality ECG data when worn 
by elderly subjects leading active independent lives, 
outside of a hospital environment. Artifact in ambulatory 
24/7 ECG recordings results in erroneous arrhythmia 
classification that may significantly and adversely affect 
diagnostic accuracy and hence quality of care. These 
artifacts result from myopotentials (most commonly 
from the pectoralis muscles), galvanic skin currents, 
and less commonly electromagnetic interference. These 
issues are particularly prevalent in ambulatory settings 
and Band-Aid style sensors with only two electrodes are 
particularly at risk. Thus, it is reassuring that most of 
the ECG recordings using this system provided clinically 
diagnostic information, free from artifact. Furthermore, 
although the study was not designed to assess arrhy­
thmia detection, serendipitously, one subject had persis­
tent atrial fibrillation. Analysis of segments using the HRV 

on the 4 independent raters was: No RR-noise 12%, 
RR-no P-wave 10%, RR-no PR interval 18%, PR 
interval 60% (if in sinus rhythm). Thus, if a minimum 
diagnostic quality was determination of an RR interval, 
88% of strips were sufficiently diagnostic to provide 
a determination of HR, and a minority of strips was 
considered noise related to artifact (12%). Examples 
of ECG strips and the combined and individual assess­
ments of ECG quality are presented in Figures 3 and 4. 

One of the 10 subjects had persistent AF. In order 
to preliminarily assess the utility of HRV for identifying 
AF, and because of the variability in ECG classification 
variability, analysis was performed on those strips that 
were found to be in agreement across all 4 readers as 
either sinus rhythm (n = 889) or AF (n = 252). HRV 
scores were found to be significantly different between 
those classified as Sinus Rhythm (mean = 10.0, SD 
= 2.4) and those classified as AF (mean = 4.7, SD 
= 5.9), P < 0.001. Based on this finding, we defined 
images with a variability score of 7 or greater as highly 
variable. Ninety-seven percent of the strips with HRV ≥ 
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Figure 4  Electrocardiograph strip ratings by reader. Average combined and individual assessments of electrocardiograph quality based on 4 independent 
experienced raters. The vertical axis represents the percentage of strips rated within each category for each reader. ECG: Electrocardiograph.

  Rhythm Reader 1
n  (%)

Reader 2
n  (%)

Reader 3
n  (%)

Reader 4
n  (%)

  Sinus 1790 (68%) 1247 (48%) 1833 (70%) 1366 (52%)
  AF   292 (11%)   384 (15%)   294 (11%)   334 (13%)
  Indeterminate   457 (17%)   974 (37%)   497 (19%)   773 (29%)
  Other     88 (3%)        4 (0.1%)        3 (0.1%) 154 (6%)

Table 1  Electrocardiograph rhythm classification by reader
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data for analysis, the subject sample size was small. 
The study design requirement for visual confirmation 
of rhythm and ECG quality rather than relying on 
automated algorithms made it necessary to limit the 
number of subjects studied. In mitigation, more than 
2600 rhythm strips from the 10 subjects were visually 
inspected by study investigators to ascertain cardiac 
rhythm, which was labor and time-intensive. To prove 
the clinical utility of this approach in the future will require 
studies with larger numbers of subjects, which will only 
be practical with systems capable of automated rhythm 
identification in order to enable scalability. Additionally, 
very few patients experienced an arrhythmia (atrial 
fibrillation), and patients with other arrhythmias were not 
included. However, this was a pilot study directed toward 
evaluating the ergonomics, tolerability, and effectiveness 
of continuous EKG monitoring, and to determine whether 
the quality of the EKG recording could be preserved over 
extended periods.

CONCLUSION
The findings of this pilot study confirm that a remote 
monitoring system using a novel adhesive strip ECG 
sensor can acquire and transmit diagnostic high quality 
ECG data over a period of 3 d when worn by elderly 
subjects leading active independent lives. Automated 
determination of heart rate variability permitted reliable 
characterization of ECG strips with AF.
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Abstract
Clinical assessment and workup of patients referred to 
cardiologists may need an extension to chest disease. 
This requires more in-depth examination of respiratory 
co-morbidities due to uncertainty or severity of the 
clinical presentation. The filter and integration of ecg 

and echocardiographic information, addressing to 
the clues of right ventricular impairment, pulmonary 
embolism and pulmonary hypertension, and other less 
frequent conditions, such as congenital, inherited and 
systemic disease, usually allow more timely diagnosis 
and therapeutic choice. The concurrent use of thoracic 
ultrasound (TUS) is important, because, despite the 
evidence of the strict links between cardiac and respira
tory medicine, heart and chest US imaging approaches 
are still separated. Actually, available expertise, know
ledge, skills and training and equipment’s suitability 
are not equally fitting for heart or lung examination 
and not always already accessible in the same room 
or facility. Echocardiography is useful for study and 
monitoring of several respiratory conditions and even 
detection, so that this is nowadays an established fun
ctional complementary tool in pulmonary fibrosis and 
diffuse interstitial disease diagnosis and monitoring. 
Extending the approach of the cardiologist to lung and 
pleura will allow the achievement of information on 
pleural effusion, even minimal, lung consolidation and 
pneumothorax. Electrocardiography, pulse oximetry 
and US equipment are the friendly extension of the 
physical examination, if their use relies on adequate 
knowledge and training and on appropriate setting of 
efficient and working machines. Lacking these premises, 
overshadowing or misleading artefacts may impair the 
usefulness of TUS as an imaging procedure.

Key words: Thoracic ultrasound; Echocardiography; 
Congestive heart failure; Pneumonia; Pleural effusion; 
Cancer; Pneumothorax; Clinical risk management

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Thoracic ultrasound (TUS) is an imaging tool, 
well developed but not uniformly used, which provides 
information on pleura, lung and heart disease; TUS 
is a procedure that deserves greater dissemination, 
since quite neglected by cardiologists, pneumologists 
and even radiologists in the current practice; small 
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pleural effusions (useful for monitoring congestive 
heart failure), lung consolidation (particularly relevant 
in pneumonia) and pneumothorax, even with different 
reliability, may be detected; adequate training, avoiding 
overshadowing or misleading artefacts, is needed and 
must be integrated within curricula.  

Trovato GM. Thoracic ultrasound: A complementary diagnostic 
tool in cardiology. World J Cardiol 2016; 8(10): 566-574  
Available from: URL: http://www.wjgnet.com/1949-8462/full/
v8/i10/566.htm  DOI: http://dx.doi.org/10.4330/wjc.v8.i10.566

OVERVIEW
This brief overview is essentially medical-centred, in a 
dual sense: (1) it regards the clinical approach (obviously 
patient-centred in its scope and ethics) that is, and must 
be, driven by an individual medical doctor with the most 
comprehensive as possible skills and expertise; and (2) 
it regards the clinical innovation and research, which 
raised and raise from the observation and reasoning 
of single clinicians; the dissemination of skills, practice, 
recommendation and guidelines must have the support 
of the best available clinical evidences, with the feature 
of appropriateness, sustainability and cost-benefit for 
the patient and the community.

This is particularly true for a procedure, such as 
thoracic ultrasound (TUS), basic, if not elementary, 
quite neglected by the cardiologist. This despite TUS 
was early concurrently practised with echocardio
graphy[1] and, subsequently, limitedly used by inter
nists, radiologists and in paediatrics[2-9].

The requirement that TUS shares with echocardio
graphy[10] are remarkable. The effort of a good quality 
imaging, the reproducibility of the procedure by diffe
rent operators and equipments and the criteria of the 
indications[9] can be summarized in two sentences: (1) 
the use of TUS for initial diagnosis is recommended 
when there is a change in the patient’s clinical status, 
likely related to pulmonary function; and (2) when new 
data from a TUS would result in the physician changing 
the patient’s care.

There is an established agreement for these criteria 
in cardiological patients for their use in echocardio
graphy[9,10]. Moreover, alike echocardiography, TUS is 
not recommended as routine testing equally when the 
patient has no modification in clinical status or when 
a physician is unlikely to change care for the patient 
based on the results of testing: These are both two 
strongly advised points against the use of echocardio
graphy as a routine testing, which are suitable to be 
transferred also to TUS[9]. 

Differently from echocardiography, TUS is almost 
exclusively an imaging tool, without any “functional” 
application comparable to M- B- and Doppler Echocardio
graphy, no accurate and reproducible dynamic mea
sures, no translational relevance in the description and 

interpretation of mechanisms of disease[11]. 
Nonetheless, the knowledge of these limitations 

and the use of the few direct information provided by 
TUS are a substantial add-on to the clinical strategy of 
the cardiologist[12], also in emergency[13-15].

RATIONALE AND KEY POINTS
The customized rules of a journal presentation are: 
What, who, why, when, where, how. 

What
Clinical assessment and workup of patients referred 
to cardiologists is a task often more comprehensive 
and not only focused on the heart since it is extended 
to chest disease. This approach may require more in-
depth examination of respiratory co-morbidities due to 
uncertainty or severity of the clinical presentation.

Who 
The cardiologist, facing respiratory associated symptoms 
and co-morbidities, can usually detect and manage 
the clinical presentation by physical examination, a 
thoroughly collected story, and using the current non-
invasive procedures at the hands. The cardiologist’s 
view is of paramount relevance for the clinical reasoning 
and action of the other specialists. The adjunct of TUS 
examination is an excellent companion to the other 
knowledge, procedures and skills.

Why
According to uncertainty or severity of the clinical 
presentation, the referral to radiologist and to pneumolo
gist is an assignment that is more appropriate if 
explicitly addressed with objective information, which 
exclusively can produce evident cost-benefit advan
tages[16,17]. Some investigation implicitly aims to a 
clinical risk management analysis with subsequent 
recommendations. Actually, TUS can be an excellent 
risk-reducing tool by increasing: (1) diagnostic cer
tainty; (2) shortening time to definitive therapy; and 
(3) decreasing complications from blind procedures that 
carry an inherent level of complications. The background 
and the backbone of it all is an efficient network of 
timely, coordinated and experienced professionals, and 
the analysis of obstacles and structural barriers that 
may take place or that are interposed[17,18].

When
The contribution of the cardiologist in the diagnosis 
and management of respiratory disease must be well 
timed. Apart the obvious clinical judgement, the expert 
task of filtering ecg and echocardiographic information, 
addressing to the clues of right ventricular impairment, 
pulmonary embolism and pulmonary hypertension, 
and other less frequent conditions, including congenital, 
inherited and systemic disease, is an help for timely 
diagnosis and therapeutic choice. Even with limited 
indications, the concurrent use of TUS by the cardiologist 
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is important in this regard.

Where
Despite the evidence of the strict links between cardiac 
and respiratory medicine, the two ultrasound imaging 
approaches to heart and chest are still separated. This 
is due to different skills of physicians, to the different 
preference of patients in the choice of type of referrals 
and even due to the suitability of equipments and 
probes, which are not equally fitting for heart or lung 
examination and not always already available in the 
same room or facility.

How
Several respiratory conditions are currently studied 
and monitored, when not preliminary detected, by 
echocardiography, which is nowadays an established tool 
in the workup of pulmonary fibrosis and diffuse interstitial 
disease. As a further step, the ultrasound (US) approach 
of the cardiologist should be extended to lung and ple
ura, achieving simple and straightforward information 
suitable of articulation within the clinical cardiology 
frame. Electrocardiography, pulse oximetry and US 
equipment are the friendly technological extension of the 
physical examination, if their use is based on adequate 
knowledge and training of the professionals, on 
appropriate setting of tools which must be efficient and 
well working. If these premises lack, overshadowing or 
misleading artefacts can ensue: Overall, the procedure 
must be affordable, reliable and comfortable for both the 
patient and the well-trained doctor[18-20]. 

CHEST ULTRASOUND: THE THORAX, 
THE LUNG, THE HEART
Many clinical subsets increasingly use chest ultrasound, 
i.e., TUS procedures. This is due to the greater avai
lability of portable point-of-care US equipment, suitable 
also at the patient’s bedside, in the ward, in the emer
gency and intensive care unit, in outpatient clinics and 
even at home of the patients themselves. 

TUS procedure allows the view of the most superfi­
cial parts of the chest: The thorax “wall”, the pleura, 
which may be a virtual space or a real fluid-filled space 
in pleural effusion, or may be a mass-occupied space 
in many cancers, and the lung itself[9]. Some part of 
the lung, where not overshadowed by ribs or other 
bones, such as scapula, is therefore clearly visible only if 
“consolidated”. This happens in atelectasis, pneumonia 
and cancer, provided that the mass or nodule strictly 
adheres close to pleura, becoming accessible to micro-
invasive procedures[21-23]. There is no TUS established 
criterion for differentiating the nature of lung consoli
dation. Physical interaction of the ultrasonic beam at the 
tissue/air interface strongly influences or frankly impairs 
transthoracic US imaging, so that TUS cannot detect 
any mass or nodule, behind more superficial and even 
small portion of aerated lung, often even clearly defined 
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by radiological procedures. 
The heart is one of the organ visible by ultrasound 

in the thorax - by echocardiography - and, as it is well 
known, also for this reason the worst enemy of its 
imaging is the air, the pulmonary air; as a consequence, 
any cardiologist focuses on the detection of the acous
tical windows for achieving and recording useful and 
better images and videos. Actually, in children and 
in thin persons, high frequency (6-10 MHz) linear or 
convex probes[9] enhance the view of the chest wall 
and of the pleura-lung abnormalities. This is possible 
because, and only if the structures we are attempting 
to see are just below our transducers. The yield of a 
sector or phased array probe is usually more limited; the 
only notable exception is the detection, also by sector 
probes, of pleural fluid, which sometimes may be well 
visible even anteriorly, sometimes not well differentiated 
by a pericardial effusion requiring a complete lateral and 
posterior chest assessment by TUS[24]. More easily and 
with a greater sensibility for small amounts of fluid is the 
view through a window in the lateral and posterior part 
of the chest, better with the patient upright or sitting[9].

A LONG STORY: PIONEERS AND 
CURRENT USERS
TUS is a complementary tool also in cardiology[25-30],  

along its main use for more specific pleura and lung 
disease[31-34]. Nonetheless, TUS pioneering and practice 
began in late 60’s. Then, the most important B-mode 
studies concurrently, in the same centre in United 
States, demonstrated the usefulness of TUS, along 
with the assessment of mitral and tricuspid valve 
disease[35,36], for the diagnosis of lung consolidation, 
envisaging an help even in pulmonary embolism[37]. 
In early 70’s, with the improved quality and greater 
availability of the US equipments, the use of TUS 
as an allied support of cardiologists performing 
echocardiography was recognized and practised. 
Our practice was done, regretfully, without delivering  
relevant cardiology publications on this topic, which was 
considered a parallel but minor informative practice. 
Thereafter, in late 80’s in France[5], the TUS procedure 
was optimally developed by pneumologists, as it was in 
Germany[6-8], and in Italy[3] defining appropriately the 
criteria of pneumothorax and of lung consolidation. The 
clinical research and practice of TUS in cardiology in late 
90’s in Japan, demonstrated the usefulness of detecting 
and monitoring pleura effusions[25-28,30], an achievement 
that others subsequently confirmed[29] enhancing the 
dissemination of knowledge and interest for TUS in 
Cardiology. The use in pediatric and newborn intensive 
care facilities was[2,4] and still is[17,38,39] greatly developed 
with the contribution of pediatric radiologists. The main 
barriers to the dissemination of an appropriate TUS 
practice are the limited availability of clinical application 
studies within cardiology and pneumology departments, 
the lack of TUS curricula inside those residency pro
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radiological work-up if there is the suspicion of cancer or 
lung atelectasis; (3) the appearance of B-lines is a very 
generic clue (Figure 4), particularly because their count 
is at best impractical and imprecise, as it is obvious 
looking at any videoclip; (4) differently, the dynamic 
view of the disappearance of pleura sliding (Figure 5) is 
a very specific sign, unless it is observed in the apical 
part of the lung, where it can be often undetectable for 
anatomical reasons; however, detection of the absence 
of pleura sliding is not a very usual need to search for a 
cardiologists. 

The cardiologist can perform TUS procedure, after 
an appropriate training and with the adequate probe 
implementation of the US equipment, executing an 
articulated heart-lung US approach. 

A list of the main findings attainable by TUS: (1) 
small or huge pleural effusions. These can be asso
ciated with pericardial effusion, and can be isolated 
pleural fluid effusions, unilateral, bilateral or, as less 
frequently happens, loculated. If loculated, effusions 

grams[18-20] and the small attention devoted to research 
and publications in this field by cardiologists.

THE PROCEDURE: NEEDS, FACILITIES, 
COLLABORATION AND INDICATIONS
There are good reasons for which a cardiologist should 
seek for the contribution of TUS, and they stems 
from the referral for a clinical consultation that usually 
includes echocardiography. 

Apart the itemization of the main indications 
and conditions in which TUS can be of help for the 
diagnosis and workup of patients, which is below 
detailed, the focus of the cardiologist performing TUS 
is clinically-driven by the two more important concur
rent conditions: (1) pleural effusion (Figure 1), which 
is observed even better by video-clip and may be 
associated with pericardial effusion (Figure 2); (2) 
lung consolidation (Figure 3) which may be due to 
pneumonia, as in this case, but which needs a further 

Lung atelectasis

Pleural effusion

Liver

Figure 1  Pleural effusion.

Pericardial effusion

Heart

Figure 2  Pericardial and pleural effusion.
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rheumatic and auto-immune disease; malnutrition, due 
to dietary insufficient intake, to intestinal disease (such 
as coeliac disease) and to liver disease; nephrosis.

The small, quick diagnostic step of the cardiologist 
can open the road for a more effective diagnosis and 
treatment of several patients in these cases.

A journey of a thousand miles starts under one’s feet 
(Lao-Tzu)
The detection and monitoring of pleural effusion was 
the object of very careful studies, which demonstrated 
the usefulness of the detection and of the monitoring of 
pleural effusion in congestive heart failure patients throug
hout the time-course of management outcome[25-29] and 
along ecg changes[30]. 

Pleura-lung consolidation
This is a more detailed imaging diagnosis, non-specific 
and not suitable for reliably identifying the cause. It 
can address to subpleural pneumonia areas[31], pleural 

may be not detected in the lower part of the chest, but 
only at the level where the fluid is actually restricted. 
The sensibility of linear vs phased array probes 
is greater (100% vs 91%) for uncovering pleural 
effusions; both are more sensible in comparison with 
chest X-rays[24]; (2) the recognition of pleural effusion 
is a frequent occurrence in echocardiography out-
patient consultations, and follows referrals for dyspnea, 
due to congestive heart failure and/or respiratory 
failure; valvular or congenital heart disease; ischemic 
or primary myocardial heart disease; cancer disease, 
primitive or metastatic; other conditions.

These last miscellanea should be considered a 
particularly relevant group, since the detection of not 
previously suspected pleural-pericardial effusion can 
be the first evidence of otherwise still non-identified 
disease, or a clue of greater severity of an already 
diagnosed disease. 

We see in the current practice pleural effusions, 
often previously undetected, in: Hypothyroidism; 

Diaphragm

Lung consolidation Liver

B-lines

Figure 3  Lung consolidation.  Community acquired 
pneumonia in an adult.

Figure 4  B-lines in acute heart failure. B-lines count is 
a dynamic observation, essentially qualitative, since the 
number changes continuously - from 3 to 6 or more - in case 
of numerous b-lines. Identical artefacts are detectable in other 
conditions, including pulmonary fibrosis and dyspnoea due to 
other causes, including BPCO.
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TUS clues of pneumothorax: This is an important 
application, even without specific criteria, useful 
in emergency, for the diagnosis of spontaneous or 
traumatic/post-procedural pneumothorax, particularly in 
conditions of limited medical resources. TUS diagnosis 
relies on the sign of the absence of sliding on the 
pleural view[44,45] and to other less specific signs[9]. 
With the considerable exception of unavailability of 
adequate roentgenologic facilities, the TUS diagnosis 
is a preliminary step to the urgent definition and 
demonstration - usually by CT - of the chest condition, 
amenable to the choice of the most appropriate manage
ment[46,47].

ABSENCE OF TUS IMAGING
The ring-down artefacts in patients with dyspnea
In patients with severe dyspnea, whatever the cause 
(pulmonary oedema, congestive heart failure with 
or without orthopnea, pulmonary fibrosis, and other 
conditions), the so-called B-lines artifacts[48-53], which 
prevents the vision of lungs with the remarkable 
exception of pleural effusion, may overshadow an 
adequate imaging. Indeed, the clinical reliability of B-lines 
count is a doubtful stand-alone criterion, particularly 
because “in patients with a moderate to high pretest 
probability for acute pulmonary oedema, an US study 
showing B-lines can be used mainly to strengthen 
an emergency physician’s working diagnosis of acute 
pulmonary oedema. In patients with a low pretest 
probability for acute pulmonary oedema, a negative 
US study can almost exclude the possibility of acute 
pulmonary oedema”[54]. These are the conclusion of 
the most accurate metanalysis on this topic, which 
substantially asserts that the only information provided 
by the B-lines artifacts is that one already available 
on clinical basis. Moreover, over-reliance on such tools 
could undermine quick clinical decisions in emergency 

and/or subpleural nodes[32], atelectasis[33] and loculated-
organized pleural effusions[34], without a definite differ­
entiation[9].

This type of report needs a very systematic chest 
examination, which should not be, usually, a part 
of the cardiological US procedure, requires more 
appropriate probes (linear or convex), and a great level 
of suspicion, apart the skills and a lasting expertise.

Nonetheless, there are several good reason for 
performing this type of TUS examination, in selected 
patients, along the echocardiographic examination, 
when a consolidation is suspected[35-37], if the cardiolo
gist has achieved a reasonable level of skills, expertise 
and training: (1) newborn and children with fever, even 
without overt severe respiratory distress[38,39]. In these 
small patients, the chest X-ray is usually postponed 
after having achieved the physical examination evidence 
of pulmonary involvement and, in the recent years, 
after some evidence at physical examination of TUS 
subpleural consolidation, particularly if associated 
with small pleural effusion; (2) adults with respiratory 
symptoms, with or without fever, particularly in the 
outbreaks of community pneumonia[40]. Both situations 
can be associated with previous or active endocarditis, 
so that this diagnostic step can be useful for completing 
the elements of the clinical reasoning of the cardiologist; 
(3) adults with evidence of small pleural effusion 
without a definite suspicion of pulmonary infection 
and with the possibility of lung cancer. This is a special 
case, usually behind the actual skills and expertise 
of any US professional. Nonetheless, if positive, TUS 
could hasten the prescription of more efficient imaging 
(CT or NMR); and (4) pleural line thickening. This is 
a minor but relevant clue, detected in several diffuse 
pulmonary interstitial disease[41] and in conditions 
such as asbestosis[21,42,43]. This can be an early sign 
of involvement or of worsening of an already known 
disease, and can help in the decisional tree for the pre
scription of a radiological examination - CT.

Figure 5  Disappearance of pleural sliding, better demon
strated by video. Which is here showed as a drop in the 
continuity of the line, not moving side by side (by courtesy of 
Giuseppe Molino, MD, MCAU Ospedale Civile di Ragusa, Italy).

Sliding sign

Lung point

No sliding
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resources, when there was the need of quick diagnosis 
and, in a very privileged niche, in the laboratories of inter
ventional diagnostic ultrasound, for performing highly 
focused and precise lung, nodes and pleural biopsies or 
therapeutical procedures.

The culture of the cardiologists and of the radiologists 
has the key traits of addressing quality and conformity 
to the morphology of the US images, of investigating 
using unambiguous criteria of comparisons between 
measurements (invasive, non-invasive, anatomic) and 
of achieving not redundant, not time wasting and not 
potentially misleading information. With these criteria in 
mind, the contribution of TUS, apparently limited to a 
couple of items and information, is, in the hands of the 
cardiologist performing echocardiography, a valuable 
add-on for ruling-in or ruling-out pleural effusions. Over
all, the cardiologist may detect isolated lung consolida
tions, possible pneumonia or other masses, and pleural 
line thickening, as a possible clue of interstitial lung 
disease. The available information, particularly in point 
of care ultrasound, suffers from several limitations which 
were optimally addressed somewhere else: The concept 
of a focused examination implies that one is addressing 
binary questions (e.g., does the patient have cholecystitis 
or not?). In practice, many diagnoses require the 
assessment of a variety of imaging findings of varying 
subtlety and often deal in probabilities rather than binary 
assessments. Lastly, in order to assess the quality and 
validity of point-of-care ultrasonography and to permit 
its correlation with other imaging methods, it is essential 
that images be documented, ideally on the same picture 
archiving and communication system used for other 
imaging[64]. It should be strongly considered that “it 
is not time to mandate training in the performance of 
lung ultrasound without proving that ultrasound can 
reliably make an accurate diagnosis”[65]; moreover, 
“formal training incorporating ultrasound in adequate 
curricula is crucial for physicians, avoiding simplistic 
numeric rules, since medicine is not arithmetic”[66]. The 
trends of contemporary practice and research address to 
precision, but also to sustainability within a framework 
of predictive, preventive and personalized medicine and 
an affordable implementation of clinical risk assessment 
and management planning[67-70]. TUS is a significant 
complementary aspect of this strategy, which can be 
integrated and articulated within the daily work of the 
cardiologist. 
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Abstract
Although the observed progress in the cardiovascular 
disease treatment, the incidence of new and recur
rent coronary artery disease remains elevated and 
constitutes the leading cause of death in the developed 
countries. Three-quarters of deaths due to cardio
vascular diseases could be prevented with adequate 
changes in lifestyle, including increased daily physical 
activity. New evidence confirms that there is an inverse 
dose-response relationship between physical activity 
and cardiovascular disease and mortality risk. However, 
participation in moderate to vigorous physical activity 
may not fully attenuate the independent effect of 
sedentary activities on increased risk for cardiovascular 
diseases. Physical activity also plays an important role 
in secondary prevention of cardiovascular diseases by 
reducing the impact of the disease, slowing its progress 
and preventing recurrence. Nonetheless, most of 
eligible cardiovascular patients still do not benefit from 
secondary prevention/cardiac rehabilitation programs. 
The present review draws attention to the importance 
of physical activity in the primary and secondary pre
vention of cardiovascular diseases. It also addresses 
the mechanisms by which physical activity and regular 
exercise can improve cardiovascular health and reduce 
the burden of the disease.

Key words: Physical activity; Primary prevention; 
Secondary prevention; Cardiovascular disease; Health 
care evaluation mechanisms
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Core tip: This review describes the benefits of physical 
activity in primary and secondary prevention of cardio
vascular disease. Physical inactivity is related to high 
blood cholesterol and accumulation of visceral fat, 
accompanied by low-grade vascular inflammation, 
which in turn is associated with insulin resistance and 
atherosclerosis leading to the development of coronary 
artery disease. In contrast, physical activity decreases 
vascular inflammation, and improves endothelial 
function and coronary circulation, preventing myocardial 
ischemia. Health professionals and policy makers 
in public health should align strategies to increase 
participation in physical activity.

Alves AJ, Viana JL, Cavalcante SL, Oliveira NL, Duarte JA, 
Mota J, Oliveira J, Ribeiro F. Physical activity in primary and 
secondary prevention of cardiovascular disease: Overview 
updated. World J Cardiol 2016; 8(10): 575-583  Available from: 
URL: http://www.wjgnet.com/1949-8462/full/v8/i10/575.htm  
DOI: http://dx.doi.org/10.4330/wjc.v8.i10.575

INTRODUCTION
Notable progresses have been observed in the 
treatment of cardiovascular disease. Hence, cardio­
vascular mortality faced a progressive decline in the 
past two decades. Despite these progresses, incidence 
of new and recurrent coronary artery disease (CAD) 
remains elevated[1] and constitutes the leading cause of 
death in the developed countries[2]. This is expected to 
increase health care costs, increase work disability and 
reduce quality of life[3]. 

Development of cardiovascular diseases is associated 
with lifestyle behaviours, such as smoking, unhealthy 
diet, physical inactivity[4] and sedentary behaviour[5]. 
Physical inactivity is defined as not meeting 150 min 
weekly practice of moderate physical activity or 75 
min of vigorous physical activity. Regardless of the 
physical activity recommendations, the accumulation 
of sedentary behaviour, characterized by a series of 
activities with low energy expenditure (≤ 1.5 meta­
bolic equivalents, e.g., watching television, using the 
computer, playing video game or riding in a car) through­
out the day seems to increase the risk of degenerative 
chronic diseases and death risk[5]. Over three-quarters 
of deaths due to cardiovascular diseases could be 
prevented with adequate changes in lifestyle[4]. Indeed, 
the adoption of healthy life habits such as increasing 
physical activity and decreasing sedentary behaviours 
are able to decrease the risk of type 2 diabetes, stroke, 
cardiac events and cardiovascular disease[5] improving 
the quality of life and decreasing risk of death[6]. Several 
studies have addressed the importance of increasing 
physical activity levels as a public health intervention[7]. 
However, even though it is an important factor in pri­
mary and secondary prevention[8], the levels of com­
pliance with the physical activity recommendations are 

still far from desirable[9]. Therefore, enhancing physical 
activity is still considered a challenge to public health.

The present review draws attention to the impor­
tance of physical activity in the primary and secondary 
prevention of cardiovascular diseases. It also addresses 
the mechanisms by which physical activity and regular 
exercise can improve cardiovascular health and reduce 
the burden of the disease.

PHYSICAL (IN)ACTIVITY AND 
SEDENTARY BEHAVIOURS
Physical inactivity is the fourth leading risk factor for 
non-communicable diseases[10]. It is independently 
responsible for 12.2% of the global burden of acute 
myocardial infarction[7] as well as 6% of deaths that 
occur worldwide[9]. Due to its elevated prevalence, 
physical inactivity is responsible for almost as many 
deaths as smoking[11,12]. It is estimated to cause 5.3 
million deaths worldwide[13] and to increase the risk of 
diabetes, obesity and several types of cancer[14]. An 
inactive lifestyle leads to increased blood cholesterol 
levels and the accumulation of visceral fat; this is 
accompanied by an innate and adaptive immunological 
response at cellular and tissue levels leading to a 
persistent low-grade vascular inflammation, which is 
a key regulatory mechanism in the pathogenesis of 
atherosclerosis[15]. The development of atherosclerosis 
leads to CAD, which becomes evident when it causes 
thrombosis, angina pectoris and/or myocardial infarction. 
Inactivity is also associated with low cardiorespiratory 
fitness, worse mental health and poor quality of life[16]. 

Time spent in sedentary activities is also associated 
with an increased risk of cardiovascular diseases and all-
cause mortality[17]. Time spent in sedentary activities 
and mortality show a dose-response relationship, which 
means that the risk of mortality increases across greater 
amounts of time spent in sedentary activities, such as 
sitting or watching TV[18]. In adults who reported daily 
sitting time in almost none of the time, one fourth of 
the time, half of the time, three fourths of the time 
and almost all the time, the adjusted hazard ratios 
for cardiovascular mortality were 1.00, 1.01, 1.22, 
1.47 and 1.54 (P < 0.0001)[18]. It should be noted 
that the association between sedentary behaviours 
and mortality is independent of participation in moder­
ate to vigorous leisure-time physical activity[18]. In a 
recent study, Matthews et al[19] showed that excessive 
amounts of TV viewing (more than 7 h/d vs less than 
1 h/d) are associated with an increased risk of all-
cause and cardiovascular disease mortality, even 
among adults who reported high levels of moderate to 
vigorous physical activity (more than 7 h per week). 
The results of INTERHEART study published recently 
also demonstrated that subjects who owned both a car 
and a TV were at higher risk of myocardial infarction 
(multivariable-adjusted OR = 1.27, 95%CI: 1.05-1.54) 
compared with those who owned neither[20]. Together, 
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these data suggest that participation in moderate to 
vigorous physical activity may not be enough to fully 
attenuate the independent effect of sedentary activities 
on increased risk for cardiovascular diseases.

PHYSICAL ACTIVITY IN PRIMARY 
PREVENTION OF CARDIOVASCULAR 
DISEASES
It has long been demonstrated that physical activity 
decreases the likelihood of someone developing CAD 
and to suffer from its consequences[21]. Seminal studies 
demonstrated that active conductors were protected 
against CAD compared with inactive bus drivers[22]. 
These observations were replicated in active postmen 
compared with inactive telephonists, indicating that 
people with active occupations were less likely to have 
adverse events due to CAD[23]. Several studies extended 
these findings, and showed that physical activity has 
a graded inverse association with the risk of coronary 
events[24,25]. Walking is associated with decreased risk 
of coronary events, with women walking three or more 
hours per week at a brisk pace having about 35% 
lower risk of coronary events than those who walk 
infrequently[25]. 

Studies conducted in old aged individuals confirmed 
that physical activity also reduces significantly mortality 
risk in elderly people without pre-existent cardiovascular 
disease[26]. Inactive people who become active later 
in life have also lower risk of cardiovascular events 
compared with those who remain sedentary[25]. The 
relation of changes in physical activity and mortality 
were also seen in men with pre-existent cardiovascular 
disease[27]. The magnitude of risk reduction is similar 
as quit smoking[28]. This shows the importance of 
adopting active lifestyle behaviours, even if initiated 
during middle or late adulthood during leisure time, 
as increased leisure time physical activity reduces 
the risk of cardiovascular events, such as myocardial 
infarction[20]. 

In healthy individuals, some of the benefits that 
physical activity exerts on the prevention of cardio­
vascular diseases are attributed to positive modifications 
on traditional risk factors[29]. Maintaining or improving 
physical activity prevents weight gains and the develop­
ment of hypertension, hypercholesterolemia, metabolic 
syndrome, and diabetes, all of which are important 
cardiovascular risk factors[30,31]. Indeed, physical activity 
prevents the development of hypertension in normo­
tensive individuals, but it also reduces blood pressure in 
hypertensive patients[32,33]. In addition, physical activity 
is associated with better blood cholesterol levels as well 
as decreased prevalence of obesity and type-II diabetes, 
all of which contribute to the development of vascular 
inflammation and atherosclerosis[34]. Many studies have 
also demonstrated that physical activity reduces blood 
concentrations of several inflammatory biomarkers such 
as C-reactive protein, lipoprotein-associated phospho­
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lipase A2, cytokines interleukin (IL)-1β, IL-6 and tumor 
necrosis factor-α, many of which have been recognized 
as important players in the initiation and development 
of atherosclerosis[35,36]. 

On the other hand, it was also shown that physical 
activity might prevent cardiovascular diseases indepen­
dently of its potential benefit on other cardiovascular 
risk factors, including obesity, hypertension and 
diabetes. This could be related with the increase in 
physical fitness, which also prevents the burden of 
the cardiovascular diseases independently of the level 
of physical activity someone performs[37,38]. Improved 
physical fitness also attenuates the risk of developing 
hypertension, increased cholesterol and metabolic 
syndrome[30], suggesting that both physical activity and 
physical fitness are independent protective elements 
of cardiovascular events. A summary of the benefits of 
physical activity in primary prevention is presented in 
Table 1.

PHYSICAL ACTIVITY AND 
CARDIOVASCULAR RISK: INVERSE 
DOSE-RESPONSE RELATIONSHIP 
Whether physical activity is associated with the reduced 
risk of cardiovascular events is beyond question. The 
issue that countless researchers have been trying 
to solve is how much physical activity is needed for 
reducing the risk of cardiovascular diseases. 

Landmark studies showed that death rates declined 
steadily as energy expended on physical activities 
increased from less than 500 to 3500 kcal/wk[39]. 
Death rates were one quarter to one third lower in 
men expending 2000 or more kcal during exercise per 
week compared with less active men[39]. The inverse 
dose-response relationship between physical activity 
and all-cause mortality was confirmed in recent studies 
and seems to be stronger in women than in men[40,41]. 
Individuals who exercise for 90 min/wk have a three 
year longer life expectancy than inactive people[41]. 
Every additional 15 min of exercise per day promotes 
a further 4% risk reduction in all cause-mortality[41]. 
Moreover, recent meta-analysis of previous studies 
showed that individuals who engage in the equivalent 
of 150 min per week of moderate intensity leisure 
time physical activity have 15% to 20% lower risk of 
developing CAD than those who undertake no leisure 
time physical activity[42,43]. Those who perform the 
equivalent of 300 min/wk of moderate physical activity 
have even greater risk reduction of coronary artery 
disease. It is important to note that even persons 
who did 75 min of moderate intensity physical activity 
per week had reduced risk of cardiovascular disease, 
lending credence to the notion that some physical 
activity is better than none and that additional benefits 
occur with more physical activity[42].

On the other hand, vigorous physical activity leads 
to lower incidence of CAD and greater reductions in 
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sedentary activities should be pursued by everyone 
independent of the amount and intensity of physical 
activity one achieves per week, as sitting time or time 
spent watching television is independently associated 
with greater incidence of cardiovascular risk factors, 
cardiovascular disease and cardiac mortality[18,49].

PHYSICAL ACTIVITY IN SECONDARY 
PREVENTION OF CARDIOVASCULAR 
DISEASES
Physical activity also plays an important role in secon­
dary prevention of cardiovascular diseases by reducing 
the impact of the disease, slowing its progress and 
preventing recurrence. Nonetheless, it is difficult to 
ascertain the role of leisure time physical activity alone 
in secondary prevention, as most studies have not 
discerned the effects of structured exercise training 
alone or incorporated in comprehensive cardiac reha­
bilitation programs from those induced by leisure 
time physical activity alone. In patients following myo­
cardial infarction, participation in an 8-wk exercise-
based cardiac rehabilitation programme was found 
to improve leisure-time physical activity levels consis­
tent with health-related benefits[50]. Interestingly, at 
baseline, only half of the subjects were compliant with 
physical activity recommendations (52%), but at the 
end of the intervention, 76% of the exercise group 
and 44% of controls complied with physical activity 
recommendations[50]. Likewise, a home-based cardiac 
rehabilitation program, composed by education and 
counselling intervention for 12 wk, regarding physical 
activity and cardiovascular risk factor management, 
showed an increase in physical activity index and time 
spent in moderate to vigorous physical activity during 
the intervention period with no changes in the control 
group[51]. 

Despite the well-known benefits of physical activity 
and exercise training, most of eligible cardiovascular 
patients do not benefit from cardiac rehabilitation 
programs[52], and these patients are more likely to taking 
less exercise[53]. Exercise levels may even decrease after 
the diagnosis of heart disease. The least active subjects 
are more likely to be older, male, obese and present 
symptoms during common activities such as short 
distance walking[53]. 

Participation in cardiac rehabilitation programs has 
been associated with decreased mortality and recurrent 
myocardial infarction, with compliant patients showing 
greater risk reduction when compared to patients with 
less attendance to exercise training sessions[54,55]. A 
recent meta-analysis including patients who have had 
myocardial infarction, coronary artery bypass graft, 
percutaneous transluminal coronary angioplasty, angina 
pectoris or CAD defined by angiography confirmed 
that exercise-based cardiac rehabilitation programs are 
effective in reducing total and cardiovascular mortality 
(in medium and long term) and hospital admissions (in 

all-cause mortality[44,45]. However, not all studies have 
controlled for exercise volume, advising caution in 
the interpretation of these results. These results are 
consistent with the recent recommendations suggesting 
that healthy adults should perform at least 150 min of 
moderate intensity aerobic exercise (40%-60% of heart 
rate reserve) or 75 min of vigorous intensity physical 
activity (60%-85% of heart rate reserve) per week or 
through the equivalent combination of moderate and 
vigorous-intensity physical activities[46]. Very recently, 
pooled data from population-based prospective cohorts 
in the United States and Europe, including a total of 
661137 men and women, with a median follow-up 
of 14.2 years, showed that risk of mortality was 20% 
lower among individuals performing less than the 
recommended minimum of leisure time physical activity 
[HR = 0.80 (95%CI: 0.78-0.82)], with this inverse 
association growing stronger among those reporting 
1 to 2 times [HR = 0.69 (95%CI: 0.67-0.70)] or 2 
to 3 times the recommended minimum [HR = 0.63 
(95%CI: 0.62-0.65)] leisure time physical activity[47]. 
Interestingly the association appears to reach a 
threshold among persons performing higher levels of 
physical activity, suggesting that inactive individuals 
may benefit from modest amounts of physical activity 
in terms of reducing mortality while high levels of 
physical activity does not confer increased risk of 
mortality[47]. Additionally, maximum longevity benefit 
seems to be associated with meeting the recommended 
guidelines for moderate to vigorous physical activity[47]. 
Health benefits are also achieved when sedentary 
behaviours are replaced by light intensity physical 
activity (< 40% of heart rate reserve) and moderate 
to vigorous activities are held constant[48]. Reducing 

  Physical activity in primary prevention

  Prevents Improves
  Diseases development 
  associated with 
  cardiovascular disease 
  (hypertension, diabetes and 
  metabolic syndrome)

Physical activity levels and physical 
fitness (cardiorespiratory fitness and 

skeletal muscle strength)

  Obesity Prevents weight gains, and improves 
blood cholesterol profile towards 

increased HDL blood levels and lower 
LDL blood levels

  Type 2 diabetes Glycemic control, and improves insulin 
sensitivity in type 2 diabetics

  Hypertension Prevents the development of hypertension 
in normotensive individuals, and reduces 
blood pressure in hypertensive patients

  Vascular inflammation and 
  atherosclerosis

Reduces blood concentrations of several 
inflammatory biomarkers such as 

C-reactive protein, lipoprotein-associated 
phospholipase A2, cytokines IL-1β, IL-6 

and TNF-α

Table 1  Summary of the benefits of physical activity in 
primary prevention

TNF: Tumor necrosis factor; HDL: High density cholesterol; LDL: Low 
density cholesterol; IL: Interleukin.
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increasing coronary perfusion and preventing myocardial 
ischemia as a result. A recent randomized controlled 
trial did not find significant changes between groups in 
arterial stiffness after an 8-wk exercise training program 
in post-myocardial infarction patients under optimized 
medication; however, when excluding those patients who 
did not attend, at least 80% of the exercise sessions, the 
authors found a significant reduction in arterial stiffness 
when compared to the control group[72].

In addition, a sedentary lifestyle during healthy 
aging is associated with decreased left ventricular 
compliance, leading to diminished diastolic performance, 
while prolonged, sustained endurance training seems 
to preserve ventricular compliance with aging[73] and to 
enhance diastolic function in heart failure patients[74,75]. 
Moderate to vigorous physical activity may also offer 
protection against cardiac events by inducing short-
term transient ischemia, conferring a window of pro­
tection against an ischemic insult of longer duration, a 
phenomenon known as cardiac preconditioning[76,77]. It 
has been demonstrated in patients with old myocardial 
pectoris or angina pectoris that a single bout of physical 
exercise is capable of reducing exercise-induced ST-
segment depression[78]. Prevention of coronary events 
may also stem from antithrombotic effects, even 
though evidence supporting an association between 
regular physical activity and decreased risk of thrombus 
formation and plaque rupture is scarce[79]. 

Acute strenuous physical activity seems to be asso­
ciated to increased platelet adhesiveness and aggre­
gation, increased thrombin formation and increased 
activity of several coagulation factors[80,81]. Nonetheless, 
regular moderate physical activity has been shown 
to blunt platelet adhesion and aggregation in healthy 
sedentary individuals[82] and heart failure patients[83]. 
Blood coagulation prospect after plaque rupture appears 
to diminish with regular physical activity, with studies 
finding lower plasma levels of several haemostatic 
factors in active individuals and women with CAD[84,85]. 
Inverse dose-response association between physical 

shorter term) but not the risk of myocardial infarction 
and revascularization[56]. Even though smoking cessa­
tion and nutritional counselling can also contribute 
for these positive outcomes, exercise training has an 
independent effect in the prevention of cardiovascular 
death[57]. Exercise-based cardiac rehabilitation programs 
promote an increase in cardiorespiratory fitness, a 
strong predictor of all-cause mortality, but also increase 
leisure time physical activity levels[51]. Hambrecht et 
al[58] demonstrated that estimated energy expenditure 
during leisure time physical activity is correlated with 
changes in coronary stenosis diameter independent 
of attendance in formal exercise interventions. Energy 
expenditure was lower in patients with progression 
of coronary atherosclerosis, higher in patients with 
no change, and highest in patients with regression of 
coronary stenosis diameter. High workloads were needed 
(about 1500 kcal/wk) to halt progression of coronary 
atherosclerosis, and regression of atherosclerosis was 
observed only in patients expending an average of 2200 
kcal/wk in leisure time physical activity, corresponding 
to approximately 4 to 6 h of moderate intensity physical 
activity per week. A summary of the benefits of physical 
activity in secondary prevention is presented in Table 2.

CARDIOVASCULAR PROTECTION 
MECHANISMS INDUCED BY PHYSICAL 
ACTIVITY IN SECONDARY PREVENTION
It is well established that physical activity lowers resting 
heart rate and systolic blood pressure and increases 
heart rate reserve in patients with heart disease[59,60], 
thereby decreasing myocardial oxygen demands and 
preventing myocardial ischemia for a given absolute 
exercise intensity[61]. This may stem from a restored 
function of the autonomic nervous system towards 
lower sympathetic tone and enhanced parasympathetic 
activity[60,62]. In addition, aerobic physical activity 
improves myocardial perfusion in CAD patients, as 
a result of improved endothelial function, enhanced 
coronary circulation and vasomotor responses to vasoac­
tive substances[63]. 

Aerobic physical activity seems to improve endo­
thelial function in response to increases in blood flow-
mediated shear stress, stimulating the endothelial 
production of nitric oxide and preventing its degradation 
by reactive oxygen species[64]. In addition, physical 
activity mitigates vascular inflammation while it 
improves anti-oxidant defences, also contributing for 
improving endothelial dysfunction[64-66]. Physical activity 
also promotes the mobilization of endothelial progenitor 
cells into the circulation to maintain endothelial integrity 
and stimulate vascular regeneration and endothelial 
repair[67,68]. 

Arterial stiffness has also been shown to decline in 
active individuals[69], as well as in CAD patients after 
cardiac rehabilitation[70,71], changes that may reduce 
aortic systolic blood pressure and cardiac afterload, 

  Physical activity in secondary prevention

  Decreases Increases
  Resting heart rate Heart rate reserve
  Resting systolic blood pressure Diastolic function
  Myocardial oxygen demand Coronary circulation
  Risk of myocardial ischemia Myocardial perfusion
  Sympathetic tone Parasympathetic activity
  Arterial Stiffness Endothelial function
  Low-grade vascular 
  inflammation (levels of pro-
  inflammatory cytokines)

Nitric oxide bioavailability and 
circulating levels of endothelial 

progenitor cells
  Expression of reactive oxygen 
  species

Expression and activity of anti-oxidant 
enzymes

  Resting levels of plasminogen 
  activator inhibitor type 1

Resting levels of tissue plasminogen 
activator activity

  Platelet adhesion and 
  aggregation

Table 2  Summary of the cardiovascular protection mechanisms 
induced by physical activity in secondary prevention
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the benefits of exercise training, referral to and partici
pation in cardiac rehabilitation programs is still less 
than half among all eligible patients with cardiovascular 
diseases. Thus, more research is needed to identify 
common barriers to participation in physical activity 
programs, not only in the general population but also in 
special populations and minorities, and to understand 
how such barriers can be broken down to increase 
participation in physical activity. 

Thus, we believe that such strategies could have 
important beneficial effects on the reduction of deaths 
caused by cardiovascular disease from the primary and 
secondary prevention.
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Abstract
AIM
To evaluate the effect of norepinephrine on inflam
matory cytokine expression in ex vivo  human monocytes 
and monocytic THP-1 cells. 

METHODS
For human monocyte studies, cells were isolated from 
12 chronic heart failure (HF) (66 ± 12 years, New York 
Heart Association functional class III-IV, left ventricular 
ejection fraction 22% ± 9%) and 14 healthy subjects (66 
± 12 years). Monocytes (1 × 106/mL) were incubated 
with lipopolysaccharide (LPS) 100 ng/mL, LPS + 
norepinephrine (NE) 10-6 mol/L or neither (control) for 4 
h. Tumor necrosis factor-alpha (TNFα) and interleukin-10 
(IL-10) production were determined by ELISA. Relative 
contribution of α- and β-adrenergic receptor subtypes on 
immunomodulatory activity of NE was assessed in LPS-
stimulated THP-1 cells incubated with NE, the α-selective 
agonist phenylephrine (PE), and the β-selective agonist 
isoproterenol (IPN). NE-pretreated THP-1 cells were also 
co-incubated with the β-selective antagonist propranolol 
(PROP), α2-selective antagonist yohimbine (YOH) or the 
α1-selective antagonist prazosin (PRAZ). 

RESULTS 
Basal TNFα concentrations were higher in HF vs  healthy 
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subjects (6.3 ± 3.3 pg/mL vs  2.5 ± 2.6 pg/mL, P  = 
0.004). Norepinephrine’s effect on TNFα production was 
reduced in HF (-41% ± 17% HF vs  -57% ± 9% healthy, 
P = 0.01), and proportionately with NYHA FC. Increases 
in IL-10 production by NE was also attenuated in HF 
(16% ± 18% HF vs  38% ± 23% healthy, P = 0.012). 
In THP-1 cells, NE and IPN, but not PE, induced a dose-
dependent suppression of TNFα. Co-incubation with NE 
and antagonists revealed a dose-dependent inhibition of 
the NE suppression of TNFα by PROP, but not by YOH 
or PRAZ. Dose-dependent increases in IL-10 production 
were seen with NE and IPN, but not with PE. This effect 
was also antagonized by PROP but not by YOH or PRAZ. 
Pretreatment of cells with IPN attenuated the effects of 
NE and IPN, but did not induce a response to PE.

CONCLUSION
NE regulation of monocyte inflammatory cytokine 
production may be reduced in moderate-severe HF, and 
may be mediated through β-adrenergic receptors. 

Key words: Monocytes; Cytokines; Heart failure; 
Inflammation

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In evaluating the relationship between sympa
thetic activation and inflammatory cytokine production 
in heart failure, we demonstrated that norepinephrine 
(NE) has reduced ability to suppress the production of 
the proinflammatory cytokine tumor necrosis factor-
alpha, and increase anti-inflammatory interleukin-10, in 
human isolated monocytes from heart failure compared to 
healthy subjects. It appears to be mediated through beta-
adrenergic, and not alpha-adrenergic, receptors based 
on monocytic THP-1 cells dose-response experiments. 
This suggests that the diminished immunomodulatory 
activity of NE in heart failure is primarily due to altered 
beta-adrenergic receptor function, and may represent 
an immunologic mechanism for the positive effects of 
beta-adrenergic blocking agents.

Ng TMH, Toews ML. Impaired norepinephrine regulation of 
monocyte inflammatory cytokine balance in heart failure. World J 
Cardiol 2016; 8(10): 584-589  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v8/i10/584.htm  DOI: http://dx.doi.
org/10.4330/wjc.v8.i10.584

INTRODUCTION
The importance of inflammatory cytokines to the 
pathophysiology of heart failure (HF) has been recognized 
for many years[1]. Much of the focus has been on proin­
flammatory tumor necrosis factor-alpha (TNFα) which 
has been shown to be cardiodepressant, contributes 
to exercise intolerance, and modulates apoptosis, 
oxidative stress and endothelial dysfunction[2,3]. 

Interleukin-10 (IL-10) antagonizes the inflammatory 
effects of TNFα. Both TNFα and IL-10 plasma levels 
are elevated in HF patients, although the increase in 
IL-10 is proportionately less, supporting the notion of a 
proinflam­matory state[4]. 

Pro- and anti-inflammatory cytokine production is 
regulated by the adrenergic nervous system. Previous 
studies have demonstrated that β2-, but not β1-, receptor 
agonists attenuate TNFα expression, while increasing 
anti-inflammatory IL-10 production[5,6]. Conversely, α1,2-
adrenergic stimulation results in increased expression of 
TNFα and reduction in IL-10[7]. Under normal physiologic 
conditions, norepinephrine, an α- and β-agonist, reduces 
TNFα and enhances IL-10 expression in monocytes 
exposed to lipopolysaccharide (LPS) and other stimuli[8]. 
However, in HF a paradox exists as both catecholamines 
and TNFα are elevated, which suggests that this negative 
feedback mechanism may be impaired. The mechanism 
for the diminished immunomodulatory response to 
norepinephrine in HF is also unknown but could occur 
secondary to the altered adrenergic expression and 
function known to exist in the failing heart. 

The study purpose was to evaluate whether attenu­
ation of TNFα production and augmentation of IL-10 
production by the adrenergic agonist norepinephrine is 
altered in chronic HF compared to healthy, age-matched 
controls utilizing the model of LPS-stimulated monocytes. 
In addition, preliminary experiments were undertaken to 
determine the relative contribution of α- and β-adrenergic 
receptor subtypes on the immunomodulatory activity of 
norepinephrine in monocytic THP-1 cells.

MATERIALS AND METHODS
Isolated human monocytes
HF subjects were recruited from the cardiology clinics 
and the University Hospital at the University of Nebraska 
Medical Center. Subjects, male or female, were eligible 
for inclusion if they had: Clinical HF (LVEF < 40% on 
2D-ECHO or MUGA within last 3 mo), New York Heart 
Association Functional Class (NYHA FC) III-IV HF, and 
were over 30 years of age. Exclusion criteria included: 
Primary restrictive or valvular HF, acute viral illness 
or bacterial infection, history of autoimmune disease, 
concurrent therapy with systemic norepinephrine, known 
anemia (Hgb < 10 mg/dL) or other contraindication to 
giving blood. Healthy subjects over the age of 30 were 
recruited from the University of Nebraska Medical Center 
through a posting on the university Intranet. All human 
subjects gave informed consent for their participation. 
The protocol was approved by the Institutional Review 
Board of the university. 

Monocyte isolation was performed following a 
standard Nycodenz protocol[9], from 12 HF [age 66 ± 12 
years old, New York Heart Association Functional Class 
(NYHA FC) 6 III, 6 IV, mean left ventricular ejection 
fraction 20% ± 10%] and 14 healthy subjects (age 66 
± 12 years). Aliquoted (1 x 106/mL) monocytes were 
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incubated with LPS 100 ng/mL, LPS + norepinephrine 
10-6 mol/L or neither (negative control) for 4 h (all 
reagents from Sigma Chemical Co., Westbury, NY). 
Previous work demonstrated maximal stimulation of 
cytokines using the specified reagent concentrations 
and incubation time. TNFα and IL-10 production 
were determined by assaying the supernatant using 
commercially available enzyme-linked immunoassay 
(ELISA) kits (R and D Systems, Minneapolis, MN). 

THP-1 cells
THP-1 cells were cultured and assayed in a supple­
mented RPMI media (ATCC, Manassas, VA). Cells were 
aliquoted into 1 × 106 cells/mL samples for experiments. 
Dose-response curves were determined for TNFα and 
IL-10 production in LPS-stimulated (100 ng/mL) THP-1 
cell samples incubated with norepinephrine (10-5 to 10-10 
mol/L), the α-selective agonist phenylephrine (PE) (10-6 
to 10-10 mol/L) and the β-selective agonist isoproterenol 
(IPN) (10-5 to 10-10 mol/L). LPS-stimulated THP-1 cells 
were also co-incubated with a fixed concentration of 
norepinephrine 10-6 mol/L, which provided maximal 
effect in agonist experiments, and the β-selective 
antagonist propranolol (PROP) (10-5 to 10-10 mol/L), α2-
selective antagonist yohimbine (YOH) (10-6 to 10-10 mol/
L) or the α1-selective antagonist prazosin (PRAZ) (10-6 
to 10-10 mol/L), for generation of dose-response curves. 
TNFα and IL-10 production was assessed as described 
above. Samples were assayed in duplicate.

Statistical analysis
To control for inherent inter-subject differences in 
constitutive production of cytokines, changes in TNFα 
and IL-10 concentrations are expressed as percent 
reduction by norepinephrine + LPS compared to LPS 
only for each sample. Comparison of percent reduction 
in TNFα and IL-10 concentrations from isolated mono­
cytes of controls and HF subjects was performed by 
an independent two sample t test. Significance was 
set at P < 0.05. Results are reported as mean ± SD. 
Comparative effects on cytokine production in THP-1 
cells between the different α- and β-adrenergic reagents 
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was assessed via visual inspection of the dose-response 
curves as this was a preliminary study. The statistical 
methods of this study were reviewed by Mimi Lou, 
MS (biostatistician) from the University of Southern 
California School of Pharmacy. 

RESULTS
Isolated human monocytes
Study subject characteristics are described in Table 1. 
Basal TNFα concentrations (supernatant) were higher in 
HF than healthy subjects (6.3 ± 3.3 pg/mL vs 2.5 ± 2.6 
pg/mL, P = 0.004). Norepinephrine reduction of TNFα 
production was significantly reduced in monocytes from 
HF subjects (-41% ± 17% HF vs -57% ± 9% healthy, P 
= 0.01). Norepinephrine-induced increases in monocyte 
IL-10 production was also reduced in HF (16% ± 18% 
HF vs 38% ± 23% healthy, P = 0.012). The diminished 
response to norepinephrine appeared related to severity 
of HF, with a greater diminution for both TNFα and IL-10 
in NYHA FC IV vs NYHA FC III and controls (Figure 1). A 
signal for reduced IL-10 response in patients with left 
ventricular ejection fractions ≤ 20% when compared 
to those with left ventricular ejection fractions > 20% 
(7% ± 12 vs 25% ± 20%, P = 0.07) was also present. 
There were no differences in cytokine response based 
on the presence or absence of beta-blocker (BB) 
therapy (TNFα: -37% ± 17% no BB vs -46% ± 17% 
BB, P = 0.9; IL-10: 11% ± 13% no BB vs 20% ± 
22% BB, P = 0.3), or HF etiology (TNFα: -41% ± 17% 
ischemic vs -42% ± 18% non-ischemic, P = 0.7; IL-10: 
20% ± 19% ischemic vs 8% ± 15% non-ischemic, P = 
0.5).

THP-1 cells
Norepinephrine and IPN, but not PE, induced a con­
centration-dependent suppression of TNFα production 

  % Heart 
failure

(n  = 12)

Healthy 
subjects

(n  = 14)

P  value

  Age (yr) 66 ± 12 66 ± 12 0.994
  Male   67   36 0.238
  Caucasian ethnicity   92 100 0.462
  LVEF 22 ± 9
  Diabetes   33     0 0.033
  CAD   50     0 0.004
  Hypertension   25   29 1.000
  Medications
     Beta-blocker   50     0
     ACE inhibitor or ARB   75     7
     Loop diuretic 100     0
     ARA   42     0
     Hydralazine/isosorbide dinitrate     8     0
     Amiodarone   50     0
     Digoxin   50     0

Table 1  Patient characteristics

ACE: Angiotensin converting enzyme inhibitor; ARA: Aldosterone 
receptor blocker; ARB: Angiotensin receptor blocker; CAD: Coronary 
artery disease; LVEF: Left ventricular ejection fraction.
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Figure 1  Comparative change in lipopolysaccharide-induced tumor 
necrosis factor-alpha and interleukin-10 production in monocytes induced 
by norepinephrine between heart failure patients and normal controls. 
Results expressed as mean ± SD. FC: Functional classification.  
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severity, as indicated by the a greater diminution of 
the induced cytokine response in monocytes isolated 
from NYHA functional class IV as compared to functional 
class III patients and controls. This is the first report 
demonstrating monocyte TNFα/IL-10 responsiveness 
to norepinephrine is diminished in HF and provides 
a novel mechanism to explain increased production 
of TNFα in HF. Our results are consistent with a 
study demonstrating a reduced inhibitory effect of 
norepinephrine on TNFα production assessed in whole 
blood of HF patients[10]. Our results also agree with other 
studies demonstrating basal monocytic inflammatory 
cytokine production is upregulated in chronic HF[11,12].

In addition, based on our experiments in monocytic 
THP-1 cells, norepinephrine’s immunomodulatory 
effect in monocytes is likely secondary to activation of 
β-adrenergic receptors, with no or little involvement 
of α-adrenergic receptors. This was evidenced by 
the concentration-dependent reduction of TNFα and 
augmentation of IL-10 production by norepinephrine and 
isoproterenol, but not by phenylephrine. The effect of 
norepinephrine could also be antagonized by β-receptor 
blockade with propranolol, whereas α1 and α2-blocking 
agents had no effect. This is consistent with other 

in cultured monocytic THP-1 cells. Equivalent maximal 
suppression was achieved with norepinephrine 10-6 mol/
L or IPN 10-7 mol/L (Figure 2). Co-incubation of THP-1 
cells with LPS, norepinephrine and selective adrenergic 
receptor antagonists revealed a concentration-
dependent inhibition of the norepinephrine suppression 
of TNFα by PROP, but not by YOH or PRAZ. Maximal 
blockade of norepinephrine’s effects was obtained at 
PROP 10-5 mol/L (Figure 3). Concentration-dependent 
increases in IL-10 production were seen with norepine­
phrine and IPN, but not with PE (Figure 4). This effect 
was also antagonized by PROP but not by YOH or PRAZ 
(Figure 5). Pretreatment of cells with IPN (10-7 mol/L) 
for 4 h attenuated the effects of norepinephrine and 
IPN, but pretreatment did not induce a response to PE 
(data not shown). 

DISCUSSION
Our preliminary findings suggest norepinephrine’s ability 
to regulate monocyte inflammatory cytokine production 
may be reduced in moderate to severe HF. The ability 
of norepinephrine to exert an overall anti-inflammatory 
effect on the balance of production of TNFα and 
IL-10 appears to be reduced in proportion to disease 
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Figure 2  Concentration-dependent changes in lipopolysaccharide-
induced tumor necrosis factor-alpha production in monocytic THP-1 
cells induced by the a-adrenergic agonist phenylephrine and the 
b-adrenergic agonist isoproterenol. Results expressed as mean ± SD. LPS: 
Lipopolysaccharide; NE: Norepinephrine; IPN: Isoproterenol; PE: Phenylephrine.

Figure 3  Concentration-dependent changes in norepinephrine attenuation 
of lipopolysaccharide-induced tumor necrosis factor-alpha production in 
monocytic THP-1 cells blocked by the a1-adrenergic antagonist prazosin, 
the a2-adrenergic antagonist yohimbine, and the b-adrenergic antagonist 
propranolol. Results expressed as mean ± SD. LPS: Lipopolysaccharide; 
NE: Norepinephrine; PE: Phenylephrine; PROP: Propranolol; YOH: Yohimbine; 
PRAZ: Prazosin.

Figure 4  Concentration-dependent changes in interleukin-10 production 
in THP-1 cells induced by the a-adrenergic agonist phenylephrine 
and the b-adrenergic agonist isoproterenol. Results expressed as mean 
± SD. NE: Norepinephrine; IPN: Isoproterenol; PE: Phenylephrine; LPS: 
Lipopolysaccharide; IL: Interleukin.

Figure 5 Concentration-dependent changes in norepinephrine attenuation 
of interleukin-10 production in THP-1 cells blocked by the a1-adrenergic 
antagonist prazosin, the a2-adrenergic antagonist yohimbine, and the 
b-adrenergic antagonist propranolol. Results expressed as mean ± SD. 
LPS: Lipopolysaccharide; NE: Norepinephrine; PE: Phenylephrine; PROP: 
Propranolol; YOH: Yohimbine; PRAZ: Prazosin.

Ng TMH et al . Norepinephrine regulation of monocytes in HF



588 October 26, 2016|Volume 8|Issue 10|WJC|www.wjgnet.com

both catecholamines and TNFα are elevated, which suggests that this negative 
feedback mechanism may be impaired. 

Research frontiers
HF is recognized as a proinflammatory syndrome, and that inflammatory 
pathways likely contribute to the decline in cardiac function. However, the 
mechanisms for initiation or persistence of the proinflammatory balance are poorly 
described and remain an area of active investigation. Clinical trials of agents 
targeting proinflammatory cytokines have failed to improve long term prognosis of 
HF patients. A major explanation for the failures is an incomplete understanding of 
mechanisms underlying the proinflammatory state. 

Innovations and breakthroughs
Although it has been described that catecholamines reduce proinflammatory 
cytokine production, this is the first study to demonstrate that attenuation of 
monocyte inflammatory cytokine production by norepinephrine is reduced in cells 
isolated from HF patients compared to healthy individuals. 

Applications 
The findings are mainly descriptive but may represent a novel pathway for the 
proinflammatory state in patients with HF. If alterations in β-adrenergic receptor 
function is a mechanism for the diminished counter-regulatory response to 
norepinephrine in HF, some of the benefit of beta-adrenergic receptor blockers 
in HF may be due to immunomodulatory or anti-inflammatory effects. These 
preliminary findings need confirmation in future studies.

Peer-review
The manuscript is interesting because it adds new information concerning 
mechanisms underlying this proinflammatory state.
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Abstract
AIM
To describe echocardiographically left ventricular 
false tendon characteristics and the correlation with 
ventricular repolarization abnormalities in young 
athletes.

METHODS
Three hundred and sixteen healthy young athletes 
from different sport disciplines were evaluated from 
2009 to 2011 during routine screening for agonistic 
sports eligibility. All subjects, as part of standard pre-
participation screening medical evaluation, underwent 
a basal and post step test 12-lead electrocardiogram 
(ECG). The athletes with abnormal T-wave flattening 
and/or inversion were considered for an echocardiogram 
evaluation and an incremental maximal exercise test 
on a cycle ergometer. Arterial blood pressure and heart 
rate, during and after exercise, were also measured.

RESULTS 
Twenty-one of the 316 subjects (6.9%) showed false 
tendons in the left ventricle. The majority of false 
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tendons (52.38%) were localized between the middle 
segments of the inferior septum and the lateral wall, 
19.06% between the distal segments of the septum 
and the lateral wall, in 5 subjects between the middle 
segments of the anterior and inferior walls, and in one 
subject between the middle segments of the anterior 
septum and the posterior wall. ECG abnormalities, 
represented by alterations of ventricular repolarization, 
were found in 11 subjects (52.38%), 90% of these 
anomalies were T wave abnormalities from V1 to V3. 
These anomalies disappeared with an increasing heart 
rate following the three minute step test as well as 
during the execution of the maximal exercise.

CONCLUSION
Left ventricular false tendons are frequently localized 
between the middle segments of the inferior septum 
and the lateral wall and are statistically associated with 
ventricular repolarization abnormalities.

Key words: Repolarization anomalies; T wave inversion; 
Young athletes; False chordae tendineae; Echocar
diography

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Ventricular repolarization abnormalities of 
subjects with false tendons were most frequently 
inverted T waves from V1 to V3. In this study, statistically 
significant associations between the presence of false 
tendons in the left ventricle and ventricular repolarization 
abnormalities in young healthy athletes were found. 
Furthermore, this study provides useful information 
for sports physicians when basic electrocardiogram 
abnormalities of ventricular repolarization are considered.
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INTRODUCTION
“False tendons” are fibrous, fibrous-muscle or muscle 
structures, variable in length and thickness, found in 
the left ventricular cavity, generally located between the 
free wall of the left ventricle or a papillary muscle and 
the interventricular septum, without connection to the 
mitral valves[1-3]. Turner first described the false tendons 
in the left ventricle (LVFT) in 1893 but the functional 
significance of these structures is still unclear[4].

The left ventricular false tendons are easily iden
tifiable with bi-dimensional echocardiography. They 
are usually found in about 50% of autoptical examina
tions[5-8], most frequently in males[4,9]. The prevalence 

of false tendons in the left ventricle appears to be 
higher in young athletes than in the general population 
(6.9% vs 0.5% to 4.6%)[7]. This difference can be 
attributed to an increased use of echocardiography in 
young athletes. However, a young athlete often has 
excellent acoustic windows, physiological bradycardia 
and enlargement of the ventricular cavity, which 
permit better identification of all structures inside the 
ventricular cavity and in particular, the trabeculae or 
fibrous-muscle structures, stretched between the walls 
of the ventricle[10]. 

The primary characteristic of the false tendons 
to be emphasized is their tension or laxity inside the 
left ventricular cavity during the cardiac cycle. More 
frequently, false tendons are stretched in diastole and 
are flaccid in systole (from 71.4% to 86% of cases); 
in some cases they are in tension for the entire cardiac 
cycle (10.6%-15.4%), while in rare cases they remain 
flaccid for the entire cycle (1.2%-2.8%).

This type of information is very useful since the 
stretching of these ventricular structures can play an 
important role in the genesis of electrocardiographic 
abnormalities or real arrhythmias. This mechanical 
phenomenon is also the basis of the genesis of a 
murmur that can be appreciated on auscultation in some 
subjects with false tendons[1,11]. Generally, LVFTs have 
been considered a normal variation but in some cases, 
they may be related to cardiac pre-excitation, ventricular 
arrhythmias, dilation of the left ventricle, congenital 
and/or acquired heart diseases and some repolarization 
abnormalities on resting electrocardiograms (ECGs), 
including negative or biphasic T waves in precordial leads 
as well as early repolarization[12]. 

A literature review highlighted that most of the 
studies regarding LVFT were performed on a general 
population and documented a correlation with arrhy
thmias and structural cardiac disease, while only a 
few and dated investigations described the correlation 
with ventricular repolarization abnormalities[13] and no 
studies were conducted on healthy young athletes.

The purpose of this study was to describe the 
echocardiographic characteristics of LVFTs and their 
correlation with the abnormal ventricular ECG repolari
zation findings in a group of healthy young athletes.

MATERIALS AND METHODS
The study population was composed of 316 subjects 
(162 males and 154 females) with a mean age of 
22.3 ± 4 years, consecutively evaluated from March 
2009 to November 2011. All subjects were healthy 
and engaged in different agonistic sports disciplines 
(athletics, swimming, gymnastics, basketball, football 
and volleyball) for a total of approximately 15-20 h a 
week for about 8 mo a year. 

All tested athletes had a negative medical family 
history and a normal baseline medical examination. 
In most cases (71%), auscultation sounds with the 
characteristics of a Still’s murmur could be heard.
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Each subject underwent: (1) a 12 lead ECG at 
rest and after a step test performed by the electro
cardiographic device ESAOTE 421 ArchiMed-Esaote 
Biomedica. T wave flattening and the presence of 
T-wave inversion > 2 mm in one or more leads were 
considered for further investigations; (2) echocardio
gram with bi-dimensional and color-Doppler evaluation 
using the instrument Terason T-3000 MORTARA. The 
echocardiographic diagnosis of false tendons in the 
left ventricle was based on the finding of a linear 
echogenic tendon, which crosses the left ventricular 
cavity, connecting different sites of the ventricular 
endocardium, and not correlated to the mitral valve 
apparatus. The false tendon size, thickness, pattern 
inside the left ventricular cavity, points of connection 
and tension or laxity during the cardiac cycle were 
evaluated; and (3) maximal exercise test on a cycle 
ergometer using the device Ergoline Ergometrics 800S 
and ECG monitoring device via CardiO2 MedGraphics, 
according to a protocol that included a 2 min warm-
up at 20 W and subsequent increases of load for 40 
W every 2 min, with active and passive recovery 
duration of 5 min. Values ​​of systemic blood pressure 
and heart rate, during and after exercise were 
measured. Any cardiorespiratory symptoms and/or 
electrocardiographic changes during the execution of 
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the test were noted.

Statistical analysis
Variables were reported by counts and percentages. 
When appropriate, comparisons were performed using a 
χ 2 test or Fisher’s exact test. To evaluate the association 
between the variable of interest and the determinant, 
the odds ratio and 95% confidence interval (Cornfield’s 
method) were calculated. All the tests were considered 
statistically significant for P values ​​< 0.05. The analyses 
were conducted with STATA v.11.

RESULTS
Twenty one of the 316 subjects (6.9%), 12 males and 9 
females with a mean age of 22 ± 2 years, showed false 
tendons in the left ventricle.

The majority of false tendons were localized be
tween the middle segments of the inferior septum and 
the lateral wall (52.38%) (Figures 1 and 2), between 
the distal segments of the septum and the lateral 
wall (19.06%), between the middle segments of the 
anterior and inferior walls (23.8%), and between 
the middle segments of the anterior septum and the 
posterior wall (4.76%) (Table 1). 

ECG abnormalities represented by alterations of 
ventricular repolarization were found in 11 subjects 
(52.38%). 

The anomalies of the phase of ventricular repolari
zation observed in these cases were almost always 
characterized by the presence of inverted T waves 
from V1 to V3 (9 of 11 cases with abnormalities of the 
ventricular repolarization phase, 81%) (Figure 3). 

Only one case had diphasic T waves from V1 to V3 
and an inverted T wave in DIII and aVF. In this study, 
90% of the anomalies of ventricular repolarization 
were abnormalities of the T wave from V1 to V3.

These anomalies disappeared with an increasing 
heart rate following three minutes of the step test as 
well as during the execution of the maximal exercise 
(Figure 4). 

The association between false tendons in the left 

A B

Figure 1  Left ventricular false tendon between the middle segments of the inferior septum and the lateral wall during the cardiac stolic (A) and diastolic (B) 
cycle.

Figure 2  Double false tendon stretched between the lateral wall and 
inferior septum.
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ventricle and inverted T waves in the precordial leads.
Sutton et al[14] also noted an “electro-anatomical” 

correlation between false tendons and ECG abnorma
lities as well as the absence of modifications after a 
long follow-up of 13 years in his study. Other authors 
also identified the presence of Purkinje fibres within 
the false tendons; this information could explain the 
onset of arrhythmias associated with the presence of 
left ventricular false tendons. Some authors investi
gating the possible link between false tendons and ECG 
abnormalities identified 71 subjects with a false tendon 
and studied the possible presence of arrhythmias, such 
as ventricular extrasystole. The authors concluded 
that the false tendon can contribute to the etiology 
of arrhythmias such as ventricular extrasystole, but 
they did not describe abnormalities of the ventricular 
repolarization phase[15,16].

The statistically significant association between 
the presence of false tendons in the left ventricle 
and abnormal ventricular repolarization phase could 
have several explanations. The presence of a false 
tendon in the left ventricle would increase, although 
minimally, myocardial active mass, typical of the 
athlete’s heart[10]. This increase in myocardial mass 
could activate a prolongation of the depolarization and 
eventually lead to T wave inversion. An alternative 
hypothesis considers purely mechanical aspects: the 
false tendon and its site of anatomical implantation 
(mainly medium-distal segments of the inferior 
septum and lateral wall) may exert mechanical traction 

ventricle and the abnormal ventricular repolarization 
phase showed an odds ratio of 11 (95%CI: 3.4-35.6, 
P < 0.0001).

The insertion sites of false tendons most often 
associated with abnormalities of the ventricular repolari
zation were in the middle segments of the inferior 
septum and the lateral wall (63.6%) and the distal 
segments of the septum and the lateral wall (30%). 
However, in this case, the Fisher’s exact test did not 
demonstrate statistical significance (P = 0.712).

DISCUSSION
This study showed the presence of a statistically 
significant association between false tendons in the left 
ventricle and ventricular repolarization abnormalities. 
However, the odds ratio value is too high (a value of 11 
with confidence interval width ranging from 3.4 to 3.5) 
due to the low number of subjects.

The false tendons were located more frequently 
(in over 63% of cases) between the middle segments 
of the interventricular septum and the lateral wall 
and presented a greater thickness when compared to 
normal tendons (> 2 mm). In 30% of cases, the false 
tendons stretched between the distal segments of the 
interventricular septum and the lateral wall.

The repolarization abnormalities were almost of the 
same type. Indeed, 90% of the subjects with a false 
tendon and an abnormal ventricular repolarization 
phase presented with alterations in T waves (more 
often reversed and symmetrical, sometimes diphasic) 
from V1 to V3. 

The association between abnormalities of ventri
cular repolarization and false tendons in the left 
ventricle was described by Sutton et al[14] who pre
sented three case reports regarding three patients in 
apparently good health with a false tendon in the left 

Figure 3  Ventricular repolarization anomalies in precordial leads V1-V4: 
Inverted T waves from V1 to V3 and flat T waves in D3.
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  Anatomic site of false tendon N° (%) Altered 
ventricular 

repolarization 
N° (%)

  Middle segment inferior septum - lateral 
  wall

11 (52.38)          7 (63.6%)

  Distal segment inferior septum - lateral wall 4 (19.06)          2 (50%)
  Middle segment posterior wall - anterior 
  septum

1 (4.76)          0 (0%)

  Middle segment inferior wall - anterior wall 5 (23.8)          2 (40%)
  Description of altered ventricular 
  repolarization

Frequency         %

  Flat T wave in DII, aVF, inverted T wave in   
  DIII

10        47.6

  Biphasic T wave in DII, DIII and aVF after 
  incremental max exercise test

  1          4.8

  Biphasic T wave in V2 and V3, normalize 
  after incremental max exercise test

  1          4.8

  Inverted T wave from V1 to V3 normalizes 
  after incremental max exercise test

  6        28.6

  Inverted asymmetric T wave from V1 to V3 
  normalizes after incremental max exercise 
  test

  1          4.8

  Inverted symmetric T wave from V1 to V3, 
  that reduces but does not normalize after 
  incremental max exercise test

  1          4.8

  Flat T wave in DIII and inverted from V1 
  to V3 normalizes after incremental max 
  exercise test

  1          4.8

Table 1  Type of false tendon and altered ventricular repolari­
zation
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under stress. The limitations of our study are related 
to the low number of participants and the lack of long 
term follow-up to evaluate eventual modifications.

In conclusion, the present study showed a statisti
cally significant association between the presence 
of false tendons in the left ventricle and ventricular 
repolarization abnormalities in a population of young 
healthy subjects engaged in competitive sports.

The type of false tendon most frequently associated 
with ventricular repolarization abnormalities was 
identified among the middle-distal segments of the 
inferior interventricular septum and the lateral wall. 
Nonetheless, the results of this study may provide 
useful information for sports physicians when basic ECG 
abnormalities of ventricular repolarization are found.

COMMENTS
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between the free wall of the left ventricle or a papillary muscle and the 
interventricular septum, without connection to the mitral valves. In 1893, Turner 
first described the false tendons in the left ventricle (LVFT) but the functional 
significance of these structures is still unclear. The left ventricular false tendons 
are easily identifiable with bi-dimensional echocardiography. They are usually 
found in 50% of autoptical examinations, mostly in males. Generally, LVFTs 
have been considered a normal variation but in some cases could be related 
to cardiac pre-excitation, ventricular arrhythmias, dilation of the left ventricle, 
congenital and/or acquired heart disease and some repolarization abnormalities 
on a resting electrocardiogram (ECG), including negative or diphasic T waves 
in precordial leads as well as early repolarization. Only a few studies have 
investigated the correlation between LVFTs and ventricular repolarization 
abnormalities and to our knowledge, no studies have been carried out on 
healthy young athletes. In this study they evaluated and described the 
echocardiographic characteristics of LVFTs and their correlation with the 
abnormal ventricular ECG repolarization findings in a group of healthy young 
athletes.

Research frontiers
The results of this study clarified the functional significance of left false tendons, 
adding useful information for the interpretation of abnormal ventricular ECG 

sufficient to alter repolarization.
Finally, the fibro-muscular false tendon contains 

elements of the cardiac conduction system, often 
providing the explanation for electrocardiographic 
abnormalities that might be associated with these 
structures[4].

In clinical practice, abnormal T-wave flattening and/
or inversion can be detected in different physiological 
and pathological conditions[17]. When considering 
young and healthy subjects, T-wave flattening and/or 
inversion were found with variable frequency, from 
0.5% to 19%, and in high-level athletes they have 
been described as clinically negative in 60%-80%[18]. 
The behavior of ventricular repolarization abnormalities 
during the incremental maximal exercise test on a 
cycle ergometer has fundamental importance. This test 
has significant diagnostic and prognostic importance. 
Usually, the normalization of T waves during a maximal 
exercise test on an ergometer suggests their benign 
nature, although in some cases organic diseases of the 
heart cannot be excluded[19] .

The results of this study showed a statistically 
significant association between the presence of false 
tendons in the left ventricle and ventricular repolari
zation abnormalities in a population of young healthy 
subjects engaged in competitive sports. The type of 
false tendon most frequently associated with ventricular 
repolarization abnormalities was identified in the 
middle-distal segments of the inferior interventricular 
septum and the lateral wall. Ventricular repolarization 
abnormalities of subjects with false tendons were all of 
the same type, indeed, the electrocardiogram showed 
inverted T waves from V1 to V3. These anomalies also 
regressed with the increase in heart rate during the 
physical exercise or incremental maximal exercise test 
on a cycle ergometer. A common electrocardiographic 
pattern can be described in athletes with a false left 
ventricular tendon. In fact, the ventricular repolarization 
abnormalities in the electrocardiogram in these 
individuals were similar and showed the same behavior 

A B

Figure 4  Ventricular repolarization anomalies at rest (A) and normalization after the incremental maximal exercise test on a cycle ergometer (B).
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repolarization findings during the pre-participation screening of healthy athletes.

Innovations and breakthroughs
The present study describes a statistically significant association between the 
presence of false tendons in the left ventricle and ventricular repolarization 
abnormalities for the first time. This finding certainly provides useful information 
for sports medicine physicians for the interpretation of ECG abnormalities found 
in otherwise healthy athletes during the pre-participation screening evaluation.

Applications
This study provides useful information for sports physicians about sport 
eligibility evaluation for athletes when basic ECG abnormalities of ventricular 
repolarization are found.

Terminology
LVFTs: Fibrous, fibrous-muscle or muscle structures generally located between 
the free wall of the left ventricle or a papillary muscle and the interventricular 
septum, without connection to the mitral valves; ECG: Electrocardiogram; VRA: 
Ventricular repolarization abnormalities.

Peer-review
This is an interesting study that is well written and uses appropriate methods. 
It was suggested that another image demonstrating the LV false tendon should 
be provided as this is a key aspect of the study and should be better illustrated.
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Abstract
AIM
To compare the behavior of pulmonary hypertension 
(PHT) associated with coronary artery fistulas (CAFs) 
between the Asian and Caucasian subjects.

METHODS
CAFs may be complicated with PHT secondary to left-
to-right shunt. Literature review limited to the English 
language. A total of 211 reviewed patients were 
collected. Of those, 111 were of Asian and 100 were 
of Caucasian ethnic origin. The mean age of the Asian 
and the Caucasian groups of patients were 48.9 (range 
19-83) and 49.9 years (range 16-85), respectively. 
In both groups, right heart catheterization was the 
most commonly (95%) used method for determining 
pulmonary artery pressure. 

RESULTS 
From all of the reviewed subjects, PHT was found 
in 49 patients (23%), of which 15 were Asian and 
34 were Caucasian. In 75% of PHT subjects, mild to 
moderate PHT was reported and 76% of the fistulas 
had a vascular mode of termination. Treatment was 
surgical in 61%, followed by percutaneous therapeutic 
embolization (27%) and finally conservative medical 
management in 12% of PHT subjects. PHT was asso
ciated with a slight female gender predominance. The 
majority demonstrated mild to moderate PHT. PHT was 
reported more frequent in the Caucasian compared with 
the Asian ethnicity group. The majority of fistulas in 
patients with PHT had a vascular mode of termination. 
The results of this review are intended to be indicative 
and require cautious interpretation.

CONCLUSION
The likelihood for a CAF patient to develop PHT is 
presented when possessing the following features, with 
a Caucasian female having a fistula with a vascular 
mode of termination.
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Core tip: Congenital coronary artery fistulas (CAFs) are 
infrequent but hemodynamically important anomalies 
which may evolve a myriad of complications, such as 
myocardial infarction, congestive heart failure, infective 
endocarditis, aneurysm, rupture, pericardial effusion, 
arrhythmias and sudden death. In addition, secondary 
pulmonary hypertension (PHT) may complicate the course 
of CAFs. Moreover, when monitoring CAF patients, the 
clinicians responsible for the management of patients with 
congenital CAFs should be aware of the development of 
PHT during the course of the disease. 

Said SAM. Congenital coronary artery fistulas complicated 
with pulmonary hypertension: Analysis of 211 cases. World J 
Cardiol 2016; 8(10): 596-605  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v8/i10/596.htm  DOI: http://dx.doi.
org/10.4330/wjc.v8.i10.596

INTRODUCTION
Congenital coronary artery fistulas (CAFs) are uncommon 
anomalies. Most CAFs are small and hemodynamically 
inconsequential with a negligible shunt. However, some 
can be sizeable and lead to shunting of blood from the 
coronary circulation to low-pressure pulmonary vascular 
bed, resulting in pulmonary hypertension (PHT)[1]. CAFs 
may be associated with normal[2-4] pulmonary artery 
pressure (PAP) in unilateral[5-8] or bilateral[9,10] fistulas, or 
may sometimes be accompanied with elevated PAP[11-14]. 
Rarely, in octogenarians with bilateral CAFs, PAP may 
remain normal[15]. 

The hemodynamic consequences of CAFs varies, 
depending on their magnitude and the cardiac chamber 
or vascular site involved. Fistulas terminating into the 
right heart chambers may produce left-to-right shunt 
and volume overload of the pulmonary circulation, 
whereas fistulas to the left heart side cause left ventri
cular volume overload.

In a literature review, 211 subjects were included 
and a comparison was made between the Asian (n = 
111) and Caucasian (n = 100) subjects regarding the 
behavior of PAP associated with CAFs. 

MATERIALS AND METHODS
The data source was based on an extensive literature 
review of the English literature in the PubMed database 
regarding congenital CAFs and PAP. The search was 
conducted using the terms “congenital coronary artery 
fistulas” and “pulmonary artery pressure”. Inclusion of 

a paper occurred when full data on PAP either using 
right heart catheterization (RHC) (direct measurement) 
or Doppler echocardiography [calculation of estimated 
PAP based on tricuspid regurgitation (TR) peak velocity] 
were provided. 

This retrieval resulted in a collection of 133 papers 
which included 49 of Asian (n = 111 patients) and 84 
of Caucasian (n = 100 patients) reports. Three were 
excluded because of duplication. Reference lists from 
selected papers were manually searched for potentially 
relevant publications. Whenever available, the most 
recent data were included. Another seven papers were 
therefore added, meaning that the final retrieval result 
was 137 papers. Congenital multiple micro-fistulas were 
not included and patients with acquired fistulas were 
excluded.

Definition of PHT[16-18]

Invasive method: PHT is defined as the systolic PAP 
(sPAP) or mean PAP, exceeding 35 mmHg or 25 mmHg, 
respectively. Furthermore, the mean PAP rises above 30 
mmHg with exercise, occurring secondary to either a 
pulmonary or a cardiac disorder[16].

Non-invasive method: In accordance with the 
European Society of Cardiology criteria for detecting 
the presence of PHT, based on the TR peak velocity and 
Doppler-calculated sPAP at rest (assuming a normal 
right atrial pressure of 5 mmHg), additional echo
cardiographic variables suggestive of PHT were used 
to determine the sPAP[19,20]. PHT was defined by an 
estimate of right ventricular systolic pressure of greater 
than 40 mmHg. sPAP is estimated using TR jet velocity 
based on the simplified Bernoulli’s equation [4 × (TRV)2 
+ RA pressure][19,21,22] (TRV: TR velocity; RA: Right 
atrium). PHT was classified into three categories: Mild 
(40-49 mmHg), moderate (50-59 mmHg) and severe (> 
59 mmHg). 

Statistical analysis 
Values were expressed as means, averages, and 
percentages.

RESULTS
Total group 
A total of 211 (M: 87 = 41% and F: 124 = 59%) review
ed patients were collected from the world literature. 
The mean age was 49.4 years (range 16-85). The 
reported method of assessment of PAP was RHC (n = 
201, Caucasian n = 94 and Asian n = 107) and Doppler 
echocardiography (n = 10, Caucasian n = 6 and Asian n 
= 4) in 95% and 5% of the subjects, respectively. The 
congenital CAFs were unilateral in 118 (56%), bilateral 
in 87 (41%) and multilateral in 6 (3%) of the subjects. 
The CAFs arose from the right (133/268 = 49.6%) and 
left (135/268 = 50.4%) coronary artery, respectively. 
The mode of termination was either vascular (90/211 = 
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43%) or cameral (121/211 = 57%) (Table 1). 
Among the applied therapeutic modalities, surgi

cal ligation (SL) was performed in 124 (59%), con
servative medical management (CMM) in 38 (18%), 
percutaneous therapeutic embolization (PTE) in 29 
(13%) and watchful waiting in 2 (1%). There were 
2 mortalities (1%) and treatment options were not 
mentioned in 16 (8%) of the subjects. Among the whole 
group, 23% (49/211) were found to have elevated PAP. 

Asian population: n = 111 
The reviewed patients of Asian ethnicity [n = 111, Male 
n = 48 (43%) and Female n = 63 (57%)] had a mean 
age of 48.9 years (range 19-83). 

Between 1986 and 2014, papers published describing 
Asian population with congenital CAFS and reported 
data on PAP were included: from 1986-1993[23-28], 
1994-1999[29-33], 2001-2004[34-39], 2005[40-42], 2006[43-49], 
2007[50-55], 2009-2011[56-61] and 2012-2014[62-69]. PAP 
was measured by RHC in 107 and by Doppler echocardio
graphy in 4. 

Ninety-six subjects (86%) had normal PAP. Among 
the CAFs, 42 were unilateral (38%), 63 bilateral (57%) 
and 6 multilateral (5%). The treatment modalities were 
SL [82 = (74%)], CMM [20 = (18%)] and PTE [9 = 
(8%)]. No watchful waiting strategy was conducted and 
death did not occur in any of the subjects.
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PHT was found in 15 Asian (14%) (M, n = 3; F, n 
= 12) subjects with a mean age 54.4 years (range 
24-77). Among the 15 subjects, mild, moderate and 
severe PHT was detected in 8, 2 and 5, respectively.

Caucasian population: n = 100
The mean age (n = 100, Male 39 and Female 61) 
was 49.9 years (range 18-85). Published papers on 
Caucasian population regarding CAFs and PAP bet
ween 1955 and 2014 were included for evaluation: 
1955-1961[70-75], 1964-1967[5,76-78], 1971-1976[2,79-82], 
1981-1989[11,83-85], 1990-1991[3,6,10,86,87], 1992-1994[88-92], 
1995-1997[4,9,31,93-95], 2000-2002[12,13,96-101], 2003-2004[102-106], 
2005-2006[7,15,107-113], 2007-2009[14,114-124], 2010-2012[8,125-130], 
and 2013-2014[131-134]. PAP was evaluated by RHC in 94% 
(n = 94) and in 6 by Doppler echocardiography method. 
The CAFs were unilateral in 76 (76%) and bilateral in 
24 (24%) of the subjects. No multilateral fistulas were 

Total reviewed 
subjects

Asian 
group

Caucasian 
group

  n 211    111 (53%) 100 (47%)
  Gender F 124 (59%)  F 63 (57%) F 61 (61%) 

M 87 (41%) M 48 (43%)   M 39 (39%)
  Mean age (range)1, yr    49.4 (16-85)      48.9 (19-83) 49.9 (16-85)
  CAF characteristics 
    Unilateral 118 (56%)      42 (38%)      76 (76%)
     Bilateral   87 (41%)      63 (57%)      24 (24%)
     Multilateral   6 (3%)      6 (5%) -
  Mode of termination
     CVFs   90 (43%)     43 (39%)      47 (47%)
     CCFs 121 (57%)     68 (61%)      53 (53%)
     RHC 201 (95%)    107 (96%)      94 (94%)
      sPAP/RVSP 10 (5%)     4 (4%)     6 (6%)
  Management
     CMM          38          20         18
     PTE2          29           9 (8%)      20 (20%)
     SL 124 (59%)     82 (74%)       42 (42%)
     WW           2 -           2
     Death           2 -           2
     Not mentioned         16 -         16

Table 1  Reviewed Asian (n  = 111) and Caucasian (n  = 
100) group of patients

1Subjects (n = 41) from ref. [35] were not included in calculation of mean 
age (n = 170, 70 Asian and 100 Caucasian). 2In one patient, PTE failed 
followed by SL treatment (ref. [147]) and another treated with hybrid 
procedures (ref. [133]). CAF: Coronary artery fistula; CCFs: Coronary-
cameral fistulas; CVFs: Coronary-vascular fistulas; CMM: Conservative 
medical management; F: Female; M: Male; PTE: Percutaneous therapeutic 
embolization; RHC: Right heart catheterization; SL: Surgical ligation; 
sPAP: Systolic pulmonary artery pressure; RVSP: Right ventricular systolic 
pressure.

Total group Asian group Caucasian group

  n 49 15 (31%) 34 (69%)
  Age1 56 (16-80) 54.4 (24-77) 56.8 (16-80)
  Gender F 34 (69%) F 12 (80%) F 22 (65%) 

M 15 (31%) M 3 (20%) M 12(35%)
  CAF
     Unilateral 37 (76%) 9 (60%) 28 (82%)
     Bilateral 12 (24%) 6 (40%) 6 (18%)
  PHT
     Mild 26 (53%) 8/15 (53%) 18/34 (53%)
     Moderate 11 (22%) 2/15 (13%) 9/34 (26%)
     Severe 12 (25%) 5/15 (33%) 7/34 (21%)
  Mean PAP 
  (mmHg)

35.6 (range 
26-60)

36.9 (range 27-49) 34.3 (range 26-60)

  Mean Qp:Qs 
  ratio

1.9 (range 
1.13-2.75)

1.9 (range 
1.13-2.75)

1.9 (range 1.3-2.7)

  RHC 43 (88%) 13 (87%) 30 (88%)
  Doppler (sPAP) 6 (12%) 2 (13%) 4 (12%)
  CAF characteristics
      Origin R 8, L 30, 

bilateral 11
R 2, L 8, bilateral 

5
R 6, L 22, bilateral 

6
     Termination RH side 45 

LH side 4
RH side 13 LH 

side 2
RH side 32 LH 

side 2
  Mode of termination
     CVFs 37 (76%) 9/15 (60%)   28/34 (82%)
     CCFs 12 (24%) 6/15 (40%)   6/34 (18%)
  Associated 
  disorders

17/49 (35%) 5/15 (33%) 12/34 (35%)

  Management
     SL 30 (61%) 9 21
     PTE 13 (27%) 4   92

     CMM   6 (12%) 2   4

Table 2  Asian and Caucasian group of patients (n  = 49) 
with pulmonary hypertension

1Subjects from ref. [35] were not included in calculation of mean age. Mean 
age was calculated from 170 (70 Asian and 100 Caucasian) subjects. 2One 
PTE failed (from ref. [147]) followed by SL treatment and another treated 
with hybrid procedures (from ref. [133]). CAF: Coronary artery fistula; 
CCFs: Coronary-cameral fistulas; CVFs: Coronary-vascular fistulas; CMM: 
Conservative medical management; F: Female; R: Right coronary artery; L: 
Left coronary artery; LH: Left heart side; M: Male; PAP: Pulmonary artery 
pressure; PHT: Pulmonary hypertension; PTE: Percutaneous therapeutic 
embolization; RH: Right heart side; RHC: Right heart catheterization; SL: 
Surgical ligation; sPAP: Systolic pulmonary artery pressure. 
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from the coronary circulation to low-pressure pulmonary 
vascular bed, resulting in PHT[1]. 

In congenital CAFs, although PHT may occur 
when sizeable left-to-right shunt exists; in the current 
review, the mean Qp:Qs was modest, with moderate 
magnitude 1.9:1.0. 

It has been stated that severe PHT is not frequently 
observed in isolated CAFs[87]. Mild to moderate PHT[5] has 
sporadically been reported in unilateral[39,45,107,124,146,147] 
and bilateral fistulas[42,103,112,118]. Indeed, in the current 
literature review, only 25% were found to have severe 
PHT, with the majority (75%) having mild or moderate 
PHT. No reports of multilateral CAFs associated with 
PHT were found. It is noteworthy that CAFs may be 
associated with longevity[96] and PHT has been reported 
in septuagenarians[11] and octogenarians[107]. 

Although PAP can be measured on Doppler echo
cardiography, the gold standard for diagnosis is RHC. 
In the current review, 95% were direct calculation 
of PAP using RHC and only 5% as an estimate of 
right ventricular systolic pressure by Doppler echocar
diography using TR jet velocity based on the simplified 
Bernoulli’s equation (Figure 1). It is widely accepted 
that pulmonary artery systolic pressure (sPAP) can be 
considered normal until 40 mmHg in the elderly and 
obese subjects. Moreover, tricuspid regurgitant jet 
velocity is a parameter that has been widely applied to 
estimate sPAP[22].

In comparison with the Caucasian group of patients 
(65%) with PHT, female gender accounted for 80% in 
the Asian group and was almost equally associated (35% 
vs 33%) with concomitant congenital and acquired 
coronary and valvular heart defects. 

In the total group of patients (n = 49) with PHT, 
female gender accounted for (69%), unilateral fistulas 
was present in (76%) and mild to moderate PHT (75%) 
was predominant. RHC was performed in 88% of 
patients and in 12% Doppler echocardiography was used 
for estimation of the sPAP. Coronary vascular fistulas as 
a mode of termination were found in the overwhelming 
majority (76%) of patients. SL was performed in 61% of 

reported. Sixty-six subjects (66%) had normal PAP.
Treatment modalities included SL (42), PTE (20), 

CMM (18), and watchful waiting (2), and were not 
mentioned in 16 cases. There were 2 mortalities (2). 
PHT was found in 34 subjects (34%) [M: n = 12 (35%) 
and F: n = 22 (65%)], with a mean age of 56.8 years 
(range 16-80). 

PHT population: n = 49 
PHT was found in 49 patients (49/211 = 23%), with a 
mean age of 56 years (range 16-80). There were 34 
females (69%) and 15 males (31%), with 15 Asian 
(mean age 54.4, range 24-77 years) and 34 (mean 
age 56.8, range 16-80 years) of Caucasian patients. 
The fistulas were unilateral in 37 (76%) and bilateral 
in 12 (24%) of the subjects. Measurement of PAP 
was achieved by RHC in 43 subjects (13 Asian and 30 
Caucasian) and by Doppler echocardiography in 6 (2 
Asian and 4 Caucasian) subjects. Mild, moderate and 
severe PHT was reported in 26 (53%), 11 (23%) and 
12 (24%) subjects, respectively (Table 2). 

The following features were detected among PHT 
group of patients: A female predominance (34/49 
= 69%), unilateral origin (37/49 = 76%) from the left 
coronary artery (30/49 = 61%) and termination into 
the right heart side (45/49 = 92%) were the major 
findings of the PHT group of patients. 

The percentage of unilateral and CVFs was higher in 
the Caucasian group (82% and 82%) compared to the 
Asian group (60% and 60%), respectively (Table 3). 

DISCUSSION
CAFs may remain silent, co-existing with longevity for 
years and emerging as a coincidental finding during 
non-invasive or invasive[135] investigation for the analysis 
of suspected cardiac disorder. 

CAFs are an uncommon congenital anomaly which 
may be associated with several complications (Table 
4). These complications may have coronary vascular, 
pericardial or myocardial origin. Furthermore, they may 
have a valvular source or may originate from an atrial 
or ventricular arrhythmic substrate. Such complications 
may include myocardial infarction (MI) (4%)[136,137], 
congestive heart failure (20%)[136], infective endocarditis 
(reported in 4%-12% in different series)[81,136], atrial[138] 
and ventricular[139] arrhythmias, aneurysm (reported 
in 20% of cases)[96,140], rarely ruptured aneurysm with 
hemopericardium[141] and unruptured aneurysm[139,142], 
pericardial effusion[143], syncope[142,144] and sudden 
death[145]. It has been postulated that fistula-related 
complications increase with age[136]. Secondary PHT is 
an infrequent complication of congenital CAFs. As early 
as 1955, Davison reported PHT in patients with CAFs[70]. 

Most CAFs are small and hemodynamically inconse
quential with a negligible left-to-right shunt. However, 
some can be sizeable and lead to shunting of blood 

Figure 1  Continuous wave Doppler demonstrating blood flow velocity 
(3.66 m/c) across the tricuspid valve. 
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COMMENTS
Background
Congenital coronary artery fistulas (CAFs) are uncommon anomalies. Most 
CAFs are small and hemodynamically inconsequential with a negligible shunt. 
However, some can be sizeable and lead to shunting of blood from the coronary 
circulation to low-pressure pulmonary vascular bed, resulting in pulmonary 
hypertension (PHT). 

Research frontiers
CAFs may be associated with normal pulmonary artery pressure (PAP) in 
unilateral or bilateral fistulas, or may sometimes be accompanied with elevated 
PAP. Rarely, in octogenarians with bilateral CAFs, PAP may remain normal. 

Innovations and breakthroughs
The likelihood for a CAF patient to develop PHT is presented when possessing 
the following features, with a Caucasian female having a fistula with a vascular 
mode of termination. 

Applications 
The findings of this review need to be confirmed in a larger multicenter 
international registry, preferably with a longer follow-up.

Peer-review
This paper is interesting review concerning association PAH and CAF. Therefore, 
this article should be published.

REFERENCES
1	 Sharma UM, Aslam AF, Tak T. Diagnosis of coronary artery 

fistulas: clinical aspects and brief review of the literature. Int 
J Angiol 2013; 22: 189-192 [PMID: 24436610 DOI: 10.1055/
s-0033-1349166]

2	 Bishop JO, Mathur VS, Guinn GA. Letter: Congenital coronary 
artery fistula with myocardial infarction. Chest 1974; 65: 233-234 
[PMID: 4810692 DOI: 10.1378/chest.65.2.233]

3	 Brack MJ, Hubner PJ, Firmin RK. Successful operation on a 
coronary arteriovenous fistula in a 74 year old woman. Br Heart J 
1991; 65: 107-108 [PMID: 1867943 DOI: 10.1136/hrt.65.2.107]

4	 Bitar SR, Aguirre FV, McBride L, Munroe C, Kern MJ. 
Characterization of intra-arterial flow velocity within left coronary 
to pulmonary artery fistula. Cathet Cardiovasc Diagn 1997; 41: 
208-212 [PMID: 9184298 DOI: 10.1002/(SICI)1097-0304(199706)
41]

patients with PHT. 
In the present review of all 49 subjects, possible 

common features of CAFs associated with PHT were 
unilateral fistula (37/49 = 76%) originating from the 
left coronary artery (30/49 = 61%) with a vascular 
termination (76%) into the right heart side (45/49 = 
92%). These findings have to be investigated in a future 
international survey or prospective study. 

A significant difference was noted in the percentages 
of coronary-cameral fistulas between Asian (40%) 
and Caucasian (18%) groups of patients with PHT. 
There was no difference in associated cardiac defects, 
congenital or acquired, in both the Asian and Caucasian 
groups (33% and 35%, respectively). 

Limitations of the study
Among the Asian population reported by Cheung et 
al[35] in 2001, among the 41 subjects, there were 
children included in their study. The time span for data 
collection spread from 1955 to 2014 due to period 
collection bias.

Publication bias, only subjects with abnormal find
ings are accepted for publication. Although the data 
were of high quality and were collected from the world 
literature, the results of this review are intended to be 
indicative and require cautious interpretation.

It is clear that more research and studies are war
ranted for the identification and registration of con
genital CAFs associated with PHT; the cause seems 
to be more multi-factorial (gender, fistula origin and 
outflow) and dependent on the fistula characteristics 
itself. We are encouraged to initiate an international 
survey on CAFs (Euro-CAF.care).

In conclusion, among the whole population, 23% 
were found to have elevated PAP. In the Asian group 
of patients 14% demonstrated PHT compared to 34% 
among the Caucasian group. Among the patients (n = 
49) with PHT, 69% were female. The majority of fistulas 
(76%) in patients (n = 49) with PHT were of CVFs type 
in contrast to CCFs who accounted for 24% of subjects. 
The likelihood for a CAF patient to develop PHT is 
presented when possessing the following features, with 
a Caucasian female having a fistula with a vascular 
mode of termination. The findings of this review need 
to be confirmed in a larger multicenter international 
registry, preferably with a longer follow-up.

CVFs CCFs Mean age and 
range (yr)

  Total n = 211 90/211 (43%) 121/211(57%) 38.3 (26-67)
  Asian 15/111 (14%) 9/15 (60%) 6/15 (40%) 39.7 (27-67)
  Caucasian 34/100 (34%) 28/34 (82%) 6/34 (18%) 36.8 (26-60)

Table 3  Mode of termination coronary-vascular fistulas vs  
coronary-cameral fistulas in the pulmonary hypertension (n  = 
49) and all reviewed (n  = 211) subjects

CCFs: Coronary-cameral fistulas; CVFs: Coronary-vascular fistulas.

  Complication Features

  Cardiovascular Myocardial infarction, stroke, aneurysm, rupture
  Infectious Bacterial endocarditis, septic pulmonary and septic 

renal embolism
  Valvular Incompetence, dysfunction, perforation
  Pericardial Hemopericardium, pericardial effusion, tamponade
  Myocardial Congestive heart failure
  Arrhythmic Supraventricular arrhythmias, ventricular arrhythmias 

and sudden death

Table 4  Possible complications of coronary artery fistulas

 COMMENTS

Said SAM. CAFs and PHT



601 October 26, 2016|Volume 8|Issue 10|WJC|www.wjgnet.com

21	 Badesch DB, Champion HC, Sanchez MA, Hoeper MM, Loyd JE, 
Manes A, McGoon M, Naeije R, Olschewski H, Oudiz RJ, Torbicki 
A. Diagnosis and assessment of pulmonary arterial hypertension. 
J Am Coll Cardiol 2009; 54: S55-S66 [PMID: 19555859 DOI: 
10.1016/j.jacc.2009.04.011]

22	 McQuillan BM, Picard MH, Leavitt M, Weyman AE. Clinical 
correlates and reference intervals for pulmonary artery systolic pressure 
among echocardiographically normal subjects. Circulation 2001; 104: 
2797-2802 [PMID: 11733397 DOI: 10.1161/hc4801.100076]

23	 Bhandari S, Kanojia A, Kasliwal RR, Kler TS, Seth A, Trehan 
N, Bhatia ML. Coronary artery fistulae without audible murmur 
in adults. Cardiovasc Intervent Radiol 1993; 16: 219-223 [PMID: 
8402783 DOI: 10.1007/BF02602964]

24	 Doi YL, Takata J, Hamashige N, Yonezawa Y, Odawara H, Ozawa 
T. Congenital coronary arteriovenous fistula associated with dilated 
cardiomyopathy. Chest 1987; 91: 464-466 [PMID: 3816326 DOI: 
10.1378/chest.91.3.464]

25	 Fujiwara R, Kutsumi Y, Yamamura I, Nakai T, Miyabo S. 
Bilateral coronary arteriovenous fistulas associated with idiopathic 
hypertrophic cardiomyopathy. Am Heart J 1986; 111: 1207-1208 
[PMID: 3716996 DOI: 10.1016/0002-8703(86)90030-X]

26	 Ishikura Y, Odagiri S, Shimazu A, Hirao D, Watanabe H, Yano K. 
Surgical management of the coronary artery to pulmonary artery 
fistulas; a case of a large ruptured aneurysm. Surg Today 1992; 22: 
176-179 [PMID: 1498500 DOI: 10.1007/BF00311346]

27	 Nakatani S, Nanto S, Masuyama T, Tamai J, Kodama K. Spontan
eous near disappearance of bilateral coronary artery-pulmonary 
artery fistulas. Chest 1991; 99: 1288-1289 [PMID: 2019198 DOI: 
10.1378/chest.99.5.1288]

28	 Ogino K, Hisatome I, Kotake H, Furuse T, Mashiba H, Kuroda H, 
Mori T. A case of four coronary artery fistulae originating from three 
vessels associated with aneurysm. Eur Heart J 1987; 8: 1260-1263 
[PMID: 3691563]

29	 Hirose H, Amano A, Yoshida S, Nagao T, Sunami H, Takahashi 
A, Nagano N. Coronary artery aneurysm associated with fistula in 
adults: collective review and a case report. Ann Thorac Cardiovasc 
Surg 1999; 5: 258-264 [PMID: 10508953]

30	 Ho YL, Chen WJ, Wu CC, Lee YT. Acute myocardial infarction 
in a case of myelofibrosis with patent coronary arteries and 
arteriovenous fistulae draining into the main pulmonary artery. Int J 
Cardiol 1994; 46: 49-51 [PMID: 7960275 DOI: 10.1016/0167-5273
(94)90116-3]

31	 Kanda Y, Takahashi T, Yokoyama I, Momomura S, Serizawa T. 
Coronary artery-coronary sinus fistulae associated with a large 
hepatic hemangioma. A case report. Vasc Endovascular Surg 1995; 
29: 65-69 [DOI: 10.1177/153857449502900110]

32	 Katoh T, Zempo N, Minami Y, Suzuki K, Fujimura Y, Tsuboi 
H, Esato K, Gondo T. Coronary arteriovenous fistulas with giant 
aneurysm: two case reports. Cardiovasc Surg 1999; 7: 470-472 
[PMID: 10430533 DOI: 10.1016/S0967-2109(98)00102-1]

33	 Sunder KR, Balakrishnan KG, Tharakan JA, Titus T, Pillai 
VR, Francis B, Kumar A, Bhat A, Shankaran S. Coronary artery 
fistula in children and adults: a review of 25 cases with long-term 
observations. Int J Cardiol 1997; 58: 47-53 [PMID: 9021427 DOI: 
10.1016/S0167-5273(96)02792-1]

34	 Atmaca Y, Altin T, Ozdöl C, Pamir G, Cağlar N, Oral D. Coronary-
pulmonary artery fistula associated with right heart failure: 
successful closure of fistula with a graft stent. Angiology 2002; 53: 
613-616 [PMID: 12365873 DOI: 10.1177/000331970205300519]

35	 Cheung DL, Au WK, Cheung HH, Chiu CS, Lee WT. Coronary 
artery fistulas: long-term results of surgical correction. Ann 
Thorac Surg 2001; 71: 190-195 [PMID: 11216744 DOI: 10.1016/
S0003-4975(00)01862-2]

36	 Hong GJ, Lin CY, Lee CY, Loh SH, Yang HS, Liu KY, Tsai YT, 
Tsai CS. Congenital coronary artery fistulas: clinical considerations 
and surgical treatment. ANZ J Surg 2004; 74: 350-355 [PMID: 
15144256 DOI: 10.1111/j.1445-1433.2004.02980.x]

37	 Murata N, Yamamoto N. A case of ruptured coronary artery 
aneurysm associated with coronary artery fistulas. Jpn J Cardiovasc 
Surg 2001; 30: 305-307 [DOI: 10.4326/jjcvs.30.305]

5	 Dedichen H, Skalleberg L, Cappelen C. Congenital coronary artery 
fistula. Thorax 1966; 21: 121-128 [PMID: 5935838 DOI: 10.1136/
thx.21.2.121]

6	 Doorey AJ, Sullivan KL, Levin DC. Successful percutaneous 
closure of a complex coronary-to-pulmonary artery fistula using 
a detachable balloon: benefits of intra-procedural physiologic and 
angiographic assessment. Cathet Cardiovasc Diagn 1991; 23: 23-27 
[PMID: 1863956 DOI: 10.1002/ccd.1810230107]

7	 Behera SK, Danon S, Levi DS, Moore JW. Transcatheter closure 
of coronary artery fistulae using the Amplatzer Duct Occluder. 
Catheter Cardiovasc Interv 2006; 68: 242-248 [PMID: 16819766 
DOI: 10.1002/ccd.20811]

8	 Abusaid GH, Hughes D, Khalife WI, Parto P, Gilani SA, Fujise K. 
Congenital coronary artery fistula presenting later in life. JC Cases 
2011; 4: e43-e46 [DOI: 10.1016/j.jccase.2011.05.008]

9	 Van Dam DW, Noyez L, Skotnicki SH, Lacquet LK. Multiple 
fistulas between coronary and pulmonary arteries. Eur J Cardio­
thorac Surg 1995; 9: 707-708 [PMID: 8703493 DOI: 10.1016/
S1010-7940(05)80130-7]

10	 Strunk BL, Hieshima GB, Shafton EP. Treatment of congenital 
coronary arteriovenous malformations with micro-particle embo
lization. Cathet Cardiovasc Diagn 1991; 22: 133-136 [PMID: 
2009563 DOI: 10.1002/ccd.1810220214]

11	 Baim DS, Kline H, Silverman JF. Bilateral coronary artery--pul
monary artery fistulas. Report of five cases and review of the literature. 
Circulation 1982; 65: 810-815 [PMID: 7060261 DOI: 10.1161/01.
CIR.65.4.810]

12	 Ahmed J, Edelstein Y, Rose M, Lichstein E, Connolly MW. 
Coronary arteriovenous fistula with papillary muscle rupture. South 
Med J 2000; 93: 627-628 [PMID: 10881787 DOI: 10.1097/000076
11-200006000-00021]

13	 Cijan A, Zorc-Pleskovic R, Zorc M, Klokocovnik T. Local 
pulmonary malformation caused by bilateral coronary artery and 
bronchial artery fistulae to the left pulmonary artery in a patient 
with coronary artery disease. Tex Heart Inst J 2000; 27: 390-394 
[PMID: 11198313]

14	 Brown MA, Balzer D, Lasala J. Multiple coronary artery fistulae 
treated with a single Amplatzer vascular plug: check the back door 
when the front is locked. Catheter Cardiovasc Interv 2009; 73: 
390-394 [PMID: 19133675 DOI: 10.1002/ccd.21860]

15	 Phillips MB, Oken KR. Embryology in the elderly: Bilateral 
coronary artery fistulae. Southern Med J 2005; 98: S45 [DOI: 10.10
97/00007611-200510001-00121]

16	 Barst RJ, McGoon M, Torbicki A, Sitbon O, Krowka MJ, 
Olschewski H, Gaine S. Diagnosis and differential assessment 
of pulmonary arterial hypertension. J Am Coll Cardiol 2004; 43: 
40S-47S [PMID: 15194177 DOI: 10.1016/j.jacc.2004.02.032]

17	 Fisher MR, Forfia PR, Chamera E, Housten-Harris T, Champion 
HC, Girgis RE, Corretti MC, Hassoun PM. Accuracy of Doppler 
echocardiography in the hemodynamic assessment of pulmonary 
hypertension. Am J Respir Crit Care Med 2009; 179: 615-621 
[PMID: 19164700 DOI: 10.1164/rccm.200811-1691OC]

18	 Arcasoy SM, Christie JD, Ferrari VA, Sutton MS, Zisman DA, 
Blumenthal NP, Pochettino A, Kotloff RM. Echocardiographic 
assessment of pulmonary hypertension in patients with advanced 
lung disease. Am J Respir Crit Care Med 2003; 167: 735-740 
[PMID: 12480614 DOI: 10.1164/rccm.200210-1130OC]

19	 Galiè N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL, 
Barbera JA, Beghetti M, Corris P, Gaine S, Gibbs JS, Gomez-
Sanchez MA, Jondeau G, Klepetko W, Opitz C, Peacock A, Rubin 
L, Zellweger M, Simonneau G. Guidelines for the diagnosis 
and treatment of pulmonary hypertension: the Task Force for 
the Diagnosis and Treatment of Pulmonary Hypertension of 
the European Society of Cardiology (ESC) and the European 
Respiratory Society (ERS), endorsed by the International Society 
of Heart and Lung Transplantation (ISHLT). Eur Heart J 2009; 30: 
2493-2537 [PMID: 19713419 DOI: 10.1093/eurheartj/ehp297]

20	 Gaine SP, Rubin LJ. Primary pulmonary hypertension. Lancet 
1998; 352: 719-725 [PMID: 9729004 DOI: 10.1016/S0140-
6736(98)02111-4]

Said SAM. CAFs and PHT



602 October 26, 2016|Volume 8|Issue 10|WJC|www.wjgnet.com

from: URL: http://ircrj.com/?page=article&article_id=9744
56	 Goda M, Arakawa K, Yano H, Himeno H, Yamazaki I, Suzuki S, 

Masuda M. Congenital aortopulmonary artery fistulas combined 
with bilateral coronary artery fistulas. Ann Thorac Surg 2011; 92: 
1524-1526 [PMID: 21958813 DOI: 10.1016/j.athoracsur.2011.04.0
46]

57	 Huang HC, Liu CY, Lu TM, Hsu CP. Applying preoperative 
multidetector computed tomography to bilateral coronary artery 
fistulas. J Chin Med Assoc 2010; 73: 431-434 [PMID: 20728855 
DOI: 10.1016/S1726-4901(10)70092-7]

58	 Izumi K, Hisata Y, Hazam S. Surgical repair for a coronary-
pulmonary artery fistula with a saccular aneurysm of the coronary 
artery. Ann Thorac Cardiovasc Surg 2009; 15: 194-197 [PMID: 
19597399]

59	 Noda Y, Matsutera R, Yasuoka Y, Abe H, Adachi H, Hattori 
S, Araki R, Imanaka T, Kosugi M, Sasaki T. Noninvasive 
demonstration of dual coronary artery fistulas to main pulmonary 
artery with 64-slice multidetector-computed tomography: a 
case report. Cardiol Res Pract 2010; 2010: pii: 861068 [PMID: 
20721283 DOI: 10.4061/2010/861068]

60	 Osawa H, Sakurada T, Sasaki J, Araki E. Successful surgical repair 
of a bilateral coronary-to-pulmonary artery fistula. Ann Thorac 
Cardiovasc Surg 2009; 15: 50-52 [PMID: 19262451]

61	 Tseng WC, Chen YS, Chiu SN. Coronary artery fistula as major 
source of right lung circulation in a patient with isolated right 
pulmonary artery agenesis. Eur Heart J 2010; 31: 891 [PMID: 
20008337 DOI: 10.1093/eurheartj/ehp559]

62	 Alipourparsa S, Khaheshi I, Eslami V, Bozorgmanesh M, Haybar 
H. Accidental left circumflex artery to right lung fistula in a 
suspected case of pulmonary hypertension. Case Rep Cardiol 2014; 
2014: 427045 [PMID: 25143836 DOI: 10.1155/2014/427045]

63	 Almansori M, Tamim M. Giant coronary artery fistula. Asian 
Cardiovasc Thorac Ann 2014; 22: 595-597 [PMID: 24867037 DOI: 
10.1177/0218492313478627]

64	 Jiang Z, Chen H, Wang J. Right coronary artery fistula to left 
ventricle treated by transcatheter coil embolization: a case report 
and literature review. Intern Med 2012; 51: 1351-1353 [PMID: 
22687840 DOI: 10.2169/internalmedicine.51.6787]

65	 Komatsu T, Katada Y, Sakai Y. Transbrachial coil embolization 
of a giant coronary artery fistula. J Invasive Cardiol 2012; 24: 
E159-E160 [PMID: 22865315]

66	 Sayin MR, Akpinar I, Ceetiner MA, Büyükateş M, Demirtaş AO, 
Yavuz N. Coronary artery fistula concomitant with bicuspid aortic 
valve stenosis. Kosuyolu Kalp Derg 2013; 16: 237-239 [DOI: 
10.5578/kkd.4444]

67	 Tachibana M, Mukouhara N, Hirami R, Fujio H, Yumoto A, 
Watanuki Y, Hayashi A, Suminoe I, Koudani H. Double congenital 
fistulae with aneurysm diagnosed by combining imaging modalities. 
Acta Med Okayama 2013; 67: 305-309 [PMID: 24145730]

68	 Wang H, Luo X, Wang W, Wang X, Yang C, Zeng C. Successful 
transcatheter patent ductus arteriosus occluder embolization of a 
congenital left coronary artery aneurysm and fistulas draining into 
the right atrium. Ann Thorac Cardiovasc Surg 2012; 18: 540-543 
[PMID: 22673605 DOI: 10.5761/atcs.cr.11.01786]

69	 Alizadeh Ghavidel A, Kyavar M, Ojaghi Z, Mirmesdagh Y. Huge 
arteriovenous fistula between a giant aneurismal right coronary 
artery and coronary sinus. Arch Iran Med 2012; 15: 113-114 [PMID: 
22292585]

70	 Davison PH, Mccracken BH, Mcilveen DJ. Congenital coronary 
arteriovenous aneurysm. Br Heart J 1955; 17: 569-572 [PMID: 
13269618 DOI: 10.1136/hrt.17.4.569]

71	 Gasul BM, Arcilla RA, Fell EH, Lynfield J, Bicoff JP, Luan LL. 
Congenital coronary arteriovenous fistula. Clinical, phonocar
diographic, angiocardiographic and hemodynamic studies in five 
patients. Pediatrics 1960; 25: 531-560 [PMID: 13826815]

72	 McIntosh HD, Sleeper JC, Thompson HK, Sealy WC, Glenn Youn 
W. Preoperative evaluation of a continuous murmur in the chest. Arch 
Surg 1961; 82: 74-87 [DOI: 10.1001/archsurg.1961.01300070078011]

73	 Neill C, Mounsey P. Auscultation in patent ductus arteriosus; with 
a description of two fistulae simulating patent ductus. Br Heart J 

38	 Sugihara M, Yamamoto H, Matsushita H, Tadehara F, Gomyo 
Y, Mochizuki T, Marui A. Multiple coronary artery fistulas with a 
huge right coronary artery showing exacerbation during 16 years of 
follow-up. Circ J 2004; 68: 85-87 [PMID: 14695472 DOI: 10.1253/
circj.68.85]

39	 Wu YJ, Chan YC, Hung CL, Hou CJ. Congestive heart failure in 
a patient with giant aneurysm-like right coronary AV fistula. Acta 
Cardiol Sin 2004; 20: 105-109

40	 Mohanty SK, Ramanathan KR, Banakal S, Muralidhar K, Kumar P. 
An interesting case of coronary cameral fistula. Ann Card Anaesth 
2005; 8: 152-154 [PMID: 17762067]

41	 Sato F, Koishizawa T. Stress/Rest (99m)Tc-MIBI SPECT and 
123I-BMIPP scintigraphy for indication of surgery with coronary 
artery to pulmonary artery fistula. Int Heart J 2005; 46: 355-361 
[PMID: 15876821 DOI: 10.1536/ihj.46.355]

42	 Sun S, Li JY, Hu PY, Wu SJ. Starfish-assisted off-pump obliteration 
of massive coronary arteriovenous fistulae. Tex Heart Inst J 2005; 
32: 595-597 [PMID: 16429913]

43	 Aoyagi S, Fukunaga S, Ishihara K, Egawa N, Hosokawa Y, 
Nakamura E. Coronary artery fistula from the left circumflex to the 
coronary sinus. Int Heart J 2006; 47: 147-152 [PMID: 16479050 
DOI: 10.1536/ihj.47.147]

44	 Guo H, You B, Lee JD. Dilated cardiomyopathy caused by 
a coronary-pulmonary fistula treated successfully with coil 
embolization. Circ J 2006; 70: 1223-1225 [PMID: 16936441 DOI: 
10.1253/circj.70.1223]

45	 Izgi A, Kirma C, Türkmen M, Tanalp AC. Successful coil 
embolization of a large coronary artery fistula in a patient with 
congestive heart failure. Arch Turk Soc Cardiol 2006; 34: 47-50

46	 Okamoto M, Makita Y, Fujii Y, Kajihara K, Yamasaki S, Iwamoto 
A, Hashimoto M, Sueda T. Successful coil embolization with 
assistance of coronary stenting in an adult patient with a huge 
coronary arterial-right atrial fistula. Intern Med 2006; 45: 865-870 
[PMID: 16908944 DOI: 10.2169/internalmedicine.45.1774]

47	 Okwuosa TM, Gundeck EL, Ward RP. Coronary to pulmonary 
artery fistula--diagnosis by transesophageal echocardiography. 
Echocardiography 2006; 23: 62-64 [PMID: 16412187 DOI: 
10.1111/j.1540-8175.2006.00116.x]

48	 Vijayvergiya R, Singh TP, Grover A. Large left coronary artery to 
coronary sinus fistula. Int J Cardiol 2006; 108: 132-134 [PMID: 
15916820 DOI: 10.1016/j.ijcard.2005.03.013]

49	 Zhou T, Shen XQ, Fang ZF, Zhou SH, Qi SS, Lü XL. Transcatheter 
closure of a giant coronary artery fistula with patent duct occluder. 
Chin Med J (Engl) 2006; 119: 779-781 [PMID: 16701021]

50	 Cheon WS, Kim EJ, Kim SH, Choi YJ, Rhim CY. Bilateral 
coronary artery fistulas communicating with main pulmonary artery 
and left ventricle: case report. Angiology 2007; 58: 118-121 [PMID: 
17351168 DOI: 10.1177/0003319706292572]

51	 Hatakeyama Y, Doi T, Shirasawa K, Sasaki Y, Inenaga K, Takeda 
S, Takeoka R, Hwang MW, Nomura Y, Park CH, Sawada Y, Kawai 
C. Four coronary to pulmonary artery fistulas originating from the 
left main trunk and each of three coronary arteries (LAD, LCX and 
RCA) detected by the combination of coronary angiography and 
multislice computed tomography. Int J Cardiol 2007; 121: 227-228 
[PMID: 17157939 DOI: 10.1016/j.ijcard.2006.08.117]

52	 Kassaian SE, Mahmoodian M, Salarifar M, Alidoosti M, Abbasi 
SH, Rasekh A. Stent-graft exclusion of multiple symptomatic 
coronary artery fistulae. Tex Heart Inst J 2007; 34: 199-202 [PMID: 
17622368]

53	 Sethuratnam R, Srinivasan B, Menon A, Anbarasu M, Pillai RS, 
Dhruv T, Davidson Y. Unusual presentation of a coronary cameral 
fistula. Ind J Thorac Cardiovasc Surg 2007; 23: 28-30 [DOI: 
10.1007/s12055-007-0006-9]

54	 Vaidyanathan KR, Theodore SA, Sankar MN, Cherian KM. 
Coronary artery to pulmonary artery fistula with dual origin--embryolo
gical, clinical and surgical significance. Eur J Cardiothorac Surg 2007; 
31: 318-319 [PMID: 17161953 DOI: 10.1016/j.ejcts.2006.11.018]

55	 Esmaeilzadeh M, Khaledifar A, Usefi A, Omrani Gh. Right coronary 
artery-to-pulmonary artery fistula, the role of echocardiography. 
Iranian Cardiovascular Research Journal 2007; 1: 50-52. Available 

Said SAM. CAFs and PHT



603 October 26, 2016|Volume 8|Issue 10|WJC|www.wjgnet.com

regurgitation in an octogenarian. Int J Cardiol 1993; 38: 96-97 
[PMID: 8444509 DOI: 10.1016/0167-5273(93)90210-8]

93	 Lemke P, Urbanyi B, Wehr G, Hellberg K. Anomalous coronary 
artery fistula with simultaneous drainage to the left atrium and the 
coronary sinus. Eur J Cardiothorac Surg 1997; 11: 793-795 [PMID: 
9151059 DOI: 10.1016/S1010-7940(96)01137-2]

94	 Olsen LA, Folke K, Kjaergard HK. Surgery of complex coronary 
arteriovenous fistula. Scand Cardiovasc J 1997; 31: 169-171 [PMID: 
9264167 DOI: 10.3109/14017439709058089]

95	 Boccalandro F, Awadalla H, Smalling RW. Percutaneous 
transcatheter coil embolization of two coronary fistulas originating 
from the left main ostium and left anterior descending artery. 
Catheter Cardiovasc Interv 2002; 57: 221-223 [PMID: 12357525 
DOI: 10.1002/ccd.10280]

96	 Burns KE, Ferguson KA, Spouge A, Brown JE. Massive congenital 
coronary arteriovenous malformation presenting with exertional 
dyspnea and desaturation in an adult: a case report and review of 
the literature. Can J Cardiol 2001; 17: 85-89 [PMID: 11173319]

97	 Umaña E, Massey CV, Painter JA. Myocardial ischemia secondary to 
a large coronary-pulmonary fistula--a case report. Angiology 2002; 53: 
353-357 [PMID: 12025925 DOI: 10.1177/000331970205300315]

98	 Yang Y, Bartel T, Caspari G, Eggebrecht H, Baumgart D, Erbel 
R. Echocardiographic detection of coronary artery fistula into the 
pulmonary artery. Eur J Echocardiogr 2001; 2: 292-294 [PMID: 
11888824]

99	 Tousoulis D, Brilli S, Aggelli K, Tentolouris C, Stefanadis C, 
Toutouzas K, Frogoudaki A, Toutouzas P. Left main coronary 
artery to left atrial fistula causing mild pulmonary hypertension. 
Circulation 2001; 103: 2028-2029 [PMID: 11306534 DOI: 
10.1161/01.CIR.103.15.2028]

100	 Tomaszewski A, Brzozowski W. Right coronary artery-to-coronary 
sinus fistula diagnosed by echocardiography-A case report. 
Kardiologia Polska 2002; 56: 83-86

101	 Ascoop AK, Budts W. Percutaneous closure of a congenital 
coronary artery fistula complicated by an acute myocardial 
infarction. Acta Cardiol 2004; 59: 67-69 [PMID: 15030137 DOI: 
10.2143/AC.59.1.2005161]

102	 Dahiya R, Copeland J, Butman SM. Myocardial ischemia and 
congestive heart failure from a left main to coronary sinus fistula. 
Cardiol Rev 2004; 12: 59-62 [PMID: 14667267 DOI: 10.1097/01.
crd.0000090892.82247.a8]

103	 Goldberg SL, Makkar R, Duckwiler G. New strategies in the 
percutaneous management of coronary artery fistulae: A case report. 
Catheter Cardiovasc Interv 2004; 61: 227-232 [PMID: 14755818 
DOI: 10.1002/ccd.10758]

104	 Makaryus AN, Orlando J, Katz S. Anomalous origin of the left 
coronary artery from the right coronary artery: a rare case of a 
single coronary artery originating from the right sinus of Valsalva 
in a man with suspected coronary artery disease. J Invasive Cardiol 
2005; 17: 56-58 [PMID: 15640543]

105	 Maleszka A, Kleikamp G, Minami K, Peterschröder A, Körfer R. 
Giant coronary arteriovenous fistula. A case report and review of 
the literature. Z Kardiol 2005; 94: 38-43 [PMID: 15668829 DOI: 
10.1007/s00392-005-0161-1]

106	 Bonello L, Com O, Gaubert JY, Sbraggia P, Paganelli F. Covered 
stent for closure of symptomatic plexus-like coronary fistula. Int 
J Cardiol 2006; 109: 408-410 [PMID: 15982761 DOI: 10.1016/
j.ijcard.2005.05.041]

107	 Koda M, Hori T, Maeda N, Kato S, Murawaki Y, Horie Y, 
Kawasaki H, Hirayama C, Taketa K. Lectin-reactive patterns of 
markedly elevated serum alpha-fetoprotein in patients with chronic 
active hepatitis. Am J Gastroenterol 1991; 86: 861-865 [PMID: 
1711775 DOI: 10.2143/AC.61.5.2017774]

108	 Kalangos A, Karaca S, Cikirikcioglu M, Vala D, Didier D. 
Aneurysmal circumflex coronary artery with fistulous connection to 
the coronary sinus. J Thorac Cardiovasc Surg 2005; 130: 580-581 
[PMID: 16077439 DOI: 10.1016/j.jtcvs.2005.02.045]

109	 Onorati F, Mastroroberto P, Bilotta M, Cristodoro L, Esposito A, 
Pezzo F, Renzulli A. Surgical treatment of coronary-to-pulmonary 
fistula: how and when? Heart Vessels 2006; 21: 321-324 [DOI: 

1958; 20: 61-75 [PMID: 13499770]
74	 Neufeld HN, Lester RG, Adams P, Jr., Anderson RC, Walton 

Lillehei C, Edwards JE. Congenital communication of a coronary 
artery with a cardiac chamber or the pulmonary trunk (“coronary 
arterial fistula”). Circulation 1961; 24: 171-179 [DOI: 10.1161/01.
CIR.24.2.171]

75	 Sanger PW, Taylor FH, Robicsek F. The diagnosis and treatment of 
coronary arteriovenous fistula. Surgery 1959; 45: 344-351 [PMID: 
13625013]

76	 Honey M. Coronary arterial fistula. Br Heart J 1964; 26: 719-722 
[PMID: 14213035 DOI: 10.1136/hrt.26.5.719]

77	 Meyer MH, Stephenson HE, Keats TE, Martt JM. Coronary artery 
resection for giant aneurysmal enlargement and arteriovenous 
fistula. A five-year follow-up. Am Heart J 1967; 74: 603-613 [PMID: 
6055697 DOI: 10.1016/0002-8703(67)90500-5]

78	 Newcombe CP, Whitaker W, Keates PG. Coronary arterio-venous 
fistulae. Thorax 1964; 19: 16-21 [PMID: 14105878 DOI: 10.1136/
thx.19.1.16]

79	 Kourouclis C, Viskos D, Papadopoulos P, Augoustakis D. Multiple 
coronary arteriovenous fistulae. Acta Cardiol 1976; 31: 333-338 
[PMID: 1088042]

80	 Morgan JR, Forker AD, O’Sullivan MJ, Fosburg RG. Coronary 
arterial fistulas: seven cases with unusual features. Am J Cardiol 
1972; 30: 432-436 [PMID: 5056854 DOI: 10.1016/0002-9149(72)9
0578-4]

81	 Ogden JA, Stansel HC. Coronary arterial fistulas terminating in 
the coronary venous system. J Thorac Cardiovasc Surg 1972; 63: 
172-182 [PMID: 5009726]

82	 Querimit AS, Rowe GG. Localization of coronary arteriovenous 
fistula by indicator-dilution curves. Am J Cardiol 1971; 27: 114-119 
[PMID: 4922950 DOI: 10.1016/0002-9149(71)90089-0]

83	 Theman TE, Crosby DR. Coronary artery steal secondary to 
coronary arteriovenous fistula. Can J Surg 1981; 24: 231-23, 236 
[PMID: 7237295]

84	 Rodgers DM, Wolf NM, Barrett MJ, Zuckerman GL, Meister 
SG. Two-dimensional echocardiographic features of coronary 
arteriovenous fistula. Am Heart J 1982; 104: 872-874 [PMID: 
7124602 DOI: 10.1016/0002-8703(82)90026-6]

85	 Nguyen K, Myler RK, Hieshima G, Ashraf M, Stertzer SH. 
Treatment of coronary artery stenosis and coronary arteriovenous 
fistula by interventional cardiology techniques. Cathet Cardiovasc 
Diagn 1989; 18: 240-243 [PMID: 2605627 DOI: 10.1002/
ccd.1810180410]

86	 Muthusamy R, Gupta G, Ahmed RA, de Giovanni J, Singh SP. 
Fistula between a branch of left anterior descending coronary artery 
and pulmonary artery with spontaneous closure. Eur Heart J 1990; 
11: 954-956 [PMID: 2265645]

87	 Sapin P, Frantz E, Jain A, Nichols TC, Dehmer GJ. Coronary 
artery fistula: an abnormality affecting all age groups. Medicine 
(Baltimore) 1990; 69: 101-113 [PMID: 2319939 DOI: 10.1097/000
05792-199003000-00004]

88	 Ashraf SS, Shaukat N, Fisher M, Clarke B, Keenan DJ. Bicoronary-
pulmonary fistulae with coexistent mitral valve prolapse: a case 
report and literature review of coronary-pulmonary fistula. Eur 
Heart J 1994; 15: 571-574 [PMID: 8070486]

89	 Houghton JL, Saxena R, Frank MJ. Angina and ischemic 
electrocardiographic changes secondary to coronary arteriovenous 
fistula with abnormal basal and reserve coronary blood flow. Am 
Heart J 1993; 125: 886-889 [PMID: 8438722 DOI: 10.1016/0002-8
703(93)90187-E]

90	 Kugelmass AD, Manning WJ, Piana RN, Weintraub RM, Baim 
DS, Grossman W. Coronary arteriovenous fistula presenting as 
congestive heart failure. Cathet Cardiovasc Diagn 1992; 26: 19-25 
[PMID: 1499058 DOI: 10.1002/ccd.1810260106]

91	 Millaire A, Goullard L, De Groote P, Ducloux G. Congenital 
high flow coronary cameral fistula in an 81-year-old woman: 
management problems. Can J Cardiol 1992; 8: 917-920 [PMID: 
1486542]

92	 Said SA, Austermann-Kaper T, Bucx JJ. Congenital coronary 
arteriovenous fistula associated with atrioventricular valvular 

Said SAM. CAFs and PHT



604 October 26, 2016|Volume 8|Issue 10|WJC|www.wjgnet.com

coronary sinus connections. Tex Heart Inst J 2012; 39: 218-222 
[PMID: 22740735]

128	 Kenny D, Kavinsky C, Hijazi Z. Acute management of right 
coronary artery dissection following transcatheter occlusion of a 
congenital right coronary artery fistula-Benefits of a collaborative 
congenital and structural heart program. Congenital Cardiology 
Today 2011; 9: 1-7

129	 Roscani MG, Zanati SG, Salmazo PS, Carvalho FC, Magalhães 
CG, Borges VT, Bregagnollo EA, Matsubara BB, Hueb JC. 
Congenital aneurysmal circumflex coronary artery fistula in a 
pregnant woman. Clinics (Sao Paulo) 2012; 67: 1523-1525 [PMID: 
23295614 DOI: 10.6061/clinics/2012(12)30]

130	 Gribaa R, Slim M, Ouali S, Neffati E, Boughzela E. Transcatheter 
closure of a congenital coronary artery to right ventricle fistula: a 
case report. J Med Case Rep 2014; 8: 432 [PMID: 25511876 DOI: 
10.1186/1752-1947-8-432]

131	 Kiefer TL, Vavalle J, Halim S, Kaul P, Klein JL, Hurwitz LH, 
Gaca JG, Harrison JK. Anterograde percutaneous coronary-cameral 
fistula closure employing a guide-in-guide technique. JACC 
Cardiovasc Interv 2013; 6: 1105-1107 [PMID: 24156972 DOI: 
10.1016/j.jcin.2013.03.023]

132	 Villanueva PD, Cebada FS, Ibañes EG, Sanz-Ruíz R, Elízaga-
Corrales J, Fernández-Avilés F. Cardiac tamponade as a rare 
complication after giant coronary fistula percutaneous closure. 
World Journal of Cardiovascular Diseases 2013; 3: 215-217 [DOI: 
10.4236/wjcd.2013.32031]

133	 Zanobini M, Pontone G, Andreini D, Tessitore G, Bartorelli AL. 
Hybrid treatment of a giant coronary artery fistula between the 
left circumflex coronary artery and the coronary sinus. Eur Heart 
J Cardiovasc Imaging 2013; 14: 200 [PMID: 23015031 DOI: 
10.1093/ehjci/jes191]

134	 Said SA, Koomen EM, Bos JS. Gender-related differences in 
octogenarians with congenital coronary artery fistula: a report of 
two cases and a review. Neth Heart J 2011; 19: 523-530 [PMID: 
21960176 DOI: 10.1007/s12471-011-0199-9]

135	 Liberthson RR, Sagar K, Berkoben JP, Weintraub RM, Levine FH. 
Congenital coronary arteriovenous fistula. Report of 13 patients, 
review of the literature and delineation of management. Circulation 
1979; 59: 849-854 [PMID: 428095 DOI: 10.1161/01.CIR.59.5.849]

136	 Smettei OA, Abazid RM. A rare case of coronary artery fistula 
presented with acute myocardial infarction. Avicenna J Med 2015; 5: 
49-51 [PMID: 25878968 DOI: 10.4103/2231-0770.154200]

137	 Rämö OJ, Tötterman KJ, Harjula AL. Thrombosed coronary artery 
fistula as a cause of paroxysmal atrial fibrillation and ventricular 
arrhythmia. Cardiovasc Surg 1994; 2: 720-722 [PMID: 7532088]

138	 Cao H, Ye L, Chan P, Fan H, Liu Z. Giant coronary artery 
aneurysm with fistula to the pulmonary artery complicated by 
frequent ventricular premature contractions: a case report. Medicine 
(Baltimore) 2015; 94: e530 [PMID: 25700316 DOI: 10.1097/
MD.0000000000000530]

139	 Said SA, el Gamal MI. Coronary angiographic morphology of 
congenital coronary arteriovenous fistulas in adults: report of four 
new cases and review of angiograms of fifteen reported cases. 
Cathet Cardiovasc Diagn 1995; 35: 29-35 [PMID: 7614537]

140	 Urrutia-S CO, Falaschi G, Ott DA, Cooley DA. Surgical 
management of 56 patients with congenital coronary artery fistulas. 
Ann Thorac Surg 1983; 35: 300-307 [PMID: 6830365 DOI: 
10.1016/S0003-4975(10)61563-9]

141	 Bauer HH, Allmendinger PD, Flaherty J, Owlia D, Rossi MA, 
Chen C. Congenital coronary arteriovenous fistula: spontaneous 
rupture and cardiac tamponade. Ann Thorac Surg 1996; 62: 
1521-1523 [PMID: 8893601 DOI: 10.1016/0003-4975(96)00757-6]

142	 Liu M, Hou Q, Guo X, Wang S, Ma Z. Dual-source CT coronary 
angiographic evaluation of coronary artery fistulas. Exp Ther Med 
2014; 7: 1155-1159 [PMID: 24940403 DOI: 10.3892/etm.2014.1602]

143	 Ozeki S, Utsunomiya T, Kishi T, Tokushima T, Tsuji S, Matsuo 
S, Natsuaki M, Ito T, Yano K. Coronary arteriovenous fistula 
presenting as chronic pericardial effusion. Circ J 2002; 66: 779-782 
[PMID: 12197607 DOI: 10.1253/circj.66.779]

144	 Kisko AS, Dernarova L, Kmec J, Vereb M, Hudakova A, Jakubikova 

10.1007/s00380-005-0892-y]
110	 Patsouras D, Tsakas P, Korantzopoulos P, Siogas K. Dual coronary 

artery fistula in a patient with aortic valve stenosis. Int J Cardiol 2006; 
108: 397-398 [PMID: 16520126 DOI: 10.1016/j.ijcard.2005.03.022]

111	 Portela A, Vale BP, Bastos R, Sousa JF, Costa I, Paiva J. [Large 
coronary-pulmonary artery fistulae: percutaneous embolization 
with microcoils and disposable balloons]. Arq Bras Cardiol 
2005; 84: 270-272 [PMID: 15868005 DOI: 10.1590/S0066-
782X2005000300015]

112	 Rangasetty UC, Ahmad M. Giant coronary artery fistula with 
aneurysm and multiple openings: a two-dimensional echocardio
graphic evaluation. Echocardiography 2006; 23: 611-613 [PMID: 
16911339 DOI: 10.1111/j.1540-8175.2006.00270.x]

113	 Abdelmoneim SS, Mookadam F, Moustafa SE, Holmes DR. 
Coronary artery fistula with anomalous coronary artery origin: a 
case report. J Am Soc Echocardiogr 2007; 20: 333.e1-333.e4 [PMID: 
17336762 DOI: 10.1016/j.echo.2006.09.012]

114	 Androulakis A, Chrysohoou C, Barbetseas J, Brili S, Kakavas 
A, Maragiannis D, Kallikazaros I, Stefanadis C. Arteriovenous 
connection between the aorta and the coronary sinus through a giant 
fistulous right coronary artery. Hellenic J Cardiol 2008; 49: 48-51 
[PMID: 18350782]

115	 de Doelder MS, Hillers JA. Combination of imaging modalities in 
a coronary artery fistula. Neth Heart J 2008; 16: 313-314 [PMID: 
18827876 DOI: 10.1007/BF03086171]

116	 Dourado LO, Góis AF, Hueb W, César LA. Large bilateral 
coronary artery fistula: the choice of clinical treatment. Arq Bras 
Cardiol 2009; 93: e48-e49 [PMID: 19851641]

117	 Ramos Filho J, Silva OA, Vilarinho DO, Guilherme FG, Ferreira 
JC, Souza AM. Pulmonary hypertension secondary to coronary-
to-pulmonary artery fistula. Arq Bras Cardiol 2008; 91: e19-e21 
[PMID: 18709251]

118	 Hendry C, Mahadevan V, Fath-Ordoubadi F. Successful 
percutaneous closure of coronary artery fistula with angiographic 
follow-up at 6 months. Catheter Cardiovasc Interv 2009; 73: 
581-583 [PMID: 19085916 DOI: 10.1002/ccd.21830]

119	 Klein LW. A new hypothesis of the developmental origin of 
congenital left anterior descending coronary artery to pulmonary 
artery fistulas. Catheter Cardiovasc Interv 2008; 71: 568-571 
[PMID: 18307238 DOI: 10.1002/ccd.21408]

120	 Meerkin D, Balkin J, Klutstein M. Rapid transcatheter occlusion 
of a coronary cameral fistula using a three-lobed vascular occlusion 
plug. J Invasive Cardiol 2009; 21: E151-E153 [PMID: 19652265]

121	 Papadopoulos DP, Perakis A, Votreas V, Anagnostopoulou S. 
Bilateral fistulas: a rare cause of chest pain. Case report with 
literature review. Hellenic J Cardiol 2008; 49: 111-113 [PMID: 
18459470]

122	 Raju MG, Goyal SK, Punnam SR, Shah DO, Smith GF, Abela GS. 
Coronary artery fistula: a case series with review of the literature. 
J Cardiol 2009; 53: 467-472 [PMID: 19477393 DOI: 10.1016/
j.jjcc.2008.09.009]

123	 Said SA, Schroeder-Tanka JM, Mulder BJ. Female gender and the 
risk of rupture of congenital aneurysmal fistula in adults. Congenit 
Heart Dis 2008; 3: 63-68 [PMID: 18373752 DOI: 10.1111/
j.1747-0803.2007.00144.x]

124	 Blaschke F, Baur A, Roser M, Attanasio P, Ozcelik C, Haverkamp 
W, Boldt LH. Absent proximal right coronary artery with a fistula 
into the pulmonary vein. Europace 2012; 14: 1369-1370 [PMID: 
22628451 DOI: 10.1093/europace/eus090]

125	 Said SA, van der Sluis A, Koster K, Sie H, Shahin GM. Congenital 
circumflex artery-coronary sinus fistula in an adult female associated 
with severe mitral regurgitation and myelodysplasy--case report and 
review of the literature. Congenit Heart Dis 2010; 5: 599-606 [PMID: 
21106021 DOI: 10.1111/j.1747-0803.2010.00381.x]

126	 Taleb MM, Sheikh MA, Cooper CJ, Tinkel JL. Multiple coronary 
to pulmonary artery fistulas: a case report and review of the 
literature. Cardiovasc Interv Ther 2012; 27: 127-130 [PMID: 
22623009 DOI: 10.1007/s12928-012-0096-1]

127	 Kiefer TL, Crowley AL, Jaggers J, Harrison JK. Coronary 
arteriovenous fistulae: the complexity of coronary artery-to-

Said SAM. CAFs and PHT



605 October 26, 2016|Volume 8|Issue 10|WJC|www.wjgnet.com

Surgery 1969; 65: 59-69 [PMID: 5762418]
147	 Makaryus AN, Kort S, Rosman D, Vatsia S, Mangion JR. Successful 

surgical repair of a giant left main coronary artery aneurysm with 
arteriovenous fistula draining into a persistent left superior vena 
cava and coronary sinus: role of intraoperative transesophageal 
echocardiography. J Am Soc Echocardiogr 2003; 16: 1322-1325 
[PMID: 14652614 DOI: 10.1067/j.echo.2003.08.007]

P- Reviewer: Cebi N, Kettering K, Peteiro J    S- Editor: Kong JX    
L- Editor: A    E- Editor: Wu HL

M, Kishko N. An unusual presentation of coronary artery fistula in 
athlete-Case report. Clinical Medicine and Diagnostics 2012; 2: 33-36 
[DOI: 10.5923/j.cmd.20120204.03]

145	 Lau G. Sudden death arising from a congenital coronary artery 
fistula. Forensic Sci Int 1995; 73: 125-130 [PMID: 7797185 DOI: 
10.1016/0379-0738(95)01721-T]

146	 McNamara JJ, Gross RE. Congenital coronary artery fistula. 

Said SAM. CAFs and PHT



Optimal C-arm angulation during transcatheter aortic valve 
replacement: Accuracy of a rotational C-arm computed 
tomography based three dimensional heart model

Verena Veulemans, Sabine Mollus, Axel Saalbach, Max Pietsch, Katharina Hellhammer, Tobias Zeus, Ralf 
Westenfeld, Jürgen Weese, Malte Kelm, Jan Balzer

Verena Veulemans, Katharina Hellhammer, Tobias Zeus, 
Ralf Westenfeld, Malte Kelm, Jan Balzer, Department of 
Medicine, Division of Cardiology, Pulmonary Diseases, Vascular 
Medicine, University Hospital Düsseldorf, 40225 Düsseldorf, 
Germany

Sabine Mollus, Axel Saalbach, Max Pietsch, Jürgen Weese, 
Philips Research Europe, Philips GmbH Innovative Technologies, 
Research Laboratories, 22335 Hamburg instead of Eindhoven, 
5656 AE Eindhoven, The Netherlands

Author contributions: Veulemans V, Mollus S contributed 
equally to this study as primary authors; Veulemans V, Mollus 
S and Balzer J designed the study, analyzed and interpreted data 
and wrote the manuscript; Saalbach A, Pietsch M, Hellhammer K, 
Zeus T, Westenfeld F, Weese J and Kelm M supervised the study 
and revised the manuscript.

Institutional review board statement: The study conformed to 
the Declaration of Helsinki and was accepted by the University 
of Düsseldorf Ethics Committee.

Clinical trial registration statement: This registration policy 
applies to registry trials. https://clinicaltrials.gov/ct2/show/
NCT01805739.

Informed consent statement: All study participants, or their 
legal guardian, provided informed written consent prior to 
study enrollment, titled “Multi Modal Cardiac Imaging Prior 
Transcatheter Aortic Valve Implantation”.

Conflict-of-interest statement: Tobias Z and Verena V receive 
honoraria from St. Jude Medical for lectures. Philips Healthcare 
and the University Hospital Duesseldorf have a master research 
agreement. All authors take responsibility for all aspects of the 
reliability and freedom from bias of the data presented and their 
discussed interpretation.

Data sharing statement: No additional data are available. 

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Verena Veulemans, MD, Department of 
Medicine, Division of Cardiology, Pulmonary Diseases, Vascular 
Medicine, University Hospital Düsseldorf, Moorenstraße 5, 
40225 Düsseldorf, 
Germany. verena.veulemanns@med.uni-duesseldorf.de
Telephone: +49-211-8118800
Fax: +49-211-8119520

Received: May 8, 2016
Peer-review started: May 9, 2016
First decision: June 13, 2016
Revised: July 23, 2016
Accepted: August 30, 2016
Article in press: August 31, 2016
Published online: October 26, 2016 

Abstract
AIM
To investigate the accuracy of a rotational C-arm CT-
based 3D heart model to predict an optimal C-arm 
configuration during transcatheter aortic valve replace
ment (TAVR). 

METHODS
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Rotational C-arm CT (RCT) under rapid ventricular 
pacing was performed in 57 consecutive patients with 
severe aortic stenosis as part of the pre-procedural 
cardiac catheterization. With prototype software each 
RCT data set was segmented using a 3D heart model. 
From that the line of perpendicularity curve was obtained 
that generates a perpendicular view of the aortic annulus 
according to the right-cusp rule. To evaluate the accuracy 
of a model-based overlay we compared model- and 
expert-derived aortic root diameters. 

RESULTS 
For all 57 patients in the RCT cohort diameter measure
ments were obtained from two independent operators 
and were compared to the model-based measurements. 
The inter-observer variability was measured to be in 
the range of 0°-12.96° of angular C-arm displacement 
for two independent operators. The model-to-operator 
agreement was 0°-13.82°. The model-based and expert 
measurements of aortic root diameters evaluated at 
the aortic annulus (r  = 0.79, P < 0.01), the aortic sinus 
(r  = 0.93, P  < 0.01) and the sino-tubular junction (r  
= 0.92, P  < 0.01) correlated on a high level and the 
Bland-Altman analysis showed good agreement. The 
interobserver measurements did not show a significant 
bias. 

CONCLUSION
Automatic segmentation of the aortic root using an 
anatomical model can accurately predict an optimal 
C-arm configuration, potentially simplifying current 
clinical workflows before and during TAVR.

Key words: Aortic stenosis; Imaging modalities; Dege
nerative valve disease; Transcatheter aortic valve repla
cement

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We were able to demonstrate the accuracy of 
a rotational C-arm CT (RCT) based 3D heart model to 
predict an optimal C-arm configuration and to provide 
anatomical context information during transcatheter 
aortic valve replacement (TAVR). Established and up
coming complex cardiac interventions require detailed 
anatomical information for procedure planning and intra-
procedural guidance. According to our experience, RCT 
can be smoothly integrated into the clinical workflow, 
providing three-dimensional information of the relevant 
anatomical structures in the catheterization lab prior 
and as part of the TAVR intervention. 

Veulemans V, Mollus S, Saalbach A, Pietsch M, Hellhammer 
K, Zeus T, Westenfeld R, Weese J, Kelm M, Balzer J. Optimal 
C-arm angulation during transcatheter aortic valve replacement: 
Accuracy of a rotational C-arm computed tomography based three 
dimensional heart model. World J Cardiol 2016; 8(10): 606-614  
Available from: URL: http://www.wjgnet.com/1949-8462/full/
v8/i10/606.htm  DOI: http://dx.doi.org/10.4330/wjc.v8.i10.606

INTRODUCTION
Transcatheter aortic valve replacement (TAVR) is an 
established treatment option for patients ineligible 
for surgery that suffer from severe aortic stenosis[1,2]. 
Optimal positioning of the prosthetic valve during the 
intervention in the catheter laboratory is crucial for 
procedural success. Malpositioning may lead to valve 
embolization, coronary ostial obstruction, perivalvular 
regurgitation, or conduction disturbances[3]. Optimal 
and safe device deployment is best accomplished by 
generating a specific fluoroscopic view perpendicular to 
the annulus plane, also known as the line of perpendi­
cularity (LP)[4]. To achieve this specific fluoroscopic 
view during the TAVR procedure, several angiograms in 
different angulations of the C-arm are necessary, causing 
a considerable amount of nephrotoxic contrast agent and 
radiation for the patient and the operator[5]. Therefore, 
an accurate definition of the aortic annulus and the LP 
is desirable before the procedure is performed. Today, 
MSCT is the preferred modality for TAVR planning and 
intervention guidance, providing information about anato­
mic conditions as well as the opportunity to reformat the 
reconstruction in any 3D orientation[6,7]. 

Different imaging techniques have been established 
to define the LP optimal fluoroscopic view during the 
preprocedural screening of patients. For angiography 
and MSCT[7-10] different software solutions for optimal 
view planning and their clinical benefits have been 
proposed. Automated view planning along the LP has 
shown to improve the quality of implantation, may speed 
up workflow and may reduce the need for low-dose 
aortograms[5]. Rotational C-arm computed tomography 
(RCT)-based view planning has proven to be of equal 
quality as MSCT-based techniques[10-12]. But current 
studies purely rely on non-quantitative evaluations and 
systematic validation of software-based methods is 
lacking. 

In this study we therefore sought to (1) evaluate the 
accuracy of a RCT based 3D heart model for segmen­
tation of the aortic root to predict an optimal C-arm 
configuration that generates a perpendicular view of the 
aortic annulus during TAVR and (2) investigate whether 
the accuracy of a RCT-specific model is suitable for 
intervention guidance, comparing the dimensions of an 
automatically derived overlay with manual reference 
measurements.

MATERIALS AND METHODS
Study population
Retrospectively, 57 consecutive patients (30 male, 
mean age 80.9 years) with symptomatic severe aortic 
stenosis that underwent cardiac catheterization with 
RCT prior to planned TAVR or surgical aortic valve 
replacement (SAVR) procedure have been selected. 
Patients with insufficient RCT image quality, e.g., due 
to incomplete RVP (n = 2), delayed contrast timing (n 
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= 2), massive artefacts by ICD (n = 2) were excluded 
beforehand. All patients gave written consent and the 
study was approved by the local ethics committee (Study 
No. 4080, international registration NCT01805739).

RCT acquisition
RCT was performed as part of the pre-implant diagno­
stic coronary angiography study[13]. The C-arm of the 
Cathlab system (Allura FD 20, 30 cm flat panel detector, 
XperCT option, Philips Healthcare, Andover, MA, United 
States) was rotated over an angular range of 210° with 
a sweep duration of 5.2 s and a frame-rate of 60 frames/s 
around the patient. To mitigate motion the acquisition 
was conducted during inspiratory breath hold and under 
RVP. Contrast medium (Accupaque 350, Bracco Imaging, 
Konstanz, Germany) was diluted 1:1 with saline to 
a total volume of 0.8 mL/kg patient’s weight (50-80 
mL) and administered with a flow rate of 14 mL/s. 
The contrast agent was injected via a pigtail catheter 
either supravalvular into the ascending aorta aortic 
root or subvalvular into the left ventricular cavity. The 
rotational sweep data was reconstructed with standard 
product settings to a volume of size 256 × 256 × 198 
with an isotropic resolution of 0.98 mm³. Since the 
RCT acquisitions were performed during RVP the exact 
cardiac phase cannot be specified.

Expert-based data analysis
To assess the operator-variability and the accuracy 
of software-based optimal C-arm configurations, 
reference views were defined by a medical expert. 
Three-dimensional reconstructions of the RCT were 
visualized as multi-planar reformats with proprietary 
prototype software. Two blinded operators, experienced 
in the analysis of cardiac cross sectional imaging, used 
standard volume interaction techniques to manually 
define a view perpendicular to the aortic valve plane with 
respect to a reference viewport. From this optimal view, 
a LP curve was automatically derived using the mathema­
tical definitions below and the result was presented to 
the user. Based on the LP curve and a volume rendering 
of the original RCT data set, the operators defined an 
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optimal C-arm configuration in terms of rotation and 
angulation following the right-cusp rule[14]. 

Furthermore the RCT data sets were studied with 
vendor-independent image processing software (Osirix 
MD Ver. 4.0, pixmeo, Geneva, Switzerland). Two 
independent, blinded observers performed aortic root 
diameter measurements in multiplanar reformatted 
RCT data sets at the level of the aortic annulus, the 
aortic sinus and the sino-tubular junction (STJ). These 
are supposed to be representative for the shape and 
dimension of the aortic root anatomy to be overlaid to the 
fluoroscopic data stream for intervention guidance[13]. 

Model-based data analysis
For automatic view planning and intervention guidance 
in RCT, a model-based segmentation technique was 
employed[15]. Unlike other segmentation techniques, 
model-based segmentation integrates information about 
the typical shape of the target anatomy, its variability 
and appearance in the adaptation process, and has 
been successfully employed in a broad range of medical 
image processing applications[16-18]. To tailor the shape 
model to the image characteristics of RCT the model was 
trained on the 57 patients of the RCT cohort whereby 
the validation was set-up in a leave-N-out manner so 
that training and test set never coincided. The shape 
model covers the 3D outline of the aortic valve, the 
supravalvular part of the aorta, the aortic arch, a list of 
anatomical landmarks and rings encoded on the mesh 
model that enable geometrical measurements relevant 
for the TAVR application (Figure 1). For clinical validation 
each RCT data set was segmented with our prototype 
software using the 3D heart model. The aorta, the 
aortic valve and the left ventricle (if visible in the RCT 
data set) as well as the nadir landmarks of the three 
aortic valve cusps were extracted. From that, the LP 
curve was obtained and an optimal view that aligns the 
nadir landmarks according to the right-cusp rule was 
computed. 

To compute the accuracy of the model-based overlay 
for intervention guidance we assume that the shape 
and the dimensions of the aortic root can be roughly 

Figure 1  Mesh topology of the rotational C-arm computed tomography model for transcatheter aortic valve replacement (left), extended topology model 
with rings for diameter measurements (blue), prolonged descending aorta and left ventricle.

Veulemans V et al . Heart models in TAVR



609 October 26, 2016|Volume 8|Issue 10|WJC|www.wjgnet.com

expressed as inner product of two vectors which is set 
to zero v_(φ,θ)∙v_AV = 0.

To evaluate the inter-observer variability and the 
agreement between model-based and expert-defined 
optimal views we compute the angular deviation (AD) 
between the respective position vectors v_model and 
v_expert in the spherical C-arm coordinate system 
which can be expressed as α = acos (v_model ×
v_expert). In analogy to the work of the Tzikas-group[8], 
we compute the mean absolute difference and the 
standard deviation of the angular deviations between 
the position vectors given by the operators and the RCT 
model for all patients. However, this form of statistical 
analysis is error-prone, since it assumes the normal 
distribution of the random samples. But the angulation 
and rotation parameters are dependent on each other 
and further numerical restrictions (such as pole of acos-
function near the optimal vector configuration) have 
to be considered. Thus, we propose to use a more 
advanced method of error calculation well-known from 
other research fields[20]. Therefore we apply Monte-
Carlo methods to compute the cumulative distribution 
function of the angular deviations and use the value at 
95% confidence level for the error calculation.

The Bland-Altman method was used for the assess­
ment of the bias and standard deviations between 
model-based and expert-based aortic root measure­
ments in RCT at 95% level of agreement (LoA). In 
addition, the Pearson correlation coefficient r was com­
puted and t statistics were used to test the hypothesis 
of no correlation considering a significance level of p < 
0.01. All statistical calculations were performed using 
Matlab Statistics Toolbox™ (MathWorks, Inc, Natick, 

represented by a set of diameter measurements. These 
diameter measurements use the rings encoded on the 
segmentation model and are defined in accordance 
with the recommendations of the manufacturers of the 
TAVR devices. For the diameter of the annulus a circular 
cross-section model is fit to the segmentation result. 
The measurement of the bulbus width and the diameter 
of the STJ rely on an elliptical cross-section model.

Mathematical calculations and statistical analysis
The computation of the LP curve and the error com­
putations require several geometrical definitions. Pre­
requisite is a Cartesian coordinate system which is 
defined in analogy to the work of Wollschläger et al[19]. 
The origin of the coordinate system coincides with the 
isocenter of the C-arm system. As in Figure 2 indicated, 
the C-arm can be angulated along the x-axis in cranial 
and caudal direction of the supine patient and is able to 
rotate along the y-axis in LAO and RAO direction. The 
z-axis is defined in dorsal-ventral patient orientation. 
One pair of rotation and angulation denoted as (φ,θ) 
can be represented by a vector in the C-arm coordinate 
system v_(φ,θ) = (x, y, z) where x = sin (θ), y = sin (φ)∙
cos (θ), z = cos (φ)∙sin (θ). Each combination of rotation 
and angulation spans a virtual half-sphere around the 
patient. In this half-sphere the LP curve is represented 
as trace of C-arm rotation and angulation combinations. 
Each respective view along this trace is orthogonal to 
the axial plane of the patient’s aortic valve which can 
be defined by the unit vector v_AV = (x_AV, y_AV, 
z_AV). To compute the LP curve we seek for a given 
C-arm rotation θ the C-arm angulations φ so that the 
vectors v_(φ,θ) and v_AV are perpendicular. This can be 

Figure 2  Definition of C-arm coordinate system and illustration of angular displacement between two position vectors each representing a C-arm 
projection view.
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in the RCT patient cohort were computed. Assuming 
normal distribution of the angular deviations, the 
inter-observer variability was measured to be 7.05° ± 
3.06° and thus, in the same range as reported in the 
work of Tzikas et al[8]. Using Monte Carlo methods an 
interobserver variability between 0° and 12.96° was 
obtained (compare Table 1 and Figure 3). Furthermore 
we compared the view planning results of our prototype 
software with the expert definitions. The model-
operator agreement jointly computed for both operators 
was 6.84° ± 3.78° assuming normal distribution and 
0°-13.82° for the Monte Carlo method and thus, 
on a similar level as the inter-observer variability. A 
sample LP curve and the respective optimal views of 
two operators and the prototype software are given in 
Figure 4.

Model-based intervention guidance
To evaluate the accuracy of RCT-based overlays to 
interventional data, the dimension of the aortic root 
at the level of the aortic annulus, the sinus and the 

Massachusetts, United States).

RESULTS
Model-based view planning in RCT
For optimal view planning 57 patients with RCT were 
evaluated. To assess the inter-observer variability the 
angular deviations between two expert-defined views 
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Figure 3  Interobserver variability of rotational C-arm computed tomography-based view planning. Using Monte-Carlo methods the cumulative distribution 
function of the angular deviation between two operator-defined C-arm configurations was computed; from this distribution function the expected angular deviation is 
derived to be the value of the distribution function at 95% confidence level.

Figure 4  Line of perpendicularity curve for the aortic valve annulus of a sample patient. The solid line represents the line of perpendicularity curve derived from 
the RCT model; optimal views following the right-cusp rule are given for two operators and the RCT model. RCT: Rotational C-arm computed tomography.
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  n  = 57 Average AD (ND) Average AD (MC)

  Operator 1 vs operator 2 7.05° ± 3.06° 12.96°
  RCT model vs both operators 6.84° ± 3.78° 13.82°
  RCT model vs operator 1 7.14° ± 4.12° 14.37°

Table 1  Operator variability and model-operator agreement 
of rotational C-arm computed tomography-based view 
planning data 

To measure the error between two sample C-arm views the angular 
deviations (AD) are computed and evaluated assuming normal distribution 
(ND) of the samples and using Monte Carlo (MC) methods. RCT: Rotational 
C-arm computed tomography.
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Figure 5  Bland-Altman plot relating aortic annulus diameter measurements done by a medical expert to rotational C-arm computed tomography-model-
based measurements. RCT: Rotational C-arm computed tomography.

Figure 6 Model-based view planning and interventional overlay with Philips HeartNavigator software.
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is generally limited by the acquisition quality and thus 
model-based view planning are dependent on accurate 
contrast agent bolus timing and on sufficient rapid 
pacing protocols. According to our clinical experience we 
believe that with more widespread use and maturity in 
future, rotational C-arm based imaging can play a more 
significant role in the TAVR workflow in combination 
with software-based view planning support.

In this study we evaluated the accuracy of automated 
view planning with RCT. We could show that our novel 
prototype software estimates optimal views on the 
basis of RCT data with good accuracy and that the 
interobserver variability and model-operator agreement 
are in the same range. Although different contrast 
agent injection protocols (aortic root injection vs left-
ventricular injection) were part of the RCT validation 
cohort the model-based view planning in RCT has 
proven to be robust. 

RCT-based intervention guidance
The current standard for intervention guidance during 
TAVR is plain fluoroscopy. In recent years software such 
as the HeartNavigator software (Philips Healthcare, 
Andover, MA, United States; compare Figure 6) that 
segments a three-dimensional MSCT data set to create 
a patient-specific model of the heart and overlays this 
to the interventional image stream has been developed. 
In this study we examined the accuracy of RCT-based 
overlays that are automatically generated from model-
based segmentation. We found that our RCT-based 
techniques are able to accurately reflect the dimension 
of the aortic valve annulus and the aortic root. Bias 
and variations of model-based measurements vs the 
experts’ references were in the same range as the 
operator variability. Thus, RCT modeling can potentially 
provide accurate anatomical overlays to interventional 
data to support the TAVR intervention as current 
software solutions already do for MSCT.

In conclusion, established and upcoming complex 
cardiac interventions such as TAVR require detailed 
information regarding heart and vessel anatomy for 
procedure planning and intra-procedural guidance. 
According to our experience, rotational C-arm CT can be 
smoothly integrated into the clinical workflow, providing 
three-dimensional information of the relevant anatomical 
structures in the catheterization lab prior and as part of 

STJ was studied. For all 57 patients in the RCT cohort 
diameter measurements were obtained from two 
independent operators and were compared to the model-
based measurements. For the aortic annulus the Bland-
Altman analysis showed no trend for under- or over-
estimation comparing the model-based segmentation 
results with the expert measurements (mean difference 
for model vs operator 1: -0.44 mm, LoA: -4.09 mm to 
3.2 mm). The correlation was significant (r = 0.79). A 
sample Bland-Altman plot is given in Figure 5. For the 
aortic sinus width and STJ diameter measurements 
the scatter and the limits of agreement were slightly 
smaller and the correlation levels higher as listed in 
Table 2. The Bland-Altman analysis for the aortic sinus 
diameter shows a good agreement between model-
based and medical expert measurements with a bias of 
1.05 mm using RCT and limits of agreement that range 
from -1.64 mm to 3.75 mm for operator 1. Correlations 
between expert and model-based measurements varied 
between 0.93 and 0.96. The results of the STJ diameter 
measurements show a slight bias of -1.53 mm and the 
limits of agreement were -4.21 mm to 1.15 mm for 
operator 1. Model-based and expert measurements 
correlated on a high level (operator 1: r = 0.92; operator 
2: r = 0.93). The interobserver measurements did not 
show a significant bias. Scatter and correlation levels 
were for all studied parameters in the same range as the 
model-operator measurements. 

DISCUSSION
Model-based view planning in RCT
Different imaging techniques have been established to 
define the optimal fluoroscopic view and to optimize 
valve deployment during TAVR. Standard to define a 
perpendicular view of the aortic valve is the repeated 
acquisition of aortographies from different projection 
angles. During recent years several software solutions 
for automatic view planning mainly on the basis of 
MSCT have been developed and have demonstrated 
high accuracy and many clinical benefits[5]. 

However, the collection of a MSCT data set for TAVR 
view planning involves extra logistics for the clinic and 
additional burden and hazards for the patient. Rotational 
C-arm CT has proven to be a useful imaging technique 
for many clinical applications[21] but is less established 
in the context of TAVR. The image quality of C-arm CT 
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  n  = 57 Annulus Sinus STJ

Bias LoA r Bias LoA r Bias LoA r
  Operator vs operator 1 0.32 -3.17-3.81 0.81 -0.45 -3.61-2.71 0.91 -0.59 -3.29-2.10 0.92
  RCT model vs operator 1 -0.44 -4.09-3.20 0.79 1.05 -1.64-3.75 0.93 -1.53 -4.21-1.15 0.92
  RCT model vs operator 2 -0.76 -3.75-2.23 0.81 1.51 -0.61-3.62 0.96 -0.94 -3.41-1.53 0.93

Table 2  Model-operator agreement for rotational C-arm computed tomography-based diameter measurements

To assess bias and deviation of measurements the Bland-Altman analysis is used; in addition the Pearson correlation coefficient is computed to evaluate the 
inter-measurement agreement considering a significance level of P < 0.01. RCT: Rotational C-arm computed tomography; LoA: Limits of agreement (Bland-
Altman analysis).
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inspiratory breath hold and under rapid ventricular pacing. With prototype 
software each RCT data set was segmented using a 3D heart model. From that 
the LP curve was obtained that generates a perpendicular view of the aortic 
annulus according to the right-cusp rule. To evaluate the accuracy of a model-
based overlay we compared model- and expert-derived aortic root diameters. 
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Abstract
AIM
To study whether remote ischemic preconditioning 
(RIPC) has an impact on clinical outcomes, such as 
post-operative atrial fibrillation (POAF).

METHODS
This was a prospective, single-center, single-blinded, 
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randomized controlled study. One hundred and two 
patients were randomized to receive RIPC (3 cycles 
of 5 min ischemia and 5 min reperfusion in the upper 
arm after induction of anesthesia) or no RIPC (control). 
Primary outcome was POAF lasting for five minutes 
or longer during the first seven days after surgery. 
Secondary outcomes included length of hospital stay, 
incidence of inpatient mortality, myocardial infarction, 
and stroke. 

RESULTS 
POAF occurred at a rate of 54% in the RIPC group and 
41.2% in the control group (P  = 0.23). No statistically 
significant differences were noted in secondary 
outcomes between the two groups. 

CONCLUSION
This is the first study in the United States to suggest 
that RIPC does not reduce POAF in patients with elective 
or urgent cardiac surgery. There were no differences 
in adverse effects in either group. Further studies are 
required to assess the relationship between RIPC and 
POAF. 

Key words: Chronic ischemic heart disease; Cardiac 
surgery; Coronary artery disease; Other treatment; 
Remote ischemic preconditioning; Post-operative atrial 
fibrillation
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Core tip: This is the first study in the United States to 
suggest that remote ischemic preconditioning does not 
reduce post-operative atrial fibrillation in patients with 
elective or urgent cardiac surgery.

Lotfi AS, Eftekhari H, Atreya AR, Kashikar A, Sivalingam 
SK, Giannoni M, Visintainer P, Engelman D. Randomized 
controlled trial of remote ischemic preconditioning and atrial 
fibrillation in patients undergoing cardiac surgery. World J 
Cardiol 2016; 8(10): 615-622  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v8/i10/615.htm  DOI: http://dx.doi.
org/10.4330/wjc.v8.i10.615

INTRODUCTION
Post-operative atrial fibrillation (POAF) is the most 
common arrhythmia after coronary artery bypass 
grafting (CABG)[1]. Despite improvement in medical 
therapy, surgical technique, and anesthesia, POAF 
occurs in 25%-40% of patients undergoing CABG and 
valve surgery[1-4]. POAF remains challenging to prevent, 
treat, or cure[5], and contributes to increased short and 
long term mortality[6,7], stroke[8], an increase in length 
of hospital stay[9], intensive care unit readmission, 
and treatment costs[10]. Some factors associated with 
POAF include a patient’s preoperative status, age, and 

preexisting electrocardiogram abnormalities[11]. Intra-
operative stress also plays a key role, due to occurrence 
of reperfusion, inflammation, oxidative stress, and/or 
hemostasis[12-14]. Most POAF episodes occur within 
the first 6 d following cardiac surgery, with the peak 
incidence on the second or third post-operative day, 
coinciding with the peak of systemic inflammation 
caused by surgery and with atrial stretch[8]. 

Remote ischemic preconditioning (RIPC) is one 
strategy that has shown a myocardial protective effect 
during CABG and heart valve surgery[15-17]. It was first 
described in 1986 in a dog model, where RIPC provided 
a protective effect on the myocardium that was later 
subjected to a sustained bout of ischemia[18]. RIPC was 
shown to reduce the incidence of ischemic reperfusion 
ventricular arrhythmias[19]. There is evidence that RIPC 
can preserve mitochondrial function and influences 
myocardial microRNA expression of the right atrium, 
potentially decreasing the incidence POAF after CABG 
surgery[20,21]. In addition, the efficacy of preconditioning 
to reduce myocardial injury in cardiac surgery and 
percutaneous coronary interventions has also been 
demonstrated[22]. 

There is growing evidence that AF is associated 
with increased inflammation[23,24], and Jannati et al[25], 
demonstrated that myocardial ischemic preconditioning 
by aortic cross-clamping in patients undergoing CABG 
reduced the incidence of POAF. 

Currently, there is no optimal preconditioning pro
tocol or tool being utilized during cardiac surgery and 
aortic cross-clamping may increase the risk of embolic 
stroke, particularly in elderly patients[26]. We conducted 
a randomized clinical trial to assess if RIPC can reduce 
POAF after CABG, with or without concomitant valve  
surgery or valve surgery alone. 

MATERIALS AND METHODS
Study design
This study was a prospective, single-center, single-
blinded, randomized controlled trial. The trial was 
registered with www.clinicaltrials.gov (NCT01500369). 

Patient population
Patients who were undergoing non-emergent cardiac 
surgery were screened and recruited from the cardiac 
surgical service. 

Eligibility
Eligible patients were adults greater than 18 years old 
who were referred for elective or urgent CABG, with or 
without valve surgery, or valve surgery alone between 
April 2011 and October 2013. 

Exclusion criteria included any preoperative rhythm 
detected other than a sinus rhythm, a history of AF, 
New York Heart Association IV congestive heart failure, 
cardiogenic shock, emergent CABG and/or valve 
surgery, bleeding diathesis, patients taking K(+) ATPase 
channel blockers (sulphonylureas), and women of child-
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bearing age. Patients were contacted by the primary 
investigator or a cardiology fellow to explain the study 
and obtain consent. This occurred during the 24-h 
period after undergoing cardiac catheterization (urgent 
care patients) or during a pre-op office visit (elective 
surgery patients). Patients who were interested gave 
written informed consent. Trial approval was obtained 
from the Institutional Review Board and the study is 
registered at http://www.clinicaltrials.gov; identifier 
NCT01500369. Upon consent, participants were rando
mized during the pre-operative period to either the 
treatment or control group.

Blinding
Patient blinding: Patients were randomly assigned to 
a treatment strategy (RIPC/no RIPC) in the operative 
room during the 45-min pre-operation period. Rando
mization occurred after patients were anesthetized; 
thus, patients were unaware of their treatment assign
ment.

Physician blinding: Since randomization and the RIPC 
procedure were conducted preoperatively, we expect 
that the surgeons were unaware of patient treatment 
assignment, and an effort was made to prevent surgeon 
knowledge of which group was selected. 

Randomization process
The randomization schedule was developed by the 
institution’s statistical core facility and patients were 
randomized according to a computer-generated 
randomization procedure. Patients were randomized 
using blocks in sizes 4 and 6, administered in a random 
fashion.

Consecutively-numbered envelopes were created 
and populated with a patient identification and the 
treatment assignment, based on the random block. 
The envelopes were kept in a locked cabinet. When an 
eligible patient was identified, consented, and moved to 
the pre-operative area, the staff member would select 
the next envelope in the consecutive list and give it to 
the research nurse. The research nurse would open 
the envelope and proceed as indicated on the enclosed 
form. 

Study procedures 
For all study participants, anesthesia was induced 
with intravenous propofol (0.5-2 mg/kg), midazolam 
(0.04-0.05 mg/kg), fentanyl (1-5 µg/kg), and rocuro
nium (0.6-1 mg/kg), and maintained with isoflurane. On-
pump surgical revascularization was achieved through 
a median sternotomy. The internal thoracic arteries, 
radial arteries, and saphenous veins were used as 
grafts. Heparin was administered to achieve an activated 
clotting time longer than 400 s. Standard non-pulsatile 
cardiopulmonary bypass with a membrane oxygenator 
was used with an ascending-aortic and two-stage venous 
cannulation. During cardiopulmonary bypass, moderate 
hemodilution with a hematocrit of approximately 25% 
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and mild systemic hypothermia (32 ℃) were main
tained. Retrograde warm blood cardioplegia was used 
for all distal anastomoses. Proximal anastomoses were 
constructed with partial side clamping of the ascending 
aorta. Bypass graft flow was assessed with an ultra
sonic transit time-flow measurement probe. After reper
fusion and weaning from cardiopulmonary bypass, 
protamine was administered for heparin reversal. For 
hemodynamic support, inotropes and/or vasopressors 
were infused as required. 

RIPC, for those in the study arm, took place after 
induction of anesthesia and prior to skin incision during 
which time the patient was prepped, draped, and 
prepared for surgery using the following protocol.

Treatment group: Patients in the treatment group 
received 3 sequential sphygmomanometer cuff infla
tions on their right upper arm after induction of anesthe
sia in the operating room. The cuff was inflated to 200 
mmHg for five minutes each occasion, with a period 
of five minutes deflation between inflations. The entire 
RIPC phase lasted 30 min.

Control group: Patients in the control group had the 
sphygmomanometer cuff placed on their right upper 
arm, but the cuff was not inflated. Similar to patients in 
the treatment group, patients in the control group had 
to undergo the same 30 min delay before the initiation 
of a skin incision.

Outcome events
Primary outcome: The primary outcome was POAF 
lasting for five minutes or longer during the first seven 
days after surgery. This outcome was assessed by 
using patient’s hospital records as well as the Society 
of Thoracic Surgery (STS) database which records 
outcomes up until 30 d after surgery. 

Secondary outcomes: Secondary outcomes such 
as length of hospital stay, inpatient death, myocardial 
infarction (MI), and stroke were recorded during the 
study follow-up period. Additionally, using the STS 
definitions for perioperative outcomes (Table 1), the 
30-d death, MI, stroke, and readmission were obtained 
from the institutional STS database. 

Adverse outcomes: Adverse events were documented 
after the initiation of the protocol.  

Statistical analysis 
Treatment and control groups were compared on base
line characteristics to identify whether randomization 
was successful. Continuous variables were compared 
using 2-sample t tests or the non-parametric equivalent 
(Wilcoxon rank-sum test), while categorical variables 
were compared using Pearson χ 2 or Fisher’s exact test. 
For dichotomous outcomes, logistic regression was 
used to adjust for group imbalances, when necessary. 
To examine whether treatment assignment influenced 
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groups. The length of stay, left ventricular ejection 
fraction, and cross-clamp time demonstrated no signifi
cant difference between the control and RIPC groups.

The event rate for POAF, based on Kaplan-Meier 
analysis, was not significantly different between the 
RIPC and control group (P = 0.13) (Figure 2). No 
adverse events related to RIPC occurred. 

DISCUSSION
In our study that assessed the effect of RIPC on clinical 
outcomes in patients undergoing elective or urgent 
cardiac surgery, we found that RIPC did not reduce 
POAF. In addition, there were no statistically significant 
differences in secondary outcomes, including post-
operative MI and stroke and no adverse events were 
reported with RIPC.

The Effect of Remote Ischemic Preconditioning on 
Clinical Outcomes in CABG Surgery (ERICCA) study 
randomized 1216 patients who underwent CABG to 
RIPC vs control and demonstrated that at one year 
there was no statistically significant difference in the 
primary clinical outcome (cardiovascular clinical death, 
MI, stroke and coronary revascularization)[27]; no data 
regarding POAF were provided. Previous studies to date 
have largely evaluated the impact of RIPC on surrogate 
markers of clinical outcomes. RIPC has been evaluated 
in patients undergoing percutaneous coronary interven
tion to reduce myocardial injury[28], reduce contrast-
induced nephropathy[29], and myocardial salvage in 

time to first occurrence of POAF, a log-rank test of the 
Kaplan-Meier survival functions was conducted.

RESULTS
A total of 102 patients were randomized between April 
2011 and September 2013 (Figure 1). Sixty-nine point 
nine percent of the patients were males and 89% 
were Caucasian (Table 2). The mean age of patients in 
the RIPC and control group was 69.4 and 68.9 years, 
respectively. With the exception of diabetes mellitus, 
the two groups were balanced with respect to baseline 
characteristics. Study groups were also well balanced 
with respect to medication use including beta blocker 
and HMG-CoA reductase inhibitors (statins). 46% of 
the patients presented with acute coronary syndrome 
and 23.5% presented with stable angina and were well 
matched (Table 3). 

POAF occurred at the rate of 54.0% in the RIPC 
group and 41.2% in the control group (P = 0.23). 
Expressed as a difference in proportions, the percent 
of patients experiencing POAF was 12.8% higher in 
the RIPC group compared with the usual care group 
(95%CI: -6.5%-32.1%). Although the presence of 
diabetes was significantly higher in the RIPC group, it 
was not associated with any outcome, and consequently, 
adjusting for diabetes in logistic regression models did 
not materially change the univariable results.  

No post-operative MIs occurred in the RIPC group 
while 3.9% did in the control group, although this differ
ence was not statistically significant (P = 0.50) (Table 
4). There were only two deaths and two strokes for 
the entire study group and both occurred in the RIPC 
group. The 30-d readmission rates demonstrated no 
statistically significant difference between the two 

  Outcomes Definition

  Stroke If the patient had a central neurological deficit 
persisting postoperatively for > 72 h

  Peri-operative 
  MI

0-24 h post-operative:
The CK-MB (or CK if MB not available) must be 

greater than or equal to 5 times the upper limit of 
normal, with or without new Q waves present in two 

or more contiguous ECG leads
No symptoms required
> 24 h post-operative:

Indicate the presence of a peri-operative MI (> 24 
h post-op) as documented by at least one of the 

following criteria:
(1) Evolutionary ST-segment elevations

(2) Development of new Q-waves in two or more 
contiguous ECG leads

(3) New or presumably new LBBB pattern on the ECG
(4) The CK-MB (or CK if MB not available) must be 
greater than or equal to 3 times the upper limit of 

normal

Table 1  Society of thoracic surgery definitions for peri-
operative outcomes

MI: Myocardial infarction; ECG: Electrocardiogram.

  Characteristic Control
(n  = 51)

RIPC
(n  = 51)

P

  Demographics
     Mean age (± SD)      68.9 (± 9.8)      69.4 (± 9.9) 0.77
     Male % (n) 62.8 (32)  76.5 (39) 0.20
     Caucasian % (n) 88.2 (45)  90.2 (46) 1.00
     Mean BMI (± SD)     30.4 (± 7.6)      28.4 (± 5.2) 0.13
  Co-morbidities
     Diabetes mellitus % (n) 39.2 (20) 62.7 (32)   0.029
     Hypertension % (n) 84.3 (43) 82.4 (42) 1.00
     Dyslipidemia % (n) 90.2 (46) 90.2 (46) 1.00
     Heart failure % (n) 21.6 (11) 23.5 (12) 1.00
     Atrial fibrillation % (n) 0.0 (0) 0.0 (0) NA
     AICD % (n) 0.0 (0) 2.0 (1) 1.00
     CVA % (n) 3.9 (2) 5.9 (3) 1.00
     TIA % (n) 2.0 (1) 7.8 (4) 0.36
     PAD % (n) 9.8 (5) 21.6 (11) 0.17
     CKD % (n) 23.5 (12) 23.5 (12) 1.00
     Dialysis % (n) 2.0 (1) 2.0 (1) 1.00
     Mean creatinine (± SD)       1.2 (± 1.1)        1.2 (± 0.7) 0.89
     COPD % (n) 5.9 (3) 0.0 (0) 0.24
    Tobacco use % (n)         17.6 (9) 27.5 (14) 0.34

Table 2  Baseline characteristics between control group and 
remote ischemic preconditioning group

AICD: Automatic implantable cardioverter-defibrillator; BMI: Body 
mass index; COPD: Chronic obstructive pulmonary disease; CKD: 
Chronic kidney disease; CVA: Cerebrovascular accident; TIA: Transient 
ischemic attack; PAD: Peripheral arterial disease; RIPC: Remote ischemic 
preconditioning.
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draw any conclusions regarding clinical outcomes from 
these studies as they were included only as secondary 
outcomes, often under-powered and had varying 
definitions of clinical outcomes[35]. Thus, no trials have 
been published demonstrating that RIPC significantly 
reduced clinical endpoints in patients undergoing cardiac 
surgery[36]. 

The rate of POAF in our study was higher than 

ST-segment elevation MI[30]. Specifically, in patients 
undergoing cardiac surgery, RIPC has been known 
to decrease myocardial injury measured by cardiac 
troponin release[31,32]. At the same time, several other 
trials have failed to show improvement in surrogate 
outcomes with the implementation of RIPC[33,34], and 
this can be attributed to variable protocols, medications, 
surgical, and anesthetic regimens. It is also difficult to 
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Figure 1  Randomization and follow up of patients. RIPC: Remote ischemic preconditioning.

Figure 2  Kaplan-Meier estimates of the probability of remaining free from post-operative atrial fibrillation, according to study group. RIPC: Remote ischemic 
preconditioning.
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to that of phenol-based radical scavengers. This study 
was started prior to the publication of the study by 
Kottenberg et al[41], and in our study, propofol was used 
for the induction of anesthesia, not for maintenance. As 
with the majority of RIPC studies[35], we performed 3 
cycles of RIPC, and in future trials it may be necessary 
to perform more than 3 cycles of blood pressure cuff 
inflation to provide clinical benefit. A final limitation is 
that warm cardioplegia has demonstrated a reduction in 
myocardial injury as compared to cold cardioplegia with 
similar clinical events[43,44]. Given that all our patients 
received warm cardioplegia, this could have masked the 
benefit of RIPC.

Despite the fact that the results of this study 
suggest that there is no beneficial effect of RIPC on 
reducing POAF, RIPC still holds promise in improving 
clinical outcomes, based on “proof-of-concept” studies 
using cardiac biomarkers as primary endpoints[31,45,46] 
and, due to the fact it is a simple, safe, non-invasive, 
and inexpensive intervention. Although it has been 
challenging to identify which groups of patients benefit 
from RIPC, further evaluation of RIPC to decrease post-
operative events with carefully planned and funded 
studies with adequate power is warranted. Additionally, 
meta-analysis of small randomized controlled studies 
may also be useful in studying the relationship of RIPC 
and clinical outcomes, including POAF. 

COMMENTS
Background
Remote ischemic preconditioning (RIPC) has been demonstrated to reduce 
perioperative myocardial injury following cardiac surgery (coronary artery 
bypass, with or without valve surgery). 

Research frontiers
It is unknown whether it has an impact on clinical outcomes, such as post-
operative atrial fibrillation, peri-operative myocardial infarction and stroke.

expected in both groups, which could be related to the 
small sample size and the presenting co-morbidities. 
Additionally, the absolute numbers of secondary 
outcomes recorded were quite small and therefore, 
are only exploratory at this stage. The unreliability of 
studies with small study samples is well-known[37,38]. 
Even if significant results had emerged from our study, 
regardless of direction of effect, we would caution 
against the over-interpretation of results, since small 
studies often produce large effects that frequently 
defy replication[39]. To our knowledge, this is the first 
study undertaken in the United States to assess the 
relationship of RIPC with POAF. Although this small 
study found no significant association of RIPC with 
clinical outcomes, it serves as an addition to the sparse 
literature on RIPC and clinical outcomes and would be 
of value when additional small studies are published. 
Meta-analyses of randomized controlled studies could 
yield a more accurate estimation of the true relationship 
between RIPC and POAF by combining patients and 
increasing sample power. 

There were several limitations to our study that 
may have contributed to it not resulting in a positive 
finding. First, the study was halted prematurely, due to 
the lack of financial support to continue recruitment, 
which led to a study with less power than intended. 
However, given a control POAF rate of 50% (as seen 
in this population), the study still had 70% power to 
detect a 25% percentage points difference. Second, 
there was a significantly higher percentage of patients 
with diabetes mellitus in the RIPC arm, which may have 
masked the beneficial effect of RIPC[40]. However, this 
is unlikely to have significantly confounded the results 
as there was no change in the relationship of RIPC with 
outcomes even after adjustment using logistic regres
sion analysis. Third, there is some recent evidence that 
patients given propofol may not gain protection from 
RIPC[41,42], possibly related to its structure being similar 

  Characteristic Control
(n  = 51)

RIPC
(n  = 51)

P

  Medications % (n)
     Alpha blockers 7.8 (4) 2.0 (1) 0.36
     Beta blockers 78.4 (40) 80.4 (41) 1.00
     ACE-inhibitors 37.3 (19) 41.2 (21) 0.84
     Aspirin 90.2 (46) 90.2 (46) 1.00
     Statins 84.3 (43) 86.3 (44) 1.00
  Clinical presentation % (n)
     Stable angina 23.5 (12) 23.5 (12) 1.00
     Unstable angina 25.5 (13) 25.5 (13) 1.00
     Positive stress test 27.5 (14) 25.5 (13) 1.00
     Non-STEMI 19.6 (10)      17.6 (9) 1.00
     STEMI 0.0 (0) 2.0 (1) 1.00
     Valve without CAD        17.6 (9) 27.5 (14) 0.34

Table 3  Baseline medications and clinical presentation in the 
control group and remote ischemic preconditioning group

ACE: Angiotensin converting enzyme; CAD: Coronary artery disease; 
RIPC: Remote ischemic preconditioning; STEMI: ST-elevation myocardial 
infarction.

  Characteristic Control 
(n  = 51)

RIPC 
(n  = 51)

P

  Primary endpoint
     POAF % (n) 41.2 (21) 54.0 (27) 0.23
  Secondary endpoints
     Other arrhythmia % (n) 13.7 (7) 11.8 (6) 1.00
     MI % (n)   3.9 (2)   0.0 (0) 0.50
     Stroke % (n)   0.0 (0)   3.9 (2) 0.24
     Mean EF (± SD) 53.1 (± 14.8) 50.5 (± 16.9) 0.43
     Bleeding  % (n) 21.6 (11) 28.0 (14) 0.50
     Mean cross-clamp time (± SD) 88.7 (± 44.8) 93.0 (± 38.5) 0.61
     In-hospital mortality  % (n) 0 (0) 3.9 (2) 0.50
     30-d mortality (after discharge) % (n) 0 (0)    0 (0)   1.0
     30-d readmission % (n) 11.8 (6) 16.3 (8) 0.57
     Mean LOS (± SD) 13.7 (± 7.8) 14.0 (± 7.7) 0.87

Table 4  Clinical outcomes in the control group vs  remote 
ischemic preconditioning group

EF: Ejection fraction; LOS: Length of stay; MI: Myocardial infarction; POAF: 
Post-operative atrial fibrillation; RIPC: Remote ischemic preconditioning; 
STEMI: ST-elevation myocardial infarction.
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This is the first study in the United States evaluating these clinical outcomes 
following the use of RIPC with cardiac surgery. 
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Although this study did not suggest a clinically significant benefit with the use 
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useful in studying its relationship with clinical outcomes.
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RIPC is a strategy in which brief episodes of non-lethal ischemia and reperfusion 
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