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Abstract

Many forms of human hypertension are associated with
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an increased systemic sympathetic activity. Especially
the renal sympathetic nervous system has been found to
play a prominent role in this context. Therefore, catheter-
interventional renal sympathetic denervation (RDN) has
been established as a treatment for patients suffering
from therapy resistant hypertension in the past decade.
The initial enthusiasm for this treatment was markedly
dampened by the results of the Symplicity-HTN-3 trial,
although the transferability of the results into clinical
practice to date appears to be questionable. In contrast to
the extensive use of RDN in treating hypertensive patients
within or without clinical trial settings over the past years,
its effects on the complex pathophysiological mechanisms
underlying therapy resistant hypertension are only partly
understood and are part of ongoing research. Effects of
RDN have been described on many levels in human trials:
From altered systemic sympathetic activity across cardiac
and metabolic alterations down to changes in renal
function. Most of these changes could sustainably change
long-term morbidity and mortality of the treated patients,
even if blood pressure remains unchanged. Furthermore,
a number of promising predictors for a successful treat-
ment with RDN have been identified recently and further
trials are ongoing. This will certainly help to improve the
preselection of potential candidates for RDN and thereby
optimize treatment outcomes. This review summarizes
important pathophysiologic effects of renal denervation
and illustrates the currently known predictors for therapy
success.

Key words: Renal sympathetic denervation; Sympathetic
nervous system; Predictors; Hypertension; Renal hyper-
tension

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

Core tip: The initial enthusiasm for renal sympathetic
denervation (RDN) has disappeared. However, the de-
tailed effects of RDN on the complex pathophysiological
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mechanisms underlying therapy resistant hypertension are
only partly understood and are part of ongoing research.
Moreover, a number of promising predictors for successful
RDN treatment have been identified recently which
could help to improve future trial design. This review
summarizes important pathophysiologic effects of renal
denervation and illustrates the currently known predictors
for therapy success.

Fengler K, Rommel KP, Okon T, Schuler G, Lurz P. Renal
sympathetic denervation in therapy resistant hypertension -
pathophysiological aspects and predictors for treatment success.
World J Cardiol 2016; 8(8): 436-446 Available from: URL:
http://www.wjgnet.com/1949-8462/full/v8/i8/436.htm DOI:
http://dx.doi.org/10.4330/wjc.v8.i8.436

BACKGROUND

Many forms of human hypertension are associated with
an increased systemic sympathetic activity™. Especially
the sympathetic nervous system of the kidney plays a
key role in the pathogenesis and perpetuation of hyper-
tension. An activation of efferent renal nerve fibers
leads to salt and water retention via stimulation of a.s-
adrenoceptors, activation of the renin-angiotensin-
aldosterone system via Bi-adrenoceptors causing th-
ereby an increased systemic blood pressure (BP)!2
The release of vasoactive peptides present in renal
nerve fibers is also controlled by efferent sympathetic
fibers®*., Via afferent fibers, the kidney itself affects
systemic sympathetic activity™.

One option to reduce the systemic sympathetic
activity is renal sympathetic denervation (RDN). Once
introduced as a surgical treatment for hypertension in
the past century™®, this interesting therapeutic approach
lost clinical relevance since medical antihypertensive
treatment was introduced to practice. As the burden of
cardiovascular diseases associated with hypertension
increased over the last decades, RDN experienced a
renaissance, now as a catheter-based interventional
treatment option™. After the first promising trial results,
the initial enthusiasm for this therapy strategy was
markedly dampened, when the results of the sham-
controlled randomized Symplicity-HTN-3 trial did not
show any significant effect on BP of RDN-treated vs
sham-treated patients™®. The results of this particular
trial are part of an ongoing debate and further trials to
allow definite conclusion on the effect of RDN on BP are
on the way™. In contrast to the extensive use of RDN in
treating hypertensive patients within or without clinical
trial settings over the past years, the detailed effects of
RDN on the complex pathophysiological mechanisms
underlying therapy resistant hypertension are only partly
understood.

In the following review we present a short overview
of the manifold effects described for RDN so far (Table 1).
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EFFECTS OF RDN

BP

The main indication for RDN in the past decade and in the
past century has been therapy resistant hypertension.
Therefore, BP as an end point has been included in nearly
every single trial regarding RDN. In almost any trial,
controlled, uncontrolled or sham-controlled, a significant
BP reduction was found after RDNU****! (Table 2).
However, the largest randomized sham-controlled trial
to date, the Symplicity-HTN-3 trial, failed to show any
superiority of RDN over sham-control, mostly through an
unexpected drop in BP in the sham-treated arm of the
trial®.

Another sham-controlled randomized approach, excl-
uding most of the confounding factors which might have
blurred the results of Symplicity-HTN-3 by careful patient
selection, the ongoing SPYRAL-HTN trial (NCT02439775),
will hopefully give a definite answer to this issue soon.

It is of particular interest, that many of the effects
attributed to RDN result in a reduced BP: A diminished
systemic vascular tone leading to a reduced afterload,
sympathetic mediated alterations in cardiac output,
altered sodium- and volume-state or (via the renin-
angiotensin-aldosterone axis) humoral-mediated
changes. Which and how much these effects contribute
to a RDN-induced BP drop and how they are counter-
regulated remains an unresolved issue that needs to be
clarified in future RDN-trials.

Besides other confounders, a constant observation
in clinical trials is that a proportion of patients does not
respond to RDN, which might in part contribute to the
negative results in Symplicity-HTN3. Interestingly, the
problem of non-responsiveness to renal denervation
seems to be as old as the procedure itself: Even for
surgical sympathectomy a high proportion of non-
responders (ranging between 55% and 68%) has
been described™®. Despite that, a strong positive effect
on long-term mortality was found in a large series of
1200 patients™. This leads to the question which other
beneficial effects besides BP reduction RDN might have
in humans, which might explain this discrepancy.

Renal function and sodium excretion

A potential deterioration of renal function - either by
renal artery stenosis or by changes in intrarenal hemo-
dynamics - is an often raised concern regarding RDN.
On the contrary, as renal blood flow and salt/water
retention is influenced by sympathetic activity'”, RDN
might have nephroprotective effects.

Two larger non-randomized analyses found glomerular
filtration rates (GFR) to be unchanged after RDN™®¢),
Interestingly, one trial could even show a decrease
in albuminuria, consistent with an improvement of
hypertension-induced end-organ damage'®, In another
study, examining the effects of RDN in patients with
impaired renal function, the authors were able to show
that the hypertension-related deterioration of renal
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Table 1 Effects of renal sympathetic denervation

Ref. Year n (RDN/control) Effector Effect Control
Ott et al™ 2013 19/- Renal blood None None
flow
Poss et al™ 2015 137/- Renal sodium  Increased sodium excretion, less pronounced in responders None
excretion
Mahfoud et al™ 2014 55/17 Left Reduced left ventricular mass after RDN Medical therapy
Doltra et al™ 2014 5/23 ventricular Medical therapy
McLellan et al™® 2015 14/- mass None
Lu et al™” 2016 139/- Meta-analysis
McLellan et al™ 2015 14/- Atrial Improved atrial conduction after RDN None
conduction
Qiu et al™ 2016 21/- Persistent Reduced heart rate after RDN None
atrial
fibrillation
Armaganijan et al®™ 2015 10/- Ventricular Reduced frequency of ventricular arrhythmia episodes None
arrhythmia
Ott et al™ 2013 19/- Central hemo- Reduced central BP and augmentation index after RDN None
Brandt et al®™ 2012 110/10 dynamics Reduced aortic pulse pressure, pulse wave velocity and Medical
Mortensen et al® 2012 21/- augmentation index None
Hering et al*” 2013 40/10 Reduced augmentation index Medical
Okon et al*! 2016 23/- Unchanged invasive pulse wave velocity after RDN None
Donazzan et al® 2015 11/- Sympathetic Reduced cardiac sympathetic activity after RDN None
van Brussel et al™ 2016 21/- activity Unchanged cardiac sympathetic activity after RDN None
Tsioufis et al™ 2014 14/- Reduced heart rate and arrhythmia burden and improved heart None
Vink et al® 2014 13/- rate variability after RDN None
Brinkmann et al®™ 2012 12/- Unchanged muscle sympathetic nervous activity after RDN None
Hering et al™” 2013 10/25 Reduced muscle sympathetic nervous activity after RDN Medical
Dérr et al™! 2015 150/- Reduced Neuropeptide Y and transiently reduced brain derived None
2015 100/- neutrophic factor after RDN
Dorr et al'®”! 2015 60/- Inflammation Reduced systemic inflammation after RDN None
Mahfoud et al® 2011 37/13 Insulin Improved insulin sensitivity after RDN Medical
Verloop et al"*” 2015 29/- sensitivity Unchanged insulin sensitivity None
Ewen et al”! 2014 50/10 Exercise Reduced Exercise BP after RDN Medical
Ukena et al™ 2011 37/9 testing Medical
Fengler et al™ 2016 22/26 Sham
Lenski et al”™ 2013 36 Orthostatic None None

reaction

BP: Blood pressure; RDN: Renal sympathetic denervation.

function could be halted with RDN over a follow up of three
years!’, This suggests overall beneficial effects of RDN
on renal function, especially in these patients who already
suffer from hypertension-induced end-organ damage,
which will clearly improve long-term mortality.

Despite the known vasoconstrictive effects of sy-
stemic sympathetic activity on the arterial vasculature”
and significant alterations in an animal study™®, RDN
does neither seem to improve nor deteriorate renal blood
flow in humans™, Presumably, this can be explained
by the auto-regulative capacities of the renal vessels
outweighing any RDN-induced changes.

The putative effect of RDN on renal sodium excretion
is a promising therapeutic goal. The only human trial
investigating this hard-to-assess endpoint however
showed mixed results, as patients with stronger BP
response after RDN showed a diminished effect on sodium
excretion compared to those with less BP changes™. To
some extent this might be explained by a compensatory
dietary sodium intake which was not assessed in the
study. Therefore, this interesting aspect of RDN needs
to be investigated thoroughly by additional rigorous
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assessment of dietary sodium intake. An additional MRI-
based quantification of tissue sodium and water might be
helpful here as elevated concentrations are observed in
patients with essential hypertension. Sodium and water
tissue content might therefore represent an interesting
diagnostic and therapeutic goalt®**",

Cardiac and hemodynamic changes
Left-ventricular-mass and fibrosis: An elevated left-
ventricular mass is a frequent finding in hypertensive
subjects®. Its presence and its regression through
therapeutic interventions significantly affects patients’
outcomes®?, Therefore, it is a worthwhile therapeutic
target in the treatment of human hypertension.

Several smaller studies and one recent meta-analysis
describe a reduction of left-ventricular mass after
RDNP*#71, In one of them an additional improvement
in left-ventricular strain and ejection fraction was ob-
served in patients with reduced values at baseline!**.
Besides reversal of myocyte hypertrophy left-ventricular
fibrosis might be altered by renal denervation, as the
absolute extracellular volume was found to be reduced
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Table 2 Blood pressure effects of renal sympathetic denervation

Ref. Year Control n (RDN/control) Systolic office P-value Systolic ambulatory P-value
BP (mmHg) BP (mmHg)

Krumetal”™ 2009 None 50 22 <0.001° NA NA

Esler et al™ 2010 RDN vs medical 106 (52/54) 32051 <0.00001° -11/-7 vs-3/-1 NA

Bhattetal® 2014 RDN vs sham 585 (364/171) 14 vs -12 0.26° -6.8 vs -4.8 0.98°

Desch et al™ 2015 RDN vs sham 71 (35/36, intention to treat) NA NA -8.5vs-4.7 0.06°
63 (29/34, per protocol) NA NA -8.3vs-3.5 0.04°

Rosaetal™ 2015 RDN us intensified medical 106 (52/54) 120vs-14  <0.001°/0.60° -8.6vs-8.1 <0.001°/0.87°

treatment
Azizietal™ 2015 Stepped-care 106 (53/53) -15vs5 -9 0.15° -15.8 vs 9.9 0.03°
antihypertensive treatment
with vs without RDN
Bohmeetal™ 2015 None 998 12 <0.00001° 6.6 <0.00001°

*P-value for within group change; "P-value for between group change. BP: Blood pressure; RDN: Renal sympathetic denervation; NA: Not available.

after RDN™?!, This finding might be supported by a RDN are of particular interest, as they determine the
reduced cellular matrix turnover assessed by collagen incidence of heart failure and potentially the course of
pro-peptides in patients after renal denervation in an cardiovascular remodeling™”.
upcoming laboratory study™. Several trials investigated central hemodynamics
using non-invasive methods*>**“*%, Herein, alterations
Atrial fibrillation: Associated with BP reduction, of cardiac afterload, namely a significant reduction in
RDN has been shown to improve atrial conduction®!, central pulse pressure and aortic augmentation index
This might allow a look-out on renal denervation as an after RDN could be demonstrated. Also, a reduction of
alternative or additional option for the treatment of non-invasively assessed pulse-wave velocity, indicating
symptomatic atrial fibrillation. This concept is supported decreased arterial stiffness after RDN, was observed,
by two recent animal studies in dogs, where RDN could even if this is conflicting with the results of a smaller
impede the induction of atrial fibrillation'***%, Also, for ~ cohort with unchanged invasively acquired pulse-wave-
persistent atrial fibrillation, RDN was found to reduce velocity 6 mo after RDN™!, As arterial stiffness is - to
the heart rate in a small case-series of symptomatic some extent - a BP-dependent parameter, any changes

patients’®"), Beyond this, several in-human trials reg- observed after RDN have to be interpreted with caution.
arding this issue are currently ongoing which will An explicit effect of RDN on cardiac hemodynamics,
certainly help to improve our understanding of the intra- including changes in preload, filling and contractility,
cardiac effects of RDN (NCT01635998, NCT01990911, has - to the present date - not been described. Ass-
NCT02064764). essment of hemodynamic changes can be achieved

via echocardiography, which was part of virtually all
Ventricular arrhythmia: As ventricular arrhythmias protocols of bigger studies examining treatment effects
are more likely to occur under an elevated sympathetic of RDN. The paucity of published data regarding
activity, using RDN as a treatment for refractory ven- echocardiographically assessed hemodynamic changes in
tricular arrhythmia seems a reasonable endeavor®. patients treated with RDN might imply negative findings
Animal studies show promising effects for RDN in (assuming a publication bias), might be a consequence
ischemia-induced arrhythmias when compared to a of the limited sensitivity of echocardiography in detecting
sham procedure®***, while inducibility of ventricular ~ cardiac filling pressures or might just have been neglected
arrhythmias cannot be prevented by RDN in healthy so far. Therefore - besides invasive measurements -
animals®. Also a first in-man cohort of 10 patients  other non-invasive methods like MRI-based analyses
with mainly non-ischemic cardiomyopathies reveals (e.g., the left atrial transit time) could provide additional

a dramatic drop in arrhythmia burden after RDNP®, information here™?,
Nonetheless, further prospective, randomized trials are Furthermore, given the described impact of RDN
needed to confirm this scope of application for RDN. on the LV musculature and the arterial system, an

improvement of ventricular-atrial coupling could be
Hemodynamics and volume changes: Since assumed after treatment.

the effects of RDN on renal water/sodium excretion However, as cardiac loading underlies marked intra-
and systemic vasculature are likely to be associated individual changes, reliable assessment of changes in
with changes in systemic volume status, it would be central hemodynamics depend on testing of patients
interesting to assess changes in intra-cardiac pressure instantaneously under different physiologic conditions
and pressure-volume relations. Also, changes in central (such as rest and exercise) or under longitudinal obser-

and peripheral hemodynamics in patients undergoing vational trial settings.
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Central and peripheral nervous changes

As illustrated above, mediated through afferent central
nervous fibers RDN also affects the central nervous
system. Interestingly, overall successful treatment of
essential hypertension is associated with improved
neuropsychological performance and to some extent
with alterations in regional cerebral blood flow response
to working memory tasks at short-term follow up™.
To date, this has not been assessed for patients under-
going RDN but might be a promising task for future
trials, especially since uncontrolled hypertension is a
well-known risk factor for cerebrovascular diseases and
might contribute to cognitive decline®*.

The link between central-nervous and peripheral
sympathetic-nervous alterations in hypertensive pati-
ents could further be investigated in assessing to which
extent central nervous changes are mediated indirectly
by BP alterations or by increased sympathetic overdrive
and afferent signaling itself.

The role of a potential sympathetic re-innervation
after RDN™*®! warrants further investigation as it might
partly explain non-responsiveness and lead to negative
trial results. However, BP reductions in response to
effective RDN seems to be long-lasting in the data pub-
lished so fart*,

Systemic sympathetic activity

Direct measurement of the systemic sympathetic activity
is difficult to perform and is therefore underrepresented
in clinical trials of RDN™®. Indirect assessment, however,
is feasible with different techniques and has been used in
various trials.

Cardiac scintigraphy: Two small trials (including only
23 and 11 patients) examined alterations in the cardiac
sympathetic nervous system activity after RDN using
scintigraphy™"*?, Their results were conflicting, as in one
trial with only a non-significant BP drop in ambulatory
BP-measurements in the RDN patients, no significant
alterations in cardiac sympathetic activity were found.
The other trial found a remarkable impact of RDN on
ambulatory measured BP and also found a strong redu-
ction in cardiac sympathetic activity. Since the results
are inconclusive at present, further evaluation in larger,
adequately powered cohorts is necessary.

Heart rate variability: Another way to measure
systemic sympathetic activity is assessing heart rate
variability (HRV). In a small case series, Tsioufis and
coworkers were able to show RDN achieved a significant
reduction in patient’s HRV and arrhythmia burden,
suggesting a reduced systemic sympathetic activity in
the treated patientst.,

Muscle sympathetic nerve activity: Muscle sym-
pathetic nerve activity is known to be elevated in
hypertensive subjects®, indicating a direct link to
systemic sympathetic activity. Hence, direct intraneural
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recordings could be considered as a good marker for
treatment success after RDN. So far this hypothesis has
been investigated in two smaller case series which failed
to show any alterations through RDN®**®, In contrast,
a prospective controlled trial in 35 patients found
significant alterations in single- and multi-unit muscle
sympathetic nerve activity””. Despite the latter results,
overall the role of muscle sympathetic activity as an
outcome marker in RDN trials is not fully determined
and warrants further research.

Laboratory markers: Dérr et al*® investigated the
role of Neuropeptide Y, a neurotransmitter that is co-
released with norepinephrine and up-regulated du-
ring sympathetic activity. They were able to show a
significant drop of Neuropeptide Y after RDN which can
be interpreted as an expression of a reduced systemic
sympathetic activity.

Successful RDN also leads to a transient down-
regulation of serum brain-derived neurotrophic factor
immediately after denervation®'. Since brain-derived
neurotrophic factor is a neuronal growth factor, this
adds further evidence for true downregulation of the
sympathetic nervous system on a neuronal base through
RDN.

Overall, despite the lack of data for a direct ass-
essment of systemic sympathetic activity in RDN-trials,
indirect markers strongly indicate that RDN results in
significant changes of systemic sympathetic activity.

Inflammation

Arterial hypertension is associated with chronic vascular
inflammation and remodeling™ . In a prospective
analysis of 60 patients undergoing RDN, a significant
reduction of pro-inflammatory cytokine interleukine-6
and high-sensitive C-reactive protein was achieved®.
This is in particular encouraging, as it might be related
to beneficial long-term effects of RDN. It has however to
be debated, if the observed changes are rather related
to the BP lowering effects of RDN, which might attenuate
the pathologic immune response, rather than to RDN
itself.

Metabolic effects

Insulin sensitivity: An elevated sympathetic ac-
tivity seems to be associated with an altered insulin
sensitivity'®. Therefore, RDN might help to improve the
glucose metabolism in patients with a high sympathetic
overdrive. The first trial to investigate this relation, a
pilot-study in 50 patients, found a significant change in
glucose metabolism and insulin sensitivity™®>. Notably,
only 40% of these patients were diagnosed with
diabetes mellitus and only 36% had an impaired glucose
tolerance at baseline. In contrast, a smaller, uncontrolled
prospective trial did not find any changes in insulin
sensitivity after a follow up of 12 mo in 29 patients with
metabolic syndrome®. Therefore, the role of RDN for
improvement of insulin sensitivity remains equivocal.
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However, if an effect of RDN on this very relevant end
point could be proven, it could tremendously affect
patients’ long-term prognosis.

Exercise testing: Exercise BP, an important risk factor
for future cardiovascular events®®®! was found to be
reduced after RDN in two non-randomized studies and
one sham-controlled trial®”", Also beneficial effects for
exercise capacity and duration are described for RDN
without affecting chronotropic competence in treated
patients®®”,

Orthostatic effects: Safety concerns regarding potential
unfavorable orthostatic effects of RDN can largely be
ruled out due to the lack of the occurrence of orthostatic
side effects in the large RDN treatment trials and a
smaller trial which did not find any pathologic alterations
in tilt table testing for RDN-treated patients”>.

Conclusion

Beyond the still debated effects of RDN on BP in hyper-
tensive patients, a wide range of promising effects has
been shown. Most of these changes could importantly
change long-term morbidity and mortality of the treated
subjects, even if their BP remained unchanged. To
determine the value of non-BP effects of RDN for clinical
practice, further long-term data with multiple cardio-
vascular endpoints is heeded.

Until then, it seems prudent to optimize BP outcome
in RDN trials through the identification of predictors for
treatment success. In the following we will give a brief
overview of such predictors that have been identified so
far.

PREDICTORS FOR SUCCESSFUL RDN

Baseline BP

High BP prior to renal denervation has most frequently
been described as the strongest predictor of BP red-
uction after RDN"*7*!, However, whether this is related
to a higher sympathetic activity in patients with higher
baseline BP or a manifestation of the regression to
mean phenomenon remains controversial and is an
unresolved issue to date”™. Thus, other predictors for
treatment success in RDN are needed.

Anatomy and technological aspects

Anatomy: The anatomy of the renal arteries seems
to have considerable influence on the BP response to
RDN. Importantly, the anatomy of human renal vessels
shows a high variability”®!. Accessory renal arteries or
an early bifurcation occurs in approximately one of three
patients”®, This is important, as the presence of accessory
or early bifurcated vessels seems to influence outcome
negatively”®., In principle it seems prudent to exclude
these patients from renal denervation. Nevertheless, in the
ongoing SPYRAL-HTN trial (NCT02439775) denervation
of accessories with a diameter above or equal 3 mm is
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planned. This will hopefully clarify the role of accessory
arteries and early bifurcations soon.

As the sympathetic nerve fibers are closer to the
lumen in the distal part of the renal vessel””, ablation
of the distal main artery or even the side branches are
also thought to improve outcome!”®7?,

Technological aspects: One of the major shortcoming
of RDN is the lack of a direct feedback mechanism during
intervention™®. Despite many promising approaches,
including direct intravascular and (sub-)cutaneous
measurements of renal sympathetic activity, the
challenging task of a direct in-vivo feedback for renal
denervation success is still far away from clinical practice.
Nevertheless, once a direct assessment method for renal
sympathetic activity is established this will be a milestone
in improving renal denervation success™”..

Another technological aspect for future trial designs
is that denervation success seems to be dependent of
the number of ablation points as well as the experience
of the interventional physician”®. Therefore, RDN should
only be performed by trained interventionalists and
as many ablations as possible should be delivered to
optimize BP outcome.

Most clinical trials regarding RDN were carried out
using radiofrequency based catheters. The role of
other devices, like ultrasound-based™®®? or chemical
approaches'®®! remain uncertain, as head-to-head
comparisons of different techniques are lacking. Ne-
vertheless, ultrasound treatment appears to be a
promising treatment option, as recent work from our
group suggests: Treatment of 24 non-responders to
radiofrequency based RDN with an ultrasound de-
nervation system significantly improved BP™".

Obesity

Obesity seems to be associated with an elevated
sympathetic activity, even in normotensive subjects®.
Therefore, it might be a good predictor for BP respo-
nsiveness to RDN. In contrast, according to one singular
study™? obesity seems to be a predictor for non-
responsiveness to RDN. The results of this trial are
however somewhat questionable, as this constellation
was neither found in any other trial®”* nor in the even
large multicenter Global Simplicity Registry!*?. Moreover,
in two smaller trials a higher body mass index was found
to be a predictor for responsiveness to RDN*, To date,
obesity should not be considered to have any predictive
value for RDN success until reevaluation in larger,
adequately powered cohorts has been performed.

Gender

So far the effect of RDN seems to be independent of
gender. Nevertheless, due to the higher incidence of
hypertension and therapy resistant hypertension in men,
women are strongly underrepresented in any clinical
trial regarding RDN. The percentage of women included
in trials of renal denervation ranges between 23 and
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Table 3 Predictors for blood pressure change after renal sympathetic denervation

Ref. Year Patients Predictor

Bohm et al™ 2015 998 Higher baseline BP predicts better BP response to RDN

Kandzari et al"™ 2015 364

1d et al™ 2013 74 Less BP response to RDN if accessories are present

Ewen et al® 2015 126 Better BP response in patients with combined vs isolated systolic hypertension
Okon et al*" 2016 58 Lower pulse wave velocity predicts BP response

Zuern et al'® 2013 40 Better BP response in patients with impaired baroreflex sensitivity

BP: Blood pressure; RDN: Renal sympathetic denervation.

418101314471 pealizing a meta-analysis of prospective

trials could clarify the role of gender for RDN success.

Age

The age of the treated patients itself was not found to
have a good predictive value for the success of RDN,
In contrast, considerable evidence was found for va-
scular aging and stiffening as a predictor for renal
denervation over the last years!*%,

Vascular aging and stiffness

Arterial stiffening is associated with a high cardiovascular
mortality in hypertensive patients®°Y, It also can be
regarded as a cause for essential hypertension®*%,
Ewen et ai® found, that the presence of isolated sys-
tolic hypertension - characterized by increased aortic
stiffness - is associated with a diminished response to
RDN. In line with these data, our group also found an
increased aortic stiffness, assessed by invasive pulse
wave velocity, to be an independent predictor for poor
BP response to renal denervation™". This is a promising
finding, as isolated systolic hypertension and pulse wave
velocity, among other markers of vascular aging and
aortic stiffness, can easily be assessed non-invasively
and thereby could help improving the preselection of
patients available for renal denervation. To some extent,
this might also explain why a trial by Vink et a/®* found
the presence of cardiovascular diseases (a composite
of stroke, transient ischemic attack and coronary artery
disease), which are associated with increased vascular
stiffness, to be a predictor for BP response to RDN.

Baroreflex

An impaired cardiac baroreflex occurs frequently in
hypertensive subjects®!. This might be explained by
sympathetic overactivity™, Therefore, the presence of
an impaired cardiac baroreflex as an indicator for high
sympathetic overdrive could be a good predictor for
renal denervation success. This hypothesis was already
confirmed by a trial in 50 patients®®, but has not been
applied in other prospective trials to date.

Renal function

Patients with renal diseases have often been excluded
from clinical trials for safety reasons. Despite these
considerations, patients with impaired renal function
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show an elevated sympathetic activity™®”}, and therefore
might be good candidates for RDN. Consequently, Vink
et al®¥ found an inverse relation between the estimated
GFR and the change in BP after RDN in a hypertensive
population off antihypertensive medication. However,
when analyzing patients on antihypertensive medication,
no significant predictive value for estimated GFR was
observed. These interesting findings warrant further
investigation, as - besides enlightening the predictive role
of renal function - they might partly explain why and how
antihypertensive drugs interact with the effectiveness
of RDN. Several trials investigating the effect of renal
denervation in chronic kidney disease are currently
recruiting patients (e.g., NCT02002585, NCT01442883).

Conclusion

Despite the disappointing results of the SYMPLICITY-
HTN3 trial, the canon of published data identifies RDN
as a promising therapeutic option for hypertensive
patients. Besides direct BP-lowering effects RDN has
been shown to affect a broad range of pathophysiological
mechanisms and might even be a viable treatment
option for patients with other conditions such as heart
failure or arrhythmias.

Although various predictors for the success of RDN
have been identified (Table 3), an optimization for
the prediction of RDN response is highly desired and
several trials are ongoing which hopefully will improve
treatment success and future RDN-trial design.

Verification of specific treatment effects of RDN
in carefully and well-designed trials bare the hope to
secure the role for RDN in treating arterial hypertension
and ideally in reducing cardiovascular morbidity and
mortality in the future.
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Abstract

The 12-lead electrocardiogram (ECG) is still the most used
tool in cardiology clinical practice. Considering its easy

Raishidenge ~ WJC | www.wjgnet.com

accessibility, low cost and the information that it provides,
it remains the starting point for diagnosis and prognosis.
More specifically, its ability to detect prognostic markers
for sudden cardiac death due to arrhythmias by identifying
specific patterns that express electrical disturbances of
the heart muscle, which may predispose to malignant
arrhythmias, is universally recognized. Alterations in the
ventricular repolarization process, identifiable on a 12-lead
ECG, play a role in the genesis of ventricular arrhythmias
in different cardiac diseases. The aim of this paper is to
focus the attention on a new marker of arrhythmic risk,
the early repolarization pattern in order to highlight the
prognostic role of the 12-lead ECG.

Key words: Ventricular repolarization; Cardiovascular
diseases; Arrhythmic risk; Early repolarization; Arrhythmia

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

Core tip: By identifying specific patterns which are an
expression of ventricular repolarization alterations, the
12-lead electrocardiogram plays an important role in
the diagnosis of electrical disturbances and in the risk
stratification of death due to arrhythmias. This review
focuses the attention on the new early repolarization
marker of arrhythmic risk and its prognostic implications.

Rizzo C, Monitillo F, Iacoviello M. 12-lead electrocardiogram
features of arrhythmic risk: A focus on early repolarization. World
J Cardiol 2016; 8(8): 447-455 Available from: URL: http://www.
wjgnet.com/1949-8462/full/v8/i8/447.htm DOI: http://dx.doi.
org/10.4330/wjc.v8.18.447

INTRODUCTION

More than 100 years after its invention, the 12-lead
electrocardiogram (ECG) is still the most used tool in
cardiology clinical practice. Moreover, it represents the
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starting point for diagnosis, given its easy accessibility
and low cost.

Its ability to predict sudden cardiac death (SCD)
due to arrhythmias by identifying specific patterns that
express electrical disturbances of the heart muscle,
which may predispose to malignant arrhythmias, is
universally recognized.

On a surface 12-lead ECG it is possible to recognize
a phase of ventricular depolarization, represented by the
QRS complex, and a phase of ventricular repolarization
(VR), that conventionally begins at the QRS wave and
ends at the T waves. VR is made up of the J-wave, ST-
segments and T-waves and U-waves'?, Over the years
several studies have analyzed the characteristics of VR
and have recognized visible alterations as characteristic
patterns on 12-lead ECG, emphasizing the role of the
latter in the genesis of ventricular arrhythmias in diff-
erent cardiac diseases”®.

From a pathophysiological point of view, it has be-
en shown that changes in the process of VR can lead
to malignant ventricular arrhythmias through abnor-
malities occurring in the action potential (AP) and in the
refractory period of cardiac cells, thus leading to spatial
heterogeneity and temporal fluctuations in repolarization,
favoring the onset of arrhythmias?”®.

However, an ECG can also be modulated by genetic
factors which can determine an arrhythmogenic sub-
strate that leads to an increased risk of SCD. This effect
is particularly evident in inherited arrhythmogenic dis-
orders such as long QT syndrome, short QT syndrome
and Brugada syndrome, where the ECG can identify not
only specific diagnostic alterations, but also prognostic
indicators. This emphasizes the role of the ECG as an
instrument not only for diagnostic but also for prognostic
purposes™.

The aim of this review is to focus the attention on a
new marker of arrhythmic risk, i.e., the early repolarization
(ER) pattern. The notions presented in the literature
will be revised and the prognostic and predictive role
of the 12-lead ECG will be highlighted, by recognizing,
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characterizing and carefully studying VR disturbances in
the context of the ER pattern.

DEFINITION AND FAMILY FORM OF
ER, A NEW ELECTROCARDIOGRAPHIC

MARKER OF ARRHYTHMIC RISK

The early ER pattern as a 12-lead ECG marker of
arrhythmic risk is a more recent discovery. It is char-
acterized by a J-point elevation of at least 1 mm in two
contiguous leads with a “notching” type appearance,
i.e., a positive J-deflection inscribed in the S wave, or a
“slurring”, i.e., a gradual transition of the QRS to the ST
segment in the inferior, lateral or inferolateral leads, as
defined by Haissaguerre in 2008"® (Figure 1).

The J-point on the ECG waveform is historically
defined as the junction between the end of the QRS
complex and the beginning of the ST-segment*!l,

In the 1953, Osborn'? described the association
between hypothermia and the appearance of positive
deflections due to J-point elevation associated with VF.
They were considered currents of injury. They became
known as J-waves bearing his name (Osborn waves) and
have become a generally accepted marker for clinical
hypothermia.

In 1961, it was defined by Wasserburger et a/**
as an elevated take-off of the ST segment at the
J-junction with downward concavity of the ST segment
and symmetrical T waves. This elevation is manifested
either as QRS slurring or notching in at least two inferior
or lateral leads.

This definition remained in place until 2008 when
Haissaguerre™” shifted the focus from the ST-segment
elevation to the J-point. J-point elevation was defined as
being an elevation of at least 1 mm in two contiguous
leads with a “notching” appearance, i.e., a positive
J-deflection inscribed in the S wave, or “slurring”, i.e., a
gradual transition of the QRS to the ST segment in the
inferior, lateral or infero-lateral leads. The simultaneous
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presence of ST-segment elevation is not necessary for
diagnosis (Figure 2).

ER was historically considered a benign ECG variant,
commonly seen in the anterolateral leads of young
male athletes of black ethnicity but also in adolescents,
accentuated by vagal tone and hypothermia™* . In
effect, an increase in vagal activity is known to cause
an ST-segment elevation whereas sympathetic agonists
normalize the ST segment™®’.

A prevalence of between 1% and 5% has been
estimated in healthy adults™****, Furthermore, an inter-
mittent pattern of ER is commonly observed, being only
rarely present in all the ECGs performed successively on
the same patient. It then becomes less common with
age™. This evidence could be explained by the direct
correlation of ER pattern with elevated testosterone
plasma levels, as it is observed in young males. This
would also explain the absence of the ER in older sub-
jects™,

Although not considered a marker of cardiovascular
disease, ER has a practical importance because it may
mimic the ECG of acute myocardial infarction, pericarditis,
ventricular aneurysm, hyperkalemia or hypothermia.
A dilemma may occur when a patient with ST variant
presents with chest pain and no prior available ECG**%,
Unnecessary or incorrect diagnostic tests, therapeutic
decisions, including administration of thrombolytic
drugs®”’, and hospital admissions might result from
misinterpretation.

The available literature also provides evidence of a
possible hereditary pattern of ER. In particular, a study
of 500 families showed that subjects with at least one
parent with ER were twice as likely to have the same
ECG alteration. Family transmission is more frequent
when the mother has the ER pattern, both for notching
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Figure 2 Old and new definition of early repolarization.
STE: ST elevation.

J-wave or the new "J-point elevation" without STE

forms and for those in the lower location®®. Such
families have been shown to have a high incidence of
sudden death, probably linked to ER.

There are also very rare forms of autosomal dom-
inant inheritance™. In this context it was suggested
that the Valsalva maneuver can unmask forms of ER
which are not spontaneous on the surface ECG. The
sensitivity of this maneuver, however, is considered to
be low.

The question of whether family forms have a worse
prognosis than sporadic forms remains.

PATHOPHYSIOLOGICAL BACKGROUND
OF J-WAVE AS AN ARRHYTHMIC MARK-

ER

An ER pattern with the characteristics of the J-point
elevation of at least 2 mm and a horizontal or desc-
ending pattern of the ST segment appears to increase
the risk of developing ventricular arrhythmias, especially
in structurally abnormal hearts. In fact, ER creates a
kind of gradient of repolarization between adjacent
areas that results in re-entry phenomena that cause the
onset of arrhythmias.

The J-wave comes from an alteration of the AP
involving the epicardial, but not the endocardial, cells
during phase 1 of the AP. In this period (ER phase)
there are two ion currents of repolarization: Potassium
tends to leak out (current Ito) and chlorine tends to
enter into the cell (current ICl) while the front sodium
current (INa-late) is gradually attenuated until it
disappears. As a result of the loss of positive charges
(K") and the acquisition of negative charges (CI), the
transmembrane potential is reduced to less positive
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values, from +30 to approximately 0 mV. The incoming
sodium current (INa-late) has the opposite effect to that
of Ito and ICl and, by bringing positive charges within
the cell, it slows down the repolarization. However, since
it is quickly depleted, its importance is relatively modest
in physiological conditions (Figure 3). In subjects who
have the ER patterns, repolarization proceeds more
quickly than normal during phase 1, with a rapid red-
uction in the potential which passes from +30 to 0 mV
or negative values®?. The imbalance between outward
and inward positive currents during phase 1 of the
AP and thus the propagation of the AP dome from
sites where it is maintained and to sites at which it is
lost, might lead to a local re-excitation via phase-2 re
entry which, in turn, may facilitate the development of
premature beats. An increase in transmural dispersion
might facilitate transmural propagation of the extrasystole
predisposing to the development of polymorphic VT and
VF™ (Figure 4).

CLINICAL EVIDENCES OF ER/J WAVE AS

A MARKER OF ARRHYTHMIC RISK

It is important to identify ECG characteristics that diff-
erentiate the "benign ER" pattern from the “malignant
ER"**%] (Table 1). In fact, for the first time, an English
case-control study has demonstrated the arrhythmogenic
potential of ER by putting in relation the ER with the
idiopathic ventricular fibrillation (IVF). In fact 206 sub-
jects under the age of 60 with IVF, were compared with
a control group of 412 healthy patients. The results
suggested a correlation between ER and sudden cardiac
arrest. It was observed that most of the subjects with
the characteristic patterns were young males, with a
history of unexplained syncope or cardiac arrest during
sleep. In addition, at baseline ECG, ER was present
mainly in the inferior-lateral leads™,

Tikkanen also considered the importance of defining
a benign form of ER from a malignant one®¢, He
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studied a group of young athletes with ECG patterns
of ER. Most of these presented an aspect of “rapidly
ascending ST-segment blending with T-wave”. Naturally,
this has been regarded as the benign form of ER. On
the other hand, a minority of the athletes showed
a pattern with an ST segment that remained flat,
horizontal, or even descending towards the T-wave.
The authors considered this to be the malignant variant
of ER which is associated with arrhythmic mortality
during long-term follow up. Moreover, subjects with
an elevation of at least 2 mm of the J-point in the
inferior leads had an increased risk of cardiac death.
The study showed a relationship between mortality and
ER and revealed that the risk of death was influenced
by the seat, more common in the inferior leads, and
the amount of elevation of the J-point, for values
greater than 2 mm. In addition, Tikkanen et a/®>*®
demonstrated that benign ER (ascending/upsloping ST
segment) is associated with a significantly shorter QTc
interval compared to the malignant form (horizontal/
descending ST segment) which is associated with a
significantly longer QRS duration (a prolonged QTc
interval was defined as at least 440 ms for men and at
least 460 ms for women). Therefore, benign ER appears
to reflect earlier onset of repolarization, but malignant
ER may reflect abnormal depolarization, possibly with
underlying subtle structural disease™>®,

The supposition of Tikkanen was later supported
by a study that compared 21 athletes with a history of
previous cardiac arrest of unknown etiology with more
than 300 healthy athletes®®. The study proved that
athletes with a horizontal pattern of ER and ST were
11 times more at risk of cardiac arrest. Furthermore,
recent studies have shown that patients with an ER
pattern have a higher risk of having ischemic events and
ischemic VF***%, More specifically, the ER pattern with
a horizontal ST segment was an independent predictor
of sudden death™". As regards the malignant form of
ER, the pattern of ER in the inferior lateral leads must be
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Figure 4 The pathophysiological background of J wave. A: The normal action potential, underlying currents and corresponding ECGs. Epicardial (Epi) action
potential and current are shown by dotted lines and endocardial (Endo) by solid lines. Depolarizing currents are depicted downward in green and repolarizing currents
upward in blue. The Epi action potential has a characteristic notch caused by larger phase -1 Ito compared with Endo; B: Exaggeration of the Epi notch results from
enhancement of net outward current. Phase-1 current flow from Endo to Epi produces the J-wave. The various ionic mechanisms that are believed to produce ER
are shown with purple stars. INa: Inward sodium current; ICaL: Inward calcium currents; INa/Ca: Sodium calcium exchange; Ito: Transient outward current; IKs: Slow
delayed rectifier current; IKr: Rapid delayed rectifier current; IK1: Inward rectifier current; IKATP: Adenosine triphosphate-sensitive current; IKACh: Acetylcholine-

activated current; ECG: Electrocardiogram.

carefully considered. It is characterized by a deflection in
the R-wave (slurred pattern) descending in the terminal
part of the QRS in at least two inferior leads (II, 1,
aVF), in two lateral leads (I, aVL, V4-V6), or both.
Numerous studies have demonstrated the association
between a pattern of ER in these locations, especially
in the inferior leads, and the presence of idiopathic VF
(IVF)®**** However, contrasting results in the available
literature should be considered. In fact, in one study of
nearly 30000 outpatients, with a mean follow up of 7
years, the negative prognostic effect of the ER patterns
was not confirmed™?. The only meta-analysis available of
this emphasizes the correlation of ER with a higher risk of
arrhythmic death but not of cardiac death or death from
other causes™".

In 1992 a Japanese study assessed the dynamicity
of J-wave associated with idiopathic VF by analyzing its
pause-dependent increase.

The J-wave amplitude was measured in the beat
immediately after a pause and compared with the mean
J-wave measured in almost three beats before the pause.
The pause was considered as an abnormal sudden pro-
longation of the interval R-R, induced by arrhythmias such
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us sinus arrest, sinoatrial block, atrioventricular block, or
atrial and ventricular premature beats.

It is interesting to note that the pause-dependent
increase of J-wave was observed only in patients with
idiopathic VF and in none of the control patients and this
augmentation was associated with depression of the ST-
segment or inversion of the T-waves. This dynamicity
could be well explained by the pause-dependent aug-
mentation in transient outward current (Ito) of the
AP. In conclusion the authors suggested that the pau-
sedependent augmentation was highly predictive of
arrhythmic events and proposed a description of the
characteristics of the “J-wave” potentially associated
with TVF™*,

The same authors have further analyzed the J-wave
dynamicity in the general patient population, with no
symptoms and no history of IVF. They have observed an
increase in amplitude of J-wave at high frequency but
not at low frequencies and this may be due to a delay
conduction™,

So the analysis of the J-wave variations according to
RR interval can be used to characterize the J-wave and
use it for the arrhythmic risk stratification.
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Figure 5 Early repolarization in clinical practice. A: Example of ER pattern “notching tipe” in Inferior-lateral leads (D2, D3, aVF, V5, V6). Width: 1 mm; B: Example
of ER pattern “slurring tipe” in lateral leads (D1, aVL, V5, V6). Width: 1 mm; C: Example of ER pattern “notching tipe” in Inferior leads (D2, D3, aVF). Width: 1.5 mm; D:
Example of ER pattern “notching tipe” in lateral leads (V5, V6). Width: 1.8 mm. ER: Early repolarization.

Focus on ECG features

Given the conflicting results between the different studies
analyzed, possibly due to the non-uniformity of the case
histories of patients treated, it is reasonable to think
that, in addition to the seat and extent of the J-point
changes, a key role is played by the characteristics of the
segment elevation ST, as Tikkanen first demonstrated in
his study, where the presence of a rapidly ascending ST
was not associated with an increased risk of death from
arrhythmia causes, unlike the detection of a horizontal or
descending ST. The maximum risk was achieved by the
combination of an ER pattern in the inferior leads with
an ST-segment elevation at J-point greater than 2 mm
and a horizontal-descending ST, 1t is also interesting
to note that patients with rapidly ascending ST were
mostly young, had low blood pressure, and signs of left
ventricular hypertrophy.

The literature shows that subjects with a good pro-
gnosis, who are young and athletic, with no evidence of
structural heart disease have a high prevalence of an ER
pattern with rapidly ascending ST elevation. Conversely,
individuals with a poor prognosis, due to advanced age,
and who have had a myocardial infarction with or without
arrhythmic complications, have a high prevalence of an
ER pattern with a horizontally-downward ST,

It is also important to evaluate the J-wave dyna-
micity in order to recognize ECG features predictive
of arrhythmic risk, which are the pause dependent
augmentation, the large amplitude and the concomitant
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horizontal-descending ST-segment*”’,

CONCLUSION

In conclusion, there is a correlation between 12-lead
ECG VR patterns and cardiac death due to arrhythmias,
especially in inferior or inferolateral localized forms,
associated with a J-point elevation of at least 2 mm and
a horizontal ST pattern. This pattern is more common
in a poor prognosis population, i.e., in older subjects
with a history of myocardial infarction or heart disease.
Although ER is a common ECG finding, ER syndrome (ER
with IVF) is raret?,

Even in middle-aged individuals with an inferior ER
of > 0.2 mV, the 3-fold increased SCD risk was not
apparent until 10 years after the index ECGF>*,

There have been no risk stratifies for asymptomatic
ER subjects and, to date, no primary prevention strategy
has been established. It is currently impossible to make
recommendations based on this incidental ECG finding in
an asymptomatic individual.

In fact, if it is simple and almost automatic to propose
defibrillator implantation for a patient with a personal
history of cardiac arrest and an ECG showing a typical
framework, it is much less easy to take a decision if the
same ECG is recorded by chance in an asymptomatic
subject. The research carried out to date has highlighted
some aspects of the problem but does not offer a one-
size fits all approach. Moreover, it is not recommended
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Table 1 The main studies evaluating the relationship between early repolarization pattern and death due to arrhythmia

Ref. No. of patients Study population ER pattern Results
Tikkanen et 10.864 Community-based general ~ER was stratified according to the  ER pattern in the inferior leads is associated with
al®, 2009 population of middle-aged  degree of J-point elevation (> or  an increased risk of death from cardiac causes in
subjects =0.1mV or > 0.2 mV) in either middle-aged subjects
inferior or lateral leads
Tikkanen et 565 young 565 young healthy athletes ER pattern with horizontal / ST-segment morphology variants associated with
al™, 2011 healthy compared with ECGs from a descending or rapidly ER separates subjects with and without an increased
athletes-10  general population of 10864 ascending/upsloping risk of arrhythmic death in middle-aged subjects.
864 middle- middle-aged subjects Rapidly ascending ST segments after the J- point,
aged subjects the dominant ST pattern in healthy athletes, seems
to be a benign variant of ER
Uberoi et al', 29281 Resting ambulatory ECGs J-point elevation = 0.1 mV-  No significant association between any components
2011 notching and slurring type in at of early repolarization and cardiac mortality
least 2 lateral or inferior-lateral
leads
Haissaguerre 206 Patients who were resuscitated Elevation of the QRS-ST junction ~Correlation between ER and sudden cardiac arrest
et al™ 2008 after cardiac arrest due to IVF of at least 0.1 mm inferior or
lateral lead-
QRS slurring or notching
Nam et al!, 1410 1595 controls and 15 patients J-point elevation > 0.1 mV- ER pattern is indicative of a highly arrhythmogenic
2008 with IVF notching and slurring type in at substrate
least 2 lateral or inferior leads
Rosso et al*?, 290 45 patients with idiopathic VF  J-point elevation = 0.1 mV- J-point elevation is found more frequently among
2008 were compared with 124 age- notching and slurring typeinat ~ patients with idiopathic VF than among healthy
and gender- matched control  least 2 lateral or inferior-lateral ~ control subjects. The frequency of J-point elevation
subjects and with 121 young leads among young athletes is intermediate
athletes
Rosso et al™, 8980 331 patients with IVF and 8.649 J waves > 2 mm The presence of ] waves > 2 mm in amplitude in
2011 controls asymptomatic adults is associated with a threefold
increased of arrhythmic death
Aizawa et 116 Forty patients with J-wave-  J-wave amplitude was measured  Pause-dependent augmentation of ] waves was
al™, 2012 associated idiopathic VF in the beat immediately after a confirmed in about one-half of the patients with
compared with 76 non-VF pause and compared with the  idiopathic VF after sudden R-R prolongation. Such
patients mean J-wave measured in almost dynamicity of ] waves was specific to idiopathic VF
three beats before the pause. J and may be used for risk stratification
waves were defined as those =
0.1 mV above the isoelectric line
Cappato et 386 21 athletes with a history of ER pattern with horizontal / Athletes with a horizontal pattern of ER and ST
al™, 2010 previous cardiac arrest of descending or rapidly were 11 times more at risk of cardiac arrest
unknown etiology compared ascending/upsloping
with more than 300 healthy
athletes
Naruse et al™, 220 patients with AMI elevation of the QRS-ST junction The presence of ER increased the risk of VF
2012 of > 0.1 mV - 2 inferior or lateral ~ occurrences within 48 hours after the AMI onset
leads- QRS slurring or notching
Rudic et al*”, 60 Patients with AMI J-point elevation = 0.1 mV- Early repolarization pattern seems to be associated
2012 notching and slurring type- inat with ventricular tachyarrhythmias in the setting of
least 2 lateral or inferior leads acute myocardial infarction
Tikkanen et 964 432 consecutive victims of  elevation of the QRS-ST junction ~ The presence of ER increases the vulnerability to
al®, 2012 SCD because of acute coronary of > 0.1 mV - 2 inferior or lateral fatal arrhythmia during acute myocardial ischemia
event and 532 survivors of  leads- QRS slurring or notching
such an event
Wu et al™, meta-analysis Correlation of ER with a higher risk of arrhythmic
2013 death but not of cardiac death or death from other

causes

ER: Early repolarization; IVF: Idiopathic ventricular fibrillation; AMI: Acute myocardial infarction; SCD: Sudden cardiac death.

that athletes should stop exercising or adopt specific
preventive measurest*®, In addition, it should be noted
that the usefulness of an electrophysiological study in
these subjects is low considering that the inducibility of
arrhythmias was observed in only 28% of cases*”. In
symptomatic subjects the etiology of symptoms should
be evaluated. In cases of unexplained syncope with ER,
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in primary prevention

an ECG may arouse suspicion if there is also a family
history of sudden death or the occurrence of palpitations
before syncope. Ventricular arrhythmias, if confirmed,
clearly require the delivery of a defibrillation system
. It is still unclear if there is a
different prognosis for patients presenting with notching
or slurring patterns.

[50]
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A greater characterization of the prognostic value
of the ECG pattern of ER is necessary, but there is no
doubt regarding the correlation between 12-lead ECG
VR patterns and cardiac death due to arrhythmias and
that the higher risk was achieved by the combination of
an ER pattern in the inferior leads with an ST-segment
elevation at J-point greater than 2 mm and a horizontal-
descending ST. This pattern is also more common in a
poor prognosis population, i.e., in older subjects with a
history of myocardial infarction or heart disease.

Conversely, subjects with a good prognosis, who are
young and athletic, with no evidence of structural heart
disease show a high prevalence of an ER pattern with
rapidly ascending ST elevation.

Moreover, the evidence of pause-dependent increase
in J-wave amplitude, highlighted in patients with idio-
pathic VF, has proved to be highly specific and high
predictive of arrhythmic events. This simple phenomenon
may be used for the stratification of arrhythmic risk in
patients with J-wave.

So, in conclusion, given the increased risk of major
arrhythmic events in these subjects, it becomes im-
portant for the cardiologist to recognize the “malignant
ER” pattern in order to improve the risk stratification of
these patients (Figure 5).
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Core tip: The concept of appropriate use criteria (AUC)
regarding percutaneous coronary intervention (PCI)
has significantly impacted patient selection for PCI in
the United States, particularly in non-acute settings. In
Japan, when the United States-derived AUC were applied
to Japanese patients, about one-third of elective cases
were classified as inappropriate. This is largely due to
the perception gap between American and Japanese
experts. To extrapolate the current AUC to Japan or
any other regions outside of the United States, these
local discrepancies must be taken into consideration,
and scenarios should be revised to reflect contemporary
practice.

Inohara T, Kohsaka S, Ueda I, Yagi T, Numasawa Y, Suzuki
M, Maekawa Y, Fukuda K. Application of appropriate use
criteria for percutaneous coronary intervention in Japan. World J
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INTRODUCTION

To improve the quality of care, such as indications for
and performance of various procedures, appropriate
use criteria (AUC) have been developed. The concept
of AUC has been widely accepted to aid in quantifying
and improving the quality of care, and AUC have be-
come available in various diagnostic and therapeutic
modalities™™. In the field of coronary intervention, the
potential overutilization of percutaneous coronary
intervention (PCI) has come under harsh criticism,
particularly after the initial report of the Clinical Out-
comes Utilizing Revascularization and Aggressive Drug
Evaluation (COURAGE) trial™. In this setting, AUC for
coronary revascularization were developed in 2009 and
revised in 2012 in the United States™*®,

In this review, we aimed to provide an overview
of the concept of AUC for coronary revascularization
and its impact on the selection of patients undergoing
PCI in the United States. Furthermore, we sought to
clarify the appropriate ratings of PCI indications in
Japan based on the current United States-derived AUC.
Finally, we discuss issues that remain to be resolved
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when extrapolating the current AUC to Japanese clinical
practice and propose the future direction of this concept
in Japanese cardiovascular society. This minireview will
aid in the broader implementation of the concept of AUC
in various countries outside of the United States, and will
lead to improve the quality of care, especially patients’
selection, in PCI.

ROLE OF CORONARY INTERVENTION IN
STABLE ISCHEMIC HEART DISEASE

PCI providing emergent or urgent recanalization of
acute thrombi has played a crucial role in treating pa-
tients with acute coronary syndrome (ACS). The so-
called “open artery hypothesis” proposes that early
reperfusion through infarcted coronary arteries leads to
better clinical outcomes than nonreperfusion. Reopening
an occluded coronary artery would minimize myocardial
injury, preserves cardiac function, and may ultimately
improve overall survival.

From the same scientific rationale for improving
patient longevity, preventing future acute coronary syn-
drome, and relieving anginal symptoms, PCI was also
widely implemented in stable ischemic heart disease
(SIHD) patients for a fairly short time period. However,
in the past decade, increasing scientific evidence has
highlighted the unclear benefit of PCI on SIHD, and
expectations for PCI have been tempered™. This issue
was further underscored by the publication of the
COURAGE trial®®, a multicenter study that recruited most
of its patients from the Veterans Administration Hospital
Network and failed to demonstrate clear benefits of
PCI for hard endpoints (mortality and/or myocardial
infarction) in comparison with optimized medical therapy
alone in patients with SIHD. Concern towards overuse
of PCI has emerged, and the above neutral results for
PCI in the non-acute setting provoked a debate in the
reconsideration of the indications for elective PCI.

Under these circumstances, 6 professional societies
in the United States [American College of Cardiology
Foundation (ACCF)/Society for Cardiovascular Angiography
and Interventions (SCAI)/Society of Thoracic Surgeons
(STS)/American Association for Thoracic Surgery (AATS)/
American Heart Association (AHA)/American Society of
Nuclear Cardiology (ASNC)] have presented their own
“appropriate use” provisions in order to solve this problem.
The original criteria were developed in 2009, and the
revised version was published in 201259,

DEVELOPMENT OF AUC

The process of evaluating appropriateness was based on
the RAND approach, which blends scientific evidence,
guidelines, and practical experience by engaging a
technical panel in a modified Delphi exercise. In brief,
nationally recognized experts were recruited, and the
panel included interventional cardiologists, cardiovascular
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surgeons, and general cardiologists. Over 200 clinical
scenarios were prepared. Initially, the members inde-
pendently rated the appropriateness of performing PCI
in these clinical scenarios using a 9-point scale, with 1
point regarded as being the most inappropriate and 9
points as being the most appropriate, based on different
combinations of the following items: (1) Anatomical
information [left main trunk (LMT), 3-vessel disease (VD),
1- or 2-VD with/without proximal left anterior descending
artery (LAD) involvement]; (2) Evaluation of the presence
and severity of preoperative ischemia (treadmill, exercise
myocardial scintigraphy, and stress echocardiography);
(3) Presence and severity of symptoms [asymptomatic,
Canadian Cardiovascular Society (CCS) scale 1-4]; and
(4) Presence of optimal medical therapy. An example
would be as follows.

Asymptomatic patient with diabetes; after screening
electrocardiography performed at an annual health
check-up revealed abnormalities, coronary computed
tomography angiography (CCTA) findings indicated
severe stenosis in the mid-right coronary artery; myo-
cardial scintigraphy revealed mild ischemia in the relevant
area, which was consistent with the finding of CCTA;
drugs administered: Aspirin (100 mg), rosuvastatin (2.5
mag).

When this scenario is evaluated using the 4 evaluation
points for AUC, the patient would be classified as having
“asymptomatic single-vessel disease without proximal
LAD involvement and mild ischemia, and no optimal
medical therapy”. According to the AUC, each evaluation
committee member determines the appropriateness
of PCI based on such a simplified scenario. The panel
then met for a face-to-face discussion, and the panel
members independently re-provided their final scores
for each indication. Each panel member had equal
weight in producing the final result. The median score
was documented for each scenario. Based on the me-
dian score for each indication (range, 1-9), they were
categorized as “appropriate” (median, 7-9), “uncertain”
(4-6), or “inappropriate” (1-3).

CURRENT STATUS OF APPROPRIATE
RATINGS IN THE UNITED STATES

A set of AUC was initially proposed to review clinical
decisions made by medical teams in each facility.
In addition, after its publication and initial phase of
implementation, attempts have been made to assess
the appropriateness of the indications for PCI in actual
clinical practice by applying these AUC to large-scale
registry data®'”. The results of the analysis of PCI
appropriateness in the United States revealed that in
acute settings, the procedure was generally adapted
appropriately. By contrast, in non-acute settings, 11.6%
of PCIs were deemed to be inappropriate (by 2009
AUC), and when using the revised 2012 AUC, as many
as 26.2% of PCIs were evaluated as inappropriate,
indicating the overuse of PCI for SIHD (Figure 1).
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At the same time, the following changes were ob-
served from 2009 to 2014"%, which were thought to
popularize the concept of AUC: (1) The rates of patients
with serious symptoms (CCS 3 or 4), patients with
severe ischemia, and patients receiving optimal medical
therapy increased; (2) The annual trend revealed that
the rate of inappropriate PCI decreased from 26.2% to
13.3% (Figure 1), and the ratio of elective PCI patients
decreased 30% overall; and (3) The variance of appro-
priateness among facilities also improved.

In the United States, on the basis of a study by
Hachamovitch et a''"! demonstrating that PCI-related
prognostic improvement could only be obtained in cases
with > 10% ischemic area, pre-procedural evaluation
of the extent of ischemia is deemed almost essential.
Furthermore, reflecting the COURAGE trial, clinical
guidelines also emphasize the use of optimal medical
therapy prior to revascularization. From such evidence,
PCI in cases of 1- or 2-VD without proximal LAD
involvement and optimal medical therapy is not accepted
regardless of patient symptoms. Additionally, coronary
artery bypass graft (CABG) is considered to be a more
appropriate therapeutic strategy than PCI for multivessel
CAD, based on the findings of the Synergy between PCI
with Taxus and Cardiac Surgery (SYNTAX) trial*? and
the Future Revascularization Evaluation in Patients with
Diabetes Mellitus: Optimal Management of Multivessel
Disease (FREEDOM) trial'**.,

Consequently, according to the CathPCI registry
(National Cardiovascular Data Registry), there was a
significant 33.8% reduction in the volume of non-acute
PCI procedures from 2010 (89704) to 2014 (59375)!"".,
Similarly, analysis of the Clinical Outcomes Assessment
Program also demonstrated a 43% decline in the number
of PCIs for elective indications (from 3818 in 2010 to
2193 in 2013)™.

APPLICATION OF THE CURRENT AUC IN
JAPAN

The number of PCI procedures has continued to in-
crease in Japan. More than 250000 procedures in >
800 hospitals were performed in 2014, which is esti-
mated to be > 14 times greater than the number of
CABG procedures. The proportion of elective procedure
accounts for < 40% of all PCI in the United States, and
as many as three-fourths of PCIs are performed in non-
acute settings in Japant>*®.

To document the rate of appropriate vs. inappropriate
PCI in Japanese practice, we applied US AUC scenario
ratings to patients registered in the Japan Cardiovascular
Database - Keio interhospital Cardiovascular Studies
(JCD-KIiCS). JCD-KIiCS is an ongoing prospective
multicenter registry built to collect clinical background
and outcome data on consecutive PCI patients in 15
centers affiliated with Keio University Hospital (11258
patients registered from 2008 to 2013)!"7*%,

Similar to the results in the United States, PCI was

August 26, 2016 | Volume 8 | Issue 8 |



50%

40% -

il

AUC/2009 AUC/2012
Japan

30%

Decreased
J | by half from
Y2009 to

Ij)14

AUC/2009 AUC/2012
United States

20%

10%

0%

Figure 1 The rates of inappropriate percutaneous coronary intervention
in non-acute settings in Japan and in the United States. In Japan, when
evaluated under the original criteria developed in 2009 (AUC/2009), 15% of
PCls were categorized as inappropriate, and 30.7% of PCls were classified as
inappropriate under the revised criteria (AUC/2012) (blue bars). By contrast, in
the United States, 11.6% of PCls were deemed to be inappropriate by AUC/2009,
and when using the AUC/2012, 26.2% of PCls were classified as inappropriate (red
bars). Additionally, the rates of inappropriate PCI decreased by half from 2009 to
2014, owing to the publication of AUC. PCI: Percutaneous coronary intervention;
AUC: Appropriate use criteria.

generally performed appropriately in acute settings.
However, in non-acute settings, 15% of PCI cases were
classified as inappropriate under the 2009 AUC, and
30.7% of PCI cases were categorized as inappropriate
under the revised 2012 AUC. As mentioned earlier,
when the 2009 AUC was applied, the rate of inap-
propriate PCI in the United States was 11%, and when
the revised 2012 AUC was used, the rate ranged from
13% to 26%; based on these findings, the rate of
inappropriate PCI in Japan is high (Figure 1).

This higher rate of inappropriate PCIs in Japan
compared with the United States is mostly driven by
differences in the therapeutic strategy toward patients
with low-risk ischemia. In contrast to the United States
practice, where indications for PCI are strictly limited to
cases with > 10% ischemia, PCI for low-risk patients is
considered acceptable in Japan. The Japanese Stable
Angina Pectoris (JSAP) trial evaluated the effectiveness
of PCI for such stable low-risk CAD patients compared
with medical therapy in Japan, and the results were
strikingly different from those of the COURAGE trial. In
the JSAP trial, the long-term benefit of PCI compared to
conservative management was observed™. The JSAP
trial enrolled 384 patients with low-risk CAD consisting
of 1- or 2-VD from 78 institutions in Japan. This trial
was conducted in a randomized fashion, and patients
were randomly allocated to a medical therapy only
group or PCI plus medical therapy group. The primary
end point was the composite of all-cause death, ACS
admission, cerebrovascular accidents, and emergency
hospitalization. During the 3.3-year follow-up, the
incidence of the primary composite end point was signi-
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ficantly lower in the PCI plus medical therapy group
compared to the initial medical therapy-only group,
which demonstrated the effectiveness of PCI for stable
CAD patients at low-risk for cardiovascular events.

However, the JSAP trial had several concerns. First,
the benefit of PCI was only recognized in the composite
end point and disappeared for all-cause death. This
discrepancy could obscure the prognostic impact of PCI
for this low-risk population. Furthermore, in this trial,
the medical therapy was not optimal in either group.
The prescription rates of statin and beta-blocker were
45.2% and 51.6%, respectively, even in the medical
therapy group. From the insight of the COURAGE trial'®,
implementation of the optimal medical therapy was an
equivalent therapeutic option for the management of
low-risk CAD patients, and the findings of the JSAP trial
should be cautiously interpreted.

We have also previously evaluated the appro-
priateness of PCI, based on both the United States and
Japanese AUC, and compared the ratings'®. Japanese
AUC was developed in the line with the United States
AUC; however, several issues have merged since the
establishment of J-AUC. J-AUC was published in 2007,
and this was before the publication of COURAGE trial.
Therefore, the importance of optimal medical therapy
was not highlighted in the clinical practice guidelines
then. Furthermore, the J-AUC panel was weighted more
toward coronary interventionists (7, in comparison to 2
cardiac surgeons). Thorough revision is needed for the
application of J-AUC, but it reflected consensus toward
the indication of PCI in Japan to some extent. Naturally,
the rate of inappropriate PCI under J-AUC in JCD-KIiCS
was substantially lower (5.2%) than that using the
US AUC (15%); the rating discrepancies between the
US- and J-AUC were largely due to difference in the
interpretation of revascularization in asymptomatic,
low- or intermediate-risk patients without proximal
LAD involvement. This discrepancy may be related to
multiple factors including cultural differences and the
unique Japanese healthcare system. It also underscores
the need for revision of AUC according to their asso-
ciated culture and healthcare system.

Lastly, the variability of the appropriate ratings among
institutes is also an issue that remains to be resolved.
When the current United States AUC was applied to
our registered dataset (JCD-KICS registry), the rate
of inappropriate PCI varied across institutes, ranging
from 17.5% to 50% (Figure 2). This finding suggests
uneven care in the field of coronary intervention in
Japan, which should be resolved to improve the quality
of care. Hospital-level variation in the proportion of PCIs
classified as inappropriate was also found in the United
States. However, since the launch of the AUC in 2009,
it has substantially improved™®. The concept of AUC
has tremendous potential to improve patient selection
for PCI, and is expected to gain wider acceptance in
Japanese dlinical practice.
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Figure 2 The variability of inappropriate ratings in elective percutaneous coronary interventions among institutes participating in the JCD-KiCS registry
(15 centers). When the current AUC (developed in 2012) was applied to the JCD-KICS registry, 30.7% of elective PCls were classified as having inappropriate
indications. This rate varied across institutes, ranging from 17.5% to 50%. AUC: Appropriate use criteria; PCI: Percutaneous coronary intervention.

PROBLEMS EXTRAPOLATING THE
CURRENT AUC TO DAILY PRACTICE IN

JAPAN

Can the current United States-derived AUC be directly
applied to daily clinical practice in Japan? There are
several problems concerning this issue. First, the
modalities for evaluating CAD differ between the United
States and Japan. In the United States, stress testing,
including treadmill, myocardial scintigraphy, and stress
echocardiography, is generally used to assess ischemia.
However, in recent years, CCTA has become widespread
in Japan, and fractional flow reserve (FFR) is often used
to assess ischemia. Since appropriateness criteria assign
high value to functional information, reflecting a strong
tilt toward physiological assessment of ischemia in the
United States, CCTA, which only provides anatomical
information, is not recognized as one of the prior non-
invasive tests under these criteria. We previously in-
dicated that due to the popularity of CCTA and FFR,
Japanese PCI cannot be adequately evaluated under
the current AUC developed in the United States (Figure
3), and an editorial published from the American
perspective entitled “lessons learned from Japan” also
mentions this problem!®*.,

Second, as quoted previously, the therapeutic str-
ategy toward patients with low-risk ischemia differs
greatly between the United States and Japan. Clearly,
further studies involving the Japanese population are
needed to close the perception gap for PCI indications
that lack sufficient scientific underpinning.

Finally, there is room for improvement in the current
AUC proposed in the United States. For example, clinical
scenarios involving PCI for chronic total occlusion (CTO) are
limited to “chronic total occlusion of 1 major epicardial
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coronary artery, without other coronary stenosis”;
therefore other types of CTO-PCI cannot be accurately
evaluated®™®*!, In addition, although the use of FFR is
limited to cases with moderate stenosis, it should be
widely accepted in evaluating various lesions. Based on
the results of the FFR vs angiography for multi-vessel
evaluation II (FAME2) study'®, the prevalence of FFR-
guided PCI substantially increased!’*®!, Because FFR
enables the evaluation of the significance of CAD in the
cardiac catheterization laboratory, pre-procedural tests
might have been omitted in some patients; therefore,
patients evaluated only by FFR are likely to be classified
as having inappropriate PCI, unless such cases are
properly assigned to FFR-related scenarios. However, in
the current AUC, ischemic evaluation by FFR is accepted
only for 1- or 2-vessel CAD with borderline stenosis of
“50% to 60%", and the use of FFR in coronary artery
stenosis greater than 60% was not adjudicated™®'.

Previously, we discussed such issues concerning the
current AUC with United States investigators in the form
of correspondence to the paper by Inohara et af*”’ and
Brandley et al***®. We mainly insisted on the validity
of performing CCTA as a pre-procedural evaluation.
However, although they agreed that AUC comprise a
living document and require frequent revision to incor-
porate evolving evidence, they disagreed with our
opinion, since pre-procedural evaluation using CCTA was
performed in only 0.5% of all PCIs registered in their
dataset. When considering such perception gaps, it is
impractical to extrapolate the current AUC advocated in
the United States to daily clinical practice in Japan. In
order to popularize the concept of appropriate ratings in
Japan, further effort is needed to refine and correct the
disconnection between the current AUC and Japanese
clinical practice.
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Figure 3 Association between temporal trends in non-invasive tests and
frequency of inappropriate ratings. The proportion of patients evaluated
with CCTA and FFR substantially increased (both P for trend < 0.001), which
coincided with a decrease in utilization of stress myocardial perfusion imaging
over the course of 5 years (P for trend < 0.001). Contemporaneously, the
proportion of inappropriate PCls increased (P for trend = 0.003) in parallel with
the increase in utilization of CCTA. The gray area indicates the percentages of
inappropriate procedures based on original appropriateness criteria (AUC/2009).
From Inohara et af'™. CCTA: Coronary computed tomography angiography;
MPI: Myocardial perfusion imaging; FFR: Functional flow reserve.

TOWARDS THE INTERNATIONAL
APPLICATION OF AUC

Although the revision of the current AUC in accordance
with the daily clinical practice in Japan will require
some effort, the effects that the concept of AUC brings
are expected to be extremely large. As previously dis-
cussed, the application of AUC in the United States led
to a reduction in the number of elective PCI by half.

A recent study by Chinese investigators demonstrated
that the medical records of many patients undergoing
PCI lacked documentation of important process measures
needed to assess quality of care®®, AUC can serve as a
foundation to guide future efforts on quality improvement
in the use of PCI in such cases. Variation in quality of
care across hospitals has also been noted in European
countries. In a hospital-level international comparison
of patients with acute myocardial infarction admitted
to hospitals in Sweden and the United Kingdom, inter-
hospital variation in the use of primary PCI, antiplatelet
treatment, and statin at discharge were important in
explaining variation in 30-d mortality®™. The results
of this study suggest that more consistent adherence
to new treatment guidelines across all hospitals would
deliver improved outcomes, and standardizing the
appropriateness of the revascularization procedures could
aid in facilitating this adherence.

In Japan, the Japanese Association of Cardiovascular
Intervention and Therapeutics (CVIT) has developed a
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nationwide registry designed to collect clinical variables
and outcome data on PCI patients (J-PCI), which is
also linked to medical specialty boards. Therefore, it
is feasible that the construction of a feedback system
via such a registry will lead to the popularization and
practical use of AUC in daily clinical practice in Japan.
However, issues concerning the balance between the
professionalism and autonomy of physicians are deeply
involved, making it difficult to reach a conclusion reg-
arding the role of physician discretion in the decision
to perform PCIL. Looking at various past examples in
Japan, the Japanese public appears to have developed
a negative attitude toward organizations, including
specialized professional groups that have failed to per-
form self-auditing. For this reason, we believe that some
sort of restriction toward the indication of PCIs such as
AUC will be implemented in the near future.

CONCLUSION

The concept of AUC has shown great value as a quality
measure and led to improved patient selection for PCI
in the United States. Although several issues remain
to be resolved in order to extrapolate the current AUC
to Japanese clinical practice, this concept should be
introduced to improve the quality of care in Japan and
other countries.
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Abstract

AIM

To investigate the association between cardiorespiratory
fitness and hospitalization events in a cohort of large
voluntary arm forces in Taiwan.

METHODS

The cardiorespiratory fitness and hospitalization events in
armed forces (CHIEF) is a retrospective cohort consisting
of more than 4000 professional military members aged
18-50 years in Eastern Taiwan. All participants received
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history taking, physical examination, chest radiography,
12-lead electrocardiography, blood tests for cell counts
and fasting glucose, lipid profiles, uric acid, renal function
and liver function in the Hualien Armed Forces General
Hospital during 2014. In addition, participants were
required to undergo two indoor resistant exercise tests
including 2-min push-up and 2-min sit-up, both scored
by infrared sensing, and one outdoor endurance 3000-m
none weight-bearing running test, the main indicator of
cardiorespiratory fitness in the Military Physical Training
and Testing Center in Eastern Taiwan in 2014.

RESULTS

Hospitalization events for cardiovascular disease, acute
kidney injury, rhabdomyolysis, severe infectious disease,
acute psychiatric illness, diabetes, orthopedic surgery
and mortality will be identified in the National Insurance
Research Database for 10 years.

CONCLUSION

CHIEF will be among the largest Eastern Asian armed
forces cohort, in which physical status was strictly
evaluated to follow up the hospitalization events for
severe illness.

Key words: Cardiorespiratory fitness; Hospitalization;
Voluntary armed forces

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.
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endurance and resistance exercises for professional yo-
ung adults in armed forces associated with well or poor
cardiovascular outcomes in their middle ages is unknown.
In addition, several unhealthy factors such as cigarette
smoking and depressive mood are prevalent among arm
forces, which may affect the physical performance and
increase the risk of hospitalization for severe illness. In
this case, we will investigate the association of cardio-
respiratory fitness with hospitalization events in a retro-
spective armed forces cohort consisting of about 4000
professional military members aged 18-50 years in Ea-
stern Taiwan for more than 10 years.

Lin GM. LiYH. Lee CJ. Shi JC. Lin KH. Chen KW. Chen Y1,
Wu CF, Lin BS, Yu YS, Lin F, Su FY, Wang CH. Rationale and

design of the cardiorespiratory fitness and hospitalization events in
armed forces study in Eastern Taiwan. World J Cardiol 2016; 8(8):
464-471 Available from: URL: http://www.wjgnet.com/1949-8462/
full/v8/i8/464.htm DOI: http://dx.doi.org/10.4330/wjc.v8.i8.464

INTRODUCTION

Professional military members are required to take regular
rigorous physical trainings including endurance and
resistance exercise to maintain their outstanding fitness.
Frequent exercise training and well physical fitness have
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been associated with lower risk of cardiovascular disease
and mortality in the general population™?!. However,
current evidence showed conflicting results regarding
the cardiovascular outcomes in those taking repetitive
strenuous exercises™*, For instance, cardiac remodeling
such as left ventricular muscle hypertrophy, chamber
dilatation, mitral valve regurgitation, and arrhythmia,
which have been well regarded as poor prognostic
predictors of acute cardiac events among patients with
conventional atherosclerotic risk factors are commonly
present in elite athletes’®®. Whether these physiological
cardiac adaptations to repetitive vigorous training on
future cardiovascular disease and mortality are beneficial
or hazardous to armed forces remain unknown. In
addition, several unhealthy behaviors and environments
such as cigarette smoking, alcohol intake, stress,
insomnia, and depressive mood are prevalent among
arm forces, which may affect the physical performance
by reducing cardiopulmonary function and increase
the risk of hospitalization for acute illness®®'®. However
there were few studies using large military cohorts,
particularly of Asian young adults, with detailed data of
demographics, laboratory exams, and cardiopulmonary
function evaluations at baseline, to follow up the incidence
of cardiovascular disease and other severe illness events.
Therefore the aim of our study is to retrospectively
investigate the association between cardiorespiratory
fitness and hospitalization events in a large voluntary arm
forces cohort in Eastern Taiwan.

MATERIALS AND METHODS

Study population

The cardiorespiratory fitness and hospitalization events
in armed forces (CHIEF) is a retrospective cohort con-
sisting of voluntary military members aged 18-50 years
in Eastern Taiwan during 2014.

Measurements of the health examinations

All participants had to undergo physical examinations,
anthropometric measurements for height, weight, and
waist circumference at standing position, hemodynamic
status including pulse rate and blood pressures, which
were automatically measured by the PARAMA TECH
FT-201 blood pressure monitor over right upper arm
at sitting position, after taking rest for at least 15 min,
chest radiography [posteroanterior (PA) standing view],
12-lead electrocardiography which was interpreted
mainly according to the computerized Minnesota Code
classification system™, urinalysis, blood tests for cell
counts and concentrations of fasting glucose, total
cholesterol, high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol, triglycerides, serum
uric acid, blood urea nitrogen, creatinine, estimated
glomerular filtration rate (eGFR) which was defined on
the basis of the Chronic Kidney Disease Epidemiology
Collaboration equation™, aspartate transaminase (AST),
alanine transaminase (ALT), and surface antigen of
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Figure 1 Geographic institutions of the cardiorespiratory fitness and hospitalization events in armed forces study performed. (A) The map of Hualien
County in Taiwan is highlighted in red, and the symbols represent (B) the Hualien-Armed Forces General Hospital and (C) the Military Physical Training and Testing

Center in the Army HuaDong Defense Command.

viral hepatitis B in the Hualien Armed Forces General
Hospital where is the only military referral center for the
professional armed forces in Hualien, Taiwan to perform
the whole body health exams in 2014 (Figure 1). With
regard to history taking, all participants were asked
to self-report a questionnaire including demographic
information, personal and third degree relatives medical
history, current cigarette smoking status, current alcohol
intake status, current betel chewing status, frequency of
exercise persisting for at least 30 min in the past half year
(never, occasionally, 0-1 time/wk, 3-5 times/wk), ever
experienced any discomfort related to exercise (dizziness,
chest tightness, dyspnea, or palpitation), and Brief
Symptom Rating Score (BSRS-5)"*** which is a 5-item
Likert scale [scores of 0 (none), 1 (mild), 2 (moderate),
3 (severe), 4 (extremely severe)] for measurement of
the severity of psychological distress. A higher score
indicates poorer mental health™®. The full scale contained
the following five items of psychopathology: (1) feeling
tense or keyed up (anxiety); (2) feeling low in mood
(depression); (3) feeling easily annoyed or irritated
(hostility); (4) feeling inferior to others (interpersonal
hypersensitivity: Inferiority); and (5) having trouble
falling asleep (insomnia); and an additional question, “do
you have any suicide ideation?” was added at the end of
the questionnaire.

Measurements of the physical fitness

In addition, participants were also required to undergo
2 indoor resistant exercise tests including 2-min push-
up and 2-min sit-up and one outdoor endurance 3000-m
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none weight-bearing running exercise test, the main
indicator of cardiorespiratory fitness in the Military
Physical Training and Testing Center in Eastern Taiwan
during 2014. Both 2-min push-up and 2-min sit-up
contests were computerized scoring and whole courses
were recorded by video. The procedure of 2-min push-
up was scored only when the participants’ body upward
movement achieving the initial resting set height levels
of shoulder and buttock simultaneously detected by
infrared sensors (Figure 2A). The test would be early
aborted once either elbows or knees touched down on
the ground before time out. The procedure of 2-min sit-
up was scored only if participants’ body bended forward
and elbows blew the touch sensors on both thighs
(Figure 2B). With regard to 3000-m none weight-bearing
running exercise test, whole course was recorded by
video as well. All 3000-m none weight-bearing running
tests were only allowed to be held at 16:00 pm when
the risk coefficient of heat stroke, the product of outdoor
temperature (*C) and relative humidity (%) x 0.1, was
less than 40 or it was not raining.

Follow-up for the outcome of interests

After 2014, those retained in annual health or physical
fitness exams will be followed up longitudinally. The
outcome of interest will be the hospitalization events
for cardiovascular disease, acute kidney injury, rhab-
domyolysis, severe infectious disease, acute psychiatric
iliness, type 2 diabetes mellitus, orthopedic surgery,
and mortality respectively. Hospitalization events will
be identified in the National Insurance Research Data-
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Figure 2 lllustrations of standardized procedure for push-up and sit-up tests in the cardiorespiratory fitness and hospitalization events in armed forces
study, respectively. A: A participant prepared for the push-up test surrounded by four flared sensors and a computerized monitor was ahead of him. A supervisor
squatted aside by him to watch for all his procedure; B: A participant prepared for the sit-up test with two touch sensors were bound on both thighs and a computerized
monitor was opposite to him. A supervisor stood aside by him to watch for all his procedure.

base and followed up for at least 10 years. This study
was approved by the Institutional Review Board of
the Mennonite Christian Hospital in Hualien, Taiwan
and written informed consent was obtained from all
participants.

Statistical analysis

The armed forces in Eastern Taiwan who did not receive
health examinations or undergo exercise tests in the
index centers of Hualien during 2014 were excluded.
Figure 3 shows the flow diagram to select the CHIEF
study cohort. Demographic characteristics and exercise
performances of men and women were reported as
mean + SD or percent for continuous and categorical
variables, respectively. The analysis will use the time
for follow-up at January 1, 2014 with censoring at first
occurrence of hospitalization events for specific severe
illness, death, or end of follow-up (December 31, 2024).
Kaplan-Meier analysis will be used to assess the sex-
specific association of each exercise test performances
(2-min push-up, 2-min sit-up, and 3000-m none weight-
bearing running) with incident hospitalization events
for specific severe illness. Cox proportional hazard
regression analyses will be used to assess the sex-
specific multivariable association between each exercise
test performance and incident hospitalization events,
adjusting for potential confounders. A 2-tailed value of
P-value < 0.05 will be considered significant.

RESULTS

The historical CHIEF cohort consists of 4080 participants
who received both health exams and underwent at
least one exercise test during 2014. The administrative
rates for 2-min sit-up, 2-min push-up, and 3000-m
none weight-bearing running test were 99.5%, 98.8%
and 88.6%, respectively. The descriptive statistics of
baseline profiles, medical and family history, laboratory
and 12-lead electrocardiographic findings, BSRS scores,
and each exercise test performance of men and women
were shown in Tables 1-4 respectively. Of these partici-
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pants, men accounted for about 89.9% and the mean
age of men and women were about 29 and 28 years,
respectively.

piscussion.

Previous studies have demonstrated the benefit of
leisure time exercise which may reduce inflammatory
response, viscosity, and the risk of cardiovascular
disease in the general population™®, However, it is
not clear the relationship of what kinds of exercise, how
the dosing of exercise, and the performance of physical
fitness in young adults with future health status in their
middle age. In addition, for a population with rigorous
exercise training daily for work such as athletes and
professional military members, the question of exercise
training and physical fithess on the health status has
not been answered yet, since there were too few large
cohort studies to investigate the association. Therefore
the CHIEF study will be one of the largest retrospective
military cohort ever in the world to retrospectively follow
up the severe illness events.

In CHIEF, the anthropometric profile of men was
characterized by an average overweight value defined
by the body mass index criteria for Eastern Asian
individuals (> 24.0 kg/m?), but within a non-obese waist
circumference limit defined to be < 85 cm for Asian male
populations*®®®!, This may reflect that muscle mass
may account for a higher proportion of body weight in
men, which was also supported by a higher proportion of
electrocardiographic left ventricular hypertrophy (17%) in
men. In contrast, both levels of body mass index and waist
circumference in women were within non-obese levels
suggested for Asian female populations®”. Unlike elite
athletes, many unhealthy behaviors such as cigarette
smoking and alcohol consumption were prevalent in men
(about 40%) and in women (10%-20%). In addition,
about 40% of men reported mild to extremely severe
depression or anxiety and 50% of women reported
those negative psychological symptoms. Because of the
specialty of armed forces, all these confounders should
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Voluntary armed forces who received
health examinations in the Hualien
Armed Forces General Hospital in
2014 (n = 6133)

Those who were excluded:
Not participating any exercise test in

The retrospective cohort of the
cardiopulmonary fitness and
hospitalization events in armed
forces (CHIEF) (n = 4080)

the Military Physical Training Center
in Eastern Taiwan in 2014
(7 = 2053)

Those who participated 2-min
sit-up test
(n = 4059)

Those who participated 2-min
push-up test
(n = 4032)

Those who participated 3000-m
running test
(n = 3616)

Figure 3 Flow diagram to select the eligible cardiorespiratory fitness and hospitalization events in armed forces cohort during 2014.

Table 1 Baseline demographics, hemodynamics, medical and
family history, and habit of exercise of men and women in the

cardiorespiratory fitness and hospitalization events in armed
forces study

Men Women

(n =3669) @ =411)
Age (yr) 293+59 281+6.5
Specialty (%)
Air force 28 23.6
Army 50.5 61.6
Navy 215 14.8
Height (cm) 171.8 5.8 160.5 + 4.4
Weight (kg) 73.5+10.2 58181
Body mass index (kg/m’) 249+£31 225+2.9
Waist circumference (cm) 83.4+8.0 733+74
Pulse rate (times/min) 72.2+10.8 75.7£10.1
Systolic blood pressure (mmHg) 1184 +131  106.5+12.4
Diastolic blood pressure (mmHg) 70.6 £10.1 65.2+9.1
Current smoking (%) 38.1 122
Current alcohol intake (%) 44.7 17.1
Current betel chewing (%) 12 1.2
Medical history (%)
Hypertension 1.5 0.2
Symptomatic arrhythmia 11 1.7
Chronic hepatitis B 3.4 1.7
Family history of cardiovascular 34 4.6
disease within 3" relatives (%)
Frequency of exercise (%)
Never or occasionally 19.7 30.5
1-2 times/wk 38.2 429
Over 3-5 times/wk 422 26.6
Cardiopulmonary distress symptoms 8.9 15.4

related to exercise (%)

Data were presented as the mean + SD and percentage (%).
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be taken into account the association between physical
fitness and severe iliness events.

Push-up and sit-up performance were used to as-
sess musculoskeletal fithess. Push-up exercise is a
strengthening exercise for building up strength and
endurance in the muscles of the upper arm and shoul-
ders, and sit-up exercise is performed to enhance
abdominal muscular endurance. Mota et a**! showed
that low push-up and sit-up test performance is asso-
ciated with increased risk for obesity and metabolic
risk in adolescent girls. Furthermore, Katzmarzyk et
al®® found that sit-up but not push-up performance
is predictive of mortality in the Canadian population.
Performance in 3000-m (middle distance) running
mainly depends on maximal aerobic power (VOmax)®*¥,
which are related to several physiological parameters
including maximal oxygen uptake, running economy,
velocity at 4 mmol/L blood lactate concentration, and
the minimal velocity at which VO2max occurs™* %%
Accordingly, the performance of 3000-m none weight-
bearing running test in armed forces could be regarded
as a good surrogate for their cardiorespiratory fitness. As
is known, adolescent cardiorespiratory fitness has been
associated with adult fatness®. Several previous studies
in the Western countries demonstrated that superior
cardiorespiratory fitness may be associated with lower
risk of hospitalization events for incident hypertension,
diabetes mellitus, coronary heart disease, stroke, cat-
aract, and diverticular complications®**, Moreover,
a relationship between cardiorespiratory fitness and
all-cause and cardiovascular mortality has been well
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Table 3 Brief symptom rating score of men and women in
the cardiorespiratory fitness and hospitalization events in
armed forces study

Men Women Men Women
(n =3669) (@ =411) (n =3669) (n =411)
Blood routine Anxiety (%)
Hemoglobin (g/dL) 152+1.0 13.0+£1.0 None (0) 69.52 59.72
Mean corpuscular volume (fl) 85.1+6.3 85.2+6.8 Mild (1) 25.1 322
RBC count (10°/uL) 53+05 47+04 Moderate (2) 47 7.6
WBC count (10°/pL) 68+1.7 6.6+1.7 Severe (3) 0.4 0.2
Platelet count (10°/pL) 2529+50.5 2745+53.1 Extremely severe (4) 0.3 0.2
Blood biochemistry Depression (%)
Fasting glucose (mg/dL) 93.6 +13.4 89.1+75 None (0) 72 63.2
Total cholesterol (mg/dL) 1744 +£340 167.4+29.1 Mild (1) 23 28.1
LDL-cholesterol (mg/dL) 106.0 +29.7 93.5+25.3 Moderate (2) 41 7.8
HDL-cholesterol (mg/dL) 479+9.8 56.9+11.0 Severe (3) 0.7 0.7
Triglycerides (mg/dL) 1151+£100.3  77.7+£38.9 Extremely severe (4) 0.3 0.2
BUN (mg/dL) 129+28 10.7 £2.4 Hostility (%)
Creatinine (mg/dL) 1.0+0.1 07+0.1 None (0) 65.7 55.1
eGFR (mL/min per 1.73 m’) 99.8+142 1094 +18.4 Mild (1) 27.3 33.9
Uric acid (mg/dL) 6713 4709 Moderate (2) 5.8 9.8
AST (U/L) 20.7 8.9 16.2+52 Severe (3) 0.9 0.7
ALT (U/L) 231177 125+73 Extremely severe (4) 0.3 0.5
Urinalysis (%) Insomnia (%)
Protein > 1+ 103 10.5 None (0) 63.5 58.8
RBC > 1+ bIg) 17.4 Mild (1) 28 29.5
Occult blood > 1+ 34 17.8 Moderate (2) 6.7 9.5
WBC > 6-10 21 11.2 Severe (3) 14 1.2
Bacteria > 1+ 2.6 224 Extremely severe (4) 0.4 1
12-lead electrocardiography (%) Interpersonal hypersensitivity: Inferiority
LVH/RVH/IVCD 17.3/1.0/02  2.0/0.2/0 (%)
LAE/RAE 0.2/0.2 0.2/0 None (0) 79.3 73,2
ICRBBB/CRBBB 3.9/0.5 0.73/0 Mild (1) 16.5 21
LAFB/LPFB 0.7/0.2 0/0 Moderate (2) 4 5
1" degree atrioventricular block 3.8 34 Severe (3) 0.5 0.2
PACs/PVCs 0.4/0.6 0.2/0.2 Extremely severe (4) 0.2 1
Suicide ideation (%)
. None (0) 96.4 95
Data were presented as the mean * SD and percentage (%). ALT: Alanine Mild (1) 24 37
transaminase; AST: Aspartate transaminase; BUN: Blood urea nitrogen; Moderate (2) 06 15
CHIEF: Cardiopulmonary fitness and hospitalization events in armed forces; Severe (3) 04 0
CRBBB: Complete right bundle branch block; eGFR: Estimated glomerular Extremely severe (4) 03 0

filtration rate; HDL: High-density lipoprotein; ICRBBB: Incomplete complete
right bundle branch block; IVCD: Intraventricular conduction delay;
LAE: Left atrial enlargement; LAFB: Left anterior fascicular block; LPFB:
Left posterior fascicular block; LDL: Low-density lipoprotein; LVH: Left
ventricular ventricular hypertrophy; PACs: Premature atrial contractures;
PVCs: Premature ventricular contractures; RAE: Right atrial enlargement;
RBC: Red blood cell; RVH: Right ventricular hypertrophy; WBC: White
blood cell.

established in the general population!™®, On the contrary,
outstanding cardiorespiratory fitness is highly related to
rigorous exercise training which may lead to hazardous
cardiovascular events such as sudden death and severe
cardiac arrhythmia, rhabdomyolysis, and orthopedic
illness in armed forces™, It is important to know how
to prevent exercise related lethal complications and to
obtain the best physical fitness.

The strength of the study includes that: (1) the data
of the historical cohort is complete since both whole
body health examinations and physical exercise tests are
scheduled for all professional military members annually
unless those who receive these examinations elsewhere;
(2) the procedures of health examinations and physical
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Data were presented as percentage (%).

exercise tests are standardized and performed in central
labs which could avoid systemic bias completely; (3) as
compared with previous studies for the association of
physical fitness with severe illness, the baseline data of
CHIEF includes not only demographic characteristics but
also a series of laboratory and imaging findings, which
could be further adjusted to prevent potential bias; and
(4) both health examinations and physical exercise tests
will be held annually that provide the opportunity for us
to follow up the interval change of the physical fitness
and investigate the association with severe illness.
On the contrary, we have several limitations in the
study. First, there were about one third (33.5%) of the
military members in armed forces who received health
examinations but did not undergo any physical exercise
test in Hualien during 2014. Although the baseline
characteristics of drop-out individuals were similar to
those enrolled in CHIEF, we could not completely exclude
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Table 4 Exercise performances of men and women in the

cardiorespiratory fitness and hospitalization events in armed
forces study

Men Women

n  Performance n Performance

2-min sit-up 3651 475+82 408 37.7+8.1
2-min push-up 3641 491+11.7 391 339%10.6
3000-m non-weight bearing 3296 859.9+72.7 320 1007.1+76.9
running (s)

Data were presented as the mean + SD.

the selection bias. Second, women account for only
10% of the CHIEF cohort and we may not have enough
power to make a conclusion at last. Third, since CHIEF is
a retrospective study, some potential confounders such
as systemic inflammatory markers, cardiac biomarkers,
nutritional support, diet, and the type of daily regular
exercise trainings performed, which may affect the
physical performance and hospitalization events for
severe illness, will not be available without prospective
collection.

In summary, physical fitness as an independent
predictor of mortality and cardio-metabolic risk in the
general population has not been confirmed in young
military members of armed forces who have many
traditional vascular risk factors. The CHIEF study is thus
designed to be one of the largest military cohorts in the
world and will retrospectively investigate the association
of each physical fitness performance, the interval change
of each physical fithess, and incident hospitalization
events for severe illness. The result of CHIEF could be
applied to the military members in armed forces to
improve the physical trainings effectively and prevent the
adverse effect related to heavy exercises in the future.

B ——

Professional military members are required to take regular rigorous physical
trainings to maintain their physical fitness. However, several unhealthy factors
such as cigarette smoking are prevalent among arm forces, which may affect
the exercise performance and increase the risk of severe illness.

Research frontiers

Frequent exercise training and well physical fithess have been associated with
lower risk of cardiovascular disease and mortality in the general population.
Current evidence in the Western countries showed conflicting results for the
cardiovascular outcomes in those taking repetitive strenuous exercises.

Innovations and breakthroughs

There were few studies using large military cohorts, particularly of Asian
young adults, with detailed data of demographics, laboratory exams, and
cardiopulmonary function evaluations at baseline, to follow up the incidence of
cardiovascular disease and other severe illness events such as infectious and
orthopedic disease. The cardiorespiratory fitness and hospitalization events in
armed forces (CHIEF) is a retrospective cohort consisting of more than 4000
professional military members aged 18-50 years in Eastern Taiwan. CHIEF will
be among the largest Eastern Asian armed forces cohort, in which physical
status was strictly evaluated to follow up the hospitalization events for specific

Baishidenge  WJC | www.wjgnet.com

severe illness.

Applications

The result of CHIEF could be applied to the military members in armed forces
to improve the physical trainings effectively and prevent the adverse effect
related to heavy exercises in the future.

Peer-review

The authors present here the protocol of a study about cardiorespiratory fithess
in a military population. It is well written and seems to me it will make a fine
study when finished.
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Abstract

AIM

To find parameters from transthorathic echocardiography
(TTE) including speckle-tracking (ST) analysis of the
right ventricle (RV) to identify precapillary pulmonary
hypertension (PH).

METHODS

Forty-four patients with suspected PH undergoing right
heart catheterization (RHC) were consecutively included
(mean age 63.1 £ 14 years, 61% male gender). All
patients underwent standardized TTE including ST
analysis of the RV. Based on the subsequent TTE-derived
measurements, the presence of PH was assessed: Left
ventricular ejection fraction (LVEF) was calculated by
Simpsons rule from 4Ch. Systolic pulmonary artery
pressure (sPAP) was assessed with continuous wave
Doppler of systolic tricuspid regurgitant velocity and
regarded raised with values = 30 mmHg as a surrogate
parameter for RA pressure. A concomitantly elevated
PCWP was considered a means to discriminate between
the precapillary and postcapillary form of PH. PCWP was
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considered elevated when the E/e’ ratio was > 12 as a
surrogate for LV diastolic pressure. E/e’ ratio was measured
by gauging systolic and diastolic velocities of the lateral and
septal mitral valve annulus using TDI mode. The results
were then averaged with conventional measurement of
mitral valve inflow. Furthermore, functional testing with six
minutes walking distance (6MWD), ECG-RV stress signs,
NT pro-BNP and other laboratory values were assessed.

RESULTS

PH was confirmed in 34 patients (precapillary PH, n =
15, postcapillary PH, n = 19). TTE showed significant
differences in E/e’ ratio (precapillary PH: 12.3 £ 4.4,
postcapillary PH: 17.3 £ 10.3, no PH: 12.1 £ 45, P =
0.02), LV volumes (ESV: 25.0 £ 15.0 mL, 49.9 £ 29.5
mL, 32.2 £ 13.6 mL, P = 0.027; EDV: 73.6 £ 24.0
mL, 110.6 + 31.8 mL, 87.8 £ 33.0 mL, Z = 0.021) and
systolic pulmonary arterial pressure (sPAP: 61.2 + 22.3
mmHg, 53.6 £ 20.1 mmHg, 31.2 £ 24.6 mmHg, P =
0.001). STRV analysis showed significant differences
for apical RV longitudinal strain (RVAS: -7.5% + 5.6%,
-13.3% £ 4.3%, -14.3% % 6.3%, P = 0.03). NT pro-
BNP was higher in patients with postcapillary PH
(4677.0 £ 7764.1 pg/mL, precapillary PH: 1980.3 *
3432.1 pg/mL, no PH: 367.5 + 420.4 pg/mL, P = 0.03).
Patients with precapillary PH presented significantly more
often with ECG RV-stress signs (P = 0.001). Receiver
operating characteristics curve analyses displayed the
most significant area under the curve (AUC) for RVAS
(cut-off < -6.5%, AUC 0.91, P < 0.001), sPAP (cut-off
> 33 mmHg, AUC 0.86, P < 0.001) and ECG RV stress
signs (AUC 0.83, P < 0.001). The combination of these
parameters had a sensitivity of 82.8% and a specificity
of 17.2% to detect precapillary PH.

CONCLUSION
The combination of non-invasive measurements allows
feasible assessment of PH and seems beneficial for the
differentiation between the pre- and postcapillary form
of this disease.

Key words: Echocardiography; Right ventricle function;
Pulmonary arterial hypertension

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

Core tip: We investigated the value of speckle-tracking
(ST) analysis of the right ventricle (RV) in patients with
suspected pulmonary hypertension. It focuses on a
non-invasive model including parameters derived from
standard transthorathic echocardiography (TTE) and ST,
as well as electrocardiogram (ECG), six minutes walking
distance and NT-pro BNP in order to distinguish the
precapillary and postcapillary forms of PH. ST-derived
apical RV longitudinal strain (RVAS < -6.5%), TTE-derived
systolic pulmonary artery pressure (sPAP > 33 mmHq)
and ECG RV stress signs were associated with precapillary
PH, their combination had a sensitivity of 82.8% and a
specificity of 17.2% for the detection of precapillary PH.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a precapillary
form of pulmonary hypertension (PH). This severe
disease is characterized by raised intrapulmonary
pressures and changes in pulmonary haemodynamics
that lead to high right ventricular (RV) afterload and
chronic RV load™. The natural course of PAH is fatal
within two to three years if missed and left untreated.
Since heterogenous pathophysiological mechanisms™
lead to elevated intrapulmonary pressures, it is crucial to
distinguish the precapillary forms from the postcapillary
forms of PH in order to initiate adequate therapy. Acc-
ording to current guidelines, the standard procedure for
definite diagnosis is right heart catheterization (RHC)"..
This invasive diagnostic mean is not widely available
and inapplicable for routine follow-up (FU), due to its
invasive nature and entails the risk of rare but serious
complications. Therefore, a non-invasive diagnostic
scheme that is reliable in: (1) diagnosing PAH; and (2)
discriminating between the precapillary and postcapillary
forms of PH would be of significant clinical benefit.

Recent research has aimed to detect different non-
invasive diagnostic means that meet these requirements
when combined. Thus, the design of our study was
based on several considerations: A combination of electro-
cardiographic (ECG) criteria and N-terminal pro-Brain
Natriuretic Peptide (NT pro-BNP) has been reported
sufficient to rule out precapillary PH™. Transthorathic
echocardiography (TTE) is a widespread, non-invasive
and cost-effective instrument routinely used to assess
left and right ventricular function. Speckle tracking (ST)
analysis is a novel quantitative ultrasound technique that
allows an angle-independent estimation of myocardial
deformation™ and function. We added ST analysis to
our approach in order to level out the most important
limitation of TTE, its angle- and observer-dependence.

The utility of echocardiography and ST analysis of
the RV as an implement to assess presence and severity
of PH has been the focus of current studies®®. Due to
its variable clinical presentation and difficult treatment,
PH presents a clininal picture that needs functional
assessment in its course, most commonly evaluated by
six minutes walking distance (6MWD).

The aim of this study was to investigate the predictive
significance of a non-invasive algorithm including par-
ameters derived from ECG, echocardiography including
RV strain analysis, functional testing with determination
of 6MWD, lung function test and spirometry as well
as NT pro-BNP and blood count for the diagnosis and
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discrimination of pre- and postcapillary PH in a patient
cohort with known RHC results, which were unknown to
the assessor of the non-invasive measurements.

MATERIALS AND METHODS

Patients

Between April 2013 and April 2014 50 patients with sus-
pected PH were prospectively included after undergoing
RHC. All patients underwent informed consent and the
study was approved by the Ethics Committee of the
University Hospital of Bonn.

Right heart catheterization and definition of PH

Invasive hemodynamic parameters were evaluated
during RHC according to current guidelines™, defining
precapillary PH as mean pulmonary arterial pressure
(mPAP) = 25 mmHg and pulmonary capillary wedge
pressure (PCWP) of < 15 mmHg and postcapillary PH
as mPAP = 25 mmHg and PCWP > 15 mmHg.

Non-invasive measurements

Non-invasive measurements consisting of TTE with
special focus on the RV function and hemodynamics in-
cluding speckle tracking analysis of the RV. Functional
testing includes lung function test and 6MWD, as well
as laboratory testing with the assessment of blood co-
unt, bilirubin, uric acid, serum creatinine, creatinine
clearance and NT pro-BNP.

TTE and right ventricular speckle tracking

All participants underwent a complete echocardiographic
examination including two-dimensional (2D) and Doppler
echocardiography performed with commercially available
ultrasound scanner with a 2,5-MHz phased array
transducer (Vivid 7, General Electric Medical Health,
Waukesha, Wisconsin, United States; iE 33 Philips
Medical Systems, Koninklijke N.V.) according to the
standard echocardiography protocol used at our clinic.
The echocardiographic views were obtained in 2D and
color tissue Doppler imaging (TDI) modes. In addition
to parasternal long- and short-axis and apical two- and
four-chamber (4CV) views, RV-focused views were
obtained. The following measurements derived from TTE
were utilized to assess the presence of PH considering a
concomitantly elevated PCWP as a means to discriminate
between the pre- and postcapillary forms of PH.

Left ventricular ejection fraction (LVEF) was cal-
culated using Simpson’s formula. Systolic pulmonary
artery pressure (sPAP) was measured with continuous
wave Doppler of systolic tricuspid regurgitant velocity
and regarded raised with values = 30 mmHg. PCWP
was considered elevated when the E/e’ ratio was >
12 as a surrogate for LV diastolic pressure. E/e' ratio
was measured according to recommendations of the
American Society of Echocardiography by gauging
systolic and diastolic velocities of the lateral and septal
mitral valve annulus using TDI mode. These measurements
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were then averaged with conventional measurement of
mitral valve inflow™.

The combination of sPAP > 30 mmHg and E/e' <12
was deemed to reflect precapillary PH, while sPAP >
30 mmHg and E/e' ratio >12 indicated postcapillary
PH. Tricuspid annular plane systolic excursion (TAPSE)
was obtained using M-Mode in the apical 4-Ch- view
of the longitudinal excursion of the lateral tricuspid an-
nulus towards the RV apex™. Additionally, diastolic
interventricular septal thickness (IVSd), endsystolic
(ESV) and enddiastolic volume (EDV) were measured.
TTE derived parameters of our study population are
shown in Table 1.

2DST analysis of the RV was performed using a
routine grayscale apical 4-Ch view and a commercially
available software (TomTec Imaging Systems GmbH,
Unterschleissheim, Germany). As the region of interest,
the RV endocardial border was manually delineated and
was tracked by the 2D strain software. In order to ensure
precise tracking of segments, visual assessment during
cine loop playback was applied. The RV was divided
visually in a basal, midventricular and apical segment and
six corresponding time-strain curves were generated.
Following the approach of Dambrauskaite!” and Lopez-
Candales™ longitudinal lateral apical RV (RVAS) strain
and global longitudinal RV strain (RVGS) entered further
analysis. The longitudinal strain of the RV free wall, was
calculated as the average of each of the three regional
peak systolic strains along the entire right ventricle. An
example for RV speckle tracking analysis is depicted in
Figure 1.

Functional testing and assessment of clinical
impairment

All our patients underwent a set of non-invasive te-
sting in order to estimate the extent of their physical
impairment due to PH. Shortness of breath was classified
according to the World Health Organization (WHO)
functional class score and gauged by 6MWD, using
walking aids or portable oxygen if necessary. Standard
12-channel-ECG was screened for signs of RV strain
such as RV hypertrophy, right axis deviation, right bundle
block or signs of right atrial dilation*. Furthermore,
pulmonary function was measured with spirometry and
bodyplethysmography including total lung capacity,
residual volume, vital capacity, forced expiratory volume
and tiffeneau index. Blood count, bilirubin, uric acid, serum
creatinine, creatinine clearance and NT pro-BNP were
registered one to six weeks after RHC.

Statistical analysis

Data analysis was exploratory, variables underwent no
adjustments. Normal distribution of continuous variables
was examined employing the Kolmogorov-Smirnov
test. Continuous data was expressed as mean values +
standard deviation. Two-tailed P-values were computed
and regarded significant if ranging below 0.05 (95%CI).
Two group comparisons were done using student’s-T
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Table 1 Echocardiographic and invasive measurements

All patients (7 = 44) No PH (m = 10)  Precapillary PH (# = 15) Postcapillary PH (7 = 19) P
TTE
EF, % 61.3+13.8 62+95 67+10.3 56.5+16.7 0.28
EDV, mL 92.8+36.1 87.8£33.1 73.6 + 34 110.6 +31.8 0.04
ESV, mL 374+246 322+13.6 25+15 49.9 £29.6 0.04
IVSd, cm 12+04 1.1+£0.2 1.1+£0.6 13+04 0.12
LAV, mL 84.0+52.7 82.4+552 79.9 +64.9 85.2+48.7 0.6
sPAP, mmHg 51.1+24.4 3124246 612+£223 53.6 £20.4 0.003
RVDs, cm 24%11 22+10 24+11 23+11 0.8
RVDd, cm 33+14 30+12 34+16 33+13 0.36
TAPSE, cm 1.8+0.6 21+0.6 1.8+05 1.8+0.6 0.23
E/e' ratio 14.4+78 12.1+45 124+44 17.3+£10.3 0.13
RVGS, % -11.5+5.9 -133+7.6 -10.8 £4.6 -11.2+6 0.82
RVAS, % -11.6+5.9 -143+6.3 -75+56 -13.3+43 <0.001
RHC
mPAP, mmHg 401+17.5 209+3 51.8 £20.6 40.9+8.9 <0.001
sPAP, mmHg 55.0£17.6 353+85 603 +£17.4 535+17.4 0.04
PCWP 16.1£72 11.4+41 11.4+21 223+6.3 <0.001
CO, L/min 3.6+38 3337 32+33 34+42 0.46
RV systolic pressure, mmHg 63.9£26.3 37.1+14.3 86.7 £25.4 663 +£17.4 <0.001
RV diastolic pressure, mmHg 53538 49+£53 4358 5658 0.07
RV mean pressure, mmHg 9.4+8.6 75%65 11.9+121 8.6+7.1 0.04
RA mean pressure, mmHg 13.5+£13.1 132+93 12.7+5.4 13.8+£14.7 0.69
WHO class 0.56
I,n(%) 2(4.3) 2 (20) 0(0) 0(0)
I, n (%) 10 (21.7) 3 (30) 2 (13.3) 5 (26.3)
I, 7 (%) 29 (63) 5 (50) 11 (73.3) 13 (68.4)
IV, n (%) 3 (6.5) 0(0) 2 (13.3) 1(5.3)

EF: Ejection fraction; EDV/ESV: End-systolic/ diastolic volume; IVSd: Diastolic interventricular septum diameter; LAV: Left atrial volume; s/ mPAP:
Systolic/mean pulmonary arterial pressure; RVDs/d: Systolic/diastolic right ventricular diameter; TAPSE: Tricuspid annular plane systolic excursion;
RVGS/RVAS: Global/apical right ventricular longitudinal strain; PCWP: Pulmonary capillar wedge pressure; CO: Cardiac output; RV/RA: Right

ventricle/atrium; WHO: World Health Organization.

test for paired samples or Wilcoxon signed rank test
for paired continuous variables. Categorical data was
tested with Fisher's exact test. SPSS for Windows (PASW
statistic, Version 21.0.0, SPSS Inc., Chicago, Illinois,
United States) and MedCalc statistical software (MedCalc
Software, Version 11.4.1.0, Mariakerke, Belgium) were
utilized for statistical analysis.

Afterwards, a diagnostic model including RVAS,
sPAP and E/e’ ratio was generated by calculating as-
sociated ROC curves for the assumed possibilites.
The corresponding AUCs along with 95%CI were cal-
culated.

RESULTS

Six patients were excluded from the study population
because of insufficient transthorathic image quality (n
= 2), incomplete RHC results (n = 3) or withdrawal of
consent (n = 1).

In total, 44 prospective patients [age 63.11 = 14
years, 27 (61%), male], were consecutively included
in our study. According to RHC, precapillary PH was
diagnosed in 15 (34%), postcapillary PH in 19 (43%)
and PH was excluded in 10 (23%) patients. Demographic
baseline characteristics of the study cohort are shown in
Table 2.
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Echocardiography and speckle-tracking analysis
Echocardiographic measures on RV and LV functions
differed significantly between patients with PH and those
without PH concerning measures on LV diastolic function
(E/e’ ratio: Precapillary PH, 12.3 £ 4.4; postcapillary
PH, 17.3 £ 10.3; no PH, 12.1 £ 4.5; P = 0.02), and LV
volumes (ESV: 25.0 £ 15.0 mL, 49.9 £ 29.5 mL, 32.2
+ 13.6 mL, P = 0.027; EDV: 73.6 £ 24.0 mL, 110.6 £
31.8 mL, 87.8 £ 33.0 mL, P = 0.021). Furthermore,
sPAP showed significant differences between the patient
groups (61.2 = 22.3 mmHg, 53.6 £ 20.1 mmHg, 31.2
+ 24.6 mmHg, P = 0.001). Concerning RV function
analysis, ST analysis of the RV free wall showed sign-
ificant differences for apical RV longitudinal strain (RVAS:
-7.5% % 5.6%, -13.3% * 4.3%, -14.3% =+ 6.3%, P =
0.03), but not for global longitudinal RV strain (P > 0.05).
All other measures on LV and RV function did not differ
relevantly between the groups Table 1.

Functional testing and non-invasive measurements

Patients with precapillary PH presented significantly more
often with ECG changes indicating RV stress (precapillary
PH: 87%, postcapillary PH: 58%, no PH: 20%, P =
0.001). Functional status did not differ between patients
with or without PH when comparing measures on 6MWD
(375.3 £ 187.8 m, 319.5 + 132.0 m, 372.5 £ 127.5m,
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Table 2 Baseline characteristics

All patients (# = 44) No PH (» = 10)

Precapillary PH (# = 15) Postcapillary PH (» = 19) P

Age, yr 63.11+14.2 60.3 £16.9
Male gender, n (%) 27 (61) 5 (50)
AHT, n (%) 30 (60) 8 (61)
Diabetes mellitus, 7 (%) 11 (22) 2 (15)
CAD, n (%) 26 (52) 7 (53)
HLP, n (%) 15 (30) 4 (31)
Nicotine, 1 (%) 10 (20) 3(23)
Specific PAH Therapy, 1 (%) 15 (34) 0(0)
ECG RV strain, 1 (%) 26 (59) 2 (20)
NT pro-BNP (pg/mL) 2778.3 £ 5681.3 367.5 +420.4
Hemoglobine, mg/dL 128+3.6 114+0.9
Bilirubin, mg/dL 0.7+05 05+0.2
Uric acid, mg/dL 71+£26 6.0+£1.7
Serum creatinine, mg/dL 1.3+0.3 1.0+£0.2
Creatinine clearance, mL/min 55.3+13.4 53.2+89
6MWD, m 351.9 +153.2 372.5+127.5

602413 669+133 071
8 (53) 14 (74) 033
7 (53) 15 (62) 0.82
3 (23) 6 (25) 0.57
7 (53) 12 (50) 0.4
6 (25) 5 (38) 033

5 (21) 2 (15)

15 (100) 0(0) <0.001

13 (87) 11 (58) 0.001
1980.3 +3432.1 4677 + 7764.8 0.44
122425 126+34 0.09
09+08 08+03 0.08
69+26 79428 013
13+04 12402 025
50.5+11.4 57.2+63 048
3753 +186.8 319.5+131.9 055

AHT: Arterial hypertension; CAD: Coronary artery disease; HLP: Hyperlipoproteinemia; PAH: Pulmonary arterial hypertension; ECG: Electrocardiogram;

RV: Right ventricular; NT pro-BNP: N-terminal pro brain-natriuretic-peptide; 6SMWD: 6 min walking distance.

Figure 1 Example of right ventricular speckle tracking and three dimensional visualisation of longitudinal right ventricular strain values. RV: Right

ventricular; 3D: Three dimensional; RVSI: Right ventricular longitudinal strain.

P > 0.05) and pulmonary function (Table 2).

Serum NT pro-BNP was significantly higher in pa-
tients with postcapillary PH (4677.0 £ 7764.1 pg/mL)
as compared to patients with (precapillary PH (1980.3
+ 3432.1 pg/mL), or no PH (367.5 £ 420.4 pg/mL, P =
0.03). All other laboratory values did not show significant
differences between the subgroups (Table 1). Notably,
patients with elevated pulmonary pressures had a higher
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WHO functional class compared to patients without PH (P
= 0.04) (Table 1, Figure 2).

Factors predicting PAH

In order to define cut-off values for the identification of
precapillary PH, ROC analyses of variables with significant
differences between the patient groups were done sub-
sequently. Only measures on regional RV function with
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Figure 2 Distribution of World Health Organization classes in the study
cohort, separated by etiology of pulmonary hypertension.

strain imaging [RVAS: cut-off < -6.5%, area under the
curve (AUC) 0.91, P < 0.001], RV hemodynamics (sPAP:
cut-off > 33 mmHg, AUC 0.86, P < 0.001) and ECG RV
stress signs (AUC 0.83, P < 0.001) were associated with
precapillary PH.

A combination of the cut-off values showed a sensitivity
of 82.8% and a specificity of 17.2% for the confirmation
of precapillary PH (Figure 3).

DISCUSSION

According to current guidelines invasive testing with RHC
is necessary for the diagnosis of PAH and the indication
for RHC is based only on functional and clinical status in
patients with persistent dyspnea of unknown cause.

Therefore, there is an unmet need for patient iden-
tification with a widespread, cost-effective and non-
invasive tool”.. Our group showed recently, that echo-
cardiography might enable direct, easy and noninvasive
diagnosis of PAH by combining non-invasive measures
on RV hemodynamics utilizing sPAP, RV function RVAS
and E/e’ ratio as a parameter for LV diastolic function. In
this study we intended to verify and extend this approach
in a prospective fashion, integrating it into the newly
suggested screening model for PAH in order to prove its
clinical applicability.

Most importantly, the present study indicates that
(1) the combined consideration of sPAP, RVAS, E/e' ratio
and ECG RV stress signs seems to be a promising and
easily applicable tool to discriminate between pre-, post-
capillary and to some extent no PH; and (2) our data
provide preliminary evidence that there does not seem to
be an additional clinical benefit of functional testing with
6MWD, and/or pulmonary function tests in a preselected,
severely ill patient cohort.

Need for early diagnosis of PAH

Current studies suggest the possibility of an improved
long-term outcome in PAH patients when diagnosed
and treated early™®. Due to the unspecific symptoms
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Figure 3 Incremental diagnostic value of the combination of non-invasive
measures for identification of patients with precapillary pulmonary
hypertension. Green curve, ECG RV stress signs alone; blue curve, apical
right ventricular longitudinal strain alone; sand-colored curve, combination of
non-invasive measures. RV: Right ventricle; ECG: Electrocardiograph.

of early stage PH and the limitations of routinely used
screening methods, definite diagnosis is often delayed.
Despite increased efforts in the early detection of PAH
associated with connective tissue disease™” and other
known risk factors including bone morphogenic protein
receptor 2 mutations*®, there is still a lack of general
recommendations concerning screening algorithms for
PAH in non-high risk populations. While 6MWD, NT pro-
BNP and changes in WHO functional class have been
described as significant predictors of outcome in patients
with idiopathic PAH"®!, Graspa et af* could demonstrate,
that RV dysfunction, moderate to severe tricuspid regur-
gitation, a low cardiac index and elevated right atrial
pressures are independent predictors in mortality in a
large prospective study with patients suffering from PAH.
The Registry to Evaluate Early and Long-Term Pulmonary
Arterial Hypertension Disease Management (REVEAL)
detected an elevated pulmonary vascular resistance
(PVR), WHO functional class IlI-IV, elevated mean right
atrial pressure, 6MWD and Brain Natriuretic Peptide as
predictive factors in PAH?!.,

Right ventricular speckle-tracking in patients with pul-
monary hypertension

Although clinical trials on RV strain analysis are rare,
evidence proving its feasibility and prognostic value is
constantly growing®®**2*21 \Whilst this study failed to
show a significant correlation between RVGS and PH status,
Rajagopal et af”’ were able to detect a sufficient relation
between RVGS and functional status of patients suffering
from PH applying a RV-centered echocardiographic app-
roach. However, they included 40, mainly female (85%),
patients, who in contrast to our cohort had a lower WHO
functional class (73% WHO FC 1 and II, 27% WHO FC
I and IV). More importantly, other studies confirmed the
diagnostic value of measuring regional alterations in strains
derived from the RV free wall*, namely the averaged RV
peak strain as functional measure for RV ejection fraction

August 26, 2016 | Volume 8 | Issue 8 |



Mahran Y et a/. Speckle-tracking analysis in pulmonary hypertension

in adults and children suffering from different etiologies of
RV impairment. However, there is still no study to verify
the correlation between RV-derived strain and WHO
functional class in a large patient cohort with determined
PH.

Fukuda et af®! were able to show a significant cor-
relation between ST of the RV free wall with invasively
measured mPAP and PVR as well as RV ejection fraction
and RV end-systolic volume determined by cardiac ma-
gnetic resonance imaging and exercise tolerance by
6MWD thus implying RV ST as a suitable method to
assess patients with PH. More recently, Sano et a/***
established RV ST analysis to describe reverse remodeling
as a marker for long-term outcome of PH and Vitarelli et
al*? were able to affirm the diagnostic accuracy of two-
and three-dimensional ST parameters, including RVAS
as a surrogate for hemodynamic assessment and thus
predictor of outcome in chronic pulmonary hypertension.

Screening for PAH

Humbert et a/® suggested an elaborated screening
algorithm for patients at risk for developing pulmonary
hypertension, clearly delineating the lack of a stand-
ardized diagnostic approach in unselected patients.

Parent et al®® found evidence for a combination
of echocardiographic markers, 6MWD and NT-proBNP
in patients with sickle-cell anemia associated PAH,
whereas Allanore et al*® proposed a combination of
echocardiographic assessment of sPAP, serum NT-pro BNP,
erythrocyte sedimentation rate and the diffusing capacity
for carbon monoxide/alveolar volume in patients with
systemic sclerosis. Although annual echocardiography
is recommended in high risk populations!***”, imple-
mentation of ST based RV functional analysis has not yet
found consideration in order to refine the diagnostic value
of TTE. Of note, the prognostic value of RV ST has been
demonstrated for patients suffering from PH irrespective of
its etiology by Haeck et al*®.

The drawbacks of all studies are the relatively small
patient numbers, which may lead to biased conclusions
and thus may lack general extrapolation. Therefore, the
findings of the prospective DELPHI-2 study, which follows
asymptomatic carriers of the bone morphogenic protein
receptor 2 mutation and will provide their hemodynamic,
echocardiographic and functional characteristics, will
elucidate this topic in a relevant bigger cohort of patients
at high risk of developing PAH.

COMMENTS

Background

Definite diagnosis of pulmonary hypertension (PH) in general and the distinction
between the precapillary and postcapillary form of this disease in is often
delayed due to unspecific symptoms and the necessity of invasive testing.
The authors’ study results verified a useful estimation of pulmonary pressure
with transthorathic echocardiography (TTE). Combined with speckle-tracking
(ST) analysis of the apical right ventricle (RV) and electrocardiogram (ECG)
RV stress signs it seems to be of value to strengthen the suspicion of the rare
but malignantly proceeding precapillary form of PH and therefore should be
considered as a diagnostic tool in patients with suspected pulmonary arterial
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hypertension (PAH).

Research frontiers

Although the ST assessment of our cohort was performed blinded to the results
of right heart catheterization (RHC), our approach was still retrospective.
Therefore, confirmation of the study result needs to be acquired in a fully
prospective study. Another weakness of this trial is the relatively small number
of patients included, in order to reaffirm our findings, future research should aim
to comprise larger numbers of patients of the different PH subgroups. Since
there are multiple differential diagnoses to pulmonary hypertension that lead
to RV strain and alterations of the RV geometry and contractility that have not
been considered in our analysis, a prospective study design could compare
RV speckle-tracking analysis of patients with PH ideally scrutinizing the diverse
etiologies of PH and disparate right heart impairments. Ultimately, as the
software available to perform ST-analysis was primarily produced for the left
ventricle, newly developed software specialized on the complex geometry of
the RV could refine the data.

Innovations and breakthroughs

The data in this study suggests that a combination of non-invasive measure-
ments including echocardiography and speckle-tracking analysis allows
feasible estimation of PH with a sensitivity of 82.8%. Taking into consideration
all our findings a model for future assessment of suspected PH could provide
an incrementally invasive examination beginning with TTE and ECG on the first
level, adding NT pro-BNP on a second level and only after evaluating these
results, a recommendation for timely RHC should be given.

Applications

In this study, ST showed only a specificity of 17.2% for detection of precapillary
PH. Therefore, it does not seem to reliably identify PAH at this point and the
definite diagnosis has still to be made by invasive RHC. However, ST has
become more applicable in echocardiographic examination and it should be
considered as an additional diagnostic tool for patients before invasive RHC.
Our study results indicate a necessity for timely RHC assessing PAH if a patient
shows RVAS < -6.5%, sPAP > 33 mmHg and electrocardiographic RV stress
signs. In a second step, NT pro-BNP could help to determine the necessity of
RHC in patients with RVAS > -6.5%. Since sPAP < 33 mmHg, no signs of RV
stress in ECG and NT pro-BNP < 1000 pg/mL seemed not to correlate with PH,
suggestion for RHC should be made reluctantly and other causes of dyspnea
should be considered. However, given our small sample size, this model has
yet to be tested in a larger patient cohort.

Terminology

The clinical classification of PAH comprises a heterogenous group of disease
patterns that show unspecific clinical presentation due to elevated pulmonary
pressures and right ventricular stress. ST is a relatively novel ultrasound
technique that allows estimation of myocardial deformation as thus assessment
of right ventricular function which is compromised in both pre- and post-capillary
forms of pulmonary hypertension.

Peer-review

Recent studies focus on the value of ST-analysis in patients with suspected
pulmonary hypertension, especially as to its potential to discriminate between
pre- and postcapillary forms of PH. This work provides a comprehensive
literature review on this topic. PAH is caused by heterogenous etiologies and
often associated with rare diseases, therefore, the majority of papers available
on ST in patients with PAH are centered on a specific etiology. The study
included patients with suspected PAH regardless its etiology. The results are
interesting and provide evidence of the utility of right ventricular ST in patients
with suspected PAH.
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Abstract

AIM

To investigate the relationship between coronary
calcium score (CCS) and vulnerable plaque/significant
stenosis using coronary computed tomographic angio-
graphy (CCTA).

METHODS

CCTA was performed in 651 patients and these patients
were divided into the four groups (CCS 0, 1-100,
101-400 and > 400). We studied the incidence of
high-risk plaque, including positive remodeling, low
attenuation plaque, spotty calcification, and napkin-ring
sign, and significant stenosis in each group.

RESULTS

High-risk plaque was found in 1.3%, 10.1%, 13.3% and
13.4% of patients with CCS 0, 1-100, 101-400 and >
400, respectively (P < 0.001). The difference was only
significant for patients with zero CCS. The incidence of
significant stenosis was 0.6%, 7.6%, 13.3% and 26.9%
for each patient group, respectively (P < 0.001), which
represented a significant stepwise increase as CCS
increased. The combined incidence of high-risk plaque
and significant stenosis was 1.9%, 17.7%, 26.9% and
40.3% in each patient group, respectively (P < 0.001),
again representing a significant stepwise increase with
CCS. The rate of major coronary event was 0%, 4.0%,
7.9% and 17.2% in each patient group, respectively (P
< 0.001), another significant stepwise increase as CCS
increased.

CONCLUSION

Stepwise increased risk of coronary events associated
with increasing CCS is caused by increasing incidence
of significant stenosis, while that of high-risk plaque
remains the same.

Key words: Coronary calcium score; Coronary stenosis;
High-risk plaque; Low attenuation plaque; Napkin-ring
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Core tip: Coronary computed tomographic angiography
was performed in 651 patients and these patients were
divided into the four groups according to coronary calcium
score (CCS): 0, 1-100, 101-400 and > 400. The incidence
of high-risk plaque was not significantly different among
the three groups, except patients with zero CCS. The
incidence of significant stenosis increased stepwise as
CCS increased, as did the rate of major coronary event.
Therefore, the stepwise increased risk of coronary events
associated with increasing CCS is caused by an increasing
incidence of significant stenosis, while that of high-risk
plague remains the same.

Iwasaki K, Matsumoto T. Relationship between coronary calcium
score and high-risk plaque/significant stenosis. World J Cardiol
2016; 8(8): 481-487 Available from: URL: http://www.wjgnet.
com/1949-8462/full/v8/i8/481.htm DOI: http://dx.doi.org/10.4330/
wjc.v8.i8.481

INTRODUCTION

Coronary artery calcification represents the presence
of coronary atherosclerosis and there is a strong re-
lationship between the extent of coronary artery cal-
cification and the total coronary plaque burden!™,
Many studies demonstrate that coronary calcium score
(CCS) is the powerful predictor of coronary events and
provide incremental risk stratification beyond traditional
risk scores!*?l. In contrast, patients with no calcium
show a very low risk of coronary events®®., However the
precise mechanism of this increased risk associated with
increased CCS has not been fully elucidated. Generally,
most coronary events are caused by significant stenosis
or vulnerable plaque. Many studies have demonstrated
that significant stenosis increases the risk of coronary
events”®, In addition, recent studies demonstrate that
70%-80% of cardiac death and myocardial infarction are
caused by rupture of vulnerable plaque, which often has
non-significant stenosis®®".

Thus, we hypothesized that both significant stenosis
and vulnerable plaque were associated with increased
coronary events as CCS increased. We investigated
the relationship between CCS and vulnerable plaque/
significant stenosis using coronary computed tomographic
angiography (CCTA).

MATERIALS AND METHODS

Patients

From September 2010 through September 2014, 981
patients underwent CCTA. We excluded: (1) patients
who underwent coronary revascularization before CCTA;
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(2) patients who developed acute coronary syndrome
before CCTA; (3) patients who have coronary artery
disease (CAD); and (4) patients with inadequate image
quality because of motion artifacts, blooming artifacts,
or severe calcification. Finally, we studied 651 patients.
Most patients underwent CCTA for the evaluation of
CAD because of multiple risk factors and/or symptom of
chest pain.

CCTA
For CCTA, we used a sixty-four multi-detector computed
tomography (MDCT) scanner (SOMATOM Sensation 64
Cardiac, Siemens Medical Solutions, Erangen, Germany).
Before the scan, we administered 20 mg metoprolol
if patients had a heart rate more than 70 beats/min.
We administered sublingual nitroglycerin 0.8 mg for all
patients.

We performed a scan without contrast dye to me-
asure the coronary calcium burden. The detail of the
CCTA procedure was reported in the previous study™".

CCTA image interpretation
For image analysis, we transferred CT data sets to a
workstation (Aquarius NetStation, Terarecon Inc, San
Mateo, CA, United States). We calculated total calcium
score and expressed as Agatston score!*?. We divided
our patients into the four groups according to the usual
CCS risk classification definitions: CCS 0, 1-100, 101-400
and > 400. We defined high-risk CCS as CCS > 400.
Two reviewers, who were blinded to the patients’
clinical characteristics, evaluated the CCTA data, with
maximum intensity and curved multiplanar reconstruction
(CMPR) techniques. We regarded positive remodeling
as the ratio of plaque site diameter divided by reference
segment diameter more than 1.1™, We regarded spotty
calcification as its size less than 3 mm on CMPR images
and one side occupied on cross-sectional images'™.
We regarded low attenuation plaque as the lowest
CT number less than 30 HU on axial images™. We
regarded napkin-ring sign as a ring of high attenuation
around coronary artery plaque and CT attenuation of
a ring higher than that of the adjacent plaque but no
greater than 130 HU™", We regarded high-risk plaque
as the plaque with positive remodeling, low attenuation
plaque, spotty calcification, or napkin ring sign. Percent
aggregate plaque volume was measured according to
Nakazato’s method!"*\. Two reviewers identified coronary
segments and these segments were classified into
normal, non-significant stenosis, or significant stenosis.
Normal segment was defined as smooth parallel or
tapering borders. Non-significant stenosis was defined
as luminal irregularities or % diameter stenosis less than
50%. Significant stenosis was defined as % diameter
stenosis more than 50%.

Major coronary event
The duration of follow-up was 2.1 £ 1.3 years (median
1.9 years). Major coronary event was defined as cor-
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Figure 1 Prevalence of high-risk plaque and significant stenosis among the four groups. A: Prevalence of high-risk plaque; B: Prevalence of significant
stenosis; C: Prevalence of combined high-risk plaque and significant stenosis. CCS: Coronary calcium score.

onary death, myocardial infarction, and coronary reva-
scularization.

The Institutional Review Board of Okayama Kyokuto
Hospital reviewed and approved this study. All patients
provided informed consent.

Statistical analysis

We described continuous variables as mean £ SD. We
compared continuous variables by two group t-test bet-
ween the two groups and by one-factor ANOVA among
the four groups. We described discrete variables as counts
or percentage. We compared discrete variables by the
4 or Fisher's exact test between the two groups and by
the 4° test for independence among the four groups. We
investigated predictors of high-risk plaque, significant
stenosis, and high-risk CCS by a multiple logistic reg-
ression analysis, including age, sex, and all risk factors. A
P-value < 0.05 was regarded as statistically significant.
The biomedical statistician performed statistical review of
this study.

RESULTS

The patients’ clinical characteristics are shown in Table
1. Figure 1 shows the incidence of high-risk plaque and
significant stenosis among the four groups. The high-risk
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plaque was found in 1.3%, 10.1%, 13.3% and 13.4%
of patients with CCS 0, 1-100, 101-400 and > 400,
respectively (Figure 1A). The difference was only significant
for patients with zero CCS. The incidence of significant
stenosis was 0.6%, 7.6%, 13.3% and 26.9% in each
patient group, respectively (Figure 1B), which represented
a stepwise increase as CCS increased. The combined
incidence of high-risk plaque and significant stenosis was
1.9%, 17.7%, 26.9% and 40.3% in each patient group,
respectively (Figure 1C), again representing a significant
stepwise increase as CCS increased.

Table 2 shows the incidence of high-risk plaque am-
ong the four groups. Apart from patients with zero CCS,
there were no significant differences in the incidence of
high-risk plaque, positive remodeling, low attenuation
plaque, spotty calcification, and napkin-ring appearance
among the three groups. In addition, the incidence of
multiple high-risk plaques was not significantly different
among the four groups. The percent aggregate plaque
volume was not significantly different among the four
groups. Table 3 shows the predictors of high-risk plaque,
significant stenosis, and high-risk CCS by stepwise
increased rate of major coronary event was observed.
The rate of coronary revascularization also increased
stepwise. The rate of coronary death and myocardial
infarction was not significantly different among the four
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Table 1 Clinical characteristics of studied patients 77 (%)

CCs (V] 1-100 101-400 > 400 P

n 154 198 165 134

Age 63.1+£11.7 68.2+85 69.6+9.8 71.5+81  <0.0001
Male sex 76 (49.4) 137 (69.2) 121 (73.3) 98 (73.1) <0.0001
Risk factor

Hypertension 85 (55.2) 125 (63.1) 115 (69.7) 99 (73.9) 0.0045
Dyslipidemia 88 (57.1) 124 (62.6) 105 (63.4) 82 (61.2) 0.6484
Diabetes 53 (34.4) 76 (38.4) 65 (39.4) 76 (56.7) 0.0007
Stroke 36 (23.4) 58 (29.3) 58 (35.2) 58 (43.3) 0.0024
CKD 30 (19.5) 47 (23.7) 47 (28.5) 43 (32.1) 0.07
BMI (kg/m’) 25.7 3.7 244+26 242 +3.7 23.8+4.8 0.2514
Laboratory data

HbA1lc (mmol/mol) 46.1+13.4 474 +14.5 48.5+13.0 489+12.0 0.3286
BS (mmol/L) 7.43 £2.37 7.73 £2.44 7.94 £2.39 8.52 +£2.99 0.0333
TC (mmol/L) 5.24 +£0.99 513 £0.99 4.95+0.98 4.72 +£0.87 0.0054
TG (mmol/L) 1.69 £1.12 1.63 £1.01 1.73 £0.94 1.72 £0.90 0.8925
HDL-C (mmol/L) 1.50 £ 0.51 1.47 £ 0.43 1.29 £ 0.30 1.41£0.39 0.0084
LDL-C (mmol/L) 3.18 £0.86 293 +0.91 2.96 £ 0.85 2.68 +£0.72 0.0023
Cr (umol/L) 69.0 £28.3 73.4+£19.4 75.1+17.7 787 £21.2 0.0481
Medication

ARB/ACE-I 70 (45.5) 101 (51.0) 98 (59.4) 97 (72.4) <0.0001
CCB 53 (34.4) 98 (49.5) 96 (58.2) 95 (70.9) <0.0001
Diuretics 5(3.2) 10 (5.1) 9 (5.5) 7 (5.2) 0.7883
Beta-blocker 3(1.9) 5 (2.5) 3(1.8) 4 (3.0 0.9096
Aspirin 37 (24.0) 60 (30.3) 61 (37.0) 60 (44.8) 0.0013
Statin 85 (55.2) 119 (60.1) 100 (60.6) 79 (59.0) 0.7559
Oral diabetics 51 (33.1) 76 (38.4) 65 (39.4) 76 (56.7) 0.0004
Insulin 10 (6.5) 15 (7.6) 16 (9.7) 19 (14.2) 0112

CCS: Coronary calcium score; ACE-I: Angiotensin converting enzyme inhibitor; ARB: Angiotensin
receptor blocker; BMI: Body mass index; BS: Blood sugar; CCB: Calcium channel blocker; DM: Diabetes
mellitus; HbAlc: Hemoglobin Alc; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density

lipoprotein cholesterol; TC: Total cholesterol; TG: Triglyceride.

Table 2 Incidence of high-risk plaque among the four groups 7 (%)

CCs 0 1-100 101-400 > 400 P

n 154 198 165 134

High-risk plaque 2(1.3)° 20 (10.1) 22 (13.3) 18 (13.4) 0.0171
Positive remodeling 2(1.3)" 20 (10.1) 21 (12.7) 18 (12.7) <0.001
Low attenuation plaque 0 (0)° 7 (3.5) 4(24) 1(0.7) 0.0217
Spotty calcification 0 O)" 13 (6.6) 11 (6.7) 8 (6.0) <0.001
Napkin-ring sign 0 (0)' 7 (3.5) 2(1.2) 1(0.7) 0.0474
Multiple plaques 0(0) 4(2.0) 3(1.8) 3(22) 0.166
% APV 305+243  425+9.0 448+9.2 22+78 0.2537

°P = 0.0016 compared with group with CCS 1-100; “P = 0.0016 compared with group with CCS 1-100; °P
= 0.0486 compared with group with CCS 1-100; "P = 0.0031 compared with group with CCS 1-100; 'P =
0.0486 compared with group with CCS 1-100. CCS: Coronary calcium score; %APV: Percent aggregate

plaque volume.

groups (Table 4).

DISCUSSION

Our results showed that the incidence of high-risk plaque
was not significantly different among the three groups
with CCS of 1-100, 101-400 and > 400. However, the
incidence of significant stenosis increased stepwise as
CCS increased. Thus, the combined incidence of high-risk
plaque and significant stenosis increased significantly as

Baishidenge  WJC | www.wjgnet.com

CCS increased. These results suggest that the stepwise
increased risk of coronary events associated with in-
creasing CCS would be due to an increasing incidence
of significant stenosis, while the incidence of high-risk
plague remains the same except in patients who have
zero CCS.

High-risk plaque
Recently, CCTA characteristics of vulnerable plaque are
reported to be positive remodeling, low attenuation

484 August 26, 2016 | Volume 8 | Issue 8 |



Iwasaki K et a/. Coronary calcium and high-risk plaque/stenosis

Table 3 Predictors of high-risk plaque, significant stenosis, and

high-risk coronary calcium score by multivariate analysis

OR 95%Cl P
High-risk plaque factor
Male 4.93 2.07-11.7  0.0003
Hypertension 22 1.13-4.28 0.0204
Significant stenosis factor
Hypertension 2.66 1.44-4.89 0.0017
Dyslipidemia 2 1.15-3.47 0.0137
Diabetes 232 1.42-3.79  0.0008
High-risk CCS factor
Age 1.06 1.03-1.08  0.00001
Male 1.54 1.02-2.34  0.0414
Diabetes 2.46 1.68-3.59  0.0001

CCS: Coronary calcium score.

plaque, and spotty calcification™. In addition, the
napkin-ring sign is regarded as another sign of vulnerable
plaque™, Thus, we regarded high-risk as the plaque
with positive remodeling, low attenuation plaque, spotty
calcification, or napkin-ring sign.

The incidence of high-risk plaque was 9.5% in our
patients. Motoyama et al"® detected positive remodeling
and/or low attenuation plaque in 6.8%. Fujimoto et af*”
detected positive remodeling and low attenuation plaque
in 6.3%. Their incidence is similar to our results.

In our study, the incidence of high-risk plague was not
significantly different among the three groups with CCS
= 1. No previous studies demonstrated this association.
Fujimoto et al''”! studied the incidence of positive re-
modeling and low attenuation plaque in 1139 patients
without symptoms or with atypical symptoms. High-
risk plague was detected in 0%, 4.3% and 15.5% in the
low-, intermediate- and high-risk Framingham scores
groups, respectively. For patients of the intermediate-
risk group, the incidence of high-risk plaque was 3.3%,
4.9%, 9.8% and 6.5% in patients who have CCS of 0,
1-250, 251-500 and > 500, respectively. For patients
of the high-risk group, it was 7.0%, 20.0%, 17.1% and
12.5% in the respective CCS groups. They found that the
incidence of high-risk plaque was lower for CCS > 500
and > 250 in the intermediate- and high-risk groups,
respectively. However, when we recalculated their results,
we found that the incidence of high-risk plaque was 3.7%,
9.1%, 13.2% and 9.5% in the respective CCS categories.
There were no significant differences apart from patients
with zero CCS. These results are very similar to ours.
Because extensive calcification appears at a later stage
of atherosclerotic progression, the incidence of high-risk
plague may not increase in extensively calcified lesions.

Patients who have a high CCS may have multiple
plaques compared to those with a modest CCS. Thus,
we investigated the incidence of multiple plaques in
each group, but there were no significant differences
among the four groups. The percent aggregate plaque
volume was also not significantly different among the
4 groups.
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Significant stenosis

Our results also showed that the incidence of significant
stenosis increased stepwise as CCS increased. Rosen
et al'"® performed CCS measurement and coronary
angiography and found a close association between base-
line calcium mass score and stenosis severity in each
coronary artery. Ho et al® performed CCS measurement
and CCTA in 664 patients and found that the frequency
of significant stenosis increased as CCS increased, being
7.9%, 8.3%, 14.5% and 27.2% in those with CCS of
1-100, 101-400, 401-1000 and > 1000, respectively.
These results are consistent with ours.

Zero CCS

Our study showed that, in patients who have zero CCS,
the incidence of non-calcified plaque, high-risk plaque,
and significant stenosis was 13.6%, 1.3% and 0.6%,
respectively. Previously, we found non-calcified plaque in
11.1% of 224 asymptomatic low-risk patients with zero
CCSPY, Hausleiter et af*"! detected non-calcified plaque
in 15.9% of intermediate risk patients. The CONFIRM
registry reported that the incidence of significant stenosis
was 1.4% in patients with zero CCS™?. Their results are
consistent with ours.

Predictors of high-risk plaque, significant stenosis, and
high-risk CCS

In our study, multivariate analysis demonstrated that
the predictors of high-risk plaque were male sex and
hypertension, while those of significant stenosis were
hypertension, dyslipidemia, and diabetes. Furthermore,
the predictors of high-risk CCS were age, male sex, and
diabetes. These predictors are conventional coronary risk
factors.

Limitations

There are several limitations to our study. The number
of patients was not large enough. We need a larger
patient population to confirm our results. Although
the rate of major coronary event differed significantly
among the four groups, this difference was caused by
the difference in coronary revascularization. We selected
coronary revascularization only for patients with either
moderate or severe ischemia by myocardial perfusion
imaging or fractional flow reserve less than 0.75. Many
studies demonstrate that these patients are at increased
risk of coronary events, and benefit from coronary
revascularization®?%, We think that it is difficult to
demonstrate differences in hard cardiac events among
the 4 groups, because the number of patients and follow-
up period were not sufficient. In addition, our patients
are basically at low to intermediate risk for coronary
events, because these patients have no known CAD,
which means subclinical CAD. Moreover, we prescribed
high-intensity statin therapy for patients with high-risk
plaque. Therefore, we think that these are the reasons
why there are too few events in our study.
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Table 4 Major coronary event among the four groups 7 (%)

CCs 0 0-100 101-400 > 400 P

n 154 198 165 134

MCE 0(0) 8 (4.0) 13 (7.9)° 23 (17.2)f <0.001
Coronary death 0 (0) 0 (0) 0 (0) 1(0.8) 0.6345
Myocardial infarction 0 (0) 1(0.5) 1(0.6) 322 0.4584
Revascularization 0 (0) 7 (3.5)% 12 (7.3)' 19 (14.2)* <0.001

°P = 0.0306 compared with group with CCS 0; ‘P= 0.1188 compared with group with CCS 1-100; ‘P =
0.0141 compared with group with CCS 101-400; ®P = 0.0486 compared with group with CCS 0; 'P = 0.1114
compared with group with CCS 1-100; *P = 0.0333 compared with group with CCS 101-400. CCS: Coronary

calcium score; MCE: Major coronary event.

Our results demonstrate that the stepwise increased
risk of coronary events in association with an increased
CCS would be caused by an increasing incidence of sig-
nificant stenosis, while the incidence of high-risk plaque
remains the same, except patients with zero CCS. Thus,
the combined incidence of high-risk plaque and significant
stenosis increased stepwise as CCS increased.

COMMENTS

Background

Coronary calcium score (CCS) is the most powerful predictor of cardiac events
beyond conventional risk factors. However, the precise mechanism of increased
risk of coronary events associated with increasing CCS is not fully elucidated.

Research frontiers

Many studies have demonstrated that most cardiac death and myocardial
infarction are caused by rupture of vulnerable plaque, which often has non-
significant stenosis. Recent studies demonstrate that the characteristics of
vulnerable plague by coronary computed tomographic angiography, which is
called high-risk plaque, are positive remodeling, low attenuation plaque, spotty
calcification, and napkin-ring sign.

Innovation and breakthroughs

The authors showed that stepwise increased risk of coronary events associated
with increasing CCS is caused by increasing prevalence of significant stenosis,
while that of high-risk plaque remains the same. There was each study which
investigated the relationship between CCS and significant stenosis, and CCS
and high-risk plaque, respectively. However, the authors comprehensively
showed the relationship between CCS and high-risk plaque/significant stenosis.

Applications

The higher the CCS, the more the authors have a chance to find significant
stenosis in these patients. For patients with significant stenosis, non-invasive
stress test to detect myocardial ischemia is needed. The authors also must pay
attention to high-risk plaque even for patients with low CCS.

Terminology

Napkin-ring sign is defined as the presence of a ring of high attenuation around
certain coronary artery plaque and the CT attenuation of a ring presenting
higher than those of the adjacent plaque and no greater than 130 HU.
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Abstract

AIM

To delineate the features and current therapeutic option
of congenital and acquired aortocameral fistulas (ACF)
secondary to iatrogenic or infectious disorders.

METHODS

From a PubMed search using the term "aortocameral
fistula", 30 suitable papers for the current review were
retrieved. Reviews, case series and case reports published
in English were considered. Abstracts and reports
from scientific meetings were not included. A total of
38 reviewed subjects were collected and analyzed. In
addition, another case - an adult male who presented
with ACF between commissures of the right and non-
coronary sinuses and right atrium as a late complication
of Staphylococcus aureus infective endocarditis of the AV
- is added, the world literature is briefly reviewed.

RESULTS

A total of thirty-eight subjects producing 39 fistulas were
reviewed, analyzed and stratified into either congenital
(47%) or acquired (53%) according to their etiology.
Of all subjects, 11% were asymptomatic and 89%
were symptomatic with dyspnea (21 x) as the most
common presentation. Diagnosis was established by a
multidiagnostic approach in 23 (60%), single method in
14 (37%) (echocardiography in 12 and catheterization in
2), and at autopsy in 2 (3%) of the subjects. Treatment
options included percutaneous transcatheter closure in
12 (30%) with the deployment of the Amplatzer duct or
septal occluder and Gianturco coil and surgical correction
in 24 (63%).

CONCLUSION

Acquired ACF is an infrequent entity which may occur
late after an episode of endocarditis of the native AV. The
management of ACF is generally by surgical correction
but non-surgical device intervention has recently been
introduced as a safe alternative.
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Core tip: Aortocameral fistula is an uncommon comp-
lication of native aortic valve (AV) endocarditis, which is
associated with high morbidity and mortality. Acquired
aortocameral fistulas (ACF) may originate from any of
the three sinuses of Valsalva. Audible continuous murmur
may raise suspicion for the presence of ACE. Congenital
fistulas are less commonly reported than the acquired
types. Acquired ACF may occur late after an episode of
endocarditis of the native AV. The management of ACF is
generally by surgical correction but non-surgical device
intervention has recently been introduced as a safe
alternative. Another case is added and the world literature
is briefly reviewed.

Said SAM, Mariani MA. Acquired aortocameral fistula occurring
late after infective endocarditis: An emblematic case and review
of 38 reported cases. World J Cardiol 2016; 8(8): 488-495
Available from: URL: http://www.wjgnet.com/1949-8462/full/

v8/i8/488.htm DOL: http://dx.doi.org/10.4330/wjc.v8.i8.488

INTRODUCTION

Aortocameral fistulas (ACF) may be congenital™ or
acquired complicating acute aortic dissection™ following
an intimal tear in the vicinity and proximity of the aortic
root or after aortic valve (AV) replacement”. ACF is an
uncommon complication of native AV endocarditis, which
is associated with high morbidity and mortality. ACF
may originate from any of the three sinuses of Valsalva.
Audible continuous murmur may raise suspicion for
the presence of ACF.. The clinical manifestations of
ACF may include exertional dyspnea'®?!, chest pain'®”,
palpitation®®, congestive heart failure®™®'® and recurrent
respiratory tract infection*?, ACF may incidentally
be found during routine preoperative examination™.
Untreated ACF may cause significant morbidity and early
mortality. The surgical correction of ACF is the treatment
of choice but percutaneous transcatheter device
intervention has recently been successfully introduced for
the closure of ACF**%), Acquired ACF is an infrequent
entity which may occur late after an episode of endo-
carditis of the native AV. Another case of our own is
added and the world literature is briefly reviewed.

MATERIALS AND METHODS

Literature search

From the PubMed search using the term "aortocameral
fistula", 30 suitable papers for the current review
were retrieved (Table 1). Reviews, case series and
case reports published in English were considered.
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Abstracts and reports from scientific meetings were not
included. From 30 publications, 38 reviewed subjects
were collected and analyzed. Data were analyzed using
descriptive statistics.

Statistical analysis

In contrast to classic meta-analysis, the outcome is
defined here as the percentages of an event (without
comparison) in observed patients.

Additional clinical case

An adult male presented with ACF between the
junction of RCS-NCS and RA as a late complication of
Staphylococcus aureus infective endocarditis (IE) of the
native AV, is added.

A 44-year-old male survivor of a prior episode of
Staphylococcus aureus IE of the native AV (1998)
presented with a recent history of rapid fatigability
(2008) during sporting activities. He was afebrile and a
continuous murmur was heard. Laboratory results and
chest X-ray were normal. Resting ECG depicted sinus
rhythm with signs of left ventricular hypertrophy (LVH).
Two-dimensional transthoracic Doppler echocardiography
revealed mild LVH, the right ventricle (RV) was dil-
ated and normokinetic, and the tricuspid AV had no
vegetation. Color flow mapping revealed evidence of
a high velocity shunt between the commissures of the
right coronary sinus (RCS) and non-coronary sinuses
(NCS) terminating into the right atrium (RA) (Figure
1, Supplementary material online, Video 1). Cardiac
catheterization demonstrated a shunt between the aorta
and the RA and normal left ventricular kinetics (Figure 2,
Supplementary material online, Video 2). Hemodynamic
evaluation revealed a significant left-to-right shunt (Qp:
Qs = 2.0:1.0) with normal pulmonary vascular resi-
stance, normal intracardiac pressures and high resting
cardiac output of 10 L/min. Computed tomography and
cardiovascular magnetic resonance were not available at
that time. The fistula was surgically closed (2008). The
fistula was surgically closed (2008). After establishing
median sternotomy, extracorporeal circulation was
performed through standard cannulation of the aorta and
right atrium. The heart was arrested with antegrade and
selective blood cardioplegia. On inspection, no infectious
masses or evidence of abscess or vegetations were vi-
sible. Further inspection revealed that the ascending
aorta was not dilated or calcified and the LV showed
moderate hypertrophy. After aortotomy, the AV could
be inspected, which was tricuspid with mild thickening
and the fistula was clearly visible between the RCS and
NCS terminating into RA. The fistula was closed with 4.0
prolene suture and pledgets. The patient could easily be
weaned off after an uneventful procedure. Postoperative
transesophageal echocardiography revealed no rest
shunt flow. The patient had an uneventful postoperative
course. The patient had uneventful postoperative course
and regained his non-professional sporting activities
without any limitations. After 8 years of follow-up, he
remains free of symptoms. The fistula was closed by 4.0
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Figure 1 A frame of colored Doppler trans-thoracic echocardiography,
five-chamber view illustrating the aortic-atrial fistula (arrow). Ao: Aorta;
RA: Right atrium; LA: Left atrium; RV: Right ventricle; LV: Left ventricle.

prolene suture and pledgets. The patient had uneventful
postoperative course and regained his non-professional
sporting activities without any limitations. After 7 years of
follow-up, he remains free of symptoms.

RESULTS

A total of 38 subjects were reviewed [21 males (55%)
and 17 females (45%)], with a mean age of 36.8 years
(range 3-70 years). The etiology was congenital in 18
(47%) and acquired in 20 (53%). They all had 39 fistulas.
Of those, 37 had a single and 1 had dual origin, with
a similar outflow distribution of 37 single and one dual
termination. Their origin was NCS in 21 (54%), RCS in
10 (26%), left coronary sinus (LCS) in 4 (10%) and the
thoracic aorta in 4 (10%) of the subjects. The termination
was into RA in 29 (74%), left atrium (LA) in 6 (15%),
RV in 2 (5%), pulmonary artery in 1 (3%) and right
ventricular outflow tract in 1 (3%). Four subjects (11%)
were asymptomatic. In the symptomatic subjects (89%),
the most common presentations were dyspnea (21 x),
followed by congestive heart failure (6 x), chest pain (7
x), palpitations (7 x), IE (6 x) with Streptococcus mitis™*!
and Staphylococcus epidermidis'™®. Although syncope,
hematuria, hemoptysis and recurrent respiratory tract
infection are rarely reported, sudden death has also been
observed™®,

Diagnosis was established by multidiagnostic app-
roach in 23 (60%), a single method in 14 (37%) (echo-
cardiography in 12 and catheterization in 2), and at
autopsy in 2 (3%)"” of the subjects. IE was found in 6
(16%) subjects, all originating from the NCS and com-
municating with the RA in 5 and the LA in one. Treatment
included percutaneous transcatheter closure in 12 (30%)
and surgical correction in 24 (63%) and there were 3
mortalities (7%) (Table 1).

DISCUSSION

An aortic-atrial fistula is an aortocameral fistula pre-
senting as an extracardiac vascular communication
that may be congenital™ or acquired®’. ACF is an un-
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Figure 2 Levo-ventriculogram in the left anterior oblique view demonstrating
the fistula (arrow) between the right and non-coronary sinuses
communicating with the right atrium. RCS/NCS: Right and non-coronary
sinuses; LV: Levo-ventriculogram; RA: Right atrium.

common complication of native AV endocarditis, which is
associated with high morbidity and mortality. In 1963,
Kuipers et al"® reported spontaneous ruptured aortic
dissection into the right atrium. Congenital fistulas are
less commonly reported than the acquired types. ACF
may originate from any of the 3 sinuses of Valsalva.
Acquired ACF may occur following bacterial endo-
carditis™, acute aortic dissection'?, ruptured sinus of
Valsalva aneurysm (RSVA)™, and post-cardiovascular
surgical procedures associated with™ or without infective
endocarditis (IE)**?2, Furthermore, ACF may occur after
coronary artery bypass grafting™®®, after mitral valve
replacement™, following repeat AV replacement" or
secondary to iatrogenic endovascular injury during an
invasive diagnostic procedure™’,

ACF may incidentally be found during routine pre-
operative examination™ or presented with severe heart
failure™®. The surgical correction of ACF is the treatment
of choice but percutaneous transcatheter device inter-
vention has recently been successfully introduced for the
closure of ACF>%%9,

In 1831, Hope® described a ruptured aneurysm of
a sinus of Valsalva into the right atrium. Congenital or
acquired aortic-atrial fistulas are rare anomalies. In 1924,
a large autopsy series (n = 4000) revealed aorta to atrium
fistula as an incidental finding; rupture was found in 1197,
of which 13 were into the RA due to infectious, traumatic
and atherosclerotic causes®. ACF may be congenital™’ or
acquired complicating acute aortic dissection' following
an intimal tear in the vicinity and proximity of the aortic
root or after AV replacement™ (Table 2). ACF may occur in
patients with infective endocarditis''®, as was the case in
the current patient and in 16% of the reviewed subjects.

Clinical presentation

Audible continuous murmur may raise suspicion for the
presence of ACF¥. The clinical manifestations of ACF
may include exertional dyspnea®, chest pain®”, pal-
pitation'®®, congestive heart failure®'® and recurrent
respiratory tract infection™"*?. Our patient presented with
reduced physical fitness as the only symptom, occurring
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Table 1 Clinical presentations and management of 39 subjects

Ref. Age gender ACF Diagnostic modality Clinical presentation/etiology Management
Jung et al™, 2011 49M NCS-right TTE Dyspnea and high fever Patch repair
atrium Ruptured sinus of Valsalva AVR/TVR
Infective endocarditis (Enterococcus
gallinarum)
Raufi et al™, 2002 50 M RCS-right TEE aortography Dyspnea and chest pain Repair of the ruptured
atrium cardiac cath Post-repair of aneurysm of right sinus of sinus of Valsalva
Valsalva Closure of the fistula
Hsu et al”, 2000 67 M False lumen-  TTE cardiac cath Dyspnea Fistula repair
Right atrium ioTEE Acute aortic dissection Bentall procedure
Chung et al®, 2000 52M AAR-right TTE cardiac cath Dyspnea and hemoptysis Closure of the fistula
atrium angiography MRl Post-repair (ARR) of acute aortic dissection ~ New composite aortic
root graft
Ananthasubramaniam 66 M LCS-leftatrium  TTE TEE ioTEE Dyspnea post-AVR Surgical closure of the
et al®™ 2005 fistula/repair
Haddad et al™, 2008 66 M NCS-right TTE Dyspnea post-repair of acute aortic dissection Fistula repair
atrium Bentall procedure
Estévez-Loureiro et 4 M NCS-left TTE TEE MDCT Dyspnea Percutaneous Amplatzer
al™, 2012 atrium CAG Infective endocarditis post-AVR vascular plug III occluder
3-D TEE (Streptococcus viridans)
Bouchez et al™, 2012 61 M LCS-left atrium  io TEE 3-D TEE Asymptomatic Conservative
Mundo-Sagardia et 2M NCS-right TTE TEE Infective endocarditis (Streptococcus mitis). Closure/repair
al™ 2006 atrium Complex congenital heart disease. Perforation
of sinus Valsalva aneurysm (NCS)
Ladowski et al'¥}, 1984 56 F NCS-right angiography Tatrogenic dissection Surgical closure/repair
atrium
Vydt et al®, 2002 43M NCS-right TTE TEE cardiac Chest pain, DOE, ruptured sinus Valsalva Surgical closure
atrium cath angiography aneurysm
aortography
Moiduddin et al™, B NCS-left TEE angiography ~ Amplatzer atrial septal occluder ASD PDA  Surgical closure/repair
2009 atrium cardiac cath
Chandra et al™, 2011 12 F RCS-right TTE CTA Dyspnea, palpitation Percutaneous Amplatzer
atrium aortography duct occluder
angiography cardiac
cath
Noureddine et al"®, 21F NCS-right TTE TEE Dyspnea Sudden death
2001 atrium
Przybojewski et al'™, 27M RCS/right  Phonocardiography Dyspnea; biventricular heart failure, ruptured ~Surgical closure/repair
1983 atrium and TTE cardiac cath sinus Valsalva aneurysm (RCS)
right ventricle angiography
aortography
Mujanovic et al™, 2010 41F NCS-right TTE angiography Heart failure; ruptured sinus Valsalva Surgical closure/repair
atrium aneurysm (NCS)
Mello et al™, 2005 16 F NCS-left TTE TEE Asymptomatic, post-placement of Amplatzer Surgical closure/repair
atrium aortography atrial septal occluder (ASO) for ASDII
Grayburn et al”, 2005 41F Aorta-right TTE TEE Chest pain, post-placement of Amplatzer  Surgical closure/repair
atrium atrial septal occluder (ASO) for ASD
Chun et al™, 2003 10M NCS-right TTE TEE Asymptomatic, post-placement of Amplatzer Surgical closure/repair
atrium atrial septal occluder (ASO) for ASD
Knirsch et al®, 2005 3M NCS-left TTE Asymptomatic, post-placement of Amplatzer Surgical closure/repair
atrium atrial septal occluder (ASO) for ASD
Jang et al®, 2005 54 F NCS-right TTE Dyspnea, palpitation, hematuria, post- Surgical closure/repair
atrium placement of Amplatzer atrial septal occluder
(ASO) for ASDII
Ozay et al*™, 2007 22F NCS-right TTE TEE Palpitation post-surgical repair of VSD and  Surgical closure/repair/
atrium aortography cardiac ASDII correction
catheter
Elwatidy et al*”, 2003 SiE Aortic TTE cardiac catheter Presented as a case of PDA Surgical closure/repair/
isthmus-RA correction
Akowuah et al™, 2002 52F NCS-right  TTE cardiac catheter ~CHF, IE, TV, Staphylococcus aureus MRSA  Surgical TVR correction
atrium
Darwzah et al™, 2006 23M NCS/LCS- TTE PVE of AVR Staphylococcus epidermidis Surgical Re-re AVR
right atrium correction
Russo et al'™”, 2001 70 F NCS-right TTE TEE Chest pain, dyspnea, CHF complication of ~ Surgical closure/repair/
atrium AAD type 1 correction
Onorato et al*”, 2005 48 F NCS-right TTE TEE ICE Dyspnea, CHF, ruptured sinus Valsalva ADO catheter closure
atrium aortography cardiac aneurysm
catheter
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Chang et al™, 2006 47,22F (2 x) NCS-RA (1 x) 4 x TEE Closure of VSD and AVR, IE (1 x) ADO catheter closure (3
and 22,18M RCS-RA (1 X) 4 x aortography Dyspnea and palpitation (3 x) x) and Gianturco coil (1
2x) and RCS-RV (2 X)
x)
Szkutnik et al', 2009  51,23,41 RCS-RVOT (3 TTE TEE MDCT Dyspnea, chest pain, palpitation and syncope ADO (5 x) and ASO (1 x)

congenital (4 x)and M (3 x) and x), RCS-RA (1 catheter closure

acquired (1 x) 18,28 F (2 x) LCS-PA (1
X) x) and NCS-
RA (1 %)
Oram et al™, 1955 36,67 M (2 NCS-RA RCS- Catheterization, Chest pain, palpitation, dyspnea Chest pain, ~Post-mortem
x) RA, RV autopsy dyspnea
Said and Mariani 2016 44 M NCS-RCS-RA  TTE, aortography  Easy fatigability Surgical closure

cardiac cath,
angiography

AAD: Acute aortic dissection; ACF: Aortocameral fistula; AAR: Aneurysm of the aortic root; ADO: Amplatzer duct occlude; ARR: Aortic root replacement;
ASD: Atrial septal defect; ASO: Amplatzer atrial septal occlude; AVR: Aortic valve replacement; CHF: Congestive heart failure; CP: Chest pain; CTA:
Computed tomography angiography; D: Dyspnea; DOE: Dyspnea on exertion; F: Female; ICE: Intra-cardiac echocardiography; IE: Infective endocarditis; io:
Intra-operative; LCS: Left coronary sinus; M: Male; MDCT: Multi-detector computed tomography; MRI: Magnetic resonance imaging; NCS: Non-coronary
sinus; PA: Pulmonary artery; PDA: Patent ductus arteriosus; PVE: Prosthetic valve endocarditis; RA: Right atrium; RCS: Right coronary sinus; RV: Right
ventricle; RVOT: Right ventricular outflow tract; TEE: Transesophageal echocardiography; TTE: Transthoracic echocardiography; TV: Tricuspid valve; TVR:
Tricuspid valve replacement; VSD: Ventricular septal defect.

Table 2 Etiology of aortocameral fistulas

Etiology Condition/references

[46]

Congenital Congenital RCS-RA fistula' and aortic isthmus-RA fistulal

Acquired-iatrogenic (post-surgical and non-surgical latrogenic aorta-right atrial fistula: late (14 years) post-surgical repair of VSD and ASD*?
intervention/infectious/ diagnostic procedures)
Post-corrective surgery of sinus of Valsalva aneurysm®"
Post-CABG™*!
Post-AVR®
Post-MVR™!
Post-ARR, after operating on a type A dissection
Following ASO closure of the secundum ASD T *
NVE", RCS/NCS-right atrial fistula (current case) secondary to NVE
PVE[S,IS]
ACF associated with diagnostic cardiac catheterization (NCS-RAA)[4]
ACF post-non-penetrating thoracic injury™” has been reported
RSVA®!

Rupture of ascending aorta aneurysm

[2047)

Acquired-accidental / traumatic

Spontaneous
(18]

ACF: Aortocameral fistula; ARR: Aortic root replacement; ASD: Atrial septal defect; ASO: Amplatzer atrial septal occlude; AVR: Aortic valve replacement;
CABG: Coronary artery bypass grafting; MVR: Mitral valve replacement; NCS: Non-coronary sinus; NVE: Native valve endocarditis; PVE: Prosthetic valve
endocarditis; RA: Right atrium; RAA: Right atrial appendage; RCS: Right coronary sinus; RSVA: Ruptured sinus Valsalva aneurysm; VSD: Ventricular
septal defect.

late after the index native valve endocarditis. Among the
38 reviewed subjects, four (11%) were asymptomatic
and the majority (89%) were symptomatic.

ACF may originate from any of the three sinuses
of Valsalva, but origin from the NCS was infrequently
reported™”’. Congenital aneurysms (origin RCS 65%-85%,
NCS 10%-30% and LCS < 5%) of the sinus of Valsalva
have a tendency to rupture, mainly into the right cardiac
chambers (termination RV 63%, RA 32%), resulting
in an ACF*®**1, Congenital aneurysms of the sinus of
Valsalva may be associated with other defects including
bicuspid AV, ventricular septal defect and coarctation of
the aorta™".

ACF may occur between the aorta and right atrium®®,
as was the case in our current patient, or left atrium®*.
Congenital ACF may be incidentally found in asymptomatic
adult subjects'**!. There have been a few reports of
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iatrogenic acquired fistula formation associated with the
percutaneous device closure of atrial septal defects with
an Amplatzer septal occluder™ %,

Congenital aortic-atrial fistulas are extremely rare.
Acquired ACF are related to prosthetic valve disorders after
aortic root repair associated with™**! or without infective
endocarditis’®?, The current patient had a prior IE of the
native AV. ACF may appear as an early™", immediate™ (10
d) or late (4 years)™ postoperative complication.

Diagnostic modalities

Echocardiography [transthoracic (TTE), transesophageal
(TEE) and 3-D TEE]""** is the first diagnostic modality
of choice to precisely delineate the fistula components.
With complete right and left cardiac catheterization
and aortography of the aortic root, the fistula can be
appropriately evaluated and the exact location indi-
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cated®*®, TTE, TEE and 3-D TEE comprise a useful non-
invasive diagnostic modality with which to delineate the
fistula characteristics. With 2-D echocardiography, TEE,
the clinical diagnosis of ACF may be established but
ascending aortography is essential for confirmation and to
differentiate from other disorders such as ruptured sinus
of Valsalva aneurysm™®, aorta-right atrial tunnel™" and
acquired™” or congenital® coronary cameral fistulas.

A multimodality imaging strategy confirms the diag-
nosis of ACF. Echocardiography (TTE and TEE), selective
coronary angiography and retrograde aortography are used
for visualization of the coronary ostia and demonstration of
the course of the fistula™>**, This was the chosen approach
in two-third (60%) of the reviewed subjects and in the
presented case.

Computed tomography (CT) scan and cardiovascular
magnetic resonance imaging (MRI): These diagnostic
modalities were not widely applied among the reviewed
subjects. In only few cases, CT scan™*>® was performed
and MRI technique was found in the case reported by
Chung®. In our current case, CT and cardiovascular
magnetic resonance were not available at that time and
moreover, echocardiography and aortography provided
adequate imaging quality of the ACF making further
investigations unnecessary.

The most common termination sites of “spontaneously”
ruptured aneurysms of coronary sinus of Valsalva are into
the RA or RV¥*?: more rarely, the left ventricle® may be
involved, ensuing acute volume overload of the involved
cardiac chamber. Our patient had an acquired aortic-right
atrial connection.

The origin of congenital aneurysm is generally related
to the right coronary sinus (65%-85%)"?*3% and those
associated with infective endocarditis ensue from the left
coronary sinus™*”, RCS™ or NCSH*Z,

Management
The first successful surgical correction of ruptured sinus
Valsalva aneurysm (RSVA) was reported in 1957, In
1966, Temple et al** described the successful surgical
repair of aortic-right atrial fistula in an adult symptomatic
male. ACF may be closed by surgical intervention'® or by
transcatheter device'™. The treatment of choice is early
surgical repair, which is necessary to prevent the develo-
pment of severe symptoms and complications. Untreated
ACF may cause significant morbidity and early mortality.
Recently, percutaneous transcatheter treatment of ACF
has been reported which is considered a novel method
for selected cases™. Percutaneous transcatheter closure
of ACF, using the Amplatzer duct occluder, Gianturco coil
or Amplatzer septal occluder, has proven to be a safe
technique which is gaining territory in the non-surgical
management of ACF™*%, Our patient had a successful
surgical repair with uneventful postoperative recovery.

Our current patient survived infective endocarditis of
the AV occurring years prior to presentation. He remains
well 7 years following the surgical correction.
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Background

Aortocameral fistulas (ACF) may be congenital or acquired complicating
acute aortic dissection following an intimal tear in the vicinity and proximity of
the aortic root or after aortic valve (AV) replacement. ACF is an uncommon
complication of native AV endocarditis, which is associated with high morbidity
and mortality.

Research frontiers

ACF may originate from any of the three sinuses of Valsalva. Audible
continuous murmur may raise suspicion for the presence of ACF. The clinical
manifestations of ACF may include exertional dyspnea, chest pain, palpitation,
congestive heart failure and recurrent respiratory tract infection. ACF may
incidentally be found during routine preoperative examination. Untreated ACF
may cause significant morbidity and early mortality.

Innovations and breakthroughs

The surgical correction of ACF is the treatment of choice but percutaneous
transcatheter device intervention has recently been successfully introduced for
the closure of ACF. Acquired ACF is an infrequent entity which may occur late
after an episode of endocarditis of the native AV.

Applications

This paper presents a case of acquired aortic-atrial fistulas occurring late after
infective endocarditis of the aortic valve, the author reviewed 30 suitable papers
and summarized the clinical feature, diagnostic modalities and management of
such a disease.

Peer-review

The authors reviewed the published literature on the aortic-atrial fistulae, but
also included several cases of similar connections that occurred between
the aorta and other chambers including the ventricles, the left atrium and the
pulmonary artery. The interesting side of the manuscript is the review rather
than the clinical case. The review is well written and reports a total of 38 cases,
presented in different clinical scenario.
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