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Abstract

Various previous studies have found a negative cor-
relation between the risk of cardiovascular events and
serum high-density lipoprotein (HDL) cholesterol levels.
The reverse cholesterol transport, a pathway of choles-
terol from peripheral tissue to liver which has several
potent antiatherogenic properties. For instance, the
particles of HDL mediate to transport cholesterol from
cells in arterial tissues, particularly from atherosclerotic
plaques, to the liver. Both ATP-binding cassette trans-
porters (ABC) Al and ABCG1 are membrane cholesterol
transporters and have been implicated in mediating
cholesterol effluxes from cells in the presence of HDL
and apolipoprotein A-I, a major protein constituent of
HDL. Previous studies demonstrated that ABCAl1 and
ABCGL1 or the interaction between ABCA1 and ABCG1
exerted antiatherosclerotic effects. As a therapeutic
approach for increasing HDL cholesterol levels, much
focus has been placed on increasing HDL cholesterol
levels as well as enhancing HDL biochemical functions.
HDL therapies that use injections of reconstituted HDL,
apoA-I mimetics, or full-length apoA-I have shown
dramatic effectiveness. In particular, a novel apoA-I mi-
metic peptide, Fukuoka University ApoA-I Mimetic Pep-
tide, effectively removes cholesterol via specific ABCA1
and other transporters, such as ABCG1, and has an an-

Raishidenge ~ WJC | www.wjgnet.com

tiatherosclerotic effect by enhancing the biological func-
tions of HDL without changing circulating HDL choles-
terol levels. Thus, HDL-targeting therapy has significant
atheroprotective potential, as it uses lipid transporter-
targeting agents, and may prove to be a therapeutic
tool for atherosclerotic cardiovascular diseases.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: ATP-binding cassette transporter; ATP-bind-
ing cassette Al; ATP-binding cassette G1; Apolipopro-
tein A-I; High-density lipoprotein; High-density lipopro-
tein therapy; apoA-I mimetic peptide; Reconstitutedf
high-density lipoprotein

Core tip: The reverse cholesterol transport pathway
played with high-density lipoprotein (HDL) has several
potential antiatherogenic properties. Both ATP-binding
cassette (ABC) Al and ABCG1 are lipid transporters and
have been involved in mediating cholesterol effluxes
from cells in the presence of HDL or apoA-I, and they
exerted antiatherosclerotic effects. As a therapeutic
approach for increasing HDL cholesterol levels, much
focus has been placed on increasing not only HDL cho-
lesterol levels, but also HDL-biological functions. Re-
constituted HDL and apoA-I mimetics have significant
atheroprotective potential, as it uses lipid transporter-
targeting agents, and may prove to be a novel thera-
peutic tool for atherosclerotic cardiovascular diseases.

Uehara Y, Saku K. High-density lipoprotein and atherosclerosis:
Roles of lipid transporters. World J Cardiol 2014; 6(10): 1049-1059
Available from: URL: http://www.wjgnet.com/1949-8462/full/v6/
110/1049.htm DOIT: http://dx.doi.org/10.4330/wjc.v6.110.1049

INTRODUCTION
High-density lipoprotein (HDL) cholesterol is widely
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Figure 1 lllustration of high-density lipoprotein metabolism and suggested function of fukuoka university ApoA-l mimetic peptide in high-density lipopro-
tein metabolism. ABC: ATP-binding cassette transporter; TG: Triglyceride; CE: Cholesteryl ester; CETP: Cholesteryl ester transfer protein; HL: Hepatic lipase; apo:
Apolipoprotein; HDL: High-density lipoprotein; FAMP: Fukuoka university ApoA- I mimetic peptide; CETP: CE transfer protein; SR-BI: Scavenger receptor BI; LDL:
Llow-density lipoprotein; LCAT: Lecithin cholesterol acyltransferase; LDL-R: Low-density lipoprotein receptor; SR-Bl: Scavenger receptor class B, type I ; FAMP: Fu-

kuoka University ApoA- I mimetic peptide.

known as “good cholesterol”, because various previous
studies have found a negative correlation between the
risk of cardiovascular events and serum HDL. cholesterol
levels'. However, this is still controversial whether the
association is the cause or just only an ensuing symptom
of a general atherosclerotic damage. HDL has several
potential for antiatherogenic properties, for instance,
cholesterol is transported from peripheral tissues such
as the cells in the arterial walls to the liver by HDL par-
ticles, where it is used for a composition of lipoproteins
and a synthesis of bile acids, steroid hormones, or fat-
soluble vitamins'". Whereas, low-HDL cholesterolemia is
often observed as a characterized component of meta-
bolic syndrome, such as in people who are overweight
or obese, those with glucose intolerance or have obvious
diabetes, those with hypertriglyceridemia, and those with
high blood pressure, each of which conditions contribute

- |2
to the cause of atherosclerosis'™.

METABOLISM AND THE FUNCTIONS OF
HDL

Although HDL is a lipoprotein when isolated by ultra-
centrifugation has a density in the range of 1.063-1.21 g/
mL (HDI2, 1.063 < d < 1.125 g/ml; HDIL3, 1.125 < d <
1.21 g/mL), HDL composes a heterogeneous group of
particles that differ in density, size, composition of apoli-
poprotein (apo) or lipid, and electrophoretic mobility". Tt
is possible to separate HDL into two major subfractions
on the basis of electro-mobility by electrophoresis; the
major subfraction has the same mobility as alpha HDL,
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whereas the other subfractions migrate similar to pre-
beta HDL, in addition the majority of HDL particles in
human plasma are alpha HDL, and pre-beta HDL repre-
sents only 2%-14% of all apoA-I"" (Figure 1).

HDL metabolism has the complicated mechanisms in
association with several HDIL-related genes such as various
enzymes and protein, lipids, teceptors, or transporters and
its synthesis involves a complex pathway. The undetlying
genetic deficiency in many cases of primary low-HDL
cholesterolemia are not cleatly understood, however muta-
tions in three pivotal genes as apoA-I, lecithin: cholesterol
acyltransferase, and ATP-binding cassette transporter
(ABC) Al, are associated with reducing serum HDL cho-
lesterol levels, furthermore some of these genes’ mutations
are also closely correlated with an increased risk of prema-
ture atherosclerosis and coronary artery disease (CAD)".

TANGIER DISEASE, A FAMILIAL HDL
DEFICIENCY

Tangier disease (TD) is the most severe form of HDL
deficiency, which was first described by Fredrickson ef a/”.
The biological hallmarks of TD patients’ plasma are a de-
fect of HDL cholesterol, reduced low-density lipoprotein
(LDL) cholesterol levels, and moderate increased triglyc-
eride. The plasma apoA-I concentration in TD is mark-
edly decreased to approximately 1%-3% of normal. TD
is a very rare autosomal recessive disordet which is char-
acterized by the almost absence serum apoA-I and HDL
cholesterol levels. Furthermore, cholesteryl ester (CE)
accumulates in many macrophage enriched tissues, such

October 26, 2014 | Volume 6 | Issue 10 |
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Figure 2 Secondary structures of the ATP-
binding cassette transporter A1, ATP-binding
cassette G1 and ATP-binding cassette G4
transporters. The ATP-binding cassette transport-
ers (ABC)A1 transporter comprises 2201 amino
acids with two transmembrane domains compris-
ing two nucleotide binding domains (NBD-1 and
-2) and six transmembrane helices, which contain
two conserved peptide motifs, Walker-A and -B.
ABCA1 is characterized as two large extracellular
loops and N-terminus oriented towards the cytosol.
Both ABCG1 and ABCG4 proteins have one trans-
membrane domain comprising six transmembrane
helices and one NBD that contains two conserved
peptide motifs, Walker-A and Walker-B.

Extracellular
ABCG1/ABCG4 T % Membrane
Intracellular
COOH
NH:

as tonsils, spleen, liver, lymph nodes, peripheral nerves,
thymus, and also arterial walls. Clinical symptoms among
homozygotes patients include hepatosplenomegaly, hy-
perplastic orange-yellow tonsils, corneal opacification,
and premature CAD and atheosclerosis in a half of cases
as well as relapsing peripheral neuropathy due to CE de-
position in macrophages and Schwann cells”™.

In 1999, a cause of TD was found in a defect of the
ABCA1 (formerly ABCT) gene!™'™'" that is located on
chromosome 9q31. This gene comprises 50 exons that
span a region of approximately 149 kb, ABCA1 has
been identified as an important gene for regulating cel-
lular cholesterol homeostasis and serum HDL choles-
terol levels, which is defect in patients with TD. ABCAT7
gene mutations cause gene dose-dependent decreases in
serum HDL cholesterol levels and a decreased capacity
of skin fibroblasts and monocyte-derived macrophages
releasing cholesterol in the presence of extracellular apo-
lipoproteins in TD patients and their heterozygous rela-
dvesll,10,11,14,]5]-

A transmembrane protein, ABC transporter facilitates
to carry out the specific substrates across cell membranes
in an ATP-dependent manner. ABCA1 is a member of
the ABC transporter superfamily comprised 48 human
transporters, and the superfamily is divided into seven
subfamilies, including from half- to full-transporters, desig-
nated ABCA-ABCG. These transporters ate integral mem-
brane proteins carrying out various substrates, including
lipids, ions, peptides, amino acids, carbohydrates, vitamins,
glucuronides, glutathione conjugates, and xenobiotics .
ABCAL1 is expressed in various organs in human, particu-
latly the highest expression levels are existed in the placenta,
liver, lung, adrenal glands, and fetal tissues' .

ABC transporter superfamilies are defined by the
presence of similar nucleotide binding domains (NBD)
to interact with ATP. These domains have two conserved
peptide motifs, Walker-A and Walker-B, which are found
in many proteins that utilize ATP"*"” (Figure 2).
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ABC TRANSPORTER ROLES IN HDL
METABOLISM

ABCA1 transporter functions and their relationships
with HDL metabolism

ABCAT1 proteins transport phospholipids (PLs) and cho-
lesterol from the membranous inner leaflet to the outer
leaflet, subsequently lipid-poor or lipid-free apoA-I takes
up this transported cholesterol and PLs by ABCA1 to
form nascent HDL™. ABCA1 is localized at the plasma
membrane and intracellular compartments, where it can
potentially facilitate lipid transport to either cell surface-
bound”" or internalized apolipoproteins[zz]

HDL metabolism is composed of at least three differ-
ent steps. As the first step, lipid-free or lipid-poor apoA-I
removes free cholesterol from peripheral cells through
ABCAT1 transporter to form nascent-HDL. Second,
nascent-HDL has a further lipidation, thereafter it grows
to mature-HDL. Third, mature-HDL interacts with other
apoB containing lipoproteins, such as intermediate den-
sity lipoprotein (IDL) and very-low-density lipoprotein
(VLDL). Thus, ABCA1 is indispensable for the nascent-
HDL formation, in addition it is also an important and

essential molecule for the initial step of the reverse cho-
lesterol transport (RCT).

Cultured blood monocyte-derived (mod)-macrophages
from a healthy subject showed an approximately 125%
increase in cholesterol efflux mediated lipid-free apoA-I,
whereas it did not respond to apoA-I mediated efflux in
macrophages from TD patients™. Although a lipid-free
apoA-I showed an increase the cholesterol efflux mediat-
ed by in cultured mod-macrophages from healthy persons,
the apoA-I did not elevate cholesterol efflux in mod-mac-
rophages from TD patients. These results indicated that
ABCAL1 is a key molecule for apoA-I-specific cholesterol
efflux pathway, but not basal efflux in macrophages.

Since ABCA1 plays an important role in mediat-
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ing cholesterol and PL effluxes by lipid-free apoA-I, it
is involved in a formation of discoidal HDL precursor,
furthermore ABCA1 poortly interacts with HDL2 and
HDL3. Patients with TD have extremely low levels of
HDL cholesterol and they cannot compose nascent HDL
particles due to a genetic defect in ABCAT gene.

Disrupting the ABCAT1 in mice resulted in HDL
deficiency and impaired cholesterol transport similar to
TD*! ABCA1 overexpression resulted in increased
apoA-I-mediated cholesterol efflux in transgenic mice”.
These results indicate that ABCA1 is an important gene in
regulating circulating HDL cholesterol levels and cellular
cholesterol homeostasis.

ABCG1 transporter functions and their relationships to
HDL metabolism

ABCGT1, formerly ABCS is also a member of the ABC
transporter family which has been mapped on chromo-
some 21q22.3"** ABCG1 is one of half-transporter
that contains only one NBD and a transmembrane do-
main, in contrast to ABCA1">”" (Figure 2). Thus, ABCG1
may require a dimeric partner to become active with
ABCGT1 or ABCGH4.

Although ABCA1 promotes cholesterol efflux to
lipid-poor or lipid-free apoA-I, it only modestly induces
lipid efflux of smaller particles, such as HDLs, and does
not promote a cholesterol efflux of the larger HDL:
fraction™". Tt has been also shown by Wang ez al® that
ABCG1 and ABCG4 contributed to HDI..- and HDI.3-
mediated cholesterol effluxes and had an important func-
tion related to HDL lipidation™",

Administering a high-cholesterol, high-fat diet to
ABCGT1 knock-out mice resulted in a large amount of
lipid accumulation in macrophages, whereas overexpres-
sion of human ABCGT gene was able to protect a di-
etary fat-induced lipid accumulation in murine model™.
Moreover, It was shown by Mauldin ¢ 2" that reduced
function of ABCGT1 facilitated foam cell formation
in diabetes mice™. Transplanting bone marrow from
ABCG]1-deficient (ABCG1") mice into LDL receptor-
deficient mice, a model of familial hypercholesterolemia,
produced contrasting effects on the formation of athero-
sclerotic lesion™*, Tn contrast to these report, decreased
lesion size and formation were observed in the absence
of macrophages from ABCG1-deficient mice**?, and
whole body ABCG1 expression protected against the
development of eatly atherosclerotic plaquew. However,
it remains unclear that the physiological roles of ABCG1
and its contribution to atherosclerotic progression in hu-
mans. In addition, ABC transporters such as ABCG1 and
ABCGH4, but not ABCA1, are not only responsible for
passive and nonspecific efflux pathway but also mature
HDL-mediated cholesterol efflux, which are spherical
and transport almost all HDL cholesterol™",

ROLES OF ABCG5 AND ABCGS8

TRANSPORTER
ABCG5 and ABCGS are half-transporters as well as
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ABCGT1 that function together as a heterodimer, and mu-
tations in either of these genes can cause sitosterolemia
which is a rare autosomal, recessively inherited disorder,
characterized by premature atherosclerosis and xantho-
mas™*. These transporters mediate the sterols efflux
including cholesterol and plant sterols from enterocytes
return into the intestinal lumen and their excretion into
the bile**. Accordingly, they protect the lipid accumu-
lation in the body and augment RCT system. In animal
model, ABCG5 and .ABCGS deficient mice have been
shown to reduce a secretion of cholesterol in the bile and
elevate sterol absorptionm], on the other hand ABCG5
and ABCGSE genes-overexpressed mice promotes choles-
terol secretion in the bile, decreases cholesterol absorp-
tion from diet, and increases neutral sterol excretion in
the feces™. Liver X receptor (LXR) agonists promote
the cholesterol efflux by the upregulation of ABCA1 and
ABCGT, and also stimulate ABCG5 and ABCG8 which
accelerate direct HDL transport of intestine into the lu-
men, thus these genes also play an important role in the
RCT system and their enhancement by LXR agonists

prevent an atherosclerotic development”',

MECHANISMS OF ABCA7 AND ABCG1
GENE REGULATION

ABCAT gene expression and cellular efflux of cholesterol
are enhanced by cholesterol™" oxysterols[521, retinoids™,
and cAMP analogs'™*". The ABCAT gene promoter has
been analyzed**. Both oxysterols and retinoids are li-
gands for the nuclear transcription factor, LXRa/p and
retinoid X receptor-alpha (RXRay), respectively, which
have been identified as an enhancer of ABCAT gene
expression™”** Tt is present in dimeric form of LXR
and RXR as active transcriptional heterodimers that
preferentially bind to responsive elements in the ABCA1
gene promoter[13’5‘7]. LXRa/B and RXRa bind to the
specific responsive element, called direct repeat 4 (DR4)
element within the ABCA1 promoter, which is character-
ized by two direct hexameric repeats separated by four
nucleotides, thereafter they are activated by oxysterols
and retinoids™”, ABCA1 transcription are activated to
bind either one or both ligands. Treatment with either a
ligand of LXRa/B or RXRa, enhances cellular ABCA1
expression, furthermore their combination treatment has
a marked synergistic effect’.

Since peroxisome proliferator activating receptor
(PPAR)-o. and -y agonists such as fibrates and thiazolidine
derivative (TZD) upregulate LXR mRNA expression, the
activation of PPARs indirectly enhances a transcription
activity of ABCA1 »ia LXR in cultured cells. In contrast, it
is already known the zinc finger protein ZNF202 transcrip-
tion factor as a major transcriptional repressor for ABCAIL.
In addition to the factor ZNF202, unsaturated fatty acids,
but not saturated one, drastically suppress ABCA1-mediated
cholesterol effluxes from macrophages by which they antag-
onize the binding of specific agonist, oxysterol to LXR,
Moreover, various transcription factors, such as upstream

stimulatory factor (USF)1, USF2, Fra2, and Sp3, also have
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Figure 3 Response of liver X receptor and retinoid X receptor agonists to human ATP-binding G1 promoter activities in RAW264 cells. A: Human wild-
type ATP-binding cassette transporter G1 (ABCG1) promoter-A located upstream of exon 1; B: Human wild-type ABCG1 promoter-B located upstream of exon 5; C:
ABCG1 promoter (promoter-A; upstream of exon 1) vectors that contain a truncated 5'-region of the ABCG1 gene. After transfection, cells were incubated with or with-
out agonists of LXR [22(R)-hydroxycholesterol, 10 umol/L] and RXR (9-cis-retinoic acid, 10 pmol/L). Results are expressed as mean + SD. Graphs modified from the
paper by Uehara et af™. LXR: Liver X receptor; RXR: Retinoid X receptor; RLU: Relative luciferase units .

the potential to repress the ABCA1 transcriptionlbsj.

The ABCGT gene has a promoter upstream of exon
1 and another intron promoter, which encodes several
transcripts ™", Our previous study demonstrated that
LXR activation drastically increased the ABCG1 pro-
moter activity (Promoter-A) located upstream of exon
1 as well as the ABCAT gene (Figure 3A). On the other
hand, the activity of ABCG1 promoter-B located within
intron 4 was not changed by an activation of LXR (Figure
3B)™. These results indicate that the gene transcription
of exon 5 and subsequent exons might be also regulated,
at least in part, by the ABCG1 promoter-A.

Electrophortetic mobility shift assay was done to confirm
these findings, and it showed the existence of DNA-binding
nuclear receptors on extracted ABCG1 promoter-A having
DR4 element. As would be expected from these finding,
only the ABCG1 promoter-A contained a DR4 element, but
not promoter-B, which is required for binding to LXRa/
RXR. In fact, a promoter response to ligands of LXR/RXR
was totally abolished in the mutated ABCG1 promoter
lacked an active DR4 element™ (Figure 3C).

ABCG1 SINGLE NUCLEOTIDE
POLYMORPHISMS

It remains unclear whether ABCGT1 itself contributes
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to circulating lipid levels, such as HDL cholesterol and
arterial plaque regression in humans. There have been
only five reports on ABCG1 polymorphisms. Our previ-
ous study was the first regarding an ABCG1 polymot-
phism, which appeared to be a potent functional ABCG1
polymorphism located in the promoter region' "' The
ABCGT1 promoter -257T>G polymorphism, rs1378577,
-394 'T/G from the transcription start site (NM_207627.1:
c. -394T>G), -134 T/G from exon 1 (NM_207627.1) is a
single nucleotide mutation (SNP) on the ABCG1 promot-
er region upstream of exon 1, which was reported to be a
functional promoter with an LXR-responsive element'**".

To investigate whether this promoter polymorphism
influenced gene transcriptional activity, in vitro luciferase
reporter gene assays were performed after transient trans-
fection in cultured cells. In these experiments, the amount
of luciferase activity was 25.7% higher in T allelic se-
quence containing construct than that in G allelic one on
ABCGT1 promoter-A; these responses were significantly
different (Figure 4A). ABCG1 promoter activity induced
by LXR and RXR agonists increased by 4.6-fold, and the
amount of luciferase produced by the construct contain-
ing the T allelic sequence was 30.9% higher than that
produced by the construct containing the G allele, which
was also significantly different as well as in the absence of
LXR/RXR agonists (Figure 4B). The transctiption activity
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in the T allelic sequence was significantly higher than that
in the G allelic sequence on ABCG1 promoter-A.

Furthermore, the ABCG1 promoter showed in-
creased activity via stimulation by LXR and RXR, and a
similar genotype-dependent effect on ABCG1 gene tran-
scription under these conditions was identified. These
results suggest that the ABCG1 promoter polymorphism
might be an isolated regulating factor for ABCGT gene
transcription activity, independent of LXR and RXR.

We genotyped 109 Japanese male CAD patients for
the ABCG1 promoter SNP. This polymorphism was as-
sociated with CAD severity in Japanese men, but not with
changes in lipid levels under fasting conditions in a case
control study. Logistic regression analysis showed that
there was an interaction between the ABCG1 promoter
genotype and CAD severity.

Genotype frequencies were grouped on the basis of
whether patients had multi- or single-vessel CAD. The
adjusted relative risk associated with the G allele (assuming
an additive effect) in a matched-pair analysis was 2.1 for
multi-vessel CAD compared with single-vessel CAD and
3.5 for the G/G and T/G genotypes compared with T/
T (assuming a dominant effect of the G allele)”. These
results were consistent with the proposition that the
variations for ABCGT gene might make a contribution to
interindividual variability in susceptibility or severity of
atherosclerotic changes.

ABCGT1 expression levels in atherosclerotic tissues
might be lower among those with the G allele and may be
associated with a mechanism for an increased incidence
of atherosclerosis in these individuals. These results were
similar to a previous study by Baldan e a/™” of transgenic
mice in whom the ABCG7 gene was deleted”. Further-
more, a recent study regarding ABCG1 as a candidate
gene with possible important antiatherogenic properties
also illustrates the current interest in this transporter.

HDL-TARGETING THERAPY FOR

ATHEROSCLEROSIS
Inhibiting scavenger receptor BI (SR-BI), CE transfer
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Figure 4 In vitro promoter activity assay for ATP-binding G1
promoter-A. ATP-binding cassette transporter G1 (ABCG1) promoter
construct with a =257T/G mutation, -394 T/G from the transcription
start site (NM_207627.1: ¢.-394T > G) on ABCG1 promoter-A, which is
reported to be a functional promoter with an LXR-responsive element.
A: ABCG1 transcription activity on a construct that contains the T or G
allelic sequence; B: ABCG1 transcription activity induced by 5 umol/L
of T0901317 (T0) and 9-cis-retinoic acid (9cisRA) on constructs that
contain the T or G allelic sequence. Results are expressed as mean
+ SD. Graphs are modified from the paper by Furuyama et af*". ABC:
ATP-binding cassette; RXR: Retinoid X receptor; LXR: Liver X receptor.

protein (CETP) or PL transfer protein, and an activating
ABCA1 or apoA-I elevate HDL cholesterol levels. How-
evet, it is uncertain whether the effects of these interven-
tions on atherosclerosis are consistence with the results
of studies with animal models and inborn human HDL
metabolism errors. Although it has not found a such
small molecule which strongly promotes apoA-I produc-
tion, one possible candidate molecule is LXR agonist
which increase HDL cholesterol levels »ia upregulation
of ABCA1 and ABCGT1 expressions. Unfortunately, pre-
vious study has shown that concurrent with an activation
of RCT, the agonist induces hypertriglycemia consequent
on increasing hepatic VLDL production.

As a therapeutic approach for increasing HDL lev-
els, much research has focused both increasing HDL
cholesterol levels and on enhancing HDL biochemical
functions. HDL therapies that used injections of recon-
stituted HDL, apoA-I mimetics, or full-length apoA-I
are remarkably effective "™, Nissen ez a/™ showed that
in humans, intravenous administation of ETC-216, an
apoA-I-Milano complexed with phospholipids, produced
a significant regression of coronary atherosclerotic
plaques as determined by intravascular ultrasound IVUS).
After infusing ETC-216, regression of coronary athero-
sclerosis was accompanied by reverse remodeling of the
external elastic membrane and with no changes in lumi-
nal dimensions as assessed by IVUS analyses'”.

Reconstituted HDL (tHDL), a complex of apoA-I or
apoA-I mimetics with PL, must be shaped as disc, and it
may be a suitable administration in patients with athero-
sclerotic plaque and TD. ABCA1 plays an important role
for apoA-I-mediated cholesterol efflux in macrophages,
and thereby is involved in discoidal HDL precursor for-
mation. Mature HDL particles shaped spherical induce
cholesterol effluxes by other transporters such as ABCG1
and ABCG4, rather than ABCA1", We previously estab-
lished a discoidal tHDL, which was a complex of human
serum-derived full length of apoA-1 with PL, 1-palmito-
yl-2-oleoylphosphatidylcholine (POPC)". Interestingly,
the apoA-I complex with a PL, a POPC/apoA-I disc,
could take up cholesterol from macrophages in both nor-
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Figure 5 Fukuoka University apoA- I mimetic peptide effects on cellular
cholesterol effluxes in cells that express ATP-binding A1 and ATP-binding
G1. COS-7 cells were transiently transfected with an empty vector (mock) or with
human ATP-binding cassette transporter A1 (ABCA1) and ATP-binding cassette
transporter G1 (ABCG1) cDNAs. Cholesterol efflux was determined after incuba-
tion with apoA- I or FAMP. Results are expressed as mean + SD. °P < 0.05 vs
FAMP in mock; °P < 0.01 vs BSA; °P < 0.01 vs FAMP in mock; ‘P < 0.01 vs apoA-
I in mock. Graph modified from the paper by Uehara et a*®. FAMP: Fukuoka
University ApoA- I mimetic peptide; BSA: bovine serum albumin; apoA- I : apoli-
poprotein A- I ; FAMP: Fukuoka University ApoA- I Mimetic Peptide..

mal subjects and TD patients.

Although studies on the use of apoA-I mimetic pep-
tides (e.g., 4F and 1.37pA) are underway "™ none of
these agents are currently available for clinical use. To
develop a physiological HDL-generating apoA-1 mimetic
peptide that functions with ABCA1 transporter, differ-
ent candidate peptides were synthesized by focusing on
the amino acid sequence alignments of human apoA-I
interactions with ABCA1. We recently established a novel
short apoA-I mimetic peptide that comprised 24 amino
acids and without phospholipids Fukuoka University
ApoA-1 Mimetic Peptide (FAMP), which retained the
amphipathic helical structure of the 243-amino acid
apoA-T and the ability to associate with lipids™™. This was
shown to enhance HDL function and suppress aortic
plaque formation in apoE-knockout mice that were fed
a high-fat diet. FAMP matkedly increased pre-beta HDL
formation as well as increased the overall cholesterol ef-
fluxes from peripheral tissues™

In contrast to apoA-1I, FAMP-mediated cholesterol
effluxes were not completely abolished under ABCA1-
inactivated conditions, such as in cells treated with pro-
bucol, an ABCA1 antagonist, and Tangier macrophages.
These results suggested that FAMP functioned in re-
moving cholesterol through both the ABCA1 pathway
and another specific pathway that must be dependent
on ABCGI1 transporters (Figure 1). In support of this,
COS-7 cells that were transiently transfected with the
ABCAT and ABCGT genes had significantly increased
FAMP-mediated effluxes compared with mock transfec-
tion (Figure 5).

Injections of HDL apo-A-1 mimetics, apoA-I-Milano,
and full-length apoA-I are effective both 7» vitro and in
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vivo. However, it remains unclear whether apoA-I or its
mimetics actually enter atherosclerotic plaque lesions and
remove cholesterol. ApoA-I may generate nascent, new
HDL and reverse the macrophage foam cell phenotype.
We developed a novel PET tracer that was function-
alized with DOTA and labeled with “Ga to specifically
image the status of atherosclerotic plaques. Atheroscle-
rotic plaques and aortic atherosclerotic plaques show high
uptake of this tracer, and this novel tracer provides for
impressive iz vivo imaging of an aortic plaque using PET/
cr, HDL-targeting therapy, including FAMP, may have
tremendous atheroprotective potential and prove to be
a new therapeutic tool for atherosclerotic cardiovascular
disease. While most research has focused on the therapeu-
tic use of HDL, an apoA-I mimetic peptide may also con-
tribute to the development of a tool for plaque diagnosis.

CONCLUSION

The RCT pathway has several potential antiatherogenic
properties. Both ABCA1 and ABCG1 are lipid transport-
ers on plasma membrane that have been contributed in

mediating effluxes of cholesterol and PLs from cells in
the presence of lipid-poor or lipid-free apoA-I and HDL.
As a therapeutic approach for increasing HDL levels,
much research has focused both on increasing HDL cho-
lesterol levels and on enhancing HDL biochemical func-
tions. HDL therapies with reconstituted HDL, apoA-I
mimetics, or full-length apoA-I am dramatically effective.
In particular, a novel apoA-I mimetic peptide, FAMP,
effectively removes cholesterol iz specific ABCA1 and
other transporters, such as ABCG1. FAMP has an an-
tiatherosclerotic effect by enhancing biological HDL
functions without changing circulating HDL cholesterol
levels. These HDIL-targeting therapies have significant
atheroprotective potential, as they are lipid transporter-
targeting agents. Thus, HDL-targeting therapy may prove
to be a therapeutic tool for atherosclerotic cardiovascular
diseases.
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Abstract

Cardiovascular magnetic resonance (CMR) allows
the nonradiating assessment of coronary arteries; to
achieve better image quality cardiorespiratory artefacts
should be corrected. Coronary MRA (CMRA) at the mo-
ment is indicated only for the detection of abnormal
coronary origin, coronary artery ectasia and/or aneu-
rysms (class I indication) and coronary bypass grafts
(class 1I indication). CMRA utilisation for coronary ar-
tery disease is not yet part of clinical routine. However,
the lack of radiation is of special value for the coronary
artery evaluation in children and women. CMRA can
assess the proximal part of coronary arteries in almost
all cases. The best results have been observed in the
evaluation of the left anterior descending and the right
coronary artery, while the left circumflex, which is lo-
cated far away from the coil elements, is frequently im-
aged with reduced quality, compared to the other two.
Different studies detected an increase in wall thickness
of the coronaries in patients with type I diabetes and
abnormal renal function. Additionally, the non-contrast
enhanced T1-weighed images detected the presence
of thrombus in acute myocardial infarction. New tech-
niques using delayed gadolinium enhanced imaging
promise the direct visualization of inflamed plaques in
the coronary arteries. The major advantage of CMR
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is the potential of an integrated protocol offering as-
sessment of coronary artery anatomy, cardiac function,
inflammation and stress perfusion-fibrosis in the same
study, providing an individualized clinical profile of pa-
tients with heart disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Coronary angiography; Coronary venous
system; Gadolinium; Magnetic resonance imaging

Core tip: Cardiovascular magnetic resonance (CMR)
allows the non-radiating assessment of coronary arter-
ies. At the moment it is indicated only to detection of
abnormal coronary artery origin, ectasia and/or aneu-
rysms (class I indication) and coronary artery bypass
grafts (class II indication). The utilisation of coronary
MRA (CMRA) for coronary artery disease diagnosis is
not at the moment part of clinical routine. However,
due to lack of radiation is particularly useful for chil-
dren and women. A combined CMR protocol, including
CMRA and stress perfusion-fibrosis evaluation may offer
a non-invasive assessment of cardiovascular profile in
high risk patients.

Mavrogeni S, Markousis-Mavrogenis G, Kolovou G. Contri-
bution of cardiovascular magnetic resonance in the evaluation
of coronary arteries. World J Cardiol 2014; 6(10): 1060-1066
Available from: URL: http://www.wjgnet.com/1949-8462/full/
v6/i10/1060.htm DOI: http://dx.doi.org/10.4330/wjc.v6.110.1060

INTRODUCTION

Coronary artery disease (CAD) with its sequelae includ-
ing myocardial infarction and heart failure, is the main
cause of increased mortality in our days”. The usual
way for CAD assessment is the use of invasive coronary

angiography; however, the high incidence of CAD and

October 26, 2014 | Volume 6 | Issue 10 |



the queries of invasive assessment necessitate the use of
a noninvasive evaluation of coronaries™".

Cardiovascular magnetic resonance (CMR) can pro-
vide a combined approach including coronary arteries,
cardiac function and stress myocardial perfusion-fibrosis
evaluation. Coronary magnetic resonance angiography
(CMRA) has been already used for assessment of coro-
nary anatomy and vessels’ wall, providing useful informa-
tion in CAD"”,

In this review we provide an update of clinical appli-
cations of CMRA, discussing the current limitations and
the challenges for future applications.

INDICATIONS FOR CMRA

The clinical indications of CMRA are at the moment
limited only to the detection of abnormal origin of

coronary arteries, coronary ectasia and/or aneurysms
(class | indication) and coronary bypass grafts (CABG)
evaluation (class II indication). The routine application
of CMRA for diagnosis of CAD is not at the moment

part of clinical practice[s’()].

CORONARY VESSELS ABNORMALITIES
AND ANEURYSMS (CLASS I INDICATION)

CMRA assesses precisely the abnormal coronary arteries

and the location and dimensions of coronary aneurysms.
The larger caliber and the proximal location of the coro-
nary artery aneurysms (CAA) facilitate their imaging,
The most important benefit of CMRA is the absence of
lonizing radiation, which is of special clinical value for
children and women™'". Clinical entities, characterized
by ectatic or aneurysmatic coronaries, include Kawasaki

disease, autoimmune vasculitis and coronary artery ecta-
. [11,12]
sia’ 7.

KAWASAKI DISEASE AND OTHER
AUTOIMMUNE VASCULITIS

In Kawasaki disease, CMR can diagnose lesions both in
acute and chronic phase. During the acute phase, a com-

plete evaluation of the coronary anatomy, left and right
ventricular function, myocardial inflammation and myo-
cardial fibrosis either due to inflammatory process or due
to myocardial infarction is essential.

The presence of CAA needs serial evaluation for pa-
tients’ risk stratification. Although transthoracic echocar-
diography is usually sufficient in young children, the visu-
alization of the coronary arteries becomes progressively
more difficult as children grow up. According to previous
publications, coronary magnetic resonance, using naviga-
tor techniques, has an excellent correlation with X-ray
coronary angiography using both Pearson coefficient and
Bland-Altman analysis and can be used as a reliable alter-
native for KD patientsm’m. Recently, the application of
free-breathing techniques in children with KD using the
whole-heart approach detected successfully not only the
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abnormalities of coronary lumen, but also the abnormally
thickened vessel wall and improved risk stratification and
monitoring of therapym. In parallel with coronary as-
sessment, during the same examination, an evaluation of
function and wall motion of both ventricles can be also
performed using the standard SSFP sequence!”. Howev-
er, only anatomic evaluation is not sufficient to success-
fully risk stratify KD patients. Previous studies in patients
with atherosclerotic coronary artery disease proved that
maybe a severe anatomic lesion could not provoke severe
myocardial ischemia and in contrary, a marginal coro-
nary lesion can induce significant myocardial ischemia!”.
Magnetic resonance (MR) first-pass myocardial perfusion
imaging during hyperaemia, due to the vasodilating agent
adenosine, demonstrates a high diagnostic performance
of MR perfusion imaging for the detection of anatomi-
cally defined coronary artery stenoses'!

Other autoimmune vasculitis that can potentially de-
velop coronary aneurysms include polyarteritis nodosa,
microscopic polyangiitis and Wegener granulornatosism]
In these diseases the application of coronary MRA with
simultaneous assessment of myocardial oedema-fibrosis
may reveal disease activity and pathophysiology of heart

lesion noninvasively and without radiation™

CORONARY ARTERY ECTASIA

Coronary artery ectasia (CAE) represents a form of ath-
erosclerosis, detected in 3%-8% of subjects during X-ray
coronary angiography. Sluggish blood flow is produced
within the ectatic segments, leading to chest pain in effort
and myocardial infarction, independently of the signifi-
cance of coexisting stenosis. CAE is the dilatation of an
artery 1.5 times greater than the normal coronary artery
and is assessed in 5% of angiographic and in 0.22%-1.4%
of autopsy cases” . Tt may involve the entire vessel
or be localized in a specific part of the vessel. If it in-
volves the entire vessel, it is called “ectasia”. It is due to
atherosclerosis in > 50% of cases. Ectasia coexists with
coronary artery disease in the majority of patients. Only
10%-20% of CAE coexist with systemic diseases”™*"
such as scleroderma” Ehlers-Danlos syndromem],
different types of antineutrophil cytoplasmic antibody
(ANBE]:A)—related Vasculitis“g][1 (Figure 1A), syphilitic aor-
ttis

and Kawasaki disease” (Figure 1B). In some pa-
tients, CAE has a congenital originm. The differentiation
between congenital and acquired coronary aneurysms is
rather difficult. Acquired CAE should also be differenti-
ated from aneurysms due to different coronary proce-
dures.

The correct follow up of ectatic vessels demands
repeated angiograms and CMRA offers an excellent
alternative for the evaluation of the initial part of left
main, left anterior descending and right coronary arter-
ies™. CMRA has been already proved a valuable clinical
tool for diagnosis of abnormal coronary origin, and is
in some cases superior to X-ray coronary angiography;
however, it is still under investigation for the assessment

of the CAD™. Our group proved that CMRA is equal
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Figure 1 Magnetic resonance angiography. A: Ectatic coronaries in a patient with polyarteritis nodosa, assessed by MRA; B: Aneurysmatic coronaries in a patient

with Kawasaki disease, assessed by MRA. MRA: Magnetic resonance angiography.

to quantitative coronary angiography for evaluation of
ecstatic/aneurysmatic disease. Furthermore, it is a non-
invasive, nonradiating techniquem. Compared with CT,
CMRA does not need use of a contrast agent. CMRA
can also give additional data about, vessels’ blood flow
and stress perfusion-fibrosis pattern®”,

CORONARY BYPASS-GRAFTS (CLASS II
INDICATION)

Bypass grafts can be assessed very well by coronary
MRA, because they are relatively immobile and have
larger diameter compared to coronary arteries. Differ-
ent imaging ways have been already used, including spin
echo™*and gradient echo techniques. The application
of contrast agents for better imaging of the blood sig-
nal™”, increased the sensitivity to 95%.

However, metallic clips in grafts constitute the com-
monest limitation of coronary bypass MRA. Coronary
MRA can be used at some special centers to detect le-
sions in bypass graftsm.

CORONARY MAGNETIC RESONANCE
ANGIOGRAPHY FOR ASSESSMENT OF
CAD

Coronary MRA assesses the initial part of the coronary
arteries in almost 100% of patients, with excellent results
acquired for the left anterior descending (LAD) and the
right coronary artery (RCA); the left circumflex (LCX),
due to its peculiar way, is at a increased distance from the
cardiac coil, and therefore its visualization is of infetrior
quality. According top revious studies, the imaged length
for LAD is 50 mm, for RCA is 80 mm and for LLCX is 40
m™* An excellent agreement between the proximal
parts of coronary arteries measured by MRA and by in-
vasive angiography was assessed by previous studies™.
Unfortunately, the resolution of CMRA remains
lower compared with invasive coronary angiography and
does not allow the evaluation of stenosis in small coro-
nary arteries. This is the reason of the low specificity
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documented in a recent international multicenter study'’;
however, CMRA was shown to have a high sensitivity
(92%) for the detection of CAD and its diagnostic per-
formance was ameliorated. In a subanalysis of left main
or three vessel disease, a sensitivity of 100% and a nega-
tive predictive value of 100% was documented. These
findings were also supported by smaller single-center
studies™*7,

Recently, a meta-analysis compared coronary MRA
and multi-slice computed tomography (CT) for assess-
ment of significant CADM. CT was more accurate than
MRA and therefore CT was suggested as the preferred
non-invasive alternative to X-ray coronary angiography.
However, the superiority of CMRA is that it can offer
more data about the patient, including cardiac anatomy,
function, inflammation, stress perfusion and fibrosis
evaluation.

Recently, a multicenter study showed that whole-
heart CMRA at 1.5 T can detect significant CAD with
high sensitivity (88%) and moderate specificity (72%).
Additionally, a negative predictive value (NPV) of 88%
indicates that this technique can effectively be used to
exclude the presence of significant CAD". We should
mention that this NPV reported by this trial is identical
to the NPV of the CORE-64 CTA multicenter study"™”.
Proving the value of CMRA to rule out CAD in patients
with low pre-test probability (< 20%0) oo,

Finally, in a direct comparison between CMRA and
CTA no significant difference was proved for the detec-
tion of CAD between 3 T MR and 64-slice CTA". A
comparison between coronary MRA, CTA and invasive
coronary angiography (CA) is shown in Table 1.

CORONARY VESSEL WALL
ASSESSMENT

The initial CMR images of the coronary vessel wall were
taken using fast spin echo techniques[()z’(ﬁ]. A double inver-
sion recovery preparation was used to take black-blood
images improving the contrast between blood and vessel

19, Recently, the double inversion recovery prepulse
[66]

wal
has been combined with fast gradient echo'®, spiral
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Table 1 Comparison between invasive coronary coronary
angiography, CTA and magnetic resonance angiography

Noninvasive No Yes Yes
Radiation Yes Yes No
Nephrotoxicity Yes Yes No
Accuracy +++ ++ +
Negative predictive value Saisis Siaisls Sl
Cost High High High
Calcium detection + + -
Anomalous coronaries +++ +++ +++
Ectasia/aneurysm Saisis Siaisls i
Graft assessment +++ +++ +++
CAD evaluation +++ ++ +
Plaque evaluation it + +

CA: Coronary angiography; MRA: Magnetic resonance angiography; CAD:
Coronary artery disease; CTA: Computed tomography coronary angiography.

and radial acquisitionsl(ﬂ]

Various studies documented the capability of vessel
wall imaging to detect remodeling of coronary arter-
ies in CAD and increased vessel wall thickness in type 1
diabetes with abnormal renal function®®”. It was also
documented by Jansen ef al™ that non-contrast enhanced
T1-weighed MR visualized thrombus in acute myocardial
infarction.

Recently, new techniques using delayed gadolinium
enhancement facilitated the direct assessment of inflamed
plaques in the coronary arteries. Clinically used contrast
agents showed non-specific uptake in plaques of patients
with chronic anginam. Acute coronary syndromes[72J and
systemic lupus erythematosusm]. The contrast enhance-
ment by CMR, assessed in patients with stable angina,
was associated with calcified or mixed plaques on MSCT,
while in ACS it was transient, probably due to inflamma-
tory process.

New contrast agents have been already used in ani-
mals and their accumulation in blood was associated with
increased endothelial permeability and/or increased neo-
vascularization!™. Additionally, increased accumulation of
iron-oxide particles (USPIO) was indicative of increased
endothelial permeability and vessel wall inflammation,
due to intraplaque macrophagesws’%].

Such molecules have been used as targets for new
molecular contrast agents that allowed the assessment
of inflammatory indexes, such as intercellular adhesion
molecule-1 (ICAM-1), vascular adhesion molecule-1
(VCAM-1) or matrix metalloproteinase (MMP)""""™. Fu-
thrmore, thrombi labeling using a fibrin-specific contrast
agentm’80J and evaluation of extracellular matrix remodel-
ling, using targeting elastin is a new promising molecular
imaging te3<:‘hniquelm’821 for early detection of plaque vul-

[83]

nerability” .

CONCLUSION

CMR is a non-invasive, non-radiating technique for
evaluation of coronary arteries and coronary wall. Its
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major advantage is the potential of a combined protocol,
including coronary arteries, cardiac anatomy, function,
inflammation and stress perfusion-fibrosis in the same
study in CAD and/or heart failure.

CMRA current indications include: (1) assessment
of abnormal coronary arteries, coronary ectasia and/or
aneurysm (class [ indication); and (2) coronary bypass
grafts (class Il indication). In the future, it may be used
to exclude CAD in selected patients. However, further
improvements are needed to support its use for routine
assessment of high risk populations.
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Abstract

The benefits of early perfusion in ST elevation myo-
cardial infarctions (STEMI) are established; however,
early perfusion of non-ST elevation myocardial infarc-
tions has not been shown to be beneficial. In addition,
ST elevation (STE) caused by conditions other than
acute ischemia is common. Non-ischemic STE may be
confused as STEMI, but can also mask STEMI on elec-
trocardiogram (ECG). As a result, activating the primary
percutaneous coronary intervention (pPCI) protocol
often depends on determining which ST elevation pat-
terns reflect transmural infarction due to acute coro-
nary artery thrombosis. Coordination of interpreting the
ECG in its clinical context and appropriately activating
the pPCI protocol has proved a difficult task in border-
line cases. But its importance cannot be ignored, as
reflected in the 2013 American College of Cardiology
Foundation/American Heart Association guidelines con-
cerning the treatment of ST elevation myocardial infarc-
tion. Multiples strategies have been tested and studied,
and are currently being further perfected. No matter
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the strategy, at the heart of delivering the best care lies
rapid and accurate interpretation of the ECG. Here, we
present the different patterns of non-ischemic STE and
methods of distinguishing between them. In writing
this paper, we hope for quicker and better stratification
of patients with STE on ECG, which will lead to be bet-
ter outcomes.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diagnosis; Electrocardiogram; Reperfusion
therapy; ST segment elevation; Myocardial infarction

Core tip: At times, distinguishing between myocardial
infarction with ST elevation (STEMI) from non-ischemic
causes of elevation of the ST segment is difficult, es-
pecially in patients with atypical presenting symptoms.
Understanding common patterns of ST elevation that
are not caused by ischemia is crucial for rapid and ac-
curate diagnosis. However, patients with baseline non-
ischemic ST elevation (for example, early repolarization
or repolarization changes caused by hypertrophy of the
left ventricule) may develop acute myocardial infarction
(true STEMI or non-ST elevation myocardial infarction
with baseline ST elevation). Here we describe common
patterns of non-ischemic ST elevation.

Deshpande A, Birnbaum Y. ST-segment elevation: Distinguishing
ST elevation myocardial infarction from ST elevation secondary to
nonischemic etiologies. World J Cardiol 2014; 6(10): 1067-1079
Available from: URL: http://www.wjgnet.com/1949-8462/full/v6/
110/1067.htm DOT: http://dx.doi.org/10.4330/wjc.v6.i110.1067

INTRODUCTION

Today, the electrocardiogram (ECG) is the most com-
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monly used diagnostic tool for recognizing and triaging
of patients with symptoms suggestive of myocardial
infarction (MI). Per the “Third Universal Definition of
Myocardial Infarction” document, the ECG should be
acquired and interpreted within 10 min of presentation'.
Additionally, serial ECGs every 15 to 30 min should be
performed in patients with ongoing symptoms in whom
the initial ECG is not diagnostic of ST elevation MI
(STEMD)",

ST elevation (STE) is considered to reflect acute trans-
mural ischemia caused by an occlusion of an epicardial
coronary artery by a blood clot. Therefore, it is recom-
mended that patients with suspected acute STEMI and
without contraindications should be subjected as soon as
possible to therapy intended to recanalize the occluded
artery by either primary percutaneous coronary interven-
tion (pPCI) or fibrinolysis. In contrast, the guidelines
recommend initial conservative therapy for patients with
suspected MI without STE, as active ongoing ischemia
may not be present and earlier studies have not shown a
benefit for reperfusion therapy in patients without STE”.

As per the 2013 ACCF/AHA Guideline for the
Management of ST-Elevation Myocardial Infarction, ST
elevation myocardial infarction is a clinical syndrome that
compromizes typical symptoms of acute ischemia of the
heart muscle in conjunction with elevation of the ST seg-
ment and increased blood levels of biomarkers that indi-
cate necrosis of the cardiac muscle. By these guidelines,
pPCI is recommended for those with symptoms indica-
tive of ischemia of the heart muscle that began 12 h or
less before medical encounter who have elevation of the
ST segmentm. Although the innovation of cardiac tropo-
nin (cTn) assays specific to the myocardium is changing
the overall diagnosis of MI, the decision to proceed with
angiography or give thrombolytics is made based on STE
on the ECG and is usually reached before troponins are
detectable in the blood. Further, the eldetly, patients of
female gender, and diabetic patients frequently present
with symptoms that are not typical, further emphasizing
the role of the presenting ECG for diagnosis and triage
of such individuals'**.

In most of individuals without prior cardiac disease,
the ST segment is at the level of the preceding P-R
segment and/or the following T-P segment (so called
1soelectric). Deviation of the ST-segment (elevation or
depression compared to the isoclectric line) can be a sign
of ischemia of the heart muscle. However, deviations
of the ST segment relative to the isoelectric line due to
nonischemic etiologies are often seen. Elevation of the
ST segment due to non-ischemic etiologies was reported
up to 15% in the general population. One studym found
that 91% of 6014 men who served in the United State Air
Force, between 16 and 58 years of age, without any appar-
ent cardiac disease had elevation of the ST segment of 0.1
to 0.3 mV in more than one of the precordial leads (most
commonly seen in lead V2). Another study suggested
that elevation of the ST segment above 0.1 mV in one
or more leads (V1 to V4) in 529 men without apparent
cardiac disease could be found in 93% among those who
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were between 17 and 24 years of age. As age progresses,
the prevalence of elevation of the ST segment declined®.
Thus, most men have elevation of the ST segment greater
than 0.1 mV in the precordial leads. Therefore, elevation
of the ST segment should be regarded as a normal finding
and is often termed “male pattern”. On the other hand,
only fifth of patients of female gender have elevation
of the ST segment above 0.1 mV, and this percentage is
not influenced by the age of the female patientsm. These
thresholds are discussed in the “Third Universal Defini-
tion of Myocardial Infarction” document',

Different cutoffs for the amount of STE are causing
confusion. The cutoffs for abnormal elevation of the ST
segment, per the “Third Universal Definition of Myocar-
dial Infarction” document for leads V2-V3, are elevation
of the ST segment at the J-point of above 0.2 mV in
men 40 years of age or older, 0.25 mV or above in men
below 40 years of age, and 0.15 mV or above in women
and/or 0.1 mV or above in all other leads in patients
without hypertrophy of the left ventricule or block of
the left bundle branch"!. These criteria are based on the
2% extreme outside of the mean calculated from a popu-
lation of 1321 Caucasians from the city of Glasgow and
the region of Strathclyde in Scotland”. The 2013 ACCF/
AHA STEMI guidelines have simplified these recom-
mendations. In these guidelines STE at the ] point in 2
contiguous leads or more of 0.2 mV or more in males or
0.15 mV or more in women in leads V2-V3 and/or of
0.1 mV or more in all other leads is the threshold"”. Con-
sidering the ethnic homogeneity and the decreasing STE
magnitude with age, these cutoffs should appreciated in
this context'’. It is unclear whether the same thresholds
for STE can be used in populations of different ethnic-
ity, as higher magnitude of STE was reported in Nigerian
healthy men'". Tt is plausible that if the thresholds, en-
dorsed by the “Third Universal Definition of Myocardial
Infarction” document are used, the reported incidence of
anterior STEMI would decrease, especially in men young-
er than 40 years of age. Moreover, currently there are
no guidelines as to what are considered “normal” STE
for patients whose ECG shows criteria for hypertrophy
of the left ventricular, left bundle branch block or other
forms of advanced intraventricular conduction defects.

As abovementioned, many patients presenting with
typical symptoms have elevation of the ST segment due
to non-ischemic etiologies (NISTE)". Physicians must
use all tools at their disposable to reach accurate diag-
nosis and reduce the risk of false activation of the pPCI
protocol or exposure to thrombolytic therapy from one
hand, while not missing cases of true STEMI. There are
patterns of NISTE that are frequent and typical and can
be easily recognized and distinguished from ST elevation
myocardia infarction. Yet, there are individuals with pre-
existing ST elevation secondary to non-ischemic etiolo-
gies (e.g., hypertrophy of the left ventricle or “early repo-
latization”) that can develop superimposed acute MI (ST
elevation myocardial infarction or non-STEMI (NSTE-
MI)); therefore, presence of benign patterns of NISTE
does not always rule out acute coronary syndrome (ACS)
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Table 1 Common patterns of nonischemic ST elevation

ST elevation secondary to LVH

ST elevation secondary to conduction defect (such as left bundle branch
block and non-specific intracardiac conduction delay)

Early repolarization pattern (notched J-point typically in anterolateral leads)
Normal variant of ST elevation (ST elevation mostly in leads V2-V3)
Concave ST elevation

Spontaneously reperfused STEMI

Aneurysm/old myocardial infarction

Pericarditis/ myocarditis

Wolf-Parkinson-White syndrome (pre-excitation)

Brugada pattern

Takotsubo (apical ballooning) syndrome

Hyperkalemia

Hypercalcemia

LVH: Left ventricular hypertrophy; STEMI: ST elevation myocardial in-
farctions.

and even STEMI.

The differential diagnosis of elevation of the ST
segment is wide, including conditions with secondary
ischemia of the myocardium (for example, dissection of
the aortic wall), pre-existing elevation of the ST segment
without acute ischemia, and instances with new elevation
of the ST segment with chest pain but without evidence
of ischemia of the heart muscle (for example, myocarditis
or pericarditis, pulmonary embolus, electrolyte imbalance,
rate-related repolatization changes, e.). Obviously, with
the current emphasis on diagnosing and triaging acute ST
elevation myocardial infarction rapidly, the probability of
over-diagnosing ST elevation myocardial infarction and
false activation of the pPCI protocols or administration
of fibrinolytic therapy may increase.

Failure to identify NISTE has its costs. It may delay
treatment for the original medical condition (i.e., aortic
dissection, pulmonary embolus, peptic disease, e#.) and
may expose the patient to unnecessary irradiation and ex-
posure to contrast agents, in addition to increased health
care costs and exhaustion of the catheterization labora-
tory personnel.

False-positive activation of the catheterization labo-
ratory (no culprit lesion) have been reported in 9% to
14% of the patients“]’lzj. More importantly, inapproptiate
activation rate, where the cardiologist did not perform
an emergent coronary angiogram, is varied from 5% to
23%" largely depending on the training of the activator
(paramedic or ED physician).

In this paper, we describe different patterns of STE
and their underlying causes. We intend to provide insight
into pathological »s non-pathological STE (Table 1). A bet-
ter understanding of STE will lead to faster and the more
appropriate treatment, lower false-positive and inappropri-
ate activation of urgent reperfusion protocols (fibrinolytic
therapy or pPCI), ensuring the best patient outcomes.

“CONVEX"” VS “CONCAVE” PATTERNS
OF STE

As mentioned above, the ST segment is normally isoelec-
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tric. ST elevation with convex or straight pattern is tra-
ditionally considered as indicative of STEMI in contrast
to a concave pattern, which is typically considered to be
secondary to nonischemic etiologies. The 2004 ACCF/
AHA guidelines supported this belief"; however, this
recommendation has been omitted from the current 2013
ACCF/AHA guidelines'",

Wang er al also emphasized the importance of the
concave tracing in establishing the male pattern, left bundle
branch block (LBBB), and LVH forms of STE over STE-
MI. Howevet, concavity verses convexity must be analyzed
carefully and should not be relied on as the sole criteria for
distinguishing NISTE from STEMI. Brady ¢z a/'” reported
77% sensitivity, 97% specificity, 94% positive predictive
value, and 88% negative predictive value for a non-concave
STE morphology in acute MI diagnosis. Given the use
of ECG for screening, such suboptimal sensitivity would
yield poor patient outcomes. Figure 1 depicts an ECG of
a man with acute antetior wall ST elevation myocatdial
infarction presenting with concave form of ST elevation
in the precordial leads. Angiography of the coronary arter-
ies revealed total occlusion of the left anterior descending

coronary artery (LAD) and the STE resolved after pPCL.

EARLY REPOLARIZATION

The “early repolarization” pattern is usually found 1% to
5% of the population. Most commonly found in young,
athletic, black males"*'"". In the past, eatly repolarization
pattern of NISTE was considered a benign patternm.
More recently, however, eatly repolatization pattern has
been associated with cardiac arrhythmia and sudden car-
diac mortality, mainly if there is 0.2 mV or more eleva-
tion of the ST segment. Nevertheless, this pattern is not
caused by acute ischemia mandating emergent reperfu-
sion therapy. The typical pattern appears as no S wave
in Vs3; 1-4 mm concave elevation of the ST-segment in
leads V2-V5 (most prominent in V3) and sometimes the
inferior leads; and notching of the downstroke of the R
waves (“]” wave), most distinct in lead V5 and V6!,
However, other authors have used different definitions.
Figure 2 is an example of early repolarization pattern.

In many cases of “eatly repolarization”, elevation of
the ST segment is not lasting and decreases or disappears
when the heart rate increases or if the patient hyperven-
tilates. Therefore, significant changes in the magnitude
of ST elevation are not necessarily diagnostic for acute
myocardial ischemia. At times, concomitant inversion of
the T-waves may be present in the precordial leads, which
are due to “juvenile T wave pattern” in younger subjects.
These changes could be mistaken for acute myocardial
ischemia'".,

Hypothermia may cause prominent J-point notch
(Osborne waves)!"” that must be distinguished from
“early repolarization” pattern. Hypothermia frequently
causes slow heart rate and muscle shiver. Osborne waves
with elevation of the ST segment are occasionally seen
in patients with severe hypercalcemia or disorders of the
central nervous system. Low body temperature usually
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Figure 1 A patient with acute anterior wall ST elevation myocardial infarctions with concave form of ST elevation in the precordial leads (V3-V5). Coronary
angiography revealed mid left anterior descending occlusion and primary percutaneous coronary intervention was performed.
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Figure 2 An example of ST elevation due to “early repolarization”. ST elevation with notched J waves is seen in the inferior and anterolateral leads.

causes prolongation of the QT interval. On the other
hand, hypercalcemia usually induces shortening of the
QT interval™. Hyperkalemia can also cause elevation of
the ST segment. In addition, hyperkalemia often presents
with QRS widening and changes can be seen in the P
waves and the PR segments. Another entity that can be
mistaken for notching of the J-point (so called “epsilon
waves”) is typically observed in “Arrhythmogenic Right
Ventricular Dysplasia”. In arrhythmogenic right ventricu-
lar dysplasia, however, epsilon waves are commonly pres-
ent in the precordial leads V1-V3*',

A “NORMAL-VARIANT” PATTERN OF
NISTE

A “normal-variant” ST elevation typically presents as
elevation of the ST segments mainly in the precordial
leads V1 to V3 (Figure 3)!"Y. Tt is typically seen in young
persons, mainly in Hispanic or African American males.
QRS critetia for left ventricular hypertrophy are not met
and concomitant depression of the ST segments and T
waves changes in the lateral leads are not seen. There are
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investigators who do not make the difference between a
“normal variant” pattern and “eatly repolarization” pat-
tern, grouping them together under the “early repolar-
ization” umbrella. It should be remembered that “catly
repolarization” and “normal variant” patterns are fre-
quently present in the same patients.

ELEVATION OF THE ST SEGMENTS
DUE TO HYPERTROPHY OF THE LEFT
VENTRICLE

Just as the QRS complex amplitude may increase by a
more massive left ventricle, changes in the ST segments
can be amplified”. NISTE due to hypertrophy of the
left ventricle (LVH) is usually seen in leads V1-V3. Typi-
cally, there are QRS amplitude criteria for hypertrophy
of the left ventricle and associated depression of the ST
segments in the leads facing the lateral wall (V5-V6 and 1
and aVL) (Figure 4). Frequently elevation of the ST seg-
ment is seen in lead aVR. It is crucial not to misdiagnose
this pattern as the pattern thought to represent left main
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Figure 3 An electrocardiogram of a young male with a “normal variant” concave pattern of ST elevation in leads V2-V4.
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Figure 4 An electrocardiogram showing typical pattern of ST elevation due to hypertrophy of the left ventricular with secondary repolarization changes.
There is ST elevation in leads V1-V2 and ST depression with T wave inversion in the inferolateral leads.

induced- or citcumferential- subendocardial ischemia
(elevation of the ST segments in leads V1 and aVR with
accompanying depression of the ST segments in the
inferior as well as the anterolateral leads). Per the Third
Global MI Task Fotce consensus paperm, the cutoffs for
the absolute amplitude of the ST segment elevation do
not apply for patients with hypertrophy of the left ventri-
cle. Yet; hypertension is an established risk factor for ath-
erosclerotic heart disease, including acute MI. It should be
remembered, however, that at times hypertrophy of the
left ventricle may present with atypical configurations of
ST elevation (Figure 5). Furthermore, frequently patients
are presenting with more than one pattern of NISTE
(LVH + eatly repolarization or nonspecific intraventtricu-
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lar conduction delay [IVCD] + LVH and even STEMI on
top of ST segment deviations induced by LVH).

ACUTE PERICARDITIS

STE may be seen in the acute or first stage of pericardi-
tis, which occurs in the first few days and may last up to
weeks. In most cases, diffuse STE is seen in all the ECG
leads, except in leads aVR and V1, that typically have re-
ciprocal depression of the ST segments (Figure 6). This
pattern is often associated with PR depression in all ECG
leads, except leads V1 and aVR, which occasionally depict
reciprocal PR elevation™, Focal pericarditis (for example,
after acute myocardial infarction or heart surgery), how-
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Figure 5 An electrocardiogram of a patient with atypical form of ST elevation secondary to left ventricular hypertrophy. ST elevation is present in leads I,

aVL, V1-V2. Mild ST depression is present in the inferior leads and V5-V6.
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Figure 6 Diffuse ST elevation secondary to acute pericarditis. There is typical depression of the PR segment (seen mainly in leads I and aVF. There is ST el-

evation in the inferolateral leads with ST depression in lead aVR.

ever, may induce more regional and non-typical forms of
STE, which at times could be associated with depression
of the ST segments in leads other than V1 and aVR .
These atypical patterns could be mistaken for STEMI.

STE SECONDARY TO LEFT BUNDLE

BRANCH BLOCK

LBBB typically causes marked ST changes (Figure 7),
making it difficult to recognize STEMI when the LBBB
pattern is present.

New or presumably new LBBB was regarded in the
past as an STEMI equivalent”. However, the majority
of cases with LBBB at the time of presentation, are “not
known to be old”, simply because an ECG prior to the
index presentation is not available for comparison. Pre-
sumably new LBBB and even new LBBB at presentation
occurs infrequently, is interfering with the analysis of the
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ECG, and according to the current STEMI guidelines are
not considered diagnostic of acute myocardial infarction
without the presence of typical clinical symptomsm.

Only 1% to 9% of patients suspected of an acute
myocardial infarction have LBBB (new or old) on their
ECG™. Of the patients with LBBB on whom the STE-
MI protocol was initiated, 39% had a final diagnosis of
true ACS, 36% had cardiac diagnoses other than ACS
(hypertensive emergency, acute heart failure, atrial fibrilla-
tion, complete heart block, severe aortic stenosis, e#.) and
25% had non-cardiac chest painlzi’%].

LBBB pattern inherently has a masking feature that
hides STEMIs. ST deviation typically is directed opposite to
the direction of the QRS complex. Acute STEMI, on the
other hand, typically presents with ST segment deviations
that are concordant with the QRS complex deflections.
As patients with LBBB typically show negative QRS com-
plexes in leads V1- V3 (deep S waves), they typically have
elevations of the ST segment in the precordial leads V1-V3.
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Figure 7 ST elevation secondary to left bundle branch block. The ST segment vector is directed opposite to the QRS vector. STE is present in the leads with
negative QRS deflection (mainly leads V/1-V3). There is typical ST depression in the leads with positive QRS deflection (the inferolateral leads).

This pattern must not be confused with anterior STEMI.

Criteria for recognizing STEMI in patients with
LBBB were published by Sgarbossa and colleagues: (1)
STE more than 0.1 MV that is concordant with the vec-
tor of the QRS complex; (2) ST depression of more
than 0.1 mV in lead V1, V2, or V3; and (3) STE of more
than 0.5 mV that is directed opposite to the QRS direc-
tion”*". Patients are given a point for each of the above
criteria and can be stratified on the likelihood of having
STEMI based on their Sgarbossa score.

These criteria have been validated in multiple stud-
ies™. These criteria are reported to have high specificity;
however, their sensitivity for identifying acute myocardial
infarction in patients presenting with LBBB is low"**,
In a recent meta-analysis, a three point Sgarbossa criteria
score (= 0.1 mV of concordant STE or = 0.1 mV ST
depression in leads V1 to V3) had a sensitivity of 20%
and specificity of 98%. If the third original criterion of
discordant STE = 0.5 mV in leads is added, the reported
sensitivity is ranging between 20% and 79% and specific-
ity between 61% and 100%”",

Smith and colleaguesm] suggest replacing the third
criteria of > 5mm absolute deviation in leads with discor-
dant QRS complex with an ST/S rato < -0.25. Doing so
increased the sensitivity from 67% to 91%, but the speci-
ficity remained unchanged at 90%. This modified Sgar-
bossa criteria needs to be validated with further studies™.

The absolute magnitude of the deviation of the ST
segments in patients with LBBB is influence by the de-
gree of aberrancy and could change secondary to chang-
es in the QRS axis, duration or heart rate. In addition,
the absolute magnitude of deviation of the ST segment
could change between different ECGs secondary to dif-
ferent electrode placement; this is often observed in the
anterolateral precordial leads (V4-V0) in patients showing
axis deviation to the left.
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There is no data as to the thresholds of ST segment
deviation in cases with incomplete LBBB (iLBBB; QRS
duration of < 120 msec). Especially, it is unclear what
are the cutoff values of “normal” STE in the precordial
leads V1-V3 in cases with iLBBB.

STE SECONDARY TO OTHER
INTRAVENTRICULAR CONDUCTION
DELAYS

Patients with nonspecific intraventricular conduction delay
may also diplay ST changes secondary to repolarization
abnormalities (Figure 8). The pattern and magnitude of ST
segment elevation or depression in such patients is highly
variable, and the right diagnosis of STEMI can often be
made only with comparison the index ECG and previous
tracings or following changes over time in followup ECGs.
Once more, the absolute magnitude of ST deviation can
change as the degree of conduction delay changes (QRS
width and axis) and may also depend on the heart rate.

Right bundle branch block (RBBB) is considered not
to affect the interpretation of ST elevation or depression.
Tachycardia, however, may cause depression of the ST
segments in the right precordial leads (V1-V3) in patients
with RBBB. These dynamic changes in the ST segments
are often mistakenly diagnosed as true inferolateral (pos-
terior) STEMI equivalent.

Pre-excitation (Wolf-Parkinson-White pattern) is occa-
sionally associated with NISTE that are secondary repolar-
ization alterations. The absolute magnitude of ST segment
deviation is highly affected by the degree of pre-excitation.

BRUGADA SYNDROME
The Brugada pattern includes a pattern resembling RBBB
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Figure 8 A patient with intraventricular conduction delay. There is mild elevation of the ST segment in the inferior leads and marked ST elevation in V2-V6. The
patient is known to have non-ischemic dilated cardiomyopathy and this is his chronic electrocardiogram pattern.
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Figure 9 A patient showing a Brugada pattern with RsR’, elevation of the ST segment and negative T waves in leads V1-V2.

with elevation of the ST segment in the precordial leads
(V1-V2)P"* The Brugada syndrome is linked to an in-
creased risk of ventricular arrhythmia and sudden cardiac
death. Type 1 Brugada pattern is defined by a coved el-
evation of the ST segment smore than 0.2 mV, associated
T wave inversion in more than one of the right precordial
leads (V1-V3. This pattern can be seen spontaneously
or only after the administration of a sodium channel
blocker. The diagnosis of Brugada syndrome depends on
the presence of ECG Brugada pattern in a patient with
documented history of ventricular fibrillation or poly-
morphic ventricular tachycardia, or a history of sudden
cardiac death in family members that are younger than 45
years, comparable ECG configuration in relatives, unex-
plained syncope, ability to induce of ventricular tachycar-
dia with programmed electrical stimulation, or agonal res-
piration at night time””. Type 2 Brugada pattern typically
presents with a saddleback pattern of STE of more than
0.2 mV that attenuates in the middle and distal partof
the ST segment with a positive or biphasic T waves in the
precordial leads V1 to V3. Type 3 Brugada pattern shows
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a saddleback or coved pattern of elevation of the ST seg-
ment (less than 0.1 mV). Type 2 and 3 Brugada patterns
should not be used to diagnose the Brugada syndrome
and are not associated with increased risk of ventricular
arrhythmia and sudden death. The ECG changes associ-
ated with the Brugada syndrome fluctuate with time, with
diverse patterns and magnitude of elevation of the ST
segments seen on different ECG tracingsl33j. Figure 9 is
an example of type 1 Brugada pattern.

TAKOTSUBO SYNDROME (APICAL
BALLOONING SYNDROME)

Takotsubo syndrome is seen mainly in females after
menopause. Typically, the syndrome follows acute physi-
ologic or emotional stress. The subjects frequently experi-
ence chest pain or dyspnea. The presenting ECG typically
shows elevation of the ST segment in the majority (up to
81.6%) of the patients. STE is typically seen in the pre-
cordial leads. In addition, abnormalities of the T waves
(64.3%) and Q waves (31.8%) can be detected. Takot-
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Figure 10 An elderly female patient with ST elevation secondary to Takotsubo. Angiography of the coronary arteries did not demonstrate significant coronary

artery narrowings.

subo syndrome is typically associated with mild elevation
of the cardiac markers (up to 86.2% of the patients) B,

In the acute phase, the ECG of Takotsubo patients
classically show marked depression of the ST segment in
lead aVR, no or minimal elevation of the ST segment in
lead V1 and concomitant diffuse STE in the other ECG
leads (Figure 10),

Frequently, the initial ECG pattern is mistaken for
anterior STEMI (especially the type caused by distal
occlusion of a wrapping long LAD that results in con-
comitant STE in both the infetior and precordial leads).
Echocardiogram may show regional wall motion abnor-
malities that are confined to the apex. This pattern is not
typical of the common type of anterior STEMI, but may
be seen in patients with apical occlusion of a wrapping
LAD. It was suggested that the ECGs of patients with
Takotsubo have more marked depression of the ST seg-
ment in lead aVR in conjunction with less elevation of
the ST segment in the precordial lead V1 relative to the
ECGs of patients with typical acute anterior STEMI™.

Because of the variations in presentation, Takotsubo’s
may be confused for other STE causes as well. Since many
patients present with PR depression, Takotsubo cardiomy-
opathy often resembles acute pericarditis on EKG"™.

Acute stroke (particularly subarachnoid hemor-
rhage)m’38J and pheochromocytomal”’w occasionally
present with ECG and regional wall motion dysfunction
findings that are indistinguishable from Takotsubo cat-
diomyopathy.

SPONTANEOUSLY REPERFUSED STEMI

The current STEMI guidelines advocate that subjects
presenting with symptoms suggestive of ACS within the
12 h before presentation who have elevation of the ST
segment in 2 or more adjacent ECG leads should under-
go reperfusion therapy as soon as possiblem. However, a
significant percentage of patients probably have (partial)
decrease in the severity of symptoms by the time of ar-
rival to the hospital, more often after receiving chewable
aspirin on route to the hospital. In many patients with
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spontaneous reperfusion the ECG depicts (incomplete)
decline in STE with concomitant inversion of the last
part of the T waves, as shown in Figure 11. This entity
is not recognized by the current guidelines and there are
no recommendations whether coronary angiography and
revascularization can be delayed in patients with clinical
suspicion of “spontaneous reperfusion” if they present
within 12 h of onset of symptoms and still have some
degree of STE. On the other hand, urgent pPCI is not
recommended to asymptomatic patients who are hemo-
dynamically stable despite having STE, if they present >

12 h of onset of symptomsm.

LEFT VENTRICULAR ANEURYSM

Left ventricular aneurysm may result in persistent eleva-
tion of the ST segment after a previous MI. Freuqntly,
the ECG may be very similar to that of acute STEML
In fact, STE secondary to aneurysm may be the most
frequently misinterpreted pattern in patients present-
ing to the emergency room with pain in their chest or
dyspneam. In Brady and colleagues’ study, where 11
hypothetical patients and accompanying EKGs were pre-
sented to 458 Emergency room physicians, left ventricu-
lar aneurysm was misdiagnosed 72% of the time, making
it the most commonly misinterpreted STE pattern[m.
Diagnosis is extremely difficult when previous ECGs
are unavailable for comparison. Typically, the ECGs of
patients with left ventricular aneurysm depict abnormal
Q waves in the ECG leads showing elevation of the ST
segment. Figure 12 is an example of persistent STE due
to aneurysm in a patient three months after acute ML

MIXED PATTERNS

In a large number of patients the ECG may show more
than one pattern of elevation of the ST segments that
makes the precise distinction between NISTE and STE-
MI extremely hard. At times patients with preexisting
benign pattern of NISTE may present with chest pain
secondary to NSTEMI. This is termed “pseudo”-STEMI
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Figure 11 A patient with ST elevation associated with inversion of the terminal portion of the T waves in leads aVL, V1-V5 due to recent anterior ST eleva-

tion myocardial infarction. On presentation symptoms have already subsided.
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Figure 12 A patient with ST elevation secondary to aneurysm. There are Q waves in the inferior leads + V5-V6 and tall R waves in V1-V2, secondary to old in-
ferolateral ST elevation myocardial infarctions. There is elevation of the ST segments in the inferior leads associated with reciprocal ST depression in leads | and aVL.
The electrocardiogram (ECG) is compatible with both acute evolving inferior ST elevation myocardial infarctions or aneurysm. Comparison to previous ECG showed

that this pattern is chronic and compatible with aneurysm.

and frequently is mistaken for true STEMI. Some forms
of NISTE could show wide variations in the magnitude
and extent of STE (for example, the Brugada syndrome
or early repolarization). These changes over time; how-
ever, differ from the typical pattern of ECG evolution
after STEMI.

CONCLUSION

The physician receiving the patient with symptoms com-
patible with STEMI at the first encounter should make
reperfusion decisions as soon as possible after interpret-
ing the initial ECG™. This goal was set up because the
benefits of reperfusion therapy decline rapidly as the
duration of ischemia is prolonged. Rapid interpretation
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of the ECG is crucial to shorten door-to-balloon time*.

In an attempt to shorten the time to reperfusion, new ap-
proaches are currently being tested™,

One of the more successful strategies is pre-hospital
activation of the coronary catheterization laboratory by
emergency medical services. Systems have been estab-
lished in which in addition to interpreting the transmitted
ECG, the interpreting physician can directly communicate
with the emergency medical system (EMS) team or even
the patient »iaz a mobile phonew. The pre-hospital activa-
tion strategy is associated with a door to balloon time re-
duction of 15.4 min*, In the systems used in the United
States, on the other hand, the electrogradiographer does
not have the advantage of a face-to-face history taking
and physical examination of the patient. In addition, even
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if previous ECGs are stored in the (electronic) medical
records, as a result of privacy issues, ECGs are transmit-
ted without any identifier details, including names. Hence,
the interpreter is not able to compare the transmitted
ECG with preceding ECGs, even if they are readily avail-
able. Diercks and colleagues have shown an improvement
in mortality for patients in whom pre-hospital activation
system was used (6.7%), s in patients without prehospital
activation (9.5%)". Although such approach might in-
crease the sensitivity of detecting STE, the specificity and
false activation remains a problem. The reported false-
positive rate ranges from 5.6% to 25%"% % These data
suggest there is significant room for improvement.

To evaluate the capability of experienced experts in
ECG reading to differentiate between STEMI to NISTE,
15 experienced ECG readers analyzed 116 ECGs show-
ing elevation of the ST segments. The readers were
asked whether the catheterization laboratory should be
activated for possible STEMI if patients had symptoms
suggestive of ACS™. In this set of ECGs, only 7% had
adjudicated STEMI and 8 more patients had elevation of
the heart muscle markers without clinical indication of
STEMI. The number of cases for which acute reperfu-
sion therapy was suggested by each of the ECG experts
ranged between 7.8% to 33%. There were wide differ-
ences in sensitivity [50% to 100%, (average 75%)] and
specificity [73% to 97%, (average 85%)] of the individual
readers'™. This study suggested that there is a need for
refining the criteria for differentiating between NISTE
and STEMI in different population setting and that the
available criteria for diagnosing STEMI should be refined
and standardized in order to maximize the accuracy of
ECG interpretation.
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Abstract

Hypertension is one of the most popular fields of re-
search in modern medicine due to its high prevalence
and its major impact on cardiovascular risk and con-
sequently on global health. Indeed, about one third of
individuals worldwide has hypertension and is under
increased long-term risk of myocardial infarction, stroke
or cardiovascular death. On the other hand, resistant
hypertension, the “uncontrollable” part of arterial hy-
pertension despite appropriate therapy, comprises a
much greater menace since long-standing, high levels
of blood pressure along with concomitant debilitating
entities such as chronic kidney disease and diabetes
mellitus create a prominent high cardiovascular risk
milieu. However, despite the alarming consequences,
resistant hypertension and its effective management
still have not received proper scientific attention. As-
pects like the exact prevalence and prognosis are yet to
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be clarified. In an effort to manage patients with resis-
tant hypertension appropriately, clinical doctors are still
racking their brains in order to find the best therapeutic
algorithm and surmount the substantial difficulties in
controlling this clinical entity. This review aims to shed
light on the effective management of resistant hyper-
tension and provide practical recommendations for cli-
nicians dealing with such patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Resistant hypertension; Antihypertensive

drugs; Adherence; White coat hypertension; Secondary
hypertension

Core tip: Patients with resistant hypertension are ex-
posed to high cardiovascular risk and proper medical
management continues to puzzle clinicians. The appro-
priate management of resistant hypertension is still elu-
sive. This review provides practical recommendations
for the management of resistant hypertension, aiming
to help primary care physicians. It also highlights that
the therapeutic scheme should always match the pa-
tient’s profile in terms of safety, tolerability and effec-
tiveness.

Doumas M, Tsioufis C, Faselis C, Lazaridis A, Grassos H, Papa-
demetriou V. Non-interventional management of resistant hyper-
tension. World J Cardiol 2014; 6(10): 1080-1090 Available from:
URL: http://www.wjgnet.com/1949-8462/full/v6/i10/1080.htm
DOIL: http://dx.doi.org/10.4330/wjc.v6.110.1080

INTRODUCTION

Despite impressive advances in the area of therapeutics,
cardiovascular disease (CVD) continues to be the leading
cause of death, even in the 21% century“’zl. Among caus-
ative factors, hypertension carries the greatest risk for
cardiovascular (CV) mortality and morbidity. With a prev-
alence of around 30% wotldwide, individuals with high
blood pressure have a five times greater risk of suffering
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a debilitating stroke, whereas 50% of hypertensives will
suffer from ischemic heart disease and around 7.0 million
people will die each year”’z]. Surprisingly, a considerable
number of individuals with arterial hypertension remain
undertreated or uncontrolled despite a combination of at
least three antihypertensive drugs (including a diuretic),
thus meeting the classical criteria of resistant hyperten-
sion (RH). Furthermore, since hypertension begets hy-
pertension and hypertension worsens vascular disease
and vice versa, it is reasonable to consider RH a vascular
emergency. In fact, prior to the advent of pharmacologi-
cal therapy, these are the patients that would progtess to
an accelerated and malignant hypertension phase with
dire consequences.

DEFINITION-PREVALENCE

According to the seventh report of the Joint National
Committee 7 (JNC7), RH is defined as the lack of con-
trol of blood pressure (BP) or BP above the therapeutic
goal despite the use of three antihypertensive drugs,
including a diuretic, at optimal doses”. BP controlled
with more than three antihypertensive medications is also
included in the most recent definition of the American
Heart Association (AHA)". A more recent definition
comes from the latest guidelines for the management of
arterial hypertension of the European Society of Hy-
pertension (ESH) and European Society of Cardiology
(ESC). According to the authors, RH is defined as arterial
hypertension above the therapeutic goal of systolic blood
pressure (SBP) (140 mmHg) and diastolic blood pressure
(DBP) (90 mmHg), and resistant to treatment despite
the implementation of appropriate lifestyle measures and
a combination therapy of three antihypertensive drugs,
including a diuretic, at adequate doses"™. With recent pub-
licity surrounding RH, more and more studies indicate
increasing frequency, but true prevalence remains largely
unknown. Data from relatively small studies published so
far indicate ranging prevalence from 5% in the general
population to 50% in nephrology clinics”®. However,
more recent data from the United States and Spain sug-
gest a prevalence of resistant hypertension of approxi-
mately 10%"". Yet, even these data are questionable due
to methodological limitations'"".

PROGNOSIS

Similarly to prevalence, the prognosis of patients with
RH remains an area widely understudied. It is well estab-
lished that arterial hypertension and CV risk are a very
tight dual complex and that CV morbidity and mortality
is directly related to BP levels'”. It thus seems rational
to assume that patients with RH presenting with long-
standing, uncontrolled, high BP might be at a much
higher CV risk!™”. This assumption is further supported
by the fact that most patients with RH have many other
CV risk factors, such as chronic kidney disease (CKD),
obstructive sleep apnea (OSA), diabetes or left ventricu-
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lar hypertrophy (LVH)™, Although rationally sound,
only small clinical studies and observational cohorts have
tried to give a more concrete element to this relationship,
demonstrating up to a six fold higher CV risk for patients
with RH"**, Therefore, ESH and ESC guidelines incor-
porated RH as a condition associated with a high risk of
CV and renal events®.

The most significant information in this field comes
from two recent studies. In a large retrospective observa-
tional study of more than 200000 patients and a median
follow-up of 3.8 years, it was found that CV event rates
were almost 50% higher in patients with RH compared to
those without RH"". Although very important, this large
study suffers from the inherent drawbacks of retrospective
analysis of data stored in large databases. A more accurate
estimation of RH-associated CV morbidity comes from a
meticulous study of almost 2000 hypertensive patients with
a mean follow-up of 3.9 years™. Tt was found that RH was
associated with a 2.2-fold increased tisk of CV morbidity
compared to control patients without RH. However, the
accurate risk while being uncontrolled and the exact benefit
from efficiently controlling RH are yet to be found.

MANAGEMENT

Given the relatively high prevalence of RH and the pre-
sumably high CV risk of this condition, proper manage-
ment of the affected individuals should be promptly es-
tablished. In general, the ideal approach of a patient with
RH should focus on two goals, with the primary being
identification, careful evaluation and, if possible, reversal
of contributing factors, followed by an effective individu-
alized drug regimen.

After ensuring that treatment resistance is not due to
improper office BP measurement, especially in eldetly pa-
tients, the astute physician has to exclude other causes of
“pseudo-resistance”. The possibility of secondary hyper-
tension should be examined, probably evaluating target-
organ damage (TOD). Practical recommendations for a
step-by-step approach are presented in detail.

WHITE COAT HYPERTENSION

White coat hypertension is a commonly encountered fac-
tor that must always be ruled out. Several small studies
pointed towards an increased prevalence of white coat
hypertension among patients with RH"'**” and a large
study of more than 8000 patients with apparent RH un-
veiled the magnitude of the white coat effect"”. Using
ambulatory BP monitoring, it was found that only 62.5%
of patients with office RH actually had true RH, while
the remaining 37.5% had white coat hypertension'’.
Apart from ambulatory BP monitoring, white coat hy-
pertension may be excluded with the use of home BP
measurements as well. In a large 20 year study of more
than 2300 patients with office RH, white coat hyperten-
sion was identified in approximately 30% of study par-

ticipants, mainly through home BP monitoring™’.
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Adherence to therapy

Poor adherence to prescribed medication is a major
problem in the cardiovascular field. A population study
of about half a million patients in Italy revealed that 33%
discontinued antihypertensive drugs within 6 mo of treat-
ment initiation and the discontinuation rate reached 50%
at 5 years post—treatment[zs]
consequences. Indeed, continuation of antihypertensive
drugs is associated with a 37% reduction of CV events
in hypertensive patientsm. Moreover, the CV risk is 25%
lower in patients with high compliance compared to those
with low compliance with antihypertensive agentsm. The
problem of persistence with antihypertensive therapy in
patients with RH was recently highlighted in a small study
from Germany. Among 108 patients with true resistant
hypertension, it was found that more than half of them
were non-adherent to therapy; more impressively, among
non-adherent patients, 30% were completely non-adher-
ent and 56% were taking less than half of the prescribed
drugsm. Although the study was small, it was well-de-
signed and used state-of-the-art toxicological methods to
assess antithypertensive drug levels, indicating that poor
treatment adherence is actually exaggerated in patients
with apparent RH and is a major problem. Another just
published study of 339 patients with RH assessing serum
levels of antihypertensive drugs confirmed the findings
of the previous study since 47% of patients were non-
compliant to therapy (either completely or partially) 2,

, with obvious detrimental

Clinical inertia

Clinical or physician inertia in the hypertension field can
be defined as the failure of treating physicians to initiate,
intensify or change therapy when BP values are above
the therapeutic goal. It has long been recognized that
physicians are often reluctant to appropriately manage
high blood pressure levels and do not start, intensify or
switch antihypertensive therapy in about one third of
occasions”", reaching 50% in patients with comorbidi-
ties”*?, Clinical inertia seems to play a major role in
RH. In a recent study of more than 3500 patients with
diagnosed RH, treatment intensification (dose increase
or drug addition) occurred in only 21.6% of visits with
elevated BP™.

The observation that treatment intensification occurs
in only one of five clinical visits is shocking and deserves
to be examined in-depth, to be highlighted and appropri-
ately addressed. First, it seems to teflect everyday clinical
practice since the vast majority (99.5%) of clinical visits
in the latter study was performed in primary care (family
practice, internal medicine and obstetrics/gynecology).
However, the big surprise comes from another finding of
this study and regards diuretic use: instead of intensify-
ing diuretic use by dose increment, the study reported
that diuretic use was actually reduced by 15% at one yeat
after the diagnosis of RH. Another finding of this study
confirms the importance of increasing treatment inten-
sity: treatment intensification was associated with a 64%
increase in BP control at 1 year post-RH diagnosis.
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Drugs inducing hypertension
A long list of drugs (either prescribed or over-the-
counter) and exogenous agents result in BP elevation and
consequently either induce hypertension or contribute to
resistance in drug therapy. Drug-induced hypertension
1s common and among the main causes of treatment
resistance”™. The most frequent agents associated with
drug-induced BP elevation are without any doubt non-
steroidal anti-inflammatory drugs which are widely pre-
scribed for a variety of conditions and are also available
over-the-counter™”", Other common causes include oral
contraceptives, hormone replacement therapy, and sym-
pathomimetics”™*". Special attention needs to be drawn
to drugs that are not commonly used but are essential for
the treatment of specific conditions: erythropoietin for
the treatment of CKD-associated anemia and myelodys-
plastic syndromes, cyclosporine and tacrolimus for organ
transplantation, mineralocorticoids for adrenal insuf-
ficiency, glucocorticoids for a wide variety of conditions,
and some newer anti-neoplastic drugs (VEGF-inhibitors
and tyrosine-kinase inhibitors)*' ™. Finally, illicit drugs
and herbal supplements must not be forgotten as causes
of treatment resistance in hypertensive patients'™*.
Some points regarding drug-induced BP elevation
need to be highlighted. First is the heterogeneity of BP
response to the above mentioned agents. Some patients
experience excessive BP elevation while other patients
exhibit little if any BP elevation. Then, the necessity of
the administered drugs inducing BP elevation dictates
management: (1) when the drug is not essential it can be
withdrawn; (2) when the drug is essential and replace-
ment with another less susceptible drug or dose reduc-
tion seems possible it can be tried; and (3) when the drug
is essential and cannot be replaced or down-titrated then
the best solution seems to be to treat the elevated BP
with the more appropriate antihypertensive drugs for
each condition. Last, but most important, is the identi-
fication of drug-induced BP elevation. Despite its high
frequency and the easiness of its recognition, treating
physicians often miss the opportunity of recognizing
iatrogenic hypertension, a common identifiable cause of
treatment resistance.

Secondary hypertension
Secondary forms of hypertension are not rare and are
frequently associated with treatment resistance unless
the etiological factor is removed. The list for secondary
hypertension is long and includes a wide variety of condi-
tions"; however, a detailed presentation of these causes
is outside the scope of the current review. Special atten-
tion should be given to the most common causes of sec-
ondary hypertension: primary hyperaldosteronism, renal
parenchymal disease, renovascular disease and obstructive
sleep apnea[34]. For example, in a large study of more than
2000 patients with RH, primary hyperaldosteronism was
identified in approximately 11% of study participantsm].
The astute physician, however, needs to know all the
forms of secondary hypertension, recognize their pre-
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senting symptoms, be familiar with the tests required to
establish or rule out their diagnosis, and effectively treat
these conditions. It has to be noted that a lot of experi-
ence is required to raise suspicion and unveil secondary
forms of hypertension because there is a two-edged
sword: either miss the diagnosis of a secondary form of
resistant hypertension or perform several unnecessary
tests without an obvious reason and with a tremendous
cost. It therefore seems rational to recommend referral
to a specialized center when the suspicion of a secondary

form is raised by primary care physiciansm.

Target organ damage

The recent 2013 guidelines for the management of arte-
rial hypertension recommend the recognition of TOD
in patients with arterial hypertension[s]. The reason for
this recommendation lies mainly in a more complete and
accurate estimation of CV risk and the subsequent re-
classification of patients with low or intermediate risk to
a higher risk level, as well as the specific treatment of the
various forms of TOD with appropriate antthypertensive
drugs. TOD is common in patients with RH and more
frequently recognized compared to patients without RH.
Indeed, left ventricular hypertrophy, arterial stiffness, mi-
croalbuminuria, diastolic dysfunction and chronic kidney
disease are more common in patients with RH than in
control patientswsﬂ. The association between RH and
TOD represents a “chicken-egg” question: is it the RH
that results in TOD or is hypertension more difficult to
control in patients with TOD? Although available data
does not allow for definite conclusions, it seems that this
assoclation is bi-directional and both types of association
occur in patients with RH.

Although we do not wish to dispute the importance
of identifying TOD, we believe that it is of marginal
clinical significance in patients with RH. Our belief is
mainly for two reasons: (1) patients with RH are already
at very high CV risk, due not only to hypertension but to
the frequent existence of comorbidities as well; and (2)
more importantly, patients with RH are already being ag-
gressively treated with the majority of available means of
the antihypertensive therapeutic armamentarium and the
recognition of TOD is not likely to alter the therapeutic
regime. Therefore, the quest for TOD in patients with
RH seems to be currently of little if any clinical signifi-
cance.

NON-PHARMACOLOGICAL APPROACH

Lifestyle factors (obesity, excessive salt intake, physical
inactivity, smoking, increased alcohol consumption) con-
tribute significantly to the multifactorial etiology of treat-
ment resistance and are prominent therapeutic targets
during assessment of patients with RH™. Thus, com-
mon lifestyle modifications such as dietary weight loss,
salt restriction, increased physical activity, smoking cessa-
tion and moderation of alcohol intake are recommended
and should be always incorporated in the therapeutic plan
of individuals with RH™". However, the evidence behind
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these recommendations is not always strong and often
relies on potential benefits and the lack of harm.

Several lines of evidence from epidemiological longi-
tudinal studies and randomized clinical trials indicate that
hypertension is more difficult to control in obese patients
and requires more antihypertensive drugsmsﬂ. In a re-
cent report from NHANES, obesity was identified as a
strong and independent predictor of apparent treatment-
resistant hypertensionm. Obesity-induced treatment
resistance might be mediated by sympathetic activation,
volume expansion, aldosterone excess and obstructive
sleep apneamsg]. Although the benefits of weight loss on
BP atre not questioned, the impact of weight reduction
(through lifestyle modification, pharmacological agents
or bariatric surgery) on BP in patients with RH is poorly
studied and needs to be confirmed by propetly designed
studies. Likewise, smoking cessation and alcohol modera-
tion have not been adequately studied in RH, despite the
undisputable benefits of these changes in lifestyle factors.

The paramount importance of salt restriction in
patients with RH was recently highlighted. A small, ran-
domized, cross-over study of 12 patients with RH evalu-
ated the effects of a low and high sodium diet on BPM,
It was found that a low sodium diet was associated with
a substantial reduction of office systolic and diastolic BP
by 22.7 and 9.1 mmHg, respectively. Of major impor-
tance, a similar reduction in ambulatory BP was observed
as well (20.1/9.8 mmHg), both during the day and night,
despite the fact that ambulatory BP reduction tends to be
significantly lower than office BP reduction”.

Fitness and increased exercise capacity are associ-
ated with significant morbidity and mortality benefits in
patients with hypertension, prehypertension and high
normal blood pressure, even in elderly patients[(’z’“]. The
significance of regular exercise in patients with RH was
recently demonstrated. A randomized study of 50 pa-
tients with RH assessed the effects of a treadmill exer-
cise program for 8 to 12 wk'™’. Tt was found that regular
aerobic exercise is associated with a significant reduction
in ambulatory BP by 6/3 mmHg. Another small study of
16 patients with RH points towards significant benefits
of heated water-based exercise®™ but further studies are
needed to confirm these preliminary findings.

DRUG TREATMENT

After all contributing factors have been carefully assessed
and effectively managed, treatment of true RH, whether
pharmacological or not, relies on inhibiting the patho-
physiological pathways resulting in BP elevation. Activa-
tion of the renin-angiotensin system (RAS), sympathetic
nervous system (SNS) overactivity and intravascular
volume expansion are the three cardinal pharmacological
targets in the therapeutic algorithm of an individual with
RH™™"* The means to achieve these targets cover a
broad spectrum of agents, including diuretics, angioten-
sin converting enzyme inhibitors (ACEI), angiotensin re-
ceptor blockers (ARBs), calcium channel blockers (CCBs),
beta blockers (BBs), alpha blockers, centrally acting drugs
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and other potent vasodilating agents. The most pre-
scribed drug categories among patients with RH are RAS
inhibitors (ACEi and ARBs), diuretics, CCBs and BBs. A
recent report of more than 140000 patients with RH in-
cluded in the large Medstat database revealed that 96.2%
of patients were on RAS inhibitors, 93.2% on diuretics,
83.6% on CCBs, and 80% on BBs". Chronotherapeu-
tics might also play a role and bedtime administration
of one drug or one dose might be beneficial in terms of

both BP control and outcomes™”’

'l however, more solid
evidence is needed before the wide generalization of this
approach.

We propose a therapeutic approach of a step-by-step
addition of antihypertensive drug classes in patients with
RH. This approach is based on the pathophysiology of
RH, the properties of antihypertensive drugs, the safety
profile and the efficacy of each class of agents in RH.
It has to be noted, however, that available data in RH is
scarce and limited with the vast majority of antihyperten-
sive drugs. Therefore, the proposed approach is more sci-
entifically sound than evidence-based. Prospective studies
are needed to evaluate the efficacy, safety and utility of

this approach.

Triple therapy

In general terms, combining available agents is the cor-
nerstone of treatment of RH. The challenge, however,
rests upon constructing a regime that will be both effec-
tive, in terms of blocking the majority of the implicated
pathophysiological pathways, and individualized, accord-
ing to the patient’s profile, lifestyle, comorbidities or even
financial limitations. Moteovet, the optimal combination
should be well tolerated by the patient, with minimal ad-
verse events to ensure long-term adherence to therapy.

Taking into account the above considerations, a triple
combination of an ACEI or ARB along with a diuretic
and a CCB seems to be a reasonable regime when ap-
proaching a patient with RH for the first time. This com-
bination is scientifically sound, widely used in everyday
clinical practice, and should be applied in high doses as
the first therapeutic step in patients with true RH after
all forms of “pseudo-resistance” have been excluded.
This combination might be applied in terms of switching
previous therapy or of treatment intensification in pa-
tients already using this combination in lower doses. The
proposed triple combination has several advantages in
terms of efficacy, safety profile, adherence to therapy and
financial costs.

In terms of efficacy, this combination seems very
attractive. Inhibition of the RAS system with an ACEI
or an ARB is a very useful tool to subdue high BP, espe-
cially in patients with concomitant CKD, heart failure,
myocardial infarction, diabetes mellitus and most forms
of TODP. Combining a RAS inhibitor with a CCB or a
diuretic is a very popular and scientifically sound choice,
especially for black people and the eldetly in whom CCBs
and diuretics are of particular value”. Several studies
have demonstrated the CV benefit of prescribing these
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two combinations and, as a matter of fact, many fixed-
dose combinations have been on the market for several
years'”

In terms of safety, RAS inhibitors are known to at-
tenuate the most common adverse events of the other
two classes: petipheral edema induced by calcium antago-
nists and hypokalemia induced by diuretics®™. In terms
of persistence in therapy and cost, dual fixed combina-
tions (RAS inhibitors plus thiazides or calcium antago-
nists) have been available for many years on the market
and physicians are already familiar with their use. Using
fixed combinations increases adherence to antihyperten-
sive therapy'”. Moreover, fixed combinations are usually
cheaper than the administration of each drug separately
and since drugs comprising these combinations are al-
ready off-patent, fixed combinations are preferred from
the financial point of view. Triple fixed combinations
were recently introduced in the market and are likely to
improve patients’ adherence to therapy with obvious
health and financial benefits"".

In clinical practice, it is not unusual to see patients
referred for RH who are actually receiving inappropriate
combinations or low doses of appropriate combinations.
This clinical observation provides the basis for the first
step of the proposed therapeutic approach. The com-
bination of ACEi with ARBs provides a very good ex-
ample of inappropriate or non-preferred combinations.
This combination was very popular during the last decade
despite its moderate efficacy on BP reduction compared
to other combinations, mainly due to expectations for
potential benefits on target organ protection, especially
cardioprotection and nephroprotection. The dual inhibi-
tion of the renin-angiotensin system suffered a lethal
kick by the ONTARGET study, in which the combina-
tion did not confer any additional benefits compared to
RAS monotherapy and was associated with more adverse
events'”, More recently, two other studies seem to have
put the final nail in the coffin. The NEPHRON-D study
found no benefit in patients with CKD" and the ALTI-
TUDE study reported similar results for the combination
with direct renin inhibitors”". Therefore, guidelines for
the management of arterial hypertension strongly recom-
mend avoiding dual RAS inhibition. Everyday clinical
practice, however, is cruel. Among 140000 patients with
RH included in a large database, 15.6% were treated with
ACEi plus ARBs'™.

Overall, we believe that a triple combination of RAS-
inhibitors, CCBs and diuretics in high doses should be
tried in all patients with true resistant hypertension before
other drugs are added. Certainly, exceptions apply for
this combination as well, such as patients that are intoler-
ant of one or more drugs included in this combination,
especially in high doses, since it is known that high doses
of CCBs and diuretics are associated with an increased
prevalence of peripheral edema and hypokalemia, respec-
tively. Furthermore, CCBs are relatively contraindicated
in patients with chronic heart failure and it is better to
substitute with beta blockers. Similatly, BB should be pre-

October 26, 2014 | Volume 6 | Issue 10 |



ferred in patients with RH and symptomatic CAD.

Thiazide diuretics

Among the antihypertensive agents available in our quiv-
er, emphasis should be given to diuretics. This is due to
the fact that volume expansion seems to be the most im-
plicating pathophysiological cause of RH. In fact, several
lines of evidence have demonstrated that over 60% of
patients could gain better BP control with proper diuretic
therapy. Thus, adding a diuretic, increasing the dosage
of the existing one or even changing the prescribed di-
uretic should be the mainstay of any treatment modifica-
fon*8133

More specifically, hydrochlorothiazide should be used
at adequate doses of up to 50 mg/d, assuming a satisfac-
tory renal function with an estimated glomerular filtration
rate (¢€GFR) > 40-50 mL/min per 1.73 m’. Chlorthali-
done has proved to be similatly or more effective; howev-
er, it is not widely prescribed due to its limited availability
in fixed dose combinations. Whenever renal insufficiency
is present, as defined by levels of eGFR < 40 mL/min
per 1.73 m’, loop diuretics should take their place in the
therapeutic regime. Due to their relatively short duration
of action, furosemide or bumetanide should be given
twice or even thrice daily, whereas torsemide with its lon-
ger half-life can be given only once per day.

During the last five years, a vivid discussion has taken
place regarding the comparison of hydrochlorothia-
zide with chlorthalidone™”. Chlorthalidone is long-
acting, almost twice as potent as hydrochlorothiazide at
the same dose, and has a better 24 h antithypertensive
proﬁle[su’sn. In addition, chlorthalidone was used in the
ALLHAT study and proved to be equal to other anti-
hypertensive drugsm], while hydrochlorothiazide and
bendrofluazide were used in the ACCOMPLISH and
the ASCOT trials respectively and proved to be inferior

. [83,84] .1
to comparison therapy . Moreover, an indirect com-
parison of chlorthalidone with hydrochlorothiazide in
the MRFIT study pointed towards the superiority of
chlorthalidone™. However, further studies are needed in
this field and specifically in patients with RH before defi-
nite conclusions can be drawn.

Mineralocorticoid inhibitors

Activation of the RAS and consequently aldosterone
production is a very common phenomenon in RH and a
principal therapeutic targetl%’sﬂ. Aldosterone excess can
be efficiently blocked by mineralocorticoid receptor an-
tagonists (spironolactone and eplerenone). Several small
clinical studies during the last decade proved the efficacy
of spironolactone in reducing BP in patients with RH
by approximately 20/10 mmHg for systolic and diastolic
BP respectively[%’%]. This unprecedented BP reduction
in patients with RH seems to be independent of base-
line aldosterone levels and more pronounced in specific
populations such as obese people and those with ob-
structive sleep apnea. The beneficial effects of spirono-
lactone were confirmed in the ASCOT study, in which
spironolactone was used as fourth line therapy in 1411
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patients of both treatment arms (diuretic + BBs »s ACEi
+ CCBs) following the addition of doxazosin (an alpha-
blocker). Indeed, BP was reduced by 21.9/9.5 mmHg
with spironolactone in this study[w. Of note, patients in
the first arm of the study were by definition RH as BP
remained uncontrolled despite the use of 3 antihyperten-
sive drugs, including a diuretic.

The enthusiasm for spironolactone use was somehow
dampened by the findings of two recent studies. The
ASPIRANT study, a double-blind, randomized, placebo-
controlled study evaluated the effects of spironolactone
in 117 patients with RH". It was found that daytime
ambulatory BP reduction with spironolactone was only
5.4/1.0 mmHg. In another, randomized, double-blind,
placebo-controlled study of 119 diabetic patients with
RH, the average ambulatory daytime BP reduction was
8.9/3.7 mmHg"".

Another significant concern regards the risk of hy-
perkalemia and renal function deterioration. Patients with
RH are already on RAS inhibition and CKD is frequently
encountered in such patients, thus increasing the risk of
hyperkalemia. Therefore, extreme caution is required, es-
pecially at treatment initiation, on renal function and po-
tassium levels. Although a specific algorithm for RH has
not been yet proposed, the recommendations of AHA
regarding spironolactone use in patients with heart fail-
ure seem prudent and might apply for patients with RH
as well”. In case of gynecomastia with spironolactone,
usually seen at doses above 25 mg/d, eplerenone, a more
selective agent, is well tolerated and effective™. Tt has to
be noted, however, that larger doses of eplerenone are
usually required for the same antihypertensive effect and
the significantly higher cost of eplerenone limits its use
in RH.

Other antihypertensive drugs
Treatment guidelines recommend maximizing diuretic
therapy, either by using chlorthalidone or by adding min-
eralocorticoid antagonists or both as needed. Are these
recommendations implemented in primary care? The
truth in everyday clinical practice is once again cruel.
Among more than 5 million hypertensive patients in-
cluded in the Medstat database, 140000 were using four
or more antithypertensive drugs, fulfilling the criteria of
RH. The rates of chlorthalidone and mineralocorticoid
antagonist use were disappointingly low: 3% for chlortha-
lidone and 5.9% for aldosterone antagonists[()()].
However, even in cases where chlorthalidone or
spironolactone are used, a considerable proportion of
individuals with RH still have uncontrolled BP. These
patients will need a fifth medication with the rationale of
implementing an agent with a different mechanism of
action compared to the already used regime. Blockade of
SNS hyperactivity could be a solution to this therapeutic
dilemma. BBs are particulatly effective when concomitant
coronary artery disease or congestive heart failure exists.
Another reasonable approach would be to combine a BB
along with an alpha blocker such as doxazosin, as data
has shown that it is possible to achieve a more potent an-
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tihypertensive effect.

Even then, a handful of patients will still resist antihy-
pertensive treatment, thus rendering the evaluation of the
role of centrally acting antihypertensive agents (clonidine,
moxonidine, methyldopa) or potent vasodilators (hydrala-
zine, minoxidil) as the next step. Although significantly
effective in lowering BP, the increased incidence of side
effects, their poor tolerability and the lack of concrete
data make the implementation of these agents always
with caution. Finally, limited data support the antihy-
pertensive action of a non-dihydropyridine CCB comple-
mentary to a dihydropyridine one”; however, data is
limited and requires confirmation in patients with RH.

Failure of drug therapy

After all pathophysiological pathways have been blocked
and most appropriate pharmaceutical efforts and com-
binations have been made, it is evident that a reasonable
number of patients will still retain remarkably high levels
of BP. Rendering our whole medical armamentarium
ineffective or pootly tolerated, this group of patients are
undoubtedly the permanent headache of clinicians work-
ing in primary care. Advanced help should be sought and
these patients should be referred to a hypertension spe-
cialist as new and more efficacious treatments, mostly in
the interventional sector, come into sight“oo’ﬂo].

CONCLUSION

Whereas arterial hypertension comprises one of the
most extensively studied entities in the medical literature
and while a huge collection of antihypertensive agents is
available in our therapeutic armamentarium, surprisingly,
a considerable number of patients do not achieve optimal
BP control. In fact, individuals with RH continue to be
exposed to high CV risk and proper medical management
continues to puzzle clinicians. In any case, a proper initial
approach should include detailed evaluation, exclusion
and correction of other contributing factors, along with
confirmation of true resistant hypertension. Consequent-
ly, an appropriate drug regime should be sought, based
on blocking the mechanisms involved in the pathophysi-
ology of RH. At the same time, the therapeutic scheme
should always match the patient’s profile in terms of
safety, tolerability and effectiveness. Until new drug regi-
mens are available, newer techniques of interventional
management will keep the promise to radically transform
our therapeutic approach towards RH.
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Abstract

Mitochondria are one of the major sites for the genera-
tion of reactive oxygen species (ROS) as an undesirable
side product of oxidative energy metabolism. Damaged
mitochondria can augment the generation of ROS. Dys-
function of mitochondria increase the risk for a large
number of human diseases, including cardiovascular
diseases (CVDs). Heart failure (HF) following ischemic
heart disease, infantile cardiomyopathy and cardiac
hypertrophy associated with left ventricular dilations
are some of the CVDs in which the role of mitochon-
drial oxidative stress has been reported. Advances in
mitochondrial research during the last decade focused
on the preservation of its function in the myocardium,
which is vital for the cellular energy production. Expe-
rimental and clinical trials have been conducted using
mitochondria-targeted molecules like: MNSOD mimetics,
such as EUK-8, EUK-134 and MitoSOD; choline esters of
glutathione and N-acetyl-L-cysteine; triphenylphospho-
nium ligated vitamin E, lipoic acid, plastoquinone and
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mitoCoQ1o; and Szeto-Schiller (SS)- peptides (SS-02 and
SS-31). Although many results are inconclusive, some
of the findings, especially on CoQ, are worthwhile.
This review summarizes the role of mitochondria-tar-
geted delivery of agents and their consequences in the
control of HF.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cardiovascular diseases; Oxidative stress;
Antioxidant; Electron transport chain; Mitochondrial
medicine; Heart failure

Core tip: Dysfunction of mitochondria increases the risk
for a large number of human diseases, including car-
diovascular diseases. Heart failure (HF) following ische-
mic heart disease, infantile cardiomyopathy and cardiac
hypertrophy associated with left ventricular dilations
are some of the cardiovascular diseases in which the
role of mitochondrial oxidative stress has been repor-
ted. Recent reports on chronic HF followed by ischemic
heart disease suggested a reduced supply of energy
necessary for the contractile function of cardiomyo-
cytes. Since mitochondrial damages are central to the
pathophysiology of HF, various approaches are used to
target compounds at mitochondria alone or adjunct to
standard therapies.

Ajith TA, Jayakumar TG. Mitochondria-targeted agents: Future
perspectives of mitochondrial pharmaceutics in cardiovascular
diseases. World J Cardiol 2014; 6(10): 1091-1099 Available
from: URL: http://www.wjgnet.com/1949-8462/full/v6/i10/1091.
htm DOI: http://dx.doi.org/10.4330/wjc.v6.i110.1091

INTRODUCTION

Although substantial improvements were made in the
treatment of cardiovascular events during the last decade,
cardiovascular disease (CVD), such as atherosclerosis,
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ischemic heart disease (IHD), heart failure (HF), stroke
and hypertension, still remain one of the major chal-
lenges to humans. HF is a leading cause of morbidity and
mortality in industrialized countries. It is also a growing
public health problem, mainly because of the aging of
population and an increase in prevalence in the elderly. In
developing countries, around 2% of adults suffer from
HF; the prevalence is found to be increased to approxi-
mately 6%-10% over the age of 65", The mechanisms of
HF are complex and multifactorial. Common causes of
HF include myocardial infarction (MI) and other forms
of IHD, valvular heart disease and different types of car-
diomyopathies. A study of healthy adults in the United
States reported that IHD increases the risk factors of HF
by approximately 62%”. No curative treatment is cur-
rently available for HE. The existing therapies for HF are
able to relieve symptoms but are unable to reverse molec-
ular changes that occur in the cardiomyocytes. A reduced
supply of energy necessary for the contractile function
of cardiomyocytes can explain the chronic HF followed
by THD". This may probably be due to the increased
production of oxygen radicals with or without preserving
the antioxidant status in the cardiomyocytes'’.,

The primary factor that initiates the dysfunction of
mitochondria has been proposed to be the defects in
oxidative phosphorylation (OXPHOS) which can further
enhance the production of reactive oxygen species (ROS)
and eventually destroy the mtDNAP Since slowly divid-
ing/postmitotic cardiac myocytes are highly dependent
on energy from OXPHOS, the cardiac myocardium will
be affected, especially when the proportion of the dam-
aged mitochondria is considerably high, as evidenced in
HF". Hence, challenging mitochondrial dysfunction re-
mains one of the main streams of mitochondrial research
that is primarily focussed on alleviating the organ damage
associated with CVD. In spite of experimental evidence
to support the role of mitochondria-mediated antioxidant
therapy to alleviate the ROS-mediated injury in CVD, cli-
nical studies are fragmentary. Many antioxidant molecules
are designed and evaluated in clinical and experimental
trials to stop the deterioration of mitochondrial function
but only a few achieve success. Hence, mitochondrial-
targeted antioxidant therapy for CVDs is a controversial
field and warrants further research. It is worth knowing
the scope for mitochondrially-mediated interventions in
the conventional therapeutic regimen in order to render
complete protection for early stages of CVD to result in
protection for HE This review discusses the mitochon-
dria-targeted delivery of agents to alleviate the decline of
myocardial function in CVD.

FORMATION AND DAMAGE INDUCED
BY REACTIVE OXYGEN SPECIES IN THE
MITOCHONDRIA OF CARDIOMYOCYTES

Mitochondria play a key role in cardiac energy balance.
Energy for cardiomyocytes is solely met from mitochon-
drial OXPHOS. Moreover, mitochondria are involved
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Figure 1 Formation of various reactive oxygen species in mitochondria.
HO': Hydroxyl radical; O2": Super oxide anion radical; ONOO™: Peroxynitrite;
mtNOS: Mitochondrial-specific nitric oxide synthase; NO: Nitric oxide.

in maintaining the fine regulatory balance between Ca”'
concentration and production of ROS and nitric oxide
(NO). The majority of cellular oxygen (Oz) that enters
into mitochondria is reduced to water in the mitochon-
drial respiratory chain, whereas a fraction of all Oz con-
sumed can be converted to potentially cytotoxic ROS,
such as superoxide anion radical (O2°), indicating that the
mitochondrion itself is the source of ROS'". Any fac-
tor that affects the flow of electrons (e-) in the electron
transport chain (ETC) can result in the leakage of e- to
Oz, leading to the formation of O2. The Oz is a primary
radical that could produce other ROS, such as hydrogen
peroxide (H202) and hydroxyl radicals (‘OH), in the fail-
ing myocardium. The ‘OH is generated by the reduction
of H2Oz in the presence of endogenous iron and copper
by means of the Fenton reaction. Copper and iron are
found to be mobilized following myocardial ischemia.
Chevion et al” reported a 8 to 9-fold higher level of
copper and iron in the first coronary flow fraction of
reperfusion after 35 min of ischemia compared to the
pre-ischemic value in isolated rat heart. This was further
supported by the obervation of Reddy e a/* that early
treatment with deferoxamine, a potent iron chelator, lim-
its the injury related to myocardial ischemia/repetfusion
in dogs, probably due to the lesser availability of iron for
the Fenton reaction. The production of various ROS in
the mitochondrion is given in Figure 1.

The drugs being used in clinical practice, such as statins
(decreases ubiquinone), aspitin and valproic acid (sequesters
of CoA), doxorubicin and daunorubicin (releases ROS),
and acetaminophen (decreases reduced glutathione), will
affect mitochondrial energy production and may play a
critical role in the development of cardiomyopathy[(’]. Phy-
siologically, increased demand of the organ can favor the
generation of free radicals. Sudheesh ez al” recently repor-
ted that isoproterenol-induced acute MI in rat affected
the respiratory chain complexes [ -IV, mediated through
an increase in the ROS level in the cardiomyocytes. Fut-
thermore, the declined antioxidant status in the mito-
chondria during aging can also provoke mitochondrial
dysfunction in cardiomyocytes". Hypercholesterolemia
can also affect mitochondrial functions by declining the
mitochondrial membrane potential mediated through
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2D

Figure 2 Factors that form and attenuate (antioxidants) reactive oxygen species in mitochondria. SDH: Succinate dehydrogenase; aKGDH: Alpha ketogluta-
rate dehydrogenase; MAO: Monoamine oxidase; Trx: Thioredoxins; Prx: Peroxiredoxin; OXPHOS: Oxidative phosphorylations; TNF-a.: Tumor necrosis factor-alpha;
GSH: Reduced glutathione; MnSOD: Manganese containing superoxide dismutase; GPx1: Glutathione peroxidase; CoQio: Co-enzyme Quo.

the generation of ROS and activation of mitochondrial
apoptotic pathway''".

Evidence shows that cytokines, such as tumor ne-
crosis factor-alpha (TNF-alpha) and interleukin-6, are
important pathological factors in inflammatory responses
during the pathological progression of myocardial isch-
emia/reperfusion and hypertrophy. They ate released
during chronic inflammation, either in endothelial cells
or cardiomyocytes, and inhibit the electron transport
through the complex I and complex Ill-ubiquinone cycle,
facilitating the generation of ROS"”. Elevated activities
of certain mitochondrial enzymes are also directly corre-
lated with the excess production of ROS (Figure 2). The
generated ROS is known to induce oxidation of low-
density lipoproteins (LDL) in the coronary sinus of pa-
tients with dilated cardiomyopathy'”. The oxidized LDL
is abrogated by binding to the lectin-like oxidized LDL
scavenger receptor-1 (LOX-1) on the arterial wall’. Ac-
tivation of LOX-1 has been related to many pathophysi-
ological events that lead to IHD.

The generated ROS under oxidative stress may con-
tribute to potential mitochondrial damage that induces
endothelial dysfunction and promotes leukocyte adhe-
sion, inflammation, thrombosis and smooth muscle cell
proliferation'”, Among the damage induced by generated
ROS at the cellular level, mtDNA remains the major tar-
get (Figure 3). mtDNA contains about 16.5 kb of circular
double-stranded DNA to encode 13 protein components
of the ETC. Mitochondrial function is controlled by the
mtDNA, as well as factors that regulate mtDNA tran-
scription and/or replication. A large patt of the Oz that
is formed inside the mitochondria cannot pass through
the membrane and hence affect the DNA. Since 1988
when the first mutation in mtDNA was established, more
than 400 mutations have been identified. The mutations
described are either typically 50% to 60% for single,
large-scale deletions or 80% to 90% for point mutations
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in patients with mitochondrial myopathy and encephalo-
myopathy"”. In general, the majority of pathogenic point
mutations are maternally transmitted, whereas large-scale
deletions of mtDNA are mostly sporadic. More than 10
different types of deletions have been identified in the
mtDNA among these; the 4977-bp deletion is the most
prevalent in skeletal muscle, whereas the 7436-bp dele-
tion was detected in the heart of human subjects in their
late thirties, with no apparent sex difference”. However,
the clinical severity of the disease is usually correlated
with the presence of > 80% of the mutated mtDNA
in the target tissues™. Furthermore, at the same level,
large-scale deletions cause much more severe pathologies
than point mutations. The patterns of distribution of the
mutated mtDNA and the energy demand of the target
tissues are two important factors that determine the path-
ological outcome of the mutation. HF is frequently asso-
ciated with qualitative and quantitative defects in mtDNA
and is found to increase with the age of human subjects.
Recent evidence has suggested that mitochondria have
enzymes to proofread mtDNA and fix mutations that
may occur due to free radicals”.

Often, the damaged mtDNA is degraded by au-
tophagy, whereas mtDNA that escapes the process of
autophagy, as observed in atherosclerosis, can induce a
potent inflammatory response. Ding ¢ a/' demonstrated
that the damaged mitochondria induced by ox-LDL can
result in the expression of toll-like receptor-9 (TLR-9)
on the cell membrane. TLR-9 senses the unmethylated
CpG motifs in damaged mt DNA and induces inflam-
mation which is mediated through the pro-inflammatory
cytokines. Ding ez a/'" also demonstrated an intense
autophagy, TLR-9 expression and inflammatory signals
in the aorta of LDL receptor knockout mice when fed
with a high cholesterol diet. Use of LOX-1 antibody or
the ROS inhibitor apocynin attenuated ox-LDIL-mediated
autophagy, mtDNA damage and TLR-9 expression.
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Figure 3 Damage induced by reactive oxygen species in mitochondria. OXPHOS: Oxidative phosphorylations; ROS: Reactive oxygen species.

Experiments using siRNA to DNase II suggested that
the DNase II digested mtDNA and protected the tissue
from inflammation.

In addition to the mtDNA mutations, damage to pro-
tein and lipid molecules in the mitochondrial membrane
can contribute to the declined OXPHOS. Cardiolipin, an
essential phospholipid present in the inner membrane of
mitochondria that serves as a cofactor for a number of
critical mitochondrial transport proteins and retains cyto-
chrome c at the inner mitochondrial membrane through
the electrostatic interaction, declines during the oxidative
damage. Peroxidation of cardiolipin and its release into
the cytosol can execute apoptotic cell death®™. Amino
acids, such as lysine, arginine, glutamic acid, histidine,
proline and threonine present in the protein, favor the
formation of protein carbonyl or nitration of the tyro-
sine residues, either by direct oxidation or by the binding
of aldehydes that formed from the peroxidation of lipids.
Mitochondrial aconitase and adenine nucleotide trans-
locase are highly sensitive to 02!, ROS-derived lipid
hydroperoxide can also initiate the strand breaks and base
modifications in mt DNA. Many cardiotoxic stimuli can
lead to ROS generation, Ca’" ovetload of the mitochon-
drial matrix, and opening of a large, nonspecific channel
in the inner mitochondrial membrane, such as permeabil-
ity transition pore (PTP), finally alter the mitochondrial
permeability transition (MPT). Ca”" overload to the mi-
tochondrial matrix can further enhance the generation of
ROS. Although the exact mechanism of ROS production
is debatable, the effect is probably mediated through Ca”"
mediated inhibition on the complex T, " and vV
of ETC (Figure 4). Ca’" can stimulate the TCA cycle de-
hydrogenases to increase the production of reduced sub-
strate for OXPHOS™ and further increase the rate of
respiration as well. Ca”" can also activate mitochondrial
nitric oxide synthase to produce NO which in turn in-
hibits the complex IV, The simultaneous generation of
NO with Oz favors the formation of peroxynitrite, one

Baishidenge  WJC | www.wjgnet.com

of the major agents to induce conformational change
in many proteins”. MPT dissipates the proton electro-
chemical potential gradients, depletion of ATP and swell-
ing, as well as rupture of the mitochondria that leads to
the release of pro-apoptotic proteins into the cytosol and
eventually results in death of cardiomyocytes. Evidence
indicates that the activity of complex I is not affected as
it is entirely encoded by nuclear DNA, whereas complex
IV activity (cytochrome C oxidase), along with complex
I, partially encoded by mtDNA genes, are frequently re-
duced in patients with mtDNA or tRNA mutations'”. Mt
tRINA gene mutations can also variably affect the activity
of respiratory chain complexes.

ANTIOXIDANTS AND PROTECTION
OF MITOCHONDRIA IN THE
CARDIOMYOCYTES

Mitochondrial oxidative stress resulting from an imbal-
ance between the generation of ROS and the existing
mitochondrial antioxidant mechanisms has been de-
scribed in the pathogenesis of CVDs, including HF®".
HF followed by MI can be initiated with the mitochon-
drial damage and dysfunction that can be ascribed to: (1)
increased lipid peroxidation; (2) reduced mitochondrial
gene replication, mtDNA copy number and mitochon-
drial gene transcription; and (3) reduced OXPHOS due
to low respiratory chain complex enzyme activities (Figure
5). Therefore, preservation of mitochondrial function
is essential. Therapies that are designed to interfere with
mitochondrial oxidative stress could be beneficial.
Various molecules are involved in the mitochondrial
protection for the myocardium. Among them, tumor
necrosis factor receptor-associated protein 1 (TRAP1), a
member of the mitochondrial heat-shock family of pro-
teins (70 kDa), has a central role. Overexpressed TRAP1
in the ischemia-like condition preserves ATP levels and
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Figure 4 Crosstalk between mitochondrial Ca® handling and reactive oxygen species generation. PTP: Permeability transition pore; NOS: Nitric oxide syn-

thase; ADP: Adenosine diphosphate; ATP: Adenosine triphosphate.

cell viability during oxygen-glucose deprivation. The pro-
tective effects of TRAP1 against oxidative stress-induced
cell death can be ascribed to translocation of cytosolic
setine/threonine protein kinase, PTEN-induced puta-
tive kinase 1, to mitochondria and phosphorylation of
TRAP1 that will prevent the release of cytochrome ¢ and
thus preserves MPT. TRAP1 expression is found to be
clevated in the cardiomyocytes during hypoxia. However,
the excess production of ROS in repetfusion/ischemic
injury can inhibit the TRAP1 mediated protection that
eventually results in the death of cardiomyocytes™.
Hence, the role of enzymatic and non-enzymatic antioxi-
dants in the mitochondria has been inevitable to protect
the mitochondrial damage. Various mitochondrial anti-
oxidants are useful in alleviating the oxidative stress and
are depicted in Figure 2.

The first line of defense against ROS-mediated car-
diac injury comprises several antioxidant enzymes, includ-
ing Mn-superoxide dismutase (MnSOD) and glutathione
peroxidase (mtGPx). Among these, mtGPx is an essential
enzyme that performs several vital functions. Experimen-
tal studies reported the declined cardiac mitochondrial
antioxidants, such as activity of Mn-SOD, mtGPx and
level of reduced glutathione (GSH) in the myocardium
of the aged as well as MI-induced rats'"”. Besides, the
activities of the respiratory chain complexes [ -IV and
Krebs cycle dehydrogenases also declined”. Several di-
etary supplements, including the mitochondrial cofactor
and antioxidant lipoic acid (LA), can increase the endog-
enous antioxidants as well as mitochondrial bioenerget-
s, Overexpression of the genes for peroxiredoxin-3, a
mitochondrial antioxidant, or mitochondrial transcription
factor A (TFAM) could ameliorate the decline in mtDNA
copy number in failing hearts”™. Overexpression of
TFAM may protect mtDNA from damage by direct bind-
ing and stabilizing of mtDNA. Similarly, overexpression
of mtGPx inhibit the development of left ventricular
remodeling and failure after MI*”.

Co-enzyme Q10 (CoQuo) and L-carnitine can be
considered to be a safe adjunct to standard therapies in
CVD™. CoQuo is an endogenous compound found in
the inner mitochondrial membrane that is essential for
electron transport in the ETC and thus for the produc-
tion of ATP. In addition to its role in bioenergetics,
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CoQuo is demonstrated to be an inhibitor of thrombus
formation and able to reduce ROS in mitochondria. Both
pre-clinical and clinical studies have shown moderately
beneficial effects of CoQuo in reducing blood pressure,
blood glucose and myocardial damage”". Besides the ap-
plication of CoQ1oin CVD, its use against the adverse ef-
fect of drugs, mainly statins, in the intervention of CVD
has recently attracted attention. Nevertheless, the antioxi-
dant property of statins™>” can block the endogenous
biosynthesis of CoQuo required for the ETC, resulting in
cardiomyopathy and muscle pain®’. CoQio supplementa-
tion (100 mg/d) for 30 d has been found to decrease the
muscle pain associated with statin treatment”, In anoth-
er study, fifty consecutive new patients discontinued 28
mo of statin therapy due to side effects and began CoQ1o
supplementation at an average of 240 mg/ d" and were
followed for an average of 22 mo (84% for more than 12
mo). The prevalence of fatigue from 84% on the initial
visit decreased to 16%, the rate of myalgia from 64%
to 6%, dyspnea from 58% to 12%, memory loss from
8% to 4% and peripheral neuropathy from 10% to 2%.
Moreover, statin-induced cardiomyopathy was found to
be reversed with the combination of statin discontinua-
tion and supplementation with CoQio.

L-carnitine therapy in HF patients (2 g/d, orally)
showed improved survival™. A recent study in patients
with mild diastolic HF treated with L-carnitine (1.5 g/d,

p.o for 3 mo) showed improvement in diastolic func-

tion™, Therapy with L-carnitine 9 g/d, intravenously for
5 d followed by 6 g/d orally for 12 mo along with the
standard medical therapy may limit the adverse effects of
acute MI on the heart muscle™ ", Tolerance to exercise
was significantly improved in patients with higher left
ventricular ejection fraction volume (greater than 30%)
when treated with the propionyl-L-carnitine adjunct to
appropriate medical therapy'.

Carvedilol, both the beta blocker (B1, 2) and alpha
blocker (al), is indicated in the management of conges-
tive HE. It is used as an adjunct to conventional treat-
ments with its effect probably mediated through the
potent antioxidant and anti-apoptotic activities'. The
Japanese Diastolic Heart Failure Study has recently sug-
gested the beneficial effects of standard dose prescrip-
tions of carvedilol (> 7.5 mg/d) in HF without affecting
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the ejection fraction™. An ACE inhibitor, captopril, was
also shown to increase the mitochondrial content in the
hearts of dogs following coronary ligation[w, suggesting
that some of its beneficial effects may be due to the stim-
ulation of mitochondrial biogenesis[45]. However, many
extensive clinical trials using conventional antioxidants
such as Vitamin E or Vitamin C yielded disappointing
results "™, According to Murphy and Smith™™ a pos-
sible explanation for this may be that the antioxidants are
distributed widely in the body with only a small fraction
being taken up by mitochondria. Therefore, targeting
biologically active molecules to mitochondria will open
up avenues for manipulating mitochondrial functions.

FUTURE PERSPECTIVES OF
MITOCHONDRIAL PHARMACEUTICS IN
CARDIOVASCULAR DISEASES

The increase of mitochondrial concentrations of antioxi-
dant drugs by selective targeting mitochondria should be
a practical approach for a wide range of human diseases.
Mitochondria-targeted antioxidants have been developed
as pharmaceuticals and have been shown to be safe and
effective in phase II clinical trials. Various antioxidant
molecules targeting mitochondria in cardiomyocytes are
given in Table 1. In general, attempts to achieve cell pro-
tection using antioxidants have been successfully under-
taken with two free radical scavengers, such as 4-hydroxy-
2,2,6,6-tetramethylpiperidin-N-oxide and Salen-Mn(1ll)
complex of o-vanillin (EUK-134). Inorganic MnSOD
mimetics, such as EUK-8 and EUK-134, possess antioxi-
dant properties of both MnSOD and catalase and have
been successfully synthesized and partially tested in terms
of their antioxidant and anti-apoptotic properties that
appear to be effective in the heart™. The mitochondrial-
targeted version of vitamin E protected mitochondria
from oxidative damage induced by iron/ascorbate far
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more effectively than vitamin E itself™”.

The GSH pool in mitochondria, approximately 15%
of total cellular GSH, is found to be reduced during
oxidative stress. Choline esters of GSH and N-acetyl-L-
cysteine were prepared as mitochondria-targeted antioxi-
dants®". However, i vivo data are not available to support
their efficacy. Recently, many trials have been conducted
in which cationic molecules are targeted using the nega-
tive membrane potential of the inner membrane as a
promising approach in this field. Triphenylphosphonium
(TPP) cation is one among such molecules that are con-
jugated to a range of antioxidants. Antioxidants ligated
with TPP, such as vitamin EP”, LA, plastoquinoneml
and mitochondrial CoQio (MitoQ)"™, have been experi-
mentally confirmed to be effective in ameliorating mi-
tochondrial oxidative stress in CVD. TPP, like pentaaza
macrocyclic Mn(Il') superoxide dismutase (SOD) mimet-
ic, MitoSOD, is found to be very effective in selectively
protecting mitochondria from damage[55].

Adlam e al" reported that the myocardium of the rat
administered with MitoQ) can render protection against
heart dysfunction, tissue damage and mitochondrial dys-
function induced from ischemia-reperfusion injury. It can
be given either as 7 or orally without toxicity. Graham e7
al™ showed that MitoQ protects the development of hy-
pertension, improves endothelial functions and reduces
cardiac hypertrophy in young hypertensive rats. MitoQ is
also a promising, novel strategy for preserving vascular
endothelial function with advancing age and can prevent
age-related CVD in mice®. However, MitoQ was not
useful in protecting oxidative damage to cardiolipin, accu-
mulation of protein carbonyls, activity of mitochondrial
respiratory complexes, mtDNA copy number, or damage
to meDNA™,

Another critical molecule in this field is a synthetic
peptide called Szeto-Schiller (SS) - peptides, synthesized
from basic and aromatic amino acids. SS-peptides com-
ptised four alternating aromatic/basic D-amino acids in
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Table 1 Mitochondria-targeted antioxidants

SI no. Antioxidants

1 4-hydroxy-2,2,6,6-tetramethylpiperidin-N-oxide (TEMPOL)
2 Salen-Mn(III) complex of o-vanillin (EUK-8, EUK-134)

3 Choline esters of glutathione and N-acetyl-I-cysteine

4 Triphenylphosphonium ligated vitamin E, lipoic acid,

plastoquinone, Mito SOD and Mito CoQuo
5 SS-peptides (SS-02 and SS-31)

SS: Szeto-Schiller.

the first or second position with three positive charges
at physiological pH. SS-02 and SS-31 wetre shown to be
protective against cardiac ischemia-reperfusion injury
when administered on reperfusion by 7z, i ot subcutane-
ously®!!. Pre-ischemic intraperitoneal administration of
these peptides to rats significantly reduced infarct size'.
SS-02 has more efficacy as the free radical scavenger than
SS-31. The uptake into tissues or metabolism of these
peptides has not yet been thoroughly reported. However,
studies with isolated mitochondria showed that despite
the cationic nature, these peptides were found to pre-
dominantly target the IMM rather than the mitochondrial
matrix®, $S-31 is currently in clinical trials for ischemia-
reperfusion injury and protects mitochondrial cristae
by interacting with cardiolipin on the IMM. SS peptides
scavenge H202and peroxynitrite inhibits lipid peroxida-
tion. They can also inhibit the decline of MPT and cy-
tochrome c¢ release, thus preventing oxidant-induced cell
death®™. Although the delivery of antioxidants may pro-
tect mitochondria from oxidative stress caused by a vari-
ety of insults, the area of mitochondria-specific delivery
of drugs is still in its infancy. Among the molecules stud-
ied in CVD, clinical trials on CoQ1o have found that it can
be considered a safe adjunct to conventional therapies in
CVD. Despite the beneficial effect of CoQuo, given alone
or in addition to conventional therapies in hyperten-
sion and in HE less extensive evidence in THD has been
found™. The present findings demonstrate that mito-
chondrial damage plays a prominent role in HF following
MI and further reseatrch into the role of mitochondria-
targeted agents to prevent the HF is compulsory.

CONCLUSION

Mitochondrial dysfunction plays a key role in the patho-
genesis of ischemia and reperfusion injury and cardiomy-
opathy. Mutations in mt DNA and abnormalities in mi-
tochondtrial function are associated with common forms
of cardiac diseases. Despite the promising mitochondria-
targeted drugs that are emerging from the laboratory,
very few have successfully completed clinical trials. Anti-
oxidants ligated with TPP, such as vitamin E, lipoic acid,
plastoquinone, MnSOD and mitochondrial CoQuo, have
been experimentally determined as effective in amelio-
rating the mitochondrial oxidative stress associated with
CVD. Among the molecules targeting mitochondria,
MitoQ provides a novel approach to attenuate oxidative
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damage with the potential to become a new therapeutic
intervention in humans. However, there are insufficient
data from well designed randomized trials to issue a
general recommendation for people to take antioxidant
supplements in order to prevent heart disease. Since mi-
tochondrial damage is central to the pathophysiology of
HE, various approaches used to target antioxidant com-
pounds at mitochondria should be explored in the devel-
opment for the treatment of HE A great deal of future
research will be needed before mitochondria-directed

therapies are made available for the prevention and treat-
ment of CVD.
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Abstract

Cardiovascular disease is the leading cause of death in
patients with peripheral arterial disease (PAD). Coro-
nary artery disease (CAD) is highly prevalent, and often
times coexist, in patients with PAD. The management
of patients with PAD that requires a high-risk vascular
surgical procedure for intermittent claudication, critical
limb ischemia or expanding abdominal aortic aneurysm
requires risk stratification with the revised cardiac risk
index, optimization of medical therapies, and limited
use of cardiac imaging prior to surgery. Preventive re-
vascularization in patients with stable CAD, with the
sole intention to mitigate the risk of cardiac complica-
tions in the peri-operative period, is not effective and
may be associated with significant bleeding and throm-
botic risks, in particular if stents are used. A strategy of
universal use of cardiac troponins in the perioperative
period for active surveillance of myocardial ischemia
may be more reasonable and cost-effective than the
current standard of care of widespread use of cardiac
imaging prior to high-risk surgery. An elevated cardiac
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troponin after vascular surgery is predictive of long-
term mortality risk. Medical therapies such as aspirin
and statins are recommended for patients with post-
operative myocardial ischemia. Ongoing trials are as-
sessing the role of novel anticoagulants. Additional
research is needed to define the role of cardiac imaging
and invasive angiography in this population.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Peripheral arterial disease; Myocardial in-

farction; Coronary artery disease; Prognosis; Coronary
revascularization

Core tip: Patients with advanced peripheral arterial
disease who need vascular surgery have a high preva-
lence of coronary atherosclerosis and are at increased
risk of perioperative myocardial infarction. Coronary
revascularization prior to the vascular operation is not
an effective intervention to mitigate this risk. A strategy
of widespread use of cardiac troponins in the periop-
erative period is recommended to detect perioperative
ischemic events associated with a long-term mortality
risk. The selective use of medical interventions, cardiac
imaging and coronary angiography in this population
deserves further study.

Garcia S, McFalls EO. Perioperative clinical variables and
long-term survival following vascular surgery. World J Cardiol
2014; 6(10): 1100-1107 Available from: URL: http:/www.
wjgnet.com/1949-8462/full/v6/i10/1100.htm DOI: http://dx.doi.
org/10.4330/wjc.v6.i110.1100

INTRODUCTION

The approach to patients with peripheral arterial disease
(PAD) is best appreciated in the broader context of the
epidemiology of the disease, risk factors, and surgical and
endovascular interventions to improve symptoms, pre-
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Cerebral artery
disease 16.6%

Figure 1 Data from the Reduction of Atherothrombosis for Continued
Health registry. Approximately 50% of patients with peripheral arterial disease
(PAD) and polyvascular disease have concomitant coronary artery disease.
Reproduced with permission from society for vascular surgery.

serve limb viability or prevent aneurismal rupture.

Peripheral arterial disease (PAD) and coronary artery
disease (CAD) often coexist in the same patient and share
a common risk factor profile, pathophysiology, and array
of therapeutic interventions' 7. Cardiovascular disease is
the leading cause of death in patients with PAD, respon-
sible for about two of every three deaths'.

Vascular surgery is considered a high-risk operation
with one in four patients experiencing a peri-operative
myocardial infarction (PMI), which is associated with
increased long-term mortality™. Tdentifying the clinical
variables associated with increased risk of PMI prior to
surgery as well as defining the best strategy for surveil-
lance of PMI after high-risk surgery are of critical im-
portance in clinical practice to mitigate risk and improve
outcomes.

Definition of PAD

The definition of PAD is based on a resting ankle-brachi-
al index (ABI) of < 0.90", Noticeably, the presence of
symptoms is not required to diagnose PAD. For every pa-
tient with symptoms of PAD there are 4 with no symp-
toms as defined by ABI or duplex ultrasonography'’.
Screening for PAD is therefore recommended to detect
the disease in individuals with a high pre-test probability.
In the PARTNERS (PAD Awareness, Risk, and Treat-
ment: New Resources for Survival) study the prevalence
of PAD defined by ABI was 29%". Therefore, current
ACC/AHA guidelines recommend scteening for PAD
in patients aged = 70 or 50-69 years with a risk factor
for vascular disease!”. Intermittent claudication (IC) is
the most common presenting symptom of symptom-
atic PAD. IC is characterized by leg pain (muscular pain)
with activity that is relieved by physical rest. Claudication
tends to occur one anatomical level below the arterial
level of obstruction or occlusion. For example a patient
with superficial femoral artery (SFA) occlusion will likely
have calf symptoms. The prevalence of IC in the general
population is low but increases significantly with age so
that in patients aged 60 or older is about 6%,
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Risk factors for PAD

The risk factors for developing PAD and CAD show sig-
nificant overlap and include male gender, age, hyperten-
sion, hypetlipidemia, renal insufficiency, black race, and
more importantly diabetes mellitus (DM) and smoking,
both of which have odds ratios (ORs) over 3 for symp-
tomatic PAD™""". Likewise, diabetics and smokers have
a 3 to 4-fold increase in the risk of developing critical
limb ischemia and arnputations[Z’lzl.

POLYVASCULAR DISEASE

The prevalence of CAD in patients with PAD depends
on the setting and the sensitivity of the method used to
identify occult CAD. In the REACH (Reduction of Ath-
erotrombosis for Continued Health) outpatient registry
(Figure 1), 50% of patients with PAD and polyvascular
disease had coexistent CAD™. In a landmark angiograph-
ic study of 1000 patients undergoing coronary angiogtaphy
prior to vascular surgery conducted at the cleveland clinic by
Hertzer et al'™ only 8% had normal coronary arteries prior
to surgery, 2/3 had severe CAD, 10% had inoperable
CAD and 18% had moderate CAD.

The annual rate of major adverse cardiovascular
events (MACE) (myocardial infarction, stroke, and vas-
cular death) in patients with PAD is 5%-7%!"?. Critical
limb ischemia (CLI) patients have 20% mortality only in
the first year after initial presentation. CAD is responsible
for 40%-60% of deaths among patients with PAD while
cerebral arterial disease accounts for another 10%0-20%
of deaths™*". The severity of PAD, as quantified by ABI,
correlates with the risk of MACE so that for every 0.10
decrease in ABI there is a corresponding 10% increase in
MACE", There is a strong association between MACE
and ABI < 0.60 in patients with diabetes'” (Figure 2).

CARDIAC RISK STRATIFICATION PRIOR
TO VASCULAR SURGERY

Variables to assess prior to a vascular operation include
the type of operation (open »s endovascular), the risk
of concomitant CAD and the functional status of the
patient”. Open abdominal aneurismal repair with cross-
clamp of the aorta and non-elective operations catry the
highest risk of cardiovascular complicationsml in part due
to the hemodynamic stress of the surgery, CAD burden,
and the acuity of the condition that often hampers the
ability to start preoperative interventions to mitigate car-
diac risk.

Evaluating the functional status of subjects undergo-
ing vascular surgery is an important step in assessing if
a patient can tolerate the hemodynamic stress of a pro-
longed surgery. If a patient is unable to achieve a meta-
bolic demand of 4-METS, which is a level compatible
with routine activities of daily living, the risk of surgical
complications increases and additional testing may be
warranted. Stress imaging testing, usually with pharma-
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S 40 L Table 1 The Revised Cardiac Risk Index is comprised of
S é clinical variables that receive 1 point if present and O if
adr absent
530
—g 25 - High-risk procedures (i.e.,, vascular surgery)
B 20 - History of cerebrovascular disease
’g 15 b History of coronary artery disease
G w0k History of congestive heart failure
é Creatinine > 2.0 mg%
o 3 Diabetes (insulin-dependent)
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Figure 2 Odds of a major cardiovascular event according to baseline ankle-
brachial index in patients with diabetes mellitus. Reproduced with permission
from Mehler et af"™. MI: Myocardial infarction; CV: Cardiovascular, ABI: Ankle-brachial
index.
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Reproduced with permission from Garcia et a/.
Circulation: Quality and outcomes. 2009; 2: 73-77

Figure 3 Outcomes at 30 d following vascular surgery according to number of
risks as enumerated in the revised cardiac risk index. MI: Myocardial infarction.

cological agents such as adenosine or dobutamine, has
been recommended prior to high-risk vascular surgery
in patients with functional capacity < 4 METS"". The
presence of large or multiple ischemic segments or tran-
sient ischemic dilatation of the left ventricle may indicate
cither multivessel or left main CAD. These findings are
considered high risk and are associated with an increased
risk of perioperative cardiac complications and reduced
long-term survival”. Coronary angiography is recom-
mended to patients that have high-risk findings on non-
invasive imaging, as certain angiographic subsets (z.e., left
main CAD) derive a long-term benefit from revascular-
ization™. An initial approach that combines clinical and
stress-imaging variables is cost-effective’".

The Revised Cardiac Risk Index (RCRI) is a risk score
comprised of six clinical variables (Table 1) that has
been validated in a general surgery population as a tool
to predict the risk of cardiac adverse events at 30 d*. A
RCRI = 3 is associated with > 5% risk of a serious car-
diac complication in the postoperative period. However,
in vascular surgery the RCRI tends to underestimate the
risk of cardiac complications. In the Coronary Artery Re-
vascularization Prophylaxis (CARP) trial a RCRI > 1 was
predictive of a 10% risk of MI or death at 30 d in the
preoperative revascularization (PR) group and 15% in the

23]

medical arm (Figure 3)"".
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A score = 3 predicts a 10% risk of serious cardiac complications after non-
cardiac surgery.

PREOPERATIVE CORONARY

REVASCULARIZATION

The CARP Trial was a randomized, multisite VA study
designed to assess the role of PR in patients with CAD
undergoing elective vascular surgerym]. A total of 510
patients were enrolled and randomized to either PR or
no PR prior to elective vascular surgery. Indications for
surgery included an expanding AAA in 33% of patients
and arterial occlusive disease of the lower limbs in 67%.
The index revascularization procedure consisted of
percutaneous coronary intervention (PCI) in 59% and
coronary artery bypass graft (CABG) surgery in 41% of
patients. At 2.7 years, mortality in the PR group was 22%
and in the no PR group was 23% (P = 0.92; RR = 0.98,
95%CI: 0.70-1.37) (Figure 4). Similatly, no difference in
outcomes was seen within 30-d, mortality was 3.1% in
the PR group and 3.4% in the no PR group (P = 0.87)
and a MI occurred in 11.6% of the PR group and 14.3%
of the no PR group (P = 0.37). The main conclusion
of the CARP study is that preoperative coronatry artery
revasculatization prior to vascular surgery does not result
in better short- or long-term clinical outcomes in patients
with stable CAD.

The pilot Dutch Echocardiographic Cardiac Risk
Evaluation Applying Stress Echo (DECREASE) - V
study randomized 101 patients with stress-induced isch-
emia and multivessel or left main CAD to PR or no PR
prior to high-risk vascular surgery[zsl. At 1-year, the com-
posite of non-fatal myocardial infarction and mortality
between groups (49% vs 44%, P = 0.48) was no differ-
ent. Taken together these data do not support a strategy
of PR prior to elective vascular surgery in patients with
stable CAD.

PERIOPERATIVE MYOCARDIAL
INFARCTION

Definition and predictors

The Third Universal Definition of myocardial infarction
(MI) proposed by the ESC/ACCF/AHA/WHF task
force requires a rise and fall of cardiac biomarkers, pref-
erably troponins, with at least one value above the 99"
petcentile of the upper reference limit (URL) coupled
with a clinical correlate of ischemia such as ischemic
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Figure 4 Primary outcome of the coronary artery re-
vascularization prophylaxis trial: Overall survival at 2.7
yr was no different between groups (22 % vs 23%).
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symptoms, electrocardiographic ischemic changes, or
imaging criteria of new loss of previously viable myo-
cardium™. However, owing to the effects of anesthesia,
and other factors such as widespread use of narcotics,
the vast majority of perioperative ischemic events are
clinically silent. In the Perioperative ischemic evaluation
(POISE) trial 65% of patients with a perioperative isch-
emic event did not experience ischemic symptomsm. The
risk of death at 30 d was 9.7% in patients with a symp-
tomatic MI and 12.5% in patients with an asymptomatic
MI. Thus, the universal definition of MI may not be as
sensitive in the perioperative period to detect ischemic
events that are associated with poor intermediate- and
long-term outcomes. An isolated peak cardiac biomarker
elevation (preferably troponins) above the 99" URL, with
or without a cortelate of ischemia, may be the most sen-
sitive tool to detect perioperative ischemic events that are
clinically important. In the Vascular Events in Noncar-
diac Surgery Patients Cohort Evaluation (VISION) reg-
istry™, a peak postoperative troponin T (I'n'T) measured
within the first 3 d after surgery was the strongest predic-
tor of 30-d mortality and explained 41.8% of the deaths
in population attributable risk analysis (Figure 5). A peak
TnT of 0.02 ng/mlL was associated with a 4% risk of
death at 30 4.

Preoperative clinical variables that predicted 30-d
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mortality risk and were retained in the model that includ-
ed peak TnT values included: age > 65, recent history
of high-risk CAD, peripheral arterial disease, history of
stroke, chronic obstructive pulmonary disease (COPD),
cancer, urgent/emergency surgery, and major general or
neurosurgical procedures. Of note, major vascular sur-
gery and diabetes wete not predictive of 30-d mortality in
the model that included Tn'T*".

In a cohort of 377 patients included in the CARP trial
in whom cardiac troponin [ was measured and analyzed
by a core lab after the vascular surgery the proportion of
patients with a perioperative myocardial infarction was
26%. Independent predictors of an MI included: age >
70 (OR = 1.84; 95%CI: 1.14-2.98; P = 0.01), abdominal
aortic surgery (OR = 1.82; 95%CI: 1.09-3.03; P = 0.02),
diabetes (OR = 1.86; 95%CI: 1.11-3.11; P = 0.02), angina
(OR = 1.67; 95%CI: 1.03-2.64; P = 0.04), and baseline
ST-T wave abnormalities (OR = 1.62; 95%CI: 1.00-2.6; P
= 0.05)",

Pathophysiology

Clinical, angiographic, and pathological studies have
shed light into the mechanisms underlying postoperative
ischemic events™ . Most of these events are caused
by a mismatch between O2 supply and demand, usually
with severe CAD in the background that is unmasked by
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the stress of the surgery. Landesberg ez a/*" showed that
tac ST-segment depression related to rapid heart rates is
common in the perioperative period and predictive of
long-term mortality. The duration of ST-segment depres-
sion and peak catecholamine levels after surgery are as-
sociated with infarct size. Chronic total occlusions (CTOs)
are common in patients with a perioperative ischemic
event or cardiac death (81%) relative to only 29% in pa-
tients without ischemic complications after surgeryp”.
Two pathological studies reported conflicting data on
the incidence of plaque rupture after fatal postoperative
MI®** Dawood ez a/*? described evidence of plaque
rupture in only 7% of patients (42 autopsies). Conversely,
a higher incidence of plaque rupture (46%) was described
by Cohen ¢ al™. Differences in timing of the autopsy
relative to the time of the MI may account for some of
the discrepancies in the data.

Management of perioperative myocardial infarction
Data from randomized clinical trials are lacking to guide
therapy in the postoperative period. Small studies have
shown that interventions aimed at improving oxygen
delivery and minimizing myocardial oxygen consumption
are beneficial in this settingm. The main goal of therapy
is to preserve coronary perfusion pressure during dias-
tole. This is best achieved with judicious utilization of
beta-blockers, analgesia, and fluid administration with the
intention to avoid tachycardia and hypotension. In the
POISE trial for every 10-beats/min increase in heart rate
there was a 31% relative increase in the odds of periop-
erative M. Current guidelines recommend aggressive
blood pressure control in patients with PAD, in particular
in patients with diabetes and/or chronic kidney disease
(goal < 130/80 mmHg)"™. In the HOPE (Heart Out-
comes Prevention Evaluation) trial ramipril 10 mg was
associated with a 22% reduction in cardiovascular events
and is currently recommended for high-risk patients, in-
cluding those with PAD",

Statins contribute to plaque stabilization by decreas-
ing circulating levels of inflammatory cytokines and
reactive oxygen species while increasing expression of
nitric oxide synthasel37]. Additionally, evidence from ran-
domized clinical trials and observational studies support
its use in clinical practice. In the DECREASE-II study
a 53% reduction in CV death and myocardial infarction
was seen with high-dose fluvastatin in patients undergo-
ing vascular surgerym. In another trial of 100 patients
randomly assigned to 20 mg of atorvastatin or placebo
prior to vascular surgery, the use of statins was associated
with a significant reduction in cardiac events, from 26%
to 8% at 6 mo””. An observational study of 164 veterans
undergoing vascular surgery at our medical center dem-
onstrated that utilization of statin drugs was associated
with a reduction in long-term mortalitylSI. Guidelines
recommend the use of statins in patients with peripheral
arterial disease to reduce cardiovascular events®.

Owing to concerns for bleeding after non-cardiac
surgery, the use of medical therapies and interventional
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strategies commonly used to treat spontaneous MIs such
as antiplatelet agents, anticoagulants and invasive coro-
nary angiography are rarely used in this setting and have
not been extensively studied in clinical trials. The man-
agement of myocardial infarction After NoncArdiac sur-
gery (MANAGE) trial (NCT01661101) will be the first
study to randomize patients (# = 3200) with a PMI after
noncardiac surgery to dabigatran or placebo. The primary
end point is the occurrence of a major vascular complica-
tion (vascular mortality, nonfatal M1, nonfatal stroke, and
pulmonary embolism). The trial plans to complete enroll-
ment in November 2015.

FUTURE DIRECTIONS

Another strategy for prevention of myocardial ischemia
during surgery is ischemic preconditioning, which de-
scribes the protection afforded by application of non-
lethal episodes of myocardial ischemia prior to the index
ischemic event™*!. The Cardiac Remote Ischemic Pre-
conditioning Prior to Elective Vascular Surgery (CRIPES,
NCT: 01558596) was designed to determine the feasibil-
ity and safety of using remote ischemic preconditioning
(RIPC) prior to vascular surgery, and to obtain prelimi-
nary estimates of its effects on detectable postsurgical
increases in cardiac troponin [ YA similar strategy of
RIPC has been evaluated prior to coronary angioplastym]
and coronary artery bypass surgeryw with positive initial
results.

CONCLUSION

Patients with PAD in need of elective vascular surgery
have a high prevalence of coronary atherosclerosis and
are at increased risk of perioperative myocardial infarc-
tion. Coronary revascularization prior to the vascular
operation is not an effective intervention to mitigate this
risk. A strategy of widespread use of cardiac troponins
in the perioperative period is recommended to detect
perioperative ischemic events associated with a long-term
mortality risk. The selective use of medical interventions,
cardiac imaging and coronary angiography in this popula-
tion deserves further study.
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Abstract

Quantitative assessment of myocardial perfusion by
myocardial blush grade (MBG) is an angiographic com-
puter-assisted method to assess myocardial tissue-level
reperfusion in patients with acute coronary syndromes
and microvascular integrity in heart transplant recipi-
ents with suspected cardiac allograft vasculopathy. This
review describes the ability of quantitative MBG as a
simple, fast and cost effective modality for the prompt
diagnosis of impaired microvascular integrity during
routine cardiac catheterization. Herein, we summa-
rize the existing evidence, its usefulness in the clinical
routine, and compare this method to other techniques
which can be used for the assessment of myocardial
perfusion.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Quantitative myocardial blush grade; Prog-
nosis; Heart transplantation; Coronary artery disease

Core tip: In this article, we highlight the ability of
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quantitative myocardial blush grade for the assess-
ment of microvascular integrity in patients with acute
coronary syndromes (ACS) and heart transplant (HT)
recipients with cardiac allograft vasculopathy (CAV).
Using an, in the meanwhile well-established, compu-
tational algorithm, a prompt diagnosis can be made in
the catheterization lab, which can identify patients with
ACS and increased risk for myocardial remodelling and
congestive heart failure in the long-term. In addition,
this computational algorithm can identify HT recipients
with increased risk for CAV and adverse cardiovascular
outcomes.

Hofmann NP, Dickhaus H, Katus HA, Korosoglou G. Quantita-
tive assessment of myocardial blush grade in patients with coro-
nary artery disease and in cardiac transplant recipients. World J
Cardiol 2014; 6(10): 1108-1112 Available from: URL: http://
www.wjgnet.com/1949-8462/full/v6/i10/1108.htm DOI: http://
dx.doi.org/10.4330/wjc.v6.110.1108

INTRODUCTION

Impaired myocardial perfusion by either epicardial coro-
nary artery disease (CAD) or small vessel disease is a
common challenge in cardiology worldwide. Both CAD
and cardiac allograft vasculopathy (CAV) in heart trans-
plant (HT) recipients significantly influence mortality in
such patient cohorts. Considering the vast amount of
health care costs for post-rehabilitation support after
myocardial infarction'! and HT", preventive medical
care should primarily focus on the early detection of
cardiac pathology and risk stratification of such patients.
Quantitative assessment of epicardial and microvascu-
lar integrity can aid tailoring pharmacologic therapy of
patients identified at high risk for future events, which
may ultimately improve clinical outcomes. We therefore

October 26, 2014 | Volume 6 | Issue 10 |



Hofmann NP et a/. Myocardial blush for assessment of prognosis

= = N
o wn

[}
=
©
>
>
B
)
o
9}
=)
©
o
3
<

G o un

Cardiac cycles

Figure 1 Digital subtraction images of a myocardial region of interest il-
lustrate the temporal distribution of grey level rise and venous washout of
contrast agent during a coronary catheter image sequence.

previously developed a computer-assisted program for
the analysis of microvascular integrity in patients under-
going cardiac catheterization either during acute myocar-
dial infarction for reperfusion of the infarcted tissue™"
or during surveillance coronary angiography in cardiac
transplant recipients”™. Furthermore, such measures of
perfusion can also be applied in patients undergoing frac-
tional flow reserve analysis (FFR) for the assessment of
the functional significance of coronary lesions of moder-

ate severity'”,

METHODOLOGICAL APPROACH WITH
OUR MYOCARDIAL BLUSH GRADE
ALGORITHM

We previously introduced a computer-based algorithm
for the quantification of MBG in patients with first time
acute myocardial infarction”. This method aimed at the
objective assessment of reperfused myocardial tissue
and the estimation of infarct size and functional recov-
ery of the myocardium at risk. This method is based on
conventional cine angiographic films. In order to achieve
maximal quality of the digital subtraction angiography
images, the sequence is synchronized with the baseline
electrocardiogram (ECG). The spatio-temporal spread
of blood, or the so-called MBG, through epicardial ves-
sels and then to the microvasculature and the myocar-
dium, indicated by dye injection, represents a character-
istic pattern for the myocardial perfusion. This dynamic
temporal pattern is characterized by typical features as
the maximal value of MBG intensity and the increase
and decrease velocity which correspond to the different
phases of flooding in and washout. Regions of interest
are positioned in the distal part of each coronary ar-
tery in order to measure the plateau of mean grey level
pixel intensity (Gmax which is measured on a standard
gray scale of 0 to 255) as well as the time to maximal
intensity rise (Tmax measured in seconds) (Figure 1). The
ratio Gmax/Tmax is subsequently computed in each coro-

Baishidenge  WJC | www.wjgnet.com

Background
Coronaries
Arterioles
"Blush"
Coronary vein

Figure 2 The parametric image shows coloured phases of cardiac perfu-
sion in a combined presentation. The arterial phase is followed by early and
late myocardial infusion until the contrast agent arrives in the venous system.

nary vessel. Furthermore, based on the distribution of
MBG over time in the epicardial vessels, arterioles and
capillaries, parametric quantification can be applied as
shown in Figure 2. To allow for quantification of MBG,
frames should be recorded long enough in order to al-
low filling of the coronary veins, and images should be
acquired during breath hold in order to avoid artefacts
due to movement of the diaphragm. On the basis of
100 different temporal MBG profiles, an algorithm is
established which classifies the acquired blush patterns
into 4 different gradesm. An example of a patient with
post-interventional high Gmax/Tmax and full functional
recovery after first acute non-ST-elevation myocardial
infarction (NSTEMI) of the left anterior descending is
illustrated in Figure 3.

CURRENT EVIDENCE

In a swine model by Boyle ez al” | the quantitative myo-
cardial blush grades could be assessed automatically and
were closely related to established angiographic param-
eters of myocardial perfusion.

Our first clinical findings showed that quantitative
MBG is applicable for the evaluation of microvascular
tissue perfusion in patients with ST-elevation myocardial
infarction (STEMI), being highly predictive for func-
tional recovery of the myocardium at risk as assessed by
echocardiographym. Hereby, multivariate analysis showed
that MBG and Troponin T elevation were independent
predictors of residual ejection fraction > 50%. Quantita-
tive MBG by Gmax/Tmax showed the highest odds ratio
and was thetrefore considered as the most robust variable
for the prediction of the primary endpoint.

Furthermore, quantitative MBG was related to infarct
transmurality and residual ejection fraction by cardiac
magnetic resonance (CMR) in both STEMI and NSTE-
MI patients. This objective information can be acquired
during routine cardiac catheterization, immediately after
interventional treatment of the infarct related lesion, and
can be used for the immediate risk stratification of pa-
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49.0 Figure 3 Computer-assisted program illustrating post-
interventional high myocardial blush grade after success-
\ ful left anterior descending revascularization in a non-ST-
\ elevation myocardial infarction patient.
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tients with ACS'™. Hereby, Gmax/Tmax was at least as accu-
rate as infarct transmurality for the prediction of residual
ejection fraction. Both clearly surpassed the accuracy of
visual MBG.

Besides patients with CAD, we also investigated our
computer-assisted program on the growing group of
HT recipients. For this purpose, transplanted patients
who underwent surveillance cardiac catheterization wete
subsequently analyzed by CMR, to assess myocardial re-
laxation and perfusion reserve during adenosine stress.
Close correlations were observed between Gmax/ Tmax with
perfusion reserve and with mean diastolic strain rates.
Visual and quantitative MBG had significantly higher
accuracy than stenosis severity on coronary angiograms
for the detection of diminished myocardial perfusion.
Furthermore, quantitative MBG provided more robust
prediction of survival compared to visually estimated
blush and to coronary lumen narrowing assessment.
Hereby, our findings indicate that quantitative MBG can
be performed on coronary angiograms of HT recipients
just as well, and may aid the detection of CAV in such
individuals with impaired perfusion but with angiographi-
cally “normal” coronaries”,

Impaired myocardial perfusion in transplanted hearts
is closely associated with outcomes. In this regard, Gmax/
Tmax 1s a simple to acquire and useful surrogate parameter
of myocardial perfusion in HT recipients, which can pre-
dict cardiac outcomes. Gmax/Tmax differentiated between
patients with high rate of cardiac events compared to
those with higher quantitative MBG, who exhibited much
better outcomes during a mean follow-up duration of
2.7 years. In addition, close correlations were observed
between MBG and perfusion reserve measured by stress
magnetic resonance imaging. Quantification of MBG
may therefore be useful for the risk stratification of such
patients'”.

Finally, preliminary clinical data indicate that MBG
during adenosine infusion can be used to estimate an-
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glographic perfusion reserve and is associated with FFR
measures and with the myocardial perfusion reserve, as-

sessed by CMR!",

COMPARISON TO OTHER INVASIVE
AND NON-INVASIVE APPROACHES FOR
THE ASSESSMENT OF MYOCARDIAL
PERFUSION

So far, different non-invasive and invasive imaging meth-
ods have been used for analysis and risk stratification
of CAD and CAV patients, as, eg., myocardial contrast
echocardiography (MCE), CMR imaging and angiograph-
ic parameters including Thrombolysis in Myocardial
Infarction (TIMI) flow grade, TIMI frame count, TIMI
myocardial perfusion grade and MBG.

NON-INVASIVE IMAGING COMPARED TO
ANGIOGRAPHIC PERFUSION MEASURES

Myocardial contrast echocardiography

Myocardial perfusion and function can be assessed during
MCE. This technique provides real-time visualisation of
ischemic myocardium in regions of reduced blood flow.
Although MCE is a practicable and non-invasive tech-
nique, it is limited by observer dependency and technical
challenges pending on patients’ echogenic windows!"".

CMR imaging

This is the current reference method for the assessment
of cardiac anatomy, perfusion and function, viability and
if required metabolism, all within a single examination,
non-invasively and without ionizing radiation for the pa-
tients. Therefore, our studies mostly compare MBG to
either CMR derived ejection fraction, remodelling, infarct
size and transmurality or perfusion reserve index'*'""\
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INVASIVE ASSESSMENT OF CARDIAC
PERFUSION IN PATIENTS WITH ACS:
FROM THE EPICARDIUM TO THE
MYOCARDIUM

TIMI flow grades and TIMI frame count

Reperfusion after myocardial infarction or ACS deter-
mines clinical outcome!'”. However, clinical and ex-
perimental data indicate that stenosis reduction during
percutaneous coronary intervention (PCI) is not always
associated with adequate myocardial tissue reperfusion,
so that patients with TIMI 3 flow grade after PCI may
still exhibit impaired microvascular integrity™ >, Thus,
epicardial restoration of coronary blood flow is only pre-

requisite, but not a guarantee for myocardial recovery"”,
the latter being a major predictor of mortality and mot-

bidity in CAD patients.

TIMI myocardial perfusion grade and visual myocardial
blush grade

Visually assessed MBG represents a reasonable alterna-
tive to TIMI flow grade and TIMI frame count, since it
can distinguish between high and low risk constellations.
The TIMI myocardial perfusion grade demonstrates a
similar method that also considers the dynamic contrast
agent washout. Unfortunately, the accuracy of both tech-
niques is limited due to their categorical nature, which is
associated with high observer variability, especially with
non-expert readers.

Quantitative myocardial blush grade

The “Quantitative Blush Evaluator” (QuBE) from the
TAPAS trial, an open-source computer program for
quantification of myocardial perfusion, was used on an-
glograms in patients with acute STEMI". The QuBE
score correlated significantly with visual MBG as well as
infarct size and microvascular dysfunction assessed by
CMR!"". Nevertheless, it has exclusively been used for
STEMI patients so far, and further evaluation in other
patient cohorts is warranted.

CONCLUSION

Quantitative assessment of MBG can be performed on
coronary angiograms of either CAD or CAV patients. In
this regard, Gmax/Tmax is a simple and useful surrogate pa-
rameter of microvascular integrity, which can (1) estimate
clinical outcome in HT recipients with impaired perfu-
sion reserve but without angiographically evident ath-
erosclerosis and (2) infarct transmurality and functional
recovery in both STEMI and NSTEMI. These results can
be used for tailoring pharmacological treatment and aid
eatly risk stratification in both CAD and CAV patients.
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Abstract

AIM: To evaluate Quality of life (QoL) in chronic heart
failure (CHF) in relation to Neuroticism personality trait
and CHF severity.

METHODS: Thirty six consecutive, outpatients with
Chronic Heart Failure (6 females and 30 males, mean
age: 54 = 12 years), with a left ventricular ejection
fraction < 45% at optimal medical treatment at the
time of inclusion, were asked to answer the Kansas City
Cardiomyopathy Questionnaire (KCCQ) for Quality of
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Life assessment and the NEO Five-Factor Personality
Inventory for personality assessment. All patients un-
derwent a symptom limited cardiopulmonary exercise
testing on a cycle-ergometer, in order to access CHF
severity. A multivariate linear regression analysis us-
ing simultaneous entry of predictors was performed to
examine which of the CHF variables and of the person-
ality variables were correlated independently to QoL
scores in the two summary scales of the KCCQ, namely
the Overall Summary Scale and the Clinical Summary
Scale.

RESULTS: The Neuroticism personality trait score had
a significant inverse correlation with the Clinical Sum-
mary Score and Overall Summary Score of the KCCQ (r
= -0.621, P < 0.05 and r = -0.543, P < 0.001, respec-
tively). KCCQ summary scales did not show significant
correlations with the personality traits of Extraversion,
Openness, Conscientiousness and Agreeableness. Mul-
tivariate linear regression analysis using simultaneous
entry of predictors was also conducted to determine the
best linear combination of statistically significant univari-
ate predictors such as Neuroticism, VE/VCO: slope and
VO: peak, for predicting KCCQ Clinical Summary Score.
The results show Neuroticism (B = -0.37, P < 0.05),
VE/VCO: slope (p = -0.31, £ < 0.05) and VO: peak (B =
0.37, P < 0.05) to be independent predictors of QoL. In
multivariate regression analysis Neuroticism (b = -0.37,
P < 0.05), the slope of ventilatory equivalent for carbon
dioxide output during exercise, (VE/VCO: slope) (b =
-0.31, P < 0.05) and peak oxygen uptake (VO: peak), (b
= 0.37, P < 0.05) were independent predictors of QoL
(adjusted R2 = 0.64; F = 18.89, P < 0.001).

CONCLUSION: Neuroticism is independently associat-
ed with QoL in CHF. QoL in CHF is not only determined
by disease severity but also by the Neuroticism person-
ality trait.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Of the patients with chronic heart failure (CHF),
those who are experiencing low Quality of Life (QoL)
show higher morbidity, hospitalization rates and mortal-
ity. There is a link between low QoL, low adherence to
pharmaceutical and non-pharmaceutical treatment as
well as exercise training rehabilitation, and high anxiety
and depression levels. The personality of the patient
has been also found to play a role in affecting QoL and
therefore prognosis. Taking into account that the per-
sonality trait of Neuroticism, has been found to affect
QoL in chronically ill individuals, this study explores its
possible role in predicting QoL in CHF population in re-
lation to disease severity.

Samartzis L, Dimopoulos S, Manetos C, Agapitou V, Tasoulis A,
Tseliou E, Pozios I, Kaldara E, Terrovitis J, Nanas S. Neuroticism
personality trait is associated with Quality of life in patients with
Chronic Heart Failure. World J Cardiol 2014; 6(10): 1113-1121
Available from: URL: http://www.wjgnet.com/1949-8462/full/
v6/i10/1113.htm DOI: http://dx.doi.org/10.4330/wjc.v6.i10.1113

INTRODUCTION

The quantification of patients’ Quality of life (QoL) is
becoming a useful endpoint in the study of chronic heart

failure (CHF), not only as a marker of health care quality,
[1.2]

but also as a tool for monitoring patients over time
The evaluation of patients’ QoL as well as of factors that
are pertinent to it are considered as important for the
prognosis in CHE, as QoL has been shown to identify
patients with more severe syndrome"* and at greater risk
for hospitalization or death”™. QoL is closely related to
exercise intolerance, and exercise capacity improvement
by exercise training in CHF improved Qol. and reduced
mortality and cardiac events'"'". Furthermore, Qol.
in CHF has been associated with psychological factors
such as depression, anxiety and personality. Depressed as
well as anxious CHF patients were found to have poor
QoL with depression being a strong predictor of QoL
even after adjustment with disease severity" .

However the role of personality in the QoL of CHF
has been largely overlooked, as most studies have fo-
cused on the role of depression and anxiety as the main
psychological determinants. The personality trait that has
been most widely studied in CHF population is type-D,
which was found to be independently associated with
impaired QoL in CHF", anxiety and depression'”, and
increased mortality""®. Another well documented person-
ality trait, Neuroticism, has been demonstrated to affect
QoL in chronically ill individuals as well as to be corte-
lated with increased levels of anxiety and depressionmm.
However, there have been only a few reports indicating a

possible role of Neuroticism to predict QoL and prog-
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nosis in CHF patientsmw.

Therefore, the personality trait of Neuroticism con-
stitutes an interesting but yet not well explored factor in
the relationship between personality and QoL in patients
with CHE The aim of this study is to investigate the
role of Neuroticism in QoL in CHF in relation to CHF
severity. We hypothesized that Neuroticism affects QoL
in patients with stable CHF, independently of the disease
severity.

MATERIALS AND METHODS
Study population

The study population consisted of 36 consecutive stable
CHF outpatients (6 women and 30 men), with a left ven-
tricular ejection fraction (LVEF) < 45% at optimal medi-
cal treatment at the time of inclusion, who were referred
to our laboratory from the Heart Failure Clinic of the
Medical School of the University of Athens, during the
years 2008-2009, in order to perform a symptom-limited
cardiopulmonary exercise test (CPET), as a part of heart
failure evaluation.

Patients were excluded from the study if there was
any contraindication for a CPET according to the Ameri-
can Thoracic Society/American College of Chest Physi-
cians Statement on CPET™ and if there was a history
of moderate to severe chronic obstructive pulmonary
disease or cancer disease or other systemic inflammatory
chronic illness. Patients enrolled in the study had no his-
tory of a known psychiatric disorder or psychiatric/psy-
chological treatment. Patients who were on psychotropic
medication or who received any form of psychotherapy
treatment were excluded of the study. None of the pa-
tients had a history of psychiatric hospitalization in the
past. Baseline demographic data and clinical character-
istics of all patients are presented in Table 1. Informed
consent was obtained from all patients, as approved by
the Human Study Committee of our Institution.

Design of the study

All patients underwent an incremental symptom-limited
CPET, and the day of exercise testing they were admin-
istered a questionnaire consisted of a self-rating psy-
chometric tests battery to complete in their home. Data
collection was obtained from patients’ questionnaire re-
sponses and analyzed by an expert clinician to psychiatric
disorders.

Cardiopulmonary exercise testing

All patients performed a symptom-limited CPET on an
electro-magnetically braked cycle ergometer (Ergoline
800; Sensor Medics, Anaheim, California, United States).
The work rate increment was estimated by using Hansen
et al*™s equation in order to attain test duration of 8-12
min. Measurements wete recorded for 2 min at rest, for
3 min of unloaded pedaling before exercise, during ex-
ercise and for recovering period. Oxygen saturation was
measured continuously by pulse oximetry, heart rate and
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factors of personality: Neuroticism, Extraversion, Open-

Table 1 Demographic data and clinical characteristics in all

chronic heart failure patients (7 = 36) ness, Agreeableness, and Conscientiousness. The Five
. 12930 - .
Factor Model of personallty[ s a personality concept
Age, yr 54+12 that includes behavioral, emotional as well as cognitive
Gender, (M/F) 30/6 petsonality patterns.
BMI, kg/m? 28349 Neuroticism reflects distress-proneness, negative
NYHA class 1/11/I1 (10/20/6) , : , proneness, neg
LVEF 33% +10% emotions and chronic emotional maladjustment, stress
CHF Etiology reactivity and instability. Extraversion refers to positive
Non-ischemic 18 (50%) mood, sociability, need for stimulation, vigor, quantity
H 0 . . . . .
Ischemic 18 (50%) and intensity of preferred interpersonal interactions as
Medical treatment 1 ity 1 | d it . O
Py o well as activity level and capacity for enjoyment. Open-
B-blockers 85% ness refers to openness to experience as well as active
Diuretics 85% secking and appreciation of experiences for their own
Sipomolacio:z 52% sake, and also involves entailing interest in novel ideas,
g_m,l:)?,amne :ﬁ';’ aesthetic and intellectual sensibility. Agreeableness is an
igitalis o . . . . o
Nitrates 20% interpersonal factor reﬂectmg gltrulsm., trust, amicability,
Antiplatelets 44% and also refers to the kind of interactions a person pre-
Anticoagulants 23% fers along a continuum from compassion to antagonism.

Conscientiousness involves organization, persistence,

Continuous variables values are presented as means + SD. BMI: Body control, reliability, diligence, and also assesses the degree
mass index; NYHA: New York Heart Association; LVEF: Left ventricle

ejection fraction; ACE: Angiotensin-converting enzyme; CHF: Chronic of achlevement—or%entated behavior and motivation in
heart failure. goal—dlrected behavior.

Quality of life measurements

As a measurement of QoL in CHF patients the Greek
version of the Kansas City Cardiomyopathy Question-
naire was used. The KCCQ is a 23-item, disease specific
questionnaire that quantifies the domains of health status
that are symptoms (frequency, severity, change over time),
physical limitations, a heart failure specific assessment of
their quality of life and self-efficacy domain that is a mea-
sure of patients’ knowledge of how to best manage their
disease. The psychometric properties of the KCCQ have
‘ i been well documented"”.

at peak exercise (VO: peak, mL/ kg per minute), anaero- The use of the KCCQ in outpatient clinical practice
bic threshold (AT, mL/kg per minute), and VE/VCO: can both quantify patients’ health status and provide in-
slope between exercise onset and AT. The peak values sight into their prognosis®™. QoL identifies CHF patients
for VO, VCO2, and VE were calculated as the average at risk for hospitalization or death, as a low KCCQ score

rhythm were monitored by a MAX1, 12-lead ECG Sys-
tem (Marquette), arterial pressure was measured every 2
min with a mercury sphygmomanometer. Oxygen uptake
(VOy), carbon dioxide output (VCO2) and ventilation
(VE) were measured breath-by-breath. All patients were
verbally encouraged to exercise to exhaustion, as defined
by intolerable leg fatigue or dyspnea.

Cardiopulmonary measurements
The gas exchange measurements served to calculate VO:

of measurements made during the 20-s period before is an independent predictor of poor prognosis in patients
exercise was terminated. AT was determined using the with CHE™. Studies have been shown that cross-sectional
V-slope technique'™, and the result was confirmed graph- variations'™ as well as changes in serial health status as-
ically from a plot of ventilatory equivalent for oxygen sessments” in KCCQ scores are prognostic indicators
(VE/VO) and carbon dioxide (VE/VCOz) against time. of subsequent mortality as well as hospitalizations due to
The ventilatory response to exercise was calculated as the CHFE

slope by linear regression of VE »s VCOz2 from the be-
ginning of exercise to AT, where the relationship is linear, Statistical analysis

calculated as in previous study™. All continuous variables are expressed as mean * SD. A

P value of 0.05 or lower was considered as statistically
Personality measurements significant. All vatiables were tested for normal distribu-
Personality traits were assessed with the widely used tion. Pearson’s coefficient was used to assess correlations
NEO-Five Factor Inventory (NEO-FFI, Greek version),  between the study variables. A multivariate linear regres-
which is a 60-item self-report questionnaire based on sion analysis using simultaneous entry of predictors was
the five factor model of personality. The NEO-FFI®” performed to examine which variables were correlated in-

is a shortened version of the NEO-PI-R (Costa and ~ dependently to QoL scores in the two summary scales of
McCrae 1992). Patients rate each item on a five-point the KCCQ that are the overall summary scale (OSS) and

Likert-like scale. Each item-score ranges on a scale from the clinical summary scale (CSS). The Statistical Package
strongly disagree (0) to strongly agree (4). The instrument for the Social Sciences (SPSS Statistics 17.0) software was
is designed to measure each of the well-established five used to analyze the data.
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Table 2 Psychometric and cardiopulmonary exercise testing

measurements in all chronic heart failure patients (7 = 36)

KPLS 85+ 14
Ksss 64 +21
KSFS 86+ 16
KSBS 80+19
KTSs 82+17
KSES 67 +27
KQOLS 57 +24
KSLS 75+ 26
KOss 75+17
KCss 85+ 14
Neuroticism 16 £5
Extraversion 29+8
Openness 25+5
Agreeableness 26+6
Conscientiousness 30+5
VO: peak, mL/kg per minute 159+4.4
WRp, Watt 99 +41
VE/VCO:z slope 35+7
AT, mL/kg per minute 9.7+24

KCCQ: Kansas City Cardiomyopathy Questionnaire; KPLS: Kansas Physi-
cal Limitation Score; KSSS: Kansas Symptom Stability Score; KSFS: Kansas
Symptom Frequency Score; KSBS: Kansas Symptom Burden Score; KTSS:
Kansas Total Symptom Score; KSES: Kansas Self-Efficacy Score; KQOLS:
Kansas Quality of Life Score; KSLS: Kansas Social Limitation Score; KOSS:
Kansas Overall Summary Score; KCSS: Kansas Clinical Summary Score;
VO: peak: Peak oxygen uptake; WRp: Peak work rate; VE/VCO:z slope:
The slope of ventilatory equivalent for carbon dioxide output during exer-
cise; AT: Anaerobic threshold.

RESULTS

Psychometric and cardiopulmonary exercise testing mea-
surements are presented in Table 2.

Correlation analysis

The correlations between KCCQ QoL measurements
and NEO-FFI personality parameters, by means of Pear-
son’s coefficients showed a strong relationship between
QoL and Neuroticism (Table 3 and Figure 1). KCCQ
summary scales did not show significant correlations
with the personality traits of Extraversion, Openness,
Conscientiousness and Agreeableness (Table 3). QoL as
measured by the OSS and CSS subscales of the KCCQ,
had also a significant correlation with CHF severity (Fig-
ures 2 and 3) as expressed by VE/VCO:z slope (r = -0.59,
P <0.001 and »=-0.55, P < 0.001, respectively) and VO:
peak (r= 0.56, P < 0.001 and » = 0.65, P < 0.001, respec-
tively).

Model of predictors of Quality of life

A univariate linear regression was performed to exam-
ine which variables were significantly correlated to QoL
scales, including age, Body Mass Index, Personality traits,
VE/VCO:zslope and VOz peak.

Multivariate linear regression analysis using simultane-
ous entry of predictors was conducted to determine the
best linear combination of statistically significant univari-
ate predictors such as Neuroticism, VE/VCO:z slope and
VO2peak, for predicting KCCQ Overall Summary Score.
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Table 3 Pearson’s Simple Correlations between Kansas City

Cardiomyopathy Questionnaire Quality of Life and NEO
Five-Factor Inventory personality parameters

KPLS 053 -0.01 0.31 -0.15 -0.03
KSsS -0.30 -0.02 -0.06 -0.17 -0.15
KSFs -0.54° -0.31 -0.09 -0.41 -0.24
KSBS -0.57° -0.27 -0.15 -0.27 -0.37
KTSS -0.61° -0.29 -0.09 -0.35 -0.32
KSES 0.00 -0.14 -0.24 -0.28 -0.42
KQOLs -0.38" -0.13 -0.02 -0.26 -0.31
KSLS -0.39° -0.12 0.13 0.02 0.10
KOss -0.54° 0.05 0.08 -0.19 -0.07
KCss 0.62° -0.08 0.10 -0.28 -0.10

Neuroticism Extraversion Openness  Agreea-  Conscien-

bleness tiousness

The statistical significance was set at P value < 0.05. °P < 0.05; *p < 0.01.
KCCQ: Kansas City Cardiomyopathy Questionnaire; KPLS: Kansas Physi-
cal Limitation Score; KSSS: Kansas Symptom Stability Score; KSFS: Kansas
Symptom Frequency Score; KSBS: Kansas Symptom Burden Score; KTSS:
Kansas Total Symptom Score; KSES: Kansas Self-Efficacy Score; KQOLS:
Kansas Quality of Life Score; KSLS: Kansas Social Limitation Score; KOSS:
Kansas Overall Summary Score; KCSS: Kansas Clinical Summary Score;
NEO-FFI: NEO Five-Factor Inventory.

The results show that Neuroticism (§ = 0.32, P < 0.05),
VE/VCO:slope (B = 0.41, P < 0.05) are independent
predictors of QoL (adjusted R*=0.51, F = 13.33, P <
0.001), with VO2peak showing a trend (Table 4).

Multivariate linear regression analysis using simultane-
ous entry of predictors was also conducted to determine
the best linear combination of statistically significant uni-
variate predictors such as Neuroticism, VE/VCO: slope
and VOz peak, for predicting KCCQ Clinical Summary
Score. The results show Neuroticism (§ = -0.37, P < 0.05),
VE/VCOzslope (B = -0.31, P < 0.05) and VO2 peak (B
= 0.37, P < 0.05) to be independent predictors of QoL
(Table 4). Even after accounting for CHF etiology, no
changes emerged concerning the predictors in the two
models described above.

DISCUSSION

This study provides confirming evidence for the hypoth-
esis that personality factors affect QoL in CHE. More
specifically, in our study the personality trait of Neuroti-
cism is associated with QoL independently of the CHF
severity. To our knowledge this study is the first to show
that the personality trait of Neuroticism, estimated by
the NEO-FFI, affects QoL, in CHF patients after adjust-
ment for disease severity evaluated by a symptom-limited
cardiopulmonary exercise test.

Previous researchers have reported that Neuroticism,
estimated by the Eysenk Personality Inventory, can pre-
dict the mental health component of the generic QoL,
after adjustment for disease severity (assessed by the 6-min
walk distance)™. A positive correlation between Neuroti-
cism and depression was also found by the same research
group in CHF patientsm]. In a prospective cohort study,
Murberg ez al™ using the Eysenk Personality Question-
naire have shown that Neuroticism, predicts mortality
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Questionnaire Clinical Summary Score) with VO: peak (A and B, respectively).

in CHF independently of the disease severity (assessed
by the pro-ANP biochemical prognostic marker). In our
study, the Neuroticism trait emerged as an independent
predictor of QoL in CHF patients, even after adjustment
for the most robust prognostic indicators of mortality,
namely cardiopulmonary exercise, stress test parameters,
confirming previous reports. Furthermore, CHF patients
enrolled at the present study were receiving modern op-
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timal medical treatment including beta-blockers, ACE-
inhibitors, aldosterone antagonists.

Recently, other studies have examined the relation-
ship between personality and QoL and demonstrated
that type D personality is independently associated with
impaired health status in CHE"*!, Previous data have
also supported the finding that the relationship between
personality type-D and CHF is not confounded by dis-
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Table 4 Multiple linear regression analyses of predictors of Quality of Life

KCCQ summary scales
Variables KCCQ Overall Summary Score adjusted R> = 0.51; F = 13.33, KCCQ Clinical Summary Score adjusted R* = 0.64; F =18.89,
P < 0.001 P < 0.001
B SE beta Sig. B SE beta Sig.
Neuroticism -1.02 0.43 -0.32 P<0.05 -0.95 0.31 -0.37 P<0.05
VE/VCO:z slope -1.01 0.32 -0.41 P<0.05 -0.6 0.23 -0.31 P <0.05
VO: peak 1.04 0.55 0.26 NS 1.16 0.39 0.37 P <0.05

KCCQ: Kansas City Cardiomyopathy Questionnaire; VE/VCO: slope: The slope of ventilatory equivalent for carbon dioxide output during exercise; VO:2

peak: Peak oxygen uptake.

ease severity, assessed by BNP measurements™ . In the
present study we have shown that the personality trait
of Neuroticism, affects independently QoL in CHF pa-
tients. The relationship between type-D personality and
Neuroticism has been previously studied and a positive
relationship was found between them in both subscales
of the type-D evaluation tool DS14, namely the Negative
Affectivity and Social Inhibition”. Other psychological
factors such as depression and anxiety have also been as-
sociated with decreased QoL in CHF patientsmj.

Our data have shown that CHF patients who score
high on the Neuroticism scale have low QoL indepen-
dently of the severity of the CHF as expressed by VE/
VCO:z slope and VOz peak, strong predictors of mortal-
itylzgj. Because of the cross-sectional design of the study,
the results are by definition bidirectional. Nevertheless
it could plausibly be assumed that the direction of the
relationship is rather from Neuroticism to impaired QoL,
as personality traits are usually formed before the age of
30 and tend to remain stable through the rest of adult-
hood™ ™. As supported by epidemiological data, CHF
usually occurs mainly after the age of 30, increasing in-
cidence with agingpg’”J. Thus it can be inferred that the
development of Neuroticism personality trait precedes
the development and progress of CHE.

Chronic stress pattern and autonomic dysregulation
might explain the relationship between Neuroticism and
QoL found in our data. The personality trait of Neuroti-
cism is correlated to chronic anxietymj. Neuroticism leads
to a dysfunctional pattern of stress management as well
as a pattern of frequent experience of negative feelings
in everyday life, and that means vulnerability to common
psychological stressors. This chronic inadequate stress
management predisposes to autonomic nervous dysfunc-
tion"" and cardiovascular dysregulationl42’43j. The relation-
ship between chronic stress and cardiovascular dysfunc-
tion is also well known in animals™, A recent study has
shown that type-D personality is correlated to impaired
heart rate recovery', an index of parasympathetic ab-
normality. This index is related to psychological distress
and QoL and is a strong independent predictor of moz-
talityl46J and poor QoL in CHF patients. It could be as-
sumed that this autonomic nervous system dysregulation
is a possible mechanism that might mediate the relation-
ship between Neuroticism and decreased health status in
CHF patients. Future studies are needed to evaluate the

Baishidenge  WJC | www.wjgnet.com

1118

possible association of Neuroticism with autonomic ner-
vous system impairment in CHF patients.

Our study supports the hypothesis that a more ho-
listic approach is preferable, when evaluating a patient
with chronic heart failure, a finding of significant clini-
cal importance. A low KCCQ score is an independent
predictor of poor prognosis in outpatients with CHF'"™”
and according to the findings of present study, this is
not only related to disease severity but also predicted by
a high NEO-FFI Neuroticism score. Patients scoring
high in the Neuroticism personality trait have lower QoL
independently of CHF severity, therefore, Neuroticism
may constitute a prognostic factor for these patients. The
knowledge of the severity of the Neuroticism trait could
also affect the treatment options, as it can help with the
identification of patients that probably need additional
psychological or psychiatric care to cope with their heart
disease.

Certain limitations of the study should be taken into
account during result interpretation. This study is cross-
sectional, therefore not designed to prove causality. Inter-
vention studies targeting Neuroticism with prospective
design are needed for clarifying the direction of the rela-
tionships between Neuroticism, CHF severity and QoL,
in terms of their predictive value for clinical outcome.
No structured clinical interview was used as a screening
tool for psychopathology in this non-psychiatric set-
ting sample of ambulatory patients of the outpatient
Heart Failure Clinic. Due to the small number of female
patients in our sample, it was not possible to perform
gender-specific analysis and/or between-gender com-
parisons. Duration of disease variables was not included
in the analysis, but disease severity estimation was based
only on current measurements 2z the CPET and the psy-
chometric evaluation. Although duration of diagnosis it
is not theoretically possible to affect personality traits of
the patients, it might affect QoL. Due to the small sample
size it was not possible to control for anxiety and depres-
sion levels. Larger sample size and sophisticated statistical
methods could help to further highlight the association
between Neuroticism, CHF severity and QoL. A pro-
spective study of exercise rehabilitation program effects
could lead to better exploration of the role of Neuroti-
cism to QoL and disease severity. The role of Neuroti-
cism in other chronic illnesses beyond CHF should be
also investigated in future studies.
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In conclusion, Neuroticism personality trait predicts
independently QoL in CHF patients after adjustment for
CHEF severity. Notwithstanding the limitations of a small
study, we propose that a more flexible approach to CHF
diagnosis, which includes personality dimensions along
with a description of CHF symptoms, may result in a
more inclusive and useful diagnostic scheme for treating
people with chronic heart failure. Taking into account the
relationship between Neuroticism and QoL, personality
factors could probably help to explain at least partially
some of the mortality risk in CHF patients previously
predicted by poor QolL. Psychiatric interventions might
possibly be incorporated into the treatment of these pa-
tients to improve QoL and possibly prognosis.

COMMENTS

Background

Measuring and exploring factors that affect Quality of life (QoL) is important for
chronic heart failure (CHF) patients in order to monitor their treatment course
and assessing prognosis, as well as for evaluating treatment interventions’ and
health services effectiveness. Patients that are experiencing low QoL present
higher morbidity, hospitalization rate and mortality. QoL in CHF is related to exer-
cise capacity and adherence to rehabilitation programs and low QoL is related to
exercise training intolerance. Of the psychological factors that affect QoL, anxiety
and depression levels have been shown to play an important role, but the role of
personality traits of the CHF patient hasn’t been well understood yet. Taking into
account that the personality trait of Neuroticism, has been demonstrated to affect
QoL in chronically ill individuals, there is a need for exploration of its possible
role as a predictor of QoL in patients with CHF.

Research frontiers

Of the available generic and disease-specific tools for describing dimensions of
QoL in CHF, the Kansas City Cardiomyopathy Questionnaire is a self-reported,
disease specific questionnaire that is considered reliable and valid for this popu-
lation. Cardiopulmonary exercise testing has emerged over the years as a very
useful modality for assessing variables related to exercise capacity and with
CHF severity in this population.

Innovations and breakthroughs

Previous researchers have reported that Neuroticism, estimated by the Ey-
senk Personality Inventory (EPI), can predict the mental health component of
the generic QoL, after adjustment for disease severity assessed by the 6-min
walk distance. Also a prospective cohort study using the Eysenk Personality
Questionnaire (EPQ), an expanded version of EPI, has shown that Neuroticism
predicts mortality in CHF independently of the disease severity assessed by
the pro-ANP biochemical prognostic marker. These study provides additional
evidence for the hypothesis that personality factors affect QoL in CHF. More spe-
cifically, these found that the personality trait of Neuroticism is associated with
QoL independently of the CHF severity. To these knowledge this study is the first
to show that the personality trait of Neuroticism, estimated by the Five-Factor
Personality Inventory, affects QoL, in CHF patients after adjustment for disease
severity evaluated by a symptom-limited cardiopulmonary exercise test, the “gold”
standard for the assessment of exercise capacity in these patients.

Applications

The results of this study showed that not only disease severity but also the
personality characteristic of Neuroticism can affect patients’ QoL, therefore
worsening prognosis of CHF. The personality of CHF patient has to be taken into
account during CHF treatment and rehabilitation programs, and a tailor-made
individualized psychosocial intervention by a mental health professional might
help improving patients QoL and consequently CHF prognosis.
Terminology

CHF population in this manuscript refers to patients with Chronic Heart Failure,
that are currently been stabilized in optimal medical treatment and their left ven-
tricle ejection fraction remains less than 45%. CPET refers to CardioPulmonary
Exercise Testing that is used for evaluation of the patient in terms of heart func-
tion and exercise capacity. This evaluation is also important for exercise training
rehabilitation of the CHF patient.
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Peer review

This is a very interesting and novel observational study of the effect of neuroti-
cism on quality of life of a Greek cohort of chronic heart failure patients. The

paper reads well overall and reports some novel findings.
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Abstract

Abnormal connections between the ascending aorta
and the cardiac chambers are rare, especially in the
context of right-sided infective endocarditis (IE). Trans-
thoracic echocardiography (TTE) with color-flow Dop-
pler, transesophageal echocardiography (TEE), or both
may be required for diagnosis. We present the case of
a woman admitted with right-sided heart failure (HF)
symptoms. She had a previous history of tricuspid valve
IE 30 years ago. TTE and TEE revealed an aorto-right
atrium fistula located just under the non-coronary cusp
into the right atrium at the level of the previously af-
fected tricuspid valve. The Patient refused surgery and
was discharged home on HF medications. She has been
stable for the last 3 years. The peculiarity of this case
is the late symptomatic presentation of the aorto-atrial
fistula and the unusual association to tricuspid valve IE.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Aorto-cardiac fistula; Infective endocarditis;
Tricuspid valve

Core tip: Aorto-cardiac fistulas are rare, usually associ-
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ated to prosthetic aortic valve infective endocarditis.
The median duration of symptoms to echocardiographic
detection of fistulization is about one month. We pres-
ent a case of aorto-atrial fistula at late presentation, 30
years after tricuspid valve infective endocarditis. This
article describes the epidemiology, clinical manifesta-
tions, pathophysiology, diagnostic modalities, treatment
and outcomes of aorto-cardiac fistulas.

Villablanca PA, Sukhal S, Maitas O, Onuegbu A, Mufioz-Pena
IM, Joseph A, Requena C, Mohananey D. Aorto-right atrial fis-
tula: Late complication of tricuspid valve infective endocarditis.
World J Cardiol 2014; 6(10): 1122-1126 Available from: URL:
http://www.wjgnet.com/1949-8462/full/v6/i10/1122.htm DOI:
http://dx.doi.org/10.4330/wjc.v6.110.1122

INTRODUCTION

Aorto-cardiac fistulas (ACF) are a rare complication of
infective endocarditis (IE); it is usually a complication of
prosthetic aortic valve IE. We report a case of a patient
who was found to have an Aorto-right atrial fistula 30
years after his tricuspid valve IE was treated. No similar
late complication of tricuspid valve IE has been reported.

CASE REPORT

A 51-year-old woman presented to the emergency depart-

ment (ED) with worsening decreased exercise tolerance
over the past 2 mo. Her past medical history was signifi-
cant for a previous culture-negative tricuspid valve IE in
1980 that was treated medically with antibiotics, perma-
nent atrial fibrillation, asthma and hypothyroidism. Home
medications included aspirin, furosemide, metoprolol and
albuterol.

The patient stated that in the last 2 mo she devel-
oped worsening shortness of breath, lower extremity
edema, chest tightness, palpitations, weakness-fatigue and
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Figure 1 Schematic of abnormal fistula flow and transesophageal doppler imaging. A: Schematic diagram indicating the flow of blood during diastole, as
showed by the transesophageal echocardiogram with Doppler; B: Transesophageal 4 chamber view at the level of the aortic valve, with chamber anatomy correspond-
ing to schematic in A; C: Diastolic blood into the RA from the non-coronary cusp of the aorta. RA: Right atrium; RV: Right ventricle; LA: Left atrium; PA: Pulmonary
artery.

abdominal discomfort. She denied any inciting events.
Within the last two weeks, her New York Heart Associa-
tion (NYHA) functional class deteriorated from NYHA
class 1 to NYHA class Ill, manifested by shortness of
breath on minimal exertion, relieved only by rest. The
patient denied orthopnea, paroxysmal nocturnal dyspnea,
hemoptysis, chest pain, fevers, chills and weight loss.

On physical examination, her heart rate was 134
beats/min, blood pressure 115/62 mmHg and a tempet-
ature of 36 C. Cardiac examination revealed a markedly
elevated jugular venous pressure of 12 cm, grade 4/6 low
frequency pansystolic murmur in the lower left sternal
border, irregularly irregular rhythm, hepatojugular reflux
and lower extremity edema up to the knees. The rest of
the physical examination was normal.

Laboratory work up included BMP, CBC, ESR, CRP,
which were unremarkable, except for microcytic anemia
of 8.2 g/dL with normal ferritin and a BNP of 1046
pg/dL. The EKG demonstrated atrial fibrillation, right
axis deviation and an incomplete right bundle branch
block. The chest X-ray was significant for moderate car-
diomegaly with right atrial and ventricular enlargement.
She was started on diuretics and beta-blockers for heart
failure (HF) exacerbation secondaty to atrial fibrillation
with rapid ventricular response and then transferred to
the general medicine floor.

On the next day of admission, a transthoracic echo-
cardiography (TTE) was performed, showing normal left
ventricular size and systolic function, severe dilation of
the right ventricle with mark hypocontractility, severe tri-
cuspid regurgitation with the anterior leaflet calcified with
flail segments from previous IE. There was a diastolic
flow into the right atrium from the aorta (non coronary
cusp). There was no evidence of aortic insufficiency, out-
flow tract gradient, or ventricular septal defect. Given our
suspicion for aorto-atrial fistula, a transesophageal echo-
cardiogram (TEE) was done, showing a small fistula from
just under the non-coronary cusp into the right atrium at
the level of the previously affected tricuspid valve (Figure
1). The patient underwent cardiac catheterization, which
showed normal coronary arteries and confirmed the
echocardiographic findings of an Aorto-right atrial fistula
and tricuspid regurgitation.
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Cardiac surgery service was consulted for tricuspid
valve replacement and repair of the fistula. Patient re-
fused surgery due to religious issues and was discharged
home on diuretics, beta-blockers, angiotensin receptor 2
blockers and spironolactone. At 3-year follow up, patient
has been stable, with no further exacerbation. Surgery
has been offered repeatedly, we explained the risks and
benefits of performing the surgery and the good results
that can be accomplished with an acceptable morbidity
and mortality, yet she only wants to continue with medi-
cal management.

DISCUSSION

IE has been associated with a myriad of complications
such as HF and stroke!". The frequency and type of
complications due to IE have changed with advances in
diagnosis and therapy. Uncontrolled rare extra-valvular
cardiac complications of IE, such as fistulous intra-cat-
diac connections, which were previously common com-
plications of IE, are infrequent in the antibiotic era. Re-
ported for the first time in 1924 as an incidental finding
on autopsy'”, the incidence of ACF has been described
in less than 2.2% of cases of native valve IEY and 3.3%
of prosthetic valve IE" in retrospective studies. Staphylo-
coccus anrens has been documented as the most common
etiology reported on both autopsies and retrospective
studies” ™ with S treptococcus spp., Enterococcus spp., and other
bacterial and fungal infections as other documented eti-
ologies[('l.

ACF has been documented in a variety of clinical
scenarios, most frequently occurring in cases of aortic
valve IE, and is more common in prosthetic than native
aortic valve. ACF is present in less than 1% of right-
sided IE cases, and is usually associated with concomitant
native aortic IE". There are isolated cases in the English
literature that report ACF secondary to native tricuspid
valve”. It has been described also with blunt trauma'”,
stab wound of the chest''", ruptured aneurysms of the
sinus of valsalva (SV)“Z], aortic dissection'”, congenital
disorder" cardiac valve surgery“s], percutaneous cardiac
valve implantation“{’], heart transplantationm, and auto-

. .. 18
immune vasculitis,
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The proposed theory to explain the fistulization
mechanism between the aorta and the cardiac chamber is
through the bacterial invasion and spread of the affected
valve into the adjacent tissues and structures, resulting in
the formation of a periannular abscess and erosion of
the SV. The aortic abscesses involving the SV may rup-
ture internally with erosion of the sinus and subsequent
development of aorto-cavitary or aorto-pericardial fistu-
las®>""* Perivalvular abscesses have been reported as
the cause of 6%-9% of fistula cases”*. Due to its rela-
tive avascularity and infected regurgitation of jet striking
subvalvular structures™, the intervalvular fibrosa is more
susceptible to infection™. The ACF creates a left to right
shunt from any of the three aortic valve sinuses to any of
the four cardiac chambers with no preponderance from
any specific aortic sinus to a specific cavity, resulting in
further hemodynamic deterioration™”. These pathologic
communications are highly morbid and lead to hemody-
namic instability secondary to the shunt effect.

Diagnosing ACF can be challenging, and the clinical
presentation will depend on the size of the shunt. Pa-
tients with a small ACF may be completely asymptomatic
with an associated murmur only”?, but the clinical pre-
sentation may range from refractory HF™” to a chest pain
syndrome due to acute coronary syndrome and aortic
dissection"””". Cardiac auscultation may cause a continu-
ous murmur™, a thrill® or both®, and can be the key
to further pursue this diagnosis with appropriate imaging
modalities. The median duration of symptoms to echo-
cardiographic detection of fistulization is about 25 d as
reported in a retrospective multi-center study'”. There are
isolated cases reported years after prosthetic valve implan-
tation™. A high index of suspicion is required, especially
in the background of recent surgery or previous IE.

Although aortography is the gold standard for diag-
nosis, non-invasive methods such as contrast enhanced
CT, MRI, and echocardiography are currently preferred.
TTE is the initial test of choice in the routine assessment
of patients presenting with HF symptoms or murmurs,
and is therefore usually the first image modality that al-
lows us to confirm or suspect the presence of an ACFE
However, TEE is superior to TTE for better delineation
of function and morphology when intra-cardiac com-
plications, such as ACE, are suspected™ ", The high rate
of echocardiographic diagnosis is likely due to the high-
pressure differences between the aorta and the cardiac
chambers, which enables observation of the highly tur-
bulent flow that is easily detectable by color Dopplerm.
Three—dimensional echocardiography has been reported
to have the potential to delineate anatomic structures,
allowing a greater understanding of the pathological pro-
cess and also obtaining unconventional views of cardiac
structures” . It can delineate structures that are otherwise
not visible in TEE and TTE, allowing cropping, full-
B354, Computed
tomography, magnetic resonance imaging, and aortogra-
phy can allow better description, position, dimension and
anatomic conditions of the ACF, and may be required
as an important adjunctive tool to confirm the diagnosis

volume data; and slicing in various planes

Baishidenge ~ WJC | www.wjgnet.com

and delineate the anatomy before closure”™,

Surgery, which is the primary treatment of ACE, may
carry severe complications, particularly with critically un-
stable patients with an increased postoperative mortality
after surgical correction™, Factors associated with adverse
outcomes include staphylococcal infection, urgent or
emergency surgery, moderate to severe HE, renal failure,
increased age and residual fistula™>"""*"*7 With the high
postoperative mortality with surgical closure of ACF
and with the advancement of endovascular technologies,
more emphasis is now placed on percutaneous closure
with devices such as an Amplatzer plug™*"), though it
should be avoided in in patients with active infection.

We report a case of a patient who was found to have
an Aorto-right atrial fistula 30 years after his tricuspid
valve was treated for IE. To our knowledge and after a
systematic review of the English literature, no similar late
complication of treated IE has been reported.

COMMENTS

Case characteristics

A 51-year-old female with a history of tricuspid valve infective endocarditis pre-
sented with shortness of breath.

Clinical diagnosis

Right side heart failure symptoms.

Differential diagnosis

Aorto-cardiac fistula vs valvular heart disease vs new infective endocarditis.
Laboratory diagnosis

Hb of 8.2 g/dL with normal ferritin and a BNP of 1046 pg/dL; inflammatory mark-
ers (erythrocyte sedimentation rate, serum C-reactive protein, blood cell count)
were within normal limits.

Imaging diagnosis

Transthoracic and transesophageal echocardiography demonstrated Aorto-right
atrial fistula.

Treatment

The patient was medically managed for her heart failure after she refused surgi-
cal treatment.

Related reports

Echocardiography images and explanatory figure are provided in the case re-
port.

Experiences and lessons

A high index of suspicion for aorto-cardiac fistula is required, especially in the
background of recent surgery or previous infective endocarditis.

Peer review

This is an interesting paper.
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Abstract

We report the case of a 63-year-old woman affected
by a severe form of systemic scleroderma with pul-
monary involvement (interstitial fibrosis diagnosed by
biopsy and moderate pulmonary hypertension) and
cardiac involvement (paroxysmal atrial fibrillation, right
atrial flutter treated by catheter ablation, ventricular
tachyarrhythmias, previous dual chamber implantable
cardioverter defibrillator implant). Because of recurrent
electrical storms refractory to /v antiarrhythmic drugs
the patient was referred to our institution to undergo
catheter ablation. During electrophysiological proce-
dure a 3D shell of cardiac anatomy was created with
intracardiac echocardiography pointing out a significant
right ventricular dilatation with a complex aneurysmal
lesion characterized by thin walls and irregular multiple
trabeculae. A substrate-guided strategy of catheter ab-
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lation was accomplished leading to a complete electri-
cal isolation of the aneurism and to the abolishment of
all abnormal electrical activities. The use of advanced
strategies of imaging together with electroanatomical
mapping added important information to the complex
arrhythmogenic substrate and improved efficacy and
safety.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ventricular tachycardia; Electrical storm;
Radiofrequency catheter ablation; Systemic sclerosis

Core tip: We report the case of a 63-year-old woman
affected by a severe form of systemic scleroderma
with cardiac involvement. Because of recurrent electri-
cal storms the patient underwent catheter ablation.
Intracardiac echocardiography pointed out a significant
right ventricular dilatation with a complex aneurysmal
lesion characterized by thin walls and irregular multiple
trabeculae. A substrate-guided strategy of catheter
ablation was accomplished leading to a complete elec-
trical isolation of the aneurism. The use of advanced
strategies of imaging together with electroanatomical
mapping added important information to the complex
arrhythmogenic substrate and improved efficacy and
safety.

Casella M, Carbucicchio C, Russo E, Pizzamiglio F, Golia P,
Conti S, Costa F, Dello Russo A, Tondo C. Electrical storm in
systemic sclerosis: Inside the electroanatomic substrate. World
J Cardiol 2014; 6(10): 1127-1130 Awvailable from: URL: http://
www.wjgnet.com/1949-8462/full/v6/i10/1127.htm DOI: http://
dx.doi.org/10.4330/wjc.v6.110.1127

INTRODUCTION

Systemic sclerosis (SS) is a rare systemic infiltrative dis-
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Figure 1 Movies. A: Intracardiac echocardiography (ICE) imaging showing right ventricle (RV) aneurysmal dilatation; B: At ICE, left ventricle was of normal size but
with diffuse parietal hypertrophy and a mild pericardial effusion around the mitral valve plane; C: Right ventricular (RV) angiography in right anterior oblique projection.

order characterized by a widespread damage to small
blood vessels and connective tissue fibrosis resulting in
multi-organ involvement. Ventricular tachyarrhythmias
(VTs) are frequent clinical manifestation of SS-associated
cardiovascular damage and a possible cause of sud-
den death. Antiarrhythmic therapy is usually limited by
concomitant therapy or side effects. In many cases the
use of an implantable cardioverter defibrillator (ICD) is
mandatory. In this setting catheter ablation (CA) has been
proposed as an alternative option but no evidence exists
about the characteristics of the arrhythmogenic substrate.

CASE REPORT

A 063-year-old woman affected by a severe form of SS
was referred to our institution for management of her
VTs. She presented both an advanced pulmonary and car-
diac involvement. Since June 2006 she has been suffering
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Figure 2 Right ventricle imaging. A: Bipolar voltage map of
the right ventricle (RV) in right anterior oblique view. The bipolar
potential voltage values were normal in the whole ventricle (purple)
except for a wide area (red) around the inferior-lateral portion
of tricuspid valve; B: Intracardiac echo fan intersecting the low-
voltage area, showing aneurysmal dilatation (arrows) characterized
by thin walls and irregular multiple trabeculae; C: RV angiography
confirming the presence of the aneurysmal dilatation (head arrow);
D: substrate map in right anterior oblique view showing the RF le-
sion points. CA was guided by substrate map and was performed
all along the borders of the aneurysm and extended to the peri-
aneurysmal area leading to abolishment of all abnormal electrical
activities.

from multiple episodes of sustained VT; pharmacological
therapy by beta blockers, sotalol or amiodarone was inef-
fective and limited by side effects (Raynaud’s phenom-
enon and pulmonary interstitial fibrosis) thus the patient
underwent a dual chamber ICD implant; on September
2013 the patient developed recurrent electrical storms
refractory to Zz antiarthythmic drugs.

On the second day after admission, CA was pet-
formed. First, a 3D shell of cardiac anatomy was cre-
ated on an electroanatomic mapping system integrated
with intracardiac echocardiography (ICE) (Cartosound,
Biosense-Webster, United States)"". ICE allowed to de-
tect a significant right ventricular (RV) dilatation with a
complex lesion characterized by thin walls and irregular
multiple trabeculae, expanding from the inferior to the
lateral RV wall in petivalvular basal segments (Figure 1A
and B) this aneurysmal dilatation was easily identified an-
giographically, too (Figure 1C, Figure 2).
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Figure 3 Cycle and QRS morphologies of all the 5 sustained ventricular tachyarrhythmias observed and mapped during the procedure. In the box it is pos-
sible to appreciate the mid-diastolic potential (arrows) recorded during ventricular tachyarrhythmias (VT) 5. BPM: Beat per minute.

A complete electroanatomical map (EAM) of the
aneurysm was obtained by ICE, showing an area of
dense scar surrounded by near-scar tissue with abnormal
electrical activities (AEAs) all along the borders of the
aneurism. Five VT morphologies spontaneously occurred
(Figure 3); only 2 of them were effectively mapped creat-
ing an activation map and identifying a mid-diastolic po-
tential, both were terminated by radiofrequency (RF) de-
livery at the critical isthmus located at the border of the
aneurysm. Then a substrate-guided CA was accomplished
targeting all AEAs by sequential RF energy pulses (30 up
to 40 Watts, SF Thermocool, Biosense-Webster, United
States), to achieve the complete electrical isolation of
the aneurysm. At the end of the procedure, a complete
protocol of programmed electrical stimulation (drive 600
and 400 ms, up to three extrastimuli) from the RV apex
was negative. No VT recurrence was observed in a 6 mo
follow up petiod on amiodarone (1 g/wk) therapy.

DISCUSSION

Tachyarrhythmias appear as frequent clinical manifesta-
tions of SS-associated cardiovascular damage. Arrhyth-
mias occurrence may be associated with poor outcome
and represent 6% of the overall causes of death in the
large European League Against Rheumatism Scleroderma
Trials and up to 12% in Research (EUSTAR) database”.
Since different classes of anti-arrhythmics are avail-
able and SS patients may have multiple organs involved
and take concomitant drugs, the choice of treatment
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must be personalized to the patient. ICDs have been used
effectively in selected patients to prevent sudden cardiac
death. There is no specific recommendation in VT treat-
ment in SS patients, and the use of CA has been reported
anecdotally™, We present the first case of SS patient
with multiple VT morphologies undergoing successful
CA guided by an integrated approach aiming at the elec-
tro-anatomical characterization of RV cardiomyopathy.
Based on our experience CA should be considered as an
adjunctive treatment in patients with sustained, mono-
morphic VTs refractory to pharmacological therapy.
Our experience adds new pieces on the knowledge of
the arrhythmic substrate in SS. First of all, CA approach
requires an accurate imaging of the RV acquired by both
angiography and real time echo (ICE, as in our case, or
transoesophageal) to identify the area of interest and to
reduce potential risk as RF delivery in very thin tissue®.
Secondary, a combined high density mapping of the
whole scar and peri-scar area allows a substrate-guided
abolition of all AEAs leading to a successful procedure.
Malignant VTs may be expression of an advanced
form of RV disease in patients with SS and CA may be
proposed as a therapeutic option for VT treatment. The
combination of advanced strategies of imaging together
with EAM should be preferred due to the complex ar-
rythmogenic substrate to improve efficacy and safety.
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Case characteristics

A 63-year-old woman affected by a severe form of systemic sclerosis (SS) with
previous dual chamber implantable cardioverter defibrillator implant presented
with drug-refractory multiple forms of ventricular tachycardias.

Clinical diagnosis

Identification of aneurismal lesion of the right ventricular (RV) with the critical isth-
mus from which the five morphologies of ventricular tachyarrhythmias (VTs) arise.
Differential diagnosis

Arrhythmogenic right ventricular dysplasia, myocarditis.

Laboratory diagnosis

Positive Antinuclear Antibodies; metabolic panel and liver function test were
within normal limits.

Imaging diagnosis

Intracardiac echocardiography allowed to detect a significant RV dilatation with
a complex lesion characterized by thin walls and irregular multiple trabeculae.
Pathological diagnosis

A complete electroanatomical map of the aneurysm showed an area of dense
scar surrounded with abnormal electrical activities.

Treatment

Five VTs morphologies were terminated by radiofrequency (RF) delivery at the
critical isthmus located at the border of the aneurysm.

Related reports

There is no specific recommendation in VT treatment in SS patients, and the
use of CA has been reported anecdotally.

Term explanation

CARTO system is a non fluoroscopic mapping system allowing to accurately
determine the location of arrhythmia origin, define cardiac chamber geometry in
3D, delineate areas of anatomic interest.

Experiences and lessons

This is the first case of systemic sclerosis patient with multiple VT morpholo-
gies undergoing successful CA guided by an integrated approach aiming at the
electro-anatomical characterization of RV cardiomyopathy.
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1130

Peer review

This case report describes a case of SS complicated by multiple VTs. This very
rare case nicely demonstrates image findings together with important electro-
physiologic features in this entity.
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Abstract

Kounis syndrome seems to be not a rare disease but a
rarely diagnosed disorder. Multiple causes can join forc-
es and trigger the development of this syndrome. We
report the first case of Kounis syndrome manifesting as
myocardial infarction with cardiovascular collapse that
occurred in the dialysis room following an allergic reac-
tion. The dialysis apparatus material of polyurethane,
polyamide, polycarbonate, silicon rubber and polypro-
pylene were incriminated causes. Physicians should be
aware of the causality and existence of this disorder in
order to achieve early and correct diagnosis and apply
the appropriate therapeutic measures.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Anaphylactic shock; Dialysis room; Dialysis
apparatus; Kounis syndrome; Mast cell degranulation
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Core tip: This is the first report of Kounis syndrome oc-
curring in the dialysis room in a patient using a new
dialysis machine. The apparatus components acting as
allergens are incriminated since subsequent hemodi-
alysis sessions with the apparatus used before the ana-
phylactic reaction were without any sequelae. Materials
such as polyurethane, polyamide, polycarbonate, silicon
rubber and polypropylene acting as allergens might
prove risky in sensitive patients during hemodialysis.
Atopic patients should be always interrogated about
allergies and patch testing concerning the apparatus
components should be performed in such patients.

Mazarakis A, Bardousis K, Almpanis G, Mazaraki I, Ouzounis A,
Kounis NG. Anaphylactic cardiovascular collapse during hemo-
dialysis: Kounis syndrome in the dialysis room. World J Cardiol
2014; 6(10): 1131-1134 Available from: URL: http:/www.
wjgnet.com/1949-8462/full/v6/i10/1131.htm DOI: http://dx.doi.
org/10.4330/wjc.v6.110.1131

INTRODUCTION

Kounis syndrome is hypersensitivity-associated acute
coronary syndrome manifesting as acute myocardial in-
farction, coronary spasm or even stent thrombosis'. It
is caused by numerous drugs, materials, mertals, environ-

mental exposures and conditions associated with mast
cell activation. During mast cell activation the released
mediators can induce either coronary artery spasm which
can progress to acute myocardial infarction or atheroma-
tous plaque erosion or rupture culminating to coronary
thrombosis. Kounis syndrome is ubiquitous disease af-
fecting patients of any age, from 2-yeat-old to octagenar-
ians, involving numerous and continuously increasing
causes, with broadening clinical manifestations™. The
following report concerns of a patient who developed

October 26, 2014 | Volume 6 | Issue 10 |
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Figure 2 Coronary arteriogram revealing severe left main disease.

this syndrome during hemodialysis. To our knowledge
this is the first case of Kounis syndrome occurring in the
dialysis room.

CASE REPORT

A 75-year-old diabetic, hypertensive man having history
of coronary artery disease with acute myocardial infarc-
tion 12 years ago and stent implantation in the left ante-
rior descending coronary artery and undergoing hemo-
dialysis thrice a week for the last 3 years due to diabetic
chronic kidney disease, was transferred to the emergency
department after an episode of loss of consciousness ac-
companied by chest discomfort during dialysis.

He was asymptomatic until he had been connected to
the hemodialysis machine in the renal unit for his routine
dialysis session. The staff of the unit confirmed changing
of the hemodialysis apparatus before the current session
with an older brand due to unavailability of the previ-
ously used machine. The new apparatus consisted of
polyamix membrane, potting material made from poly-
urethane, housing caps made from polycarbonate, pro-
tective plugs made from polypropylene and o-ring made
from silicon. Five minutes following the connection with
the new dialysis apparatus the patient developed an ery-
thematous rash that covered his trunk and complained
of feeling “burning” in his face, chest pain, dyspnea,
palpitations and suddenly lost consciousness. A severe
anaphylactic reaction associated with Kounis syndrome

Baishidenge ~ WJC | www.wjgnet.com

Figure 1 Electrocardiogram showing complete heart block and ST
elevation in the inferior leads during anaphylaxis followed by rapid
atrial fibrillation during antihistamine and adrenaline administra-
tion.

probably due to the new dialyzer- was suspected and im-
mediate cardiopulmonary resuscitation was started with
chest compressions, antihistamines, hydrocortisone intra-
venously and adrenaline intramuscular doses of 0.2-0.5
mg (1:1000). His blood pressure was 60/40 mmHg and
the electrocardiogram revealed complete heart block with
cardiac rate of 40 beats per minute and 5-7mm ST eleva-
tion in leads II and I, AVE. Within 3 min the patient
was alerted but confused. His blood pressure was raised
to 85/60 mmHg, electrocardiogram revealed attial fibril-
lation with rapid ventricular response 135 beat per minute
and ST elevation 1-2 mm in leads II, Il and aVF and ST
depression 1 mm in leads 1, aVL, V1-V3 (Figure 1). He
was then transferred to our coronary care unit for further
treatment and evaluation.

Upon arrival to the unit the patient was alert, com-
plaining of mild retrosternal chest pain and Killip class II
dyspnea. His blood pressure was 90/50 mmHg, the heart
rate was 120 bpm regular and his temperature was 36.0
C. The oxygen saturation, while breathing in the room air
was 93%, the electrocardiogram revealed sinus tachycar-
dia with 122 bpm and minimal 0.5-1 mm ST elevation in
leads II, Il and aVF and 1mm horizontal-downsloping
ST depression in leads 1, aVL, V1-V6.

Treatment started with 300 mg clopidogrel and
4000IU of low molecular weight heparin. He was not as-
pirin naive because of his previous myocardial infarction,
so no oral loading dose of aspirin was administered. Peak
high sensitivity troponin I levels were 0.350 ng/mlL., eo-
sinophils 8%, IgEs were elevated to 170 IU/mL (normal
levels < 110 TU/mL) but specific IgEs for the dialysis
apparatus were not detected. Transthoracic echocar-
diographic study showed hypokinesis of basal and mid
portions of the infero-posterior wall of the left ventricle
with an estimated ejection fraction of 50%. Skin prick
tests were not performed on ethical grounds.

The patient remained hemodynamically and electri-
cally stable, asymptomatic and afebrile. Coronary angi-
ography revealed severe stenosis of the left main artery
and 70% stenosis of the first segment of right coronary
artery and patent previous stent (Figure 2). The patient
underwent successful coronary artery bypass surgery.
Subsequent hemodialysis sessions with the apparatus
used before the anaphylactic reaction were re-started and
were without any sequelae.

October 26, 2014 | Volume 6 | Issue 10 |



DISCUSSION

The described patient developed severe anaphylaxis asso-
ciated with myocatdial infarction and cardiovascular col-
lapse in the hemodialysis room soon after changing the
dialysis apparatus. He was found to have increased IgEs
and eosinophil count suggesting hypersensitivity reaction
and was diagnosed as type Il variant of Kounis syndrome.
All 4 components of the used apparatus namely polyamix
membrane, potting material made from polyurethane,
housing caps made from polycatbonate, protective plugs
made from polypropylene and o-ring made from silicon
rubber have been incriminated to induce hypersensitivity
reactions. Polyamix membrane is made from a polymer
blend of polyarylethersulfone, polyvinylpyrrolidone and
polyamide all of which are sensitizers". Polyurethane
chemicals are produced by the reaction of isocyanates
and they may cause allergic contact dermatitis or precipi-
tate asthma attacks”. Polycarbonate can induced allergic
reactions especially in dental procedures'®. Polypropylene
is able to induce irritant contact dermatitis” and silicon
rubber has induced hypersensitivity reactions known as
“latex-fruit syndrome”"™. These materials have been in-
criminated to induce hypersensitivity reactions by activat-
ing high and low affinity IgE receptors known as FCyR
[, FCyRI, FCeR I and FCgR1I receptors situated on
both mast cell and platelet surface”.

Therefore the described patient was exposed to 5
antigens. Indeed, clinical studies indicate that sensitive
patients simultaneously exposed to several allergens can
have more symptoms than mono-sensitized individuals'"”.
This could be an explanation for the patient’s immediate
cardiovascular collapse. On the other hand, immuno-
globulin E antibodies with different specificities can have
additive effects and small, even subthreshold numbers
of them can join forces and trigger the cells to release
their mediators. This can occur when the patient is si-
multaneously exposed to the corresponding antigens'".
The initiation of allergic inflammation takes place when
allergens cross-bridge their corresponding, receptot-
bound, immunoglobin IgE antibodies on the mast cell or
basophil cell surface. These cells degranulate and release
their mediators when the critical number of bridged IgE
antibodies reaches the order of 2000 out of maximal
number of some 500000-1000000 IgE antibodies on the
cell surface!”. A total of approximately 1000 bridges are
necessary to induced mast cell degranulation.

Kounis syndrome seems to be not a rare disease but a
rarely diagnosed disorder. Multiple and combined causes
can trigger the development of this syndrome. Physicians
should be aware of its pathophysiology and existence in
otder to apply predictive, preventive, diagnostic and ap-
propriate therapeutic measures.

COMMENTS

Case characteristics
A 75-year-old diabetic, hypertensive man suffering from coronary artery disease
and renal failure developed anaphylactic cardiac collapse soon after been con-
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nected with the dialysis apparatus.

Clinical diagnosis

The appearance of erythematous rash that covered his trunk together with feel-
ing “burning” in his face, chest pain, dyspnea, palpitations, sudden loss of con-
sciousness, electrocardiophic changes, increased cardiac enzymes, increased
eosinophils and IgEs were suggestive of type II variant of hypersensitivity-
associated Kounis syndrome.

Differential diagnosis

The differential diagnosis included anaphylactic shock and acute myocardial
infarction but their combination is classical with Kounis acute associated with
hypersensitity coronary syndrome.

Laboratory diagnosis

Serial electrocardiographic changes of complete heart block, atrial fibrillation,
ST segment elevation, increased cardiac enzymes and troponin I, increased
eosinophils, increased IgEs and hypokinetic basal and mid portions of the
infero-posterior wall of the left ventricle were observed.

Imaging diagnosis

Coronary angiography revealed severe stenosis of the left main artery and 70%
stenosis of the first segment of right coronary artery but patent previous stent
that had been implanted in the left anterior descending artery 12 years previ-
ously.

Pathological diagnosis

Neither pathological examination nor skin biopsy for the erythematous rash
was thought necessary to be performed.

Treatment

The patient was treated initially with chest compressions, antihistamines,
hydrocortisone intravenously and adrenaline intramuscular doses followed by
clopidogrel and of low molecular weight heparin and finally underwent success-
ful coronary artery bypass surgery. Subsequent hemodialysis sessions with
the apparatus used before the anaphylactic reaction were re-started and were
without any sequelae.

Related reports

No related reports are available and this case of Kounis syndrome is the first in
the world literature.

Term explanation

This case of Kounis type Il variant syndrome is characterized as unique.
Experience and lessons

Kounis syndrome is not a rare disease but a rarely diagnosed disorder caused
by multiple and combined causes therefore physicians should be aware of its
pathophysiology and existence in order to apply predictive, preventive, diagnos-
tic and appropriate therapeutic measures.

Peer review

This is a very interesting report of the case of Kounis syndrome occuring in the
dialysis room.
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