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Abstract
Statins have become a cornerstone of risk modification 
for ischaemic heart disease patients. A number of 
studies have shown that they are effective and safe. 

However studies have observed an early benefit in terms 
of a reduction in recurrent infarct and or death after a 
myocardial infarction, prior to any significant change in 
lipid profile. Therefore, pleiotropic mechanisms, other 
than lowering lipid profile alone, must account for this 
effect. One such proposed pleiotropic mechanism is the 
ability of statins to augment both number and function 
of endothelial progenitor cells. The ability to augment 
repair and maintenance of a functioning endothelium 
may have profound beneficial effect on vascular repair 
and potentially a positive impact on clinical outcomes 
in patients with cardiovascular disease. The following 
literature review will discuss issues surrounding endo-
thelial progenitor cell (EPC) identification, role in 
vascular repair, factors affecting EPC numbers, the role 
of statins in current medical practice and their effects on 
EPC number.

Key words: Statins; Endothelial progenitor cells; Ple-
iotropic effects; Ischaemic heart disease; Pleiotropic 
mechanisms

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Statin therapy is a cornerstone of current 
management in coronary artery disease. Conventional 
thinking of stain therapy is for reduction of low-
density lipoproteins. However a number of studies 
have observed an early benefit prior to any significant 
change in lipid profile. Therefore alternative pleiotropic 
mechanisms to account for this have been proposed. 
One such proposed mechanism is the ability of statins 
to augment both number and function of endothelial 
progenitor cells (EPCs). The following literature review 
discusses issues surrounding EPC identification, role in 
vascular repair, the role of statins in current medical 
practice and their effects on EPCs.
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INTRODUCTION
The maintenance of endothelial integrity is essential for 
the preservation of a healthy vasculature[1]. This integrity 
results from a balance between on-going endothelial 
damage and the rate of vascular repair. Disruption of 
endothelial integrity or impairment of endothelial repair 
mechanisms is a central step in both the initiation and 
progression of atherosclerosis[2]. Endothelial repair is 
dependent on undifferentiated cells migrating to sites 
of vascular injury[3-5] then differentiating into mature 
endothelial cells[6-13]. These undifferentiated cells 
are called endothelial progenitor cells (EPCs) have a 
central role in vascular repair by virtue of their ability to 
proliferate, migrate to site of vascular injury and then 
differentiate into mature vascular endothelium[13,14]. 
EPCs perpetuate this cycle by secreting pro-angiogenic 
cytokines[15]. 

Statins form the corner stone of treatment of coron-
ary artery disease. The safety and efficacy of statins 
in reducing cardiac events by decreasing serum LDL-
cholesterol has been well described[16-18]. Recently 
however studies have shown the early beneficial effect 
of statins occurs before any significant change in lipid 
profile. This led to the hypothesis that cardiovascular 
benefits of statins may occur via alternative mech-
anisms other than reduction of LDL-cholesterol 
alone[19,20]. One such proposed mechanism is the ability 
of statins to augment both number and function of 
EPCs. 

The following literature review discusses issues 
surrounding EPC identification, role in vascular repair, 
factors affecting EPC numbers, the role of statins 
in current medical practice and their effects on EPC 
number.

RESEARCH AND LITERATURE
We performed a review of various studies within the 
literature available on endothelial progenitor cell and 
statins. The authors searched various databases 
(EMBASE, OVID, PubMed) using the keywords: 
“Endothelial progenitor cells”, “statin”, “pleiotropic 
effects”. We studied the various publications that we 
obtained from the search results. Full text manuscripts 
were obtained. We only included papers in the English 
language. 

EPCS
Cellular identification and staging of differentiation 
has been made possible by specific surface receptors 
called epitopes that allow immunophenotyping. This 

process allows identification of subset of cellular surface 
molecule termed cluster of differentiation (CD). Cellular 
subtypes may be defined by the presence or absence of 
a particular CD molecule. Therefore “CD” may be “+ “or 
“-” denoting either presence or absence of a particular 
CD, and is used to describe stem cells rather than fully 
differentiated cell types. Certain cell types may have 
variable CD marker expression during maturation for 
example, and therefore classed as bright (high), mid 
(mid) or dim (low) denoting intensity of expression[21,22].

Vascular repair had previously been thought to be 
due to migration and proliferation of fully differentiated 
endothelial cells, in a process called angiogenesis[23]. 
Asahara et al[24] identified putative cells with cell 
surface marker CD34+, alternately named kinase 
insert domain receptor (KDR/VEGFR) markers capable 
of differentiating into endothelial cells both in vitro 
and in vivo[24-26]. Subsequent studies recognised that 
in fact undifferentiated cells subsequently termed 
EPCs migrated to sites of neovascularization and then 
differentiate into endothelial cells[24,26] in a process called 
vasculogenesis[27]. EPCs are derived from pluripotential 
stem cells within the bone marrow. These then evolve 
into mature endothelial cells[24] accounting for only 
0.001%-0.0001% of peripheral blood cells in an 
unstressed state[28]. Circulating EPCs may be isolated 
from bone marrow or the circulation as mononuclear 
cells[24,29,30], expressing a variety of endothelial surface 
markers[31]. However, there currently remains a lack of 
consensus on phenotypic and functional definition of 
endothelial precursor cells[32,33]. 

EPCs are a diverse group of cells of different line-
ages that have angiogenic potential, but are not always 
necessarily able to differentiate into functional endothelial 
cells as would be suggested from their name[32]. EPCs 
are derived from CD34+ hematopoietic progenitor 
cells[6,24,29,31], with the subset of EPCs characterized by 
co-expression of endothelial marker proteins[6,29,31]. 
Studies have identified 3 markers associated with 
early functional EPCs including CD133, CD34, and the 
vascular endothelial growth factor receptor-2 (VEGFR-2) 
also known as kinase insert domain receptor (KDR, 
Flk-1 or CD309)[7,31]. Therefore EPCs express markers of 
both hematopoietic stem cells (CD34 and CD133) and 
endothelial cells (CD146, vWF, and VEGFR2)[26,28,29,31,34-37]. 
The presence of certain cell surface markers are depend 
on the stage of maturations of the EPC. For example the 
cell surface marker CD133, a 120-kDa trans-membrane 
polypeptide, is expressed on bone marrow derived 
hematopoietic stem and progenitor cells in peripheral 
blood[37]. The expression of CD133 on EPCs declines 
during maturation within the peripheral circulation. 
Currently there remains some uncertainty as to when 
EPCs lose the CD133 surface marker, whether during 
transmigration from bone marrow to circulation or later 
whilst in the peripheral blood system[38]. Nevertheless 
the loss of CD133 represents the transformation into 
more mature EPCs that are endothelial-like cells[37]. 

2 January 26, 2017|Volume 9|Issue 1|WJC|www.wjgnet.com

Sandhu K et al . Endothelial progenitor cells and statin therapy



Whereas the expression of CD34 a cell surface marker 
found on immature pluripotential stem cells[31] that acts 
as an adhesion molecule, although the precise function 
remains unclear, gradually increases as the CD133 
decreases as the EPC matures[37]. During the course 
of maturity EPCs begin to have increased expression 
of other markers specific to endothelial cells such as 
VEGFR-2, VE-cadherin, and von Willebrand factor 
(vWF)[37]. 

The expression of CD34+, CD133+, and/or VEGF2+ 
has been used as identifying markers of EPCs in a 
number of studies[28,32,39-41]. Whereas as other studies 
advocate the use of CD133+ either alone or in com-
bination with CD34+/VEGFR-2+ cells for identification 
of EPCs[31,42]. In contrast, other studies have suggested 
that CD133+ are haematopoietic cell lines and have 
not been identified in and therefore unable to form 
endothelial phenotypic EPCs[7,40,43]. Ingram et al[28] 
proposed that CD45- cells incorporated “true” circulating 
EPCs and verified by other studies[28,39,40,43]. Interestingly, 
CD34+/VEGFR2+ and diminished (dim) CD45 (CD45dim) 
cells have been found to have greater correlation with 
coronary heart disease severity and response to statin 
therapy[44,45]. 

In summary, the maturity of the EPC is marked by 
the gradual loss of CD133, gradual increased expression 
of CD34+ and the appearance of CD31, VE-cadherin and 
vWF cell surface markers (Table 1).

EPCS AND CORONARY ARTERY DISEASE 
Endothelial integrity is essential for healthy vasculature, 
and can be thought of as a balance between continued 
endothelial damage and the capacity to repair by a 
pool of EPCs[9,46]. It is now generally accepted that 
cardiovascular risk correlates with EPC numbers. 
Highlighting the integral relationship between endothe-
lium and atherosclerosis[47-51], disruption of endothelial 
integrity by endothelial cell injury has been shown to 
be a stimulus for the development of atherosclerosis[2], 
but also as a stimulus for augmentation of EPC number 
and function[9,52,53]. Continued endothelial damage[54] 
may lead to an eventual reduction of the number of 
EPCs. Elevated EPC numbers have been shown to be 
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associated with augmented formation of collaterals in 
coronary artery disease[55] and restoration of endothelial 
vasodilator function[9]. A reduction in EPC numbers may 
lead to deficient endothelial repair and progression 
of atherosclerosis, with further EPC depletion and per-
petuation of atherosclerosis[9,56]. However, it is uncertain 
whether low numbers of circulating EPCs represents 
enhanced usage by vascular repair processes, or 
reduced production by bone marrow. 

CD34+ VEGFR2+ EPCs cells have been shown to 
be reduced in patients with atherosclerotic coronary 
and peripheral disease[57]. Vasa et al[56] found not only 
reduced numbers, but also impaired function of EPCs in 
patients with coronary artery disease. Elevated numbers 
of EPC have been associated with freedom from 
myocardial infarction, hospitalization, revascularization 
and cardiovascular death in patients with coronary artery 
disease[56,58]. Furthermore the predictive value of EPC 

count has been shown to be independent of traditional 
cardiovascular risk factors[9,46,59]. In fact, the extent of 
the reduction in EPC numbers has been associated not 
only with coronary artery disease burden[60], but also the 
presence of symptoms[61,62]. 

Finally, elevated numbers of circulating CD34+/
CD133+/VEGFR2 EPCs have been observed after an 
acute myocardial infarction[42,63]. This may be regarded 
as a consequence of cardiac ischaemia together with 
raised inflammatory and haematopoietic cytokines 
stimulating EPC mobilisation from the bone marrow[64-66]. 

A similar response is seen following coronary angio-
plasty[67], and interestingly, the combination of an 
acute coronary syndrome (ACS) treated by angioplasty 
provoked an enhanced EPC response[68]. Therefore, EPC 
may have a central role not only in repairing coronary 
vessels after plaque rupture, but also after any coronary 
intervention. 

STATIN THERAPY
Statins act by competitively inhibiting 3 hydroxy-3-
methylglutaryl Coenzyme A (HMG CoA) reductase, the 
rate limiting step in the mevalonate pathway producing 
isoprenoids including cholesterol. The competitive 
inhibition of HMG CoA reductase induces the expression 
of LDL receptors within the liver, thereby increasing the 
catabolism of plasma LDL, with a consequent decrease 
in LDL-cholesterol levels[69]. 

The safety and efficacy of statins in reducing car-
diac events by decreasing serum LDL-cholesterol has 
been well described[16-18]. Statin therapy has been 
shown to reduce death and cardiovascular events in pri-
mary prevention of atherosclerosis[70], stable coronary 
artery disease[16,71-73], ACS[74,75] and secondary pre-
vention[72]. Statins also appear to reduce development 
of atherosclerotic lesions[76,77] and decrease plaque 
burden[13,78]. 

The beneficial effect of intensive statin therapy 
was studied in a prospective meta-analysis of 90056 
patients from 14 randomised trials and found greater 

Endothelial progenitor cells
Bone marrow Circulation

Early EPCs Mature EPCs
  CD133+ + +/- -
  CD34+ + + +
  VEGFR2+ + ++ +++
  CD31+ - + +
  VE-cadherin - + +
  vWF - + +

Table 1  Table to show cell markers during development of 
endothelial progenitor cell

EPC: Endothelial progenitor cell; VEGFR: Vascular endothelial growth 
factor receptor.
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circulating EPC in patients receiving statin therapy 
compared to statin naïve patients. Interestingly two 
types of EPCs were detected, early and late EPCs. The 
early EPCs were found to form elongated cells whereas 
the late EPC population gave rise to cobblestone-like 
colonies with strong proliferation capacities seen in-
vitro cell culture. The numbers of early EPCs were 
significantly higher in patients not receiving statin 
therapy whereas late EPCs were significantly higher 
in patients receiving statin therapy. The study also 
observed that long term statin therapy specifically 
maintained late EPCs in circulation with a CD34+/
CD144+ phenotype. Rodent studies have found rosuvas-
tatin resulted in a greater than 3 fold increase in EPC 
numbers when compared with placebo as long as 10 wk 
after myocardial infarction[56]. Long-term atorvastatin 
10 mg for 12 mo markedly increased EPC number with 
an associated decrease in oxidative DNA damage[35]. 
However to the contrary, Hristov et al[96] found reduced 
numbers of circulating EPCs in CHD patients on long-
term statin treatment. 

Statins appear to have a dose dependant effect on 
EPC count. A double blinded randomised pilot study 
found greater number of circulating CD34+ VEGFR-2+ 
EPCs after 12 wk of therapy with pravastatin 20 mg 
when compared to atorvastatin 10 mg[97]. Similarly, in 
ACS patients’ intensive statin therapy with atorvastatin 
80 mg after primary or rescue PCI was associated with 
greater EPC count at 4-mo follow up as compared to 
20 mg atorvastatin. The authors found no beneficial 
effect in an improvement of LV function[98]. Furthermore 
statin reloading in patients on moderate statin therapy 
undergoing percutaneous coronary intervention has 
been shown to increase EPC count[99,100] this correlates 
with the beneficial effect of statin reloading of high dose 
statin in patients on chronic therapy[80] mentioned above.

PLEIOTROPIC EFFECTS OF STATIN 
THERAPY
Several proposed intracellular signaling mechanisms 
accounting for the pleiotropic effect of statin therapy 
have been put forward. Figure 1 below summarizes 
the positive and negative effects on EPC proliferation, 
mobilisation and longevity but also the effect of statin 
therapy.

Nitric oxide pathway
The first proposed intracellular signaling mechanisms 
involves nitric oxide pathway. The endothelium releases 
nitric oxide (NO), a primary mediator of smooth muscle 
tone that causes vasodilatation through the activity of 
endothelial-type nitric oxide synthase (eNOS)[101-104]. 
NO has an central role in vascular homeostasis with its 
bioavailability dependent on expression of endothelial 
eNOS[105], presence of eNOS substrate and or co-
factors[106], phosphorylation of eNOS[107,108] or due to 
excessive depletion of NO such as seen with presence of 

cholesterol reduction was associated with better 
patient outcomes[19]. The study found that the 5-year 
incidence of major adverse cardiac events, coronary 
revascularization and stroke was reduced by one fifth for 
every millimoles per liter reduction in LDL cholesterol, 
which was irrespective of the initial lipid profile[19]. 

Another meta-analysis found aggressive statin 
therapy was associated with reduced peri-procedural 
myocardial infarction and a 44% risk reduction in major 
adverse cardiovascular events at 30-d irrespective 
of clinical presentation[79]. Moreover, the ARMYDA-
RECAPTURE study[80] found reloading of the high 
dose statin, atorvastatin 80 mg in 383 NSTEMI and 
stable angina patients on chronic therapy prior to per-
cutaneous coronary intervention (PCI) had a 50% 
reduction in 30-d major adverse cardiac events in both 
group with a greater reduction in NSTEMI group[80].

These studies led to the universal adoption of 
statin therapy in patients with coronary artery disease 
irrespective of presentation from stable angina to 
ACSs[81,82]. 

THE EFFECT OF STATIN THERAPY ON 
EPCS
Several studies have shown the early beneficial effect 
of statins occurs before any significant change in lipid 
profile. This led to the hypothesis that cardiovascular 
benefits of statins may occur via alternative mechanisms 
other than reduction of LDL-cholesterol alone[19,20]. 
These potential beneficial effect(s) may represent a 
potential therapeutic target for ischemic heart disease 
patients, and therefore is of great interest. There have 
been a number of mechanisms proposed to account 
for pleiotropic effects of statin therapy. These include 
reduction in vascular inflammation[83], reduction of 
platelet aggregability and thrombus deposition[77,84-86], 
enhancement of fibrinolysis[87] and increased endo-
thelium derived NO production[88-90]. However the 
mechanism that has evoked the most interest is the 
impact of statins on EPCs[70]. 

Statin therapy has been associated with greater 
numbers of circulating EPCs by enhancing mobilization, 
differentiation, increasing longevity, enhance homing 
to sites of vascular injury with augmentation of re-
endothelisation by enhancing expression of adhesion 
molecules on EPC cell surface membrane[3,70,91-94]. 

However, the duration of the effect on EPC number 
by statin therapy continues to remain contentious. 

In one study, atorvastatin therapy was shown to 
significantly increase circulating EPC as soon as 1 wk 
with plateauing after 3-4 wk with a 3-fold increase 
of EPCs from baseline in a stable angina population 
was also observed[70]. Whereas Deschaseaux et al[95] 
investigated whether EPCs could be firstly detected 
and secondly characterized in patients receiving long-
term statin therapy defined as 4 wk. The group found a 
significantly greater number of CD34+, CD34+/CD144+ 
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regulate protein expression at post-transcriptional 
stage[127]. This down regulating effect occurs by targeting 
3’ untranslated regions resulting in either degradation of 
target mRNA or impairing translation[128]. Furthermore 
miR-221 and miR-222 have been observed to regulate 
proliferation and differentiation of CD34-positive 
haematopoietic progenitor cells by reducing expression 
of c-kit receptor factor impairs haematopoietic progenitor 
cell proliferation[129]. Increased miR-221 and or miR-221 
expression in EPC down regulates EPC differentiation and 
mobilisation via c-kit and or eNOS pathways in coronary 
artery disease patients[127]. Atorvastatin has been shown 
firstly to decrease miR 221 and miR 222, and secondly 
increase EPC numbers[127]. Cerda et al[130] found both 
atorvastatin and simvastatin increased NO levels and 
NOS3 mRNA expression, whereas ezetimibe did not. 
Atorvastatin, simvastatin and ezetimibe have all been 
shown to down-regulate the expression of miR-221, 
whereas miR-222 was reduced only after atorvastatin 
treatment. The magnitude of the reduction of miR-221 
and miR-222 after treatment with statins correlated with 
an increment in NOS3 mRNA levels[130]. The eNOS and 
miR221/222 are thought likely to be components of the 
same pathway[131]. 

The PI3K/Akt/mTOR pathway
The third proposed pleiotrophic mechanism involves 
the phosphoinositide 3-kinase (PI3K)/protein kinase B 

excessive reactive oxygen species[109]. However the main 
functions of NO is as a cellular signaling molecule[101], 
an angiogenic factor involved in stimulation, promotion, 
and stabilization of new blood vessels together with 
VEGFs, FGFs, Angiopoietins, PDGF, MCP-1, TGF, various 
integrins, VE-cadherin[110-113]. Statin therapy has been 
proposed to both enhance expression and activity of 
eNOS[114] a prerequisite stage for statin-mediated EPC 
mobilisation[115]. Statins are known to augment eNOS 
activity[116-118], increase eNOS expression and restoration 
of endothelial function[104,119-121]. Statins have also been 
associated with increased EPC longevity via several 
pathways including inhibition of p27[122], down regulating 
TNF-α or IL-1β expression[123] and prolonging eNOS 
expression[122] and finally by increasing eNOS mRNA 
half-life[124,125]. Kosmidou et al[126] found simvastatin 
and rosuvastatin prolonged expression by increasing 3’ 
polyadenylation of eNOS mRNA. Laufs et al[88,124] firstly 
noted simvastatin and lovastatin reversed the down-
regulation of eNOS expression caused by hypoxia and 
secondly simvastatin reversed down regulation of eNOS 
expression induced by oxidized LDL[88,124] a recognised 
cause of atherosclerosis. 

miR 221 and miR 222 levels
A second observed pleotropic mechanism of statin 
therapy has been a decreased level of micro non-coding 
RNAs called miR 221 and miR 222. These negatively 

Figure 1  Simplified diagram illustrating the positive and negative effects on endothelial progenitor cell proliferation, mobilisation and longevity together 
with proposed mechanisms of action of statin therapy. EPC: Endothelial progenitor cell; NO: Nitric oxide; eNOS: Endothelial nitric oxide synthase; VEGF: Vascular 
endothelial growth factor; mRNA: Messenger ribonucleic acid; TNF: Tumor necrosis factor alpha; IL-1: Interleukin 1; P13k-AKT: Phosphoinositide 3-kinase - protein 
kinase B pathway; NAD(P)H oxidase: Nicotinamide adenine dinucleotide phosphate-oxidase; miR : Micro non-coding ribonucleic acid.

Simvastatin
lovastatin

eNOS mRNA

Increased expression

Atorvastain
Simvastatin
Rosuvastatin

Down regulation miR 211/221

Atorvastatin
simvastatin

Co-factors

Statins

P13K-Akt

VEGF

Phosphorylation

eNOS

Statins

Reactive oxygen 
species

Glutathione peroxide 
Manganese superoxide 

catalase and  thioredoxin

Statins

NO

Ras superfamily 
GTPase (Rho, Ras 

and Rab) 
NO inhibitors

Isoprenylation
P27

TNF-α
IL-1β

Oxidative stresses 
including reactive
 oxygen species

Apoptosis

Vasodilatation

Angiogenesis

Key

Negative effect

Positive effect

Statin inhibition or 
decreasing mechanism

NAD(P)H oxidase

EPC mobilisation 
and longevity

Sandhu K et al . Endothelial progenitor cells and statin therapy



6 January 26, 2017|Volume 9|Issue 1|WJC|www.wjgnet.com

Thirdly, by preventing mitochondrial apoptosis and 
preservation of cardiomyocyte function via the up-
regulation of the PI3K/Akt/mTOR intracellular signalling 
pathway by inhibition of Rho kinase[144,145]. However, 
the RISK pathway has been shown the down regulated 
with chronic statin therapy[158] and has been shown 
to become reactivated by statin re-loading[159]. The 
latter may account for the increase in EPC count in 
patients on chronic statin therapy reloaded with statin 
therapy[80,99,100].

Oxidative stresses
Finally, EPC mobilisation and or function may also be 
affected by oxidative stress[153,160]. Oxidative stresses 
occur secondary to generation of oxygen free radicals 
or reactive oxygen species (ROS). Oxidative stress has 
a central role in cardiovascular disease, and a pivotal 
role in atherosclerosis[161]. Cellular oxidative stress seen 
with oxidized low-density lipoprotein (ox-LDL) has a 
central role in the pathogenesis of atherosclerosis. 
LDL is oxidised by reactive oxygen species from both 
circulating cells and cells on vascular walls[162,163]. In 
essence, LDL oxidation is a result of a chain reaction 
of free radicals converting polyunsaturated fatty acids 
into lipid peroxides and as a consequence, formation of 
active aldehydes[164]. The biochemical reaction forming 
ox-LDL have been found to cause senescence of 
EPCs[165]. Whereas high density lipoprotein is regarded 
as atheroprotective due to some part of its antioxidant 
properties also has a positive effect on EPC number 
and function[166]. There are a number of endogenous 
antioxidants exerting protective effects by scavenging 
ROS. An indirect way ROS effects EPCs includes ROS 
reacting with NO forming a potent oxidant[167] with a 
consequent decrease in NO. Decrease in NO either by 
excessive oxidation or impaired production reduces 
EPC mobilisation and/or function[161,168]. Secondly, direct 
exposure to oxidative stresses or in disease conditions 
with high oxidative stress, for example diabetes, is 
associated with induced EPC apoptosis with signifi-
cant reduction in EPC numbers[168,169], mobilisation, 
function[170] and reduced ability to migrate and or inte-
grate into vasculature[161,171]. 

In an attempt to counteract the effects of oxidative 
stress EPCs produce superoxide dismutase[172]. Intere-
stingly, cardiovascular risk factors have been found to 
alter and or reduce the EPC antioxidant ability. Healthy 
volunteers have found to express higher levels of 
antioxidative enzyme catalases including glutathione 
peroxidase and manganese superoxide dismutase when 
comparing patients with cardiovascular disease[173,174]. 
The underlying pathophysiological mechanism currently 
remains undetermined. The antioxidant pleiotropic effect 
of statins may include indirect mechanism increasing 
NO bioavailability accounting for antioxidant properties 
contributing to an increase in EPC mobilisation and or 
function[114,175]. Secondly statin therapy has also been 
shown to inhibit activation of NAD(P)H oxidase and ROS 
release[176] but also activate catalase and thioredoxin 

(Akt)/mammalian target of rapamycin (mTOR) signaling 
pathway plays. The PI3K/Akt/mTOR pathway plays a 
central role in multiple cellular processes, including cell 
proliferation, angiogenesis, metabolism, differentiation 
and longevity[132,133]. PI3K generates phosphatidylinositol 
3,4,5-triphosphate (PIP3) an important lipid secondary 
messenger which in turn plays a central role in several 
signal transduction pathways[134,135] including activation 
of the serine/threonine kinases PDKl and Akt. Akt 
controls protein synthesis and cell growth via the pho-
sphorylation of mTOR[136]. The PI3K/Akt pathway has 
been associated with angiogenesis through the regula-
tion of the NO signaling pathway[137]. The PI3K pathway 
releases a group of angiogenic factors including VEGF. 
VEGFR2 has a central role in VEGF-induced angio-
genesis[138]. VEGF is required for the migration of endo-
thelial cells and via PI3K-Akt dependent manner allows 
formation of capillary like structures[139]. Studies have 
shown that NO production may be induced by VEGF and 
appears to be attenuated by the inhibition of PI3K[140]. 
This is thought to occur via phosphorylation of eNOS 
at the serine 1177 residue by Akt[107,141], required for 
the VEGF induced endothelial cell migration[142]. Factors 
that stimulate the PI3K/Akt protein kinase pathway, 
including statins, have been shown also to activate 
eNOS[87,141,143]. In turn, the expression of eNOS appears 
to be fundamental for mobilization of EPC and any 
impairment in PI3K/Akt/eNOS/NO signaling pathway 
may result in decreased EPC number[91,92]. 

The PI3K/Akt/mTOR intracellular pathway via 
inhibition of the Rho kinase has also been shown to 
preserves mitochondrial permeability transition pore 
preventing mitochondrial apoptosis, and therefore 
death, while conserving cardiomyocyte function[144,145]. 

These proposed mechanisms may account for 
difference in the effect of statin therapy in acute or 
chronic therapy. Statins given during acute ischaemic 
stress have been shown to firstly potentiate adenosine 
receptors[146,147] eventually leading to downstream 
regulation of eNOS and therefore increases NO pro-
duction. Secondly statins augment activation of the 
reperfusion injury salvage kinase (RISK) pathway[148]. 
This results in enhanced activity of the PI3K/Akt/mTOR 
intracellular signal pathways[149], leading to preservation 
of mitochondrial function and cardio-protection. Short-
term high dose statin therapy have shown an increase 
in both EPC mobilisation from bone marrow and 
augmented function[92,150-154]. 

Whereas chronic statin therapy has been linked to 
a phenomenon termed pre-ischaemic conditioning, 
protecting the myocardium against ischaemia[155]. 
This is believed to be secondary to statin induced NO 
availability by up regulation of eNOS and stabilisation 
of eNOS mRNA. Secondly, by increased production of 
NO and superoxide radicals improves vascular function 
and reducing vascular inflammation respectively[88,156]. 
Statins also inhibit isoprenylation of a number of Ras 
superfamily GTPase including Rho, Ras and Rab[157] 
NO inhibitors resulting in increased NO bioavailability. 
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knowledge regarding the pleiotropic effect(s) of statins 
on EPCs. Further studies are required to elucidate and 
fully understand any pleiotropic effect and this may 
guide future beneficial therapeutic interventions. 
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Abstract
Vitamin D deficiency is a prevalent condition, cutting 
across all ethnicities and among all age groups, and 
occurring in about 30%-50% of the population. Besides 
vitamin D established role in calcium homeostasis, 
its deficiency is emerging as a new risk factor for 
coronary artery disease. Notably, clinical investigations 
have suggested that there is an association between 

hypovitaminosis D and acute myocardial infarction 
(AMI). Not only has it been linked to incident AMI, 
but also to increased morbidity and mortality in this 
clinical setting. Moreover, vitamin D deficiency seems to 
predispose to recurrent adverse cardiovascular events, 
as it is associated with post-infarction complications 
and cardiac remodeling in patients with AMI. Several 
mechanisms underlying the association between 
vitamin D and AMI risk can be involved. Despite these 
observational and mechanistic data, interventional trials 
with supplementation of vitamin D are controversial. In 
this review, we will discuss the evidence on the associa-
tion between vitamin D deficiency and AMI, in terms 
of prevalence and prognostic impact, and the possible 
mechanisms mediating it. Further research in this 
direction is warranted and it is likely to open up new 
avenues for reducing the risk of AMI.

Key words: Vitamin D; Acute myocardial infarction; 
Incidence; Prognosis
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Core tip: Vitamin D deficiency is a prevalent condition 
and it is emerging as a new risk factor for coronary 
artery disease. Notably, hypovitaminosis D has been 
reported to be common in patients with acute myocardial 
infarction, and preliminary studies indicate a possible 
association with short-term and long-term morbidity and 
mortality. Although these observational initial proofs, 
interventional trials with supplementation of vitamin D 
have yielded controversial results. We herein discuss 
the current evidence suggesting an association between 
acute myocardial infarction and vitamin D deficiency, 
in terms of prevalence and prognostic impact, and the 
possible underlying mechanisms.
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INTRODUCTION
Cardiovascular disease, and specifically acute myo
cardial infarction (AMI), is the main cause of morbidity 
and mortality in western countries, despite current 
preventive and therapeutic strategies[1,2].

Besides the traditional, most recognized risk factors 
for AMI development, new risk factors are emerging 
with potential relevant therapeutic implications. Among 
them, hypovitaminosis D has been the focus of recent 
interest. It is well known that vitamin D insufficiency, 
or deficiency, is highly prevalent in the general popula
tion[37]. Traditionally, the most characterized conse
quences of vitamin D depletion have involved bone 
metabolism and calcium homeostasis[8]. However, its 
close association with major cardiovascular risk factors, 
such as diabetes, hypertension, and chronic kidney 
disease, and the detection of nuclear vitamin D receptors 
(VDR) on vascular endothelial cells and cardiomyocytes 
have paved the way to studies investigating the 
intriguing link between hypovitaminosis D and cardiac 
disease[911]. 

Deficiency of vitamin D was shown to be common 
in AMI, and preliminary studies indicate a possible 
association with their shortterm and longterm pro
gnosis[1214]. Indeed, vitamin D deficiency seems to 
predispose to inhospital and recurrent adverse cardiac 
events, since it is associated with the number of affected 
coronary arteries, AMI complications, and cardiac 
remodeling in patients with AMI[1214].

In this review, we provide an overview on the 
currently available evidence supporting the relationship 
between hypovitaminosis D and AMI, its prognostic 
relevance, and the possible underlying mechanisms. 
Finally, we will try to identify challenges and future 
investigative perspectives in this field. 

Vitamin D metabolism
There are two major forms of vitamin D: Vitamin D2, 
which is contained in plants and fortified foods, and 
vitamin D3, which is obtained from aliments or through 
the conversion of dehydrocholesterol in the skin[11,15]. 
Of note, the cutaneous synthesis of vitamin D3 from 
sunlight exposure is the main source of vitamin D in 
humans. Vitamin D undergoes hydroxylation in the liver 
to 25hydroxyvitamin D  its main circulating form in the 
blood  and then in the kidney to 1,25dihydroxyvitamin 
D. The 1,25(OH) vitamin D3 reaches the nucleus where, 
by binding to its receptors, it regulates the transcription 
and function of more than 200 genes[16,17]. The VDR, 
which are expressed in enterocytes, osteoblasts, 
parathyroid glands, distal renal tubule cells, regulate 
calcium homeostasis and bone metabolism. Recent 
investigations have also demonstrated their presence 
on endothelial cells, lymphocytes, macrophages, 

smooth vascular muscle cells, betapancreatic cells and 
cardiomyocytes, through which vitamin D3 mediates 
cardiovascular effects[1820].

There is no consensus on how to define vitamin D 
deficiency, and this introduces significant difficulties in 
conducting epidemiological studies in this field[2124]. The 
most widely accepted definition for normal vitamin D 
serum levels, according to the United States Endocrine 
Society guideline recommendations, is ≥ 30 ng/mL. 
Vitamin D insufficiency is characterized by levels of 
2129 ng/mL, while its deficiency by levels ≤ 20 
ng/mL[25]. Vitamin D deficiency is the most common 
nutritional deficiency worldwide in both children and 
adults[26]. In the United States and Europe, > 40% of 
the adult population has low vitamin D levels[26]. The 
Third National Health and Examination Survey (NHANES 
III) reports a high prevalence of vitamin D deficiency 
and its rapid increase, going from 55% in the period 
19881994 to 77% in the years 20012004[27,28]. The 
main causes of vitamin D deficiency are listed in Table 1.

Rationale for the link between vitamin D and AMI
A growing amount of data has highlighted the potential 
link between vitamin D and cardiovascular disease. Firstly, 
VDR have been found in the myocardium, as well as in 
vascular cells[18,29,30]. Secondly, epidemiological studies 
demonstrated that the incidence of coronary artery 
disease, diabetes, hypertension, and hypovitaminosis D, 
increase in proportion to distance from the equator[31]. 
Cardiac death and prevalence of vitamin D deficiency 
have also been reported to be at their highest during 
periods of decreased sunlight exposure (i.e., winter 
months)[32]. Thirdly, new evidence suggests that vitamin 
D deficiency has a role in the development of different 
cardiovascular risk factors, in particular hypertension[33,34], 

metabolic syndrome[35], and diabetes mellitus[3638]. 
Finally, patients with conditions known to be associated 
with vitamin D deficiency, such as chronic kidney disease 
and primary hyperparathyroidism, die more frequently 
from cardiovascular causes than from those related to 
their underlying disease[39]. 

Taken together, these findings strongly support the 
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  Age
  Increased distance from the equator
  Winter season
  Darkly pigmented skin
  Institutionalized/housebound
  Sunscreens and cover-up clothing
  Air pollution
  Smoking
  Obesity
  Physical inactivity
  Malabsorption
  Chronic kidney disease
  Liver disease
  Drugs (glucocorticoids, antirejection medications, human 
  immunodeficiency virus medications, antiepileptic drugs, etc.)

Table 1  Most relevant risk factors for vitamin D deficiency



notion that vitamin D is involved in cardiac risk factor 
development, finally leading to an increased burden in 
coronary artery disease and to a worse shortterm and 
longterm outcome in AMI patients.

Clinical studies on vitamin D in AMI
An initial Danish report in 1978 examined vitamin D 
levels in 75 patients with stable angina, in 53 patients 
with AMI, and in 409 healthy subjects, and it found that 
vitamin D levels were significantly lower in patients with 
angina or AMI than in controls[40]. In 1990, a case control 
study showed that AMI patients had lower vitamin 
D levels than controls, and this difference was more 
pronounced in the winterspring period[41]. Of note, the 
relative risk of AMI decreased across increasing quartiles 
of vitamin D, suggesting an inverse correlation between 
vitamin D levels and AMI risk[41]. These figures have also 
been confirmed in more contemporary cohorts. Among 
1739 Framingham Offspring Study healthy participants, 
the rates of major cardiovascular events were 50% and 
80% higher in those with vitamin D insufficiency and 
deficiency, respectively[42]. In particular, subjects with 
no history of coronary artery disease and vitamin D 
levels < 10 ng/mL experienced a hazard ratio of 1.8 for 
developing a first cardiovascular event during a 5year 
followup compared with subjects with levels > 15 ng/
mL[43]. Finally, in 18225 men in the Health Professionals 
Followup Study, low vitamin D levels were associated 
with a higher risk of AMI, even after controlling for other 
cardiovascular risk factors and, at 10year followup, 
subjects with normal vitamin D levels (> 30 ng/mL) had 
approximately half the risk of AMI[43]. These findings 
have been recently confirmed in a large metaanalysis 
that showed an adjusted pooled relative risk of 1.52 for 
total cardiovascular events when comparing the lowest 
to the highest categories of baseline circulating vitamin 
D concentration[44]. Thus, there is growing evidence 
suggesting that vitamin D deficiency represents a novel 
risk factor for AMI. 

In agreement with these epidemiological data, 
prospective reports have found a high prevalence of 
vitamin D deficiency in patients hospitalized with AMI. 
A multicenter study performed in 239 acute coronary 
syndrome patients showed that 96% of them had 
vitamin D levels < 30 ng/mL at hospital presentation[45]. 
In line with this, Ng et al[13] demonstrated that 74% 
of AMI patients had low vitamin D levels and, of note, 
36% of them had a severe deficiency. Correia et al[46] 
reported a median serum concentration of vitamin D of 
18.5 ng/mL in a cohort of 206 AMI patients (7% with 
STEMI), and a severe deficiency in 10% of the sample 
analyzed. Similar findings were also observed by De 
Metrio et al[12] and Aleksova et al[14], who reported a 
prevalence of hypovitaminosis D in AMI patients of 89% 
and 68%, respectively.

Low vitamin D levels seem to be not only a prevalent 
independent risk factor for AMI, but also to be associated 
with a worse outcome when it occurs (Table 2). Correia 
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et al[46] provided the first evidence of the potential 
independent association between severe deficiency of 
vitamin D and inhospital mortality in patients with acute 
coronary syndromes. Indeed, patients with vitamin D 
levels < 10 ng/mL had a 24% inhospital cardiovascular 
mortality rate, significantly higher than that observed in 
the remaining patients (4.9%, with a relative risk 4.3). 
A possible association between hypovitaminosis D and 
higher inhospital mortality was also reported by Khalili 
et al[47] in 139 STEMI patients. However, the study was 
underpowered to show statistically significant difference 
in inhospital mortality between patients with normal and 
low vitamin D[48]. More robust data have been provided 
on the longterm clinical implications of low vitamin 
D levels in AMI. Thus far, the largest study assessing 
vitamin D and prognosis in 1259 acute coronary syn
drome patients is that by Ng et al[13]. In their study, the 
lowest vitamin D quartile (< 7.3 ng/mL) was associated 
with longterm major adverse cardiovascular events. 
Notably, the association was predominantly with re
hospitalization for acute decompensated heart failure 
or for successive acute coronary syndrome[13]. In 
agreement with these findings, in our cohort of AMI 
patients, the lowest quartile of vitamin D was a strong 
predictor of 1year mortality (Figure 1)[12]. Of note, 
vitamin D deficiency was again a borderline independent 
predictor of inhospital mortality, possibly due to the 
relatively low inhospital mortality rate of our population, 
and it was associated with the highest risk of several in
hospital major adverse cardiac events. Interestingly, the 
lowest vitamin D quartile was associated with a higher 
incidence of bleeding requiring transfusion, although 
similar baseline hemoglobin values[12]. This is a crucial 
issue in the setting of AMI, as potent antithrombotic 
therapy is the mainstay of treatment, and bleeding and 
transfusions have a detrimental role on outcomes. We 
also found an association between the lowest vitamin D 
quartile and acute respiratory insufficiency rate[12]. The 
higher occurrence of these threatening complications 
might have contributed to the higher inhospital 
mortality risk found in AMI patients and low vitamin D 
levels. 

The causal relationship between vitamin D status 
and outcomes in AMI remains to be elucidated. Indeed, 
in more than 3000 patients undergoing coronary 
angiography, a significant association between hypovi
taminosis D and lower left ventricular function was 
shown[49]. Of note, in this report, vitamin D deficiency 
was associated with deaths due to heart failure and with 
sudden cardiac deaths[50]. This highlights the possible 
relevance of vitamin D contribution to several aspects 
of AMI, such as acute ventricular dysfunction, heart 
failure progression, postAMI ventricular remodeling, 
inflammation, thrombotic/bleeding balance and arrhy
thmias, which should be more deeply investigated 
through welldesigned studies. Taking together, these 
considerations, along with older age, higher incidence of 
wellknown cardiovascular risk factors, and lower rate of 
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mortality[5052].

Potential therapeutic implications
Although many studies suggest a higher cardiovascular 
risk associated with low vitamin D levels, the data 

reperfusion strategy, might explain the worse outcome of 
AMI patients presenting with low vitamin D levels (Figure 
2). A similar prognostic relevance has also been reported 
in critically ill patients, in whom a low vitamin D status 
was significantly associated with disease severity and 

  Ref. Study population
(n)

Definitions of vitamin 
D levels (ng/mL)

Prevalence End points considered Major findings

  Lee et al[45] NSTEMI
STEMI

(n = 219)

Normal > 30 
insufficiency 21-29

deficiency < 20 

4% were normal
75% were insufficient 

21% were deficient

Prevalence and vitamin 
D correlates

Vitamin D deficiency was more 
commonly observed in non-Caucasian 
patients, in diabetics patients, and in 
those with a higher body mass index

  Khalili et al[47] STEMI
(n = 139)

Deficiency < 30 73% were deficient In-hospital mortality
correlation with MMP-9 

levels at 72 h

Inverse correlation between vitamin D 
and MMP-9 levels

  Correia et al[46] UA
NSTEMI
STEMI

(n = 206)

Severe deficiency < 10 10% were severely 
deficient

In-hospital mortality
long-term mortality

(mean FU 635 d) 

A significant higher incidence of in-
hospital and long-term mortality 
in patients with severe vitamin D 

deficiency
  Ng et al[13] NSTEMI

STEMI
(n = 1259)

Deficiency < 20 74% were deficient long-term incidence of 
mortality and MACE 

(median FU 550 d)

A significant higher incidence of 
MACE in patients with deficient 

vitamin D levels
  De Metrio et al[12] NSTEMI

STEMI
(n = 814)

Normal > 30
Insufficiency 21-29

Deficiency < 20 

11% were normal
19% were insufficient 

70% were deficient 

In-hospital mortality and 
in-hospital MACE

1-yr mortality and 1-yr 
re-admission for acute 

coronary syndrome and 
acute decompensated 

heart failure 

A higher incidence of in-hospital 
mortality, mechanical ventilation, and 

major bleeding in patients with the 
lowest quartile of vitamin D levels

A significant higher incidence of 1-yr 
mortality and re-hospitalization for 

acute decompensated heart failure in 
patients with the lowest quartile of 

vitamin D levels
  Aleksova et al[14] NSTEMI

STEMI
(n = 478)

Sufficient > 30
Insufficiency 21-30 

Deficiency ≤ 20

10% were sufficient
22% were insufficient 

68% were deficient 

Independent predictors 
of vitamin D deficiency

Older age, female gender, higher body 
mass index, autumn/winter sampling, 

and lower GFR predicted vitamin D 
deficiency

Table 2  Main prospective studies on serum vitamin D levels in patients with acute myocardial infarction

HR: Hazard ratio; FU: Follow-up; GFR: Glomerular filtration rate; MACE: Major adverse cardiac event; MMP-9: Matrix metalloproteinase-9; NSTEMI: Non-
ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction; UA: Unstable angina.
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Figure 1  Kaplan-Meier curve analysis stratified according to vitamin D levels. The lowest quartile (red line) vs the other three quartiles pooled together (blue 
line) for 1-year mortality (A), and for the combined end point1 (B), in the whole study population. P value by Log rank test. Reproduced from De Metrio et al[12]. 
1Combined end point: death, major bleeding (requiring blood transfusion), acute pulmonary edema, cardiogenic shock, clinically significant tachyarrhythmias and 
bradyarrhythmias, and acute kidney injury.
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dyslipidemia[60,61].

Future perspectives and conclusions
Thus far, evidences in this field have been mainly driven 
by observational cohort studies, and these data are 
hypothesisgenerating. Therefore, whether vitamin D 
is a risk factor or marker in this clinical setting cannot 
be inferred from the current literature. Larger studies 
are needed in order to shed lights on this issue. 
Because of their health status, frail patients with a high 
cardiovascular risk burden may spend mostly of their 
time indoors, which leads to low levels of vitamin D. 
This is also supported by the fact that such a similar 
observation has been found in patients with cancer, 
multiple sclerosis, and psychiatric diseases, potentially 
supporting the notion that hypovitaminosis D may be 
simply a marker of health[62]. However, even when 
adjusted for major confounders, vitamin D status still 
remains an independent risk factor, as it is significantly 
linked to incident AMI, worse shortterm outcome, and 
recurrent major adverse cardiovascular events. 

Whether vitamin D supplementation can counteract 
this increased risk in AMI patients is still an unanswered 
question, which should be investigated in large, well
designed, adequately powered interventional trials. 
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Abstract
Heart failure (HF) is an emerging epidemic associate 
with significant morbidity, mortality, and health care 
expenditure. Although there were major advances 
in pharmacologic and device based therapies for 
the management of HF, mortality of this condition 
remains high. Accurate monitoring of HF patients for 
exacerbations is very important to reduce recurrent 
hospitalizations and its associated complications. 
With the failure of clinical signs, tele-monitoring, and 
laboratory bio-markers to function as early markers of 
HF exacerbations, more sophisticated techniques were 
sought to accurately predict the circulatory status in 
HF patients in order to execute timely pharmacological 
intervention to reduce frequent hospitalizations. 
CardioMEMSTM (St. Jude Medical, Inc., Saint Paul, 
Minnesota) is an implantable, wireless pulmonary arterial 
pressure (PAP) monitoring system which transmits the 
patient’s continuous PAPs to the treating health care 
provider in the ambulatory setting. PAP-guided medical 
therapy modification has been shown to significantly 
reduce HF-related hospitalization and overall mortality. In 
advanced stages of HF, wireless access to hemodynamic 
information correlated with earlier left ventricular assist 
device implantation and shorter time to heart trans-
plantation.

Key words: CardioMEMS; Heart failure; Remote heart 
failure monitoring; Pulmonary arterial pressure moni-
toring; Left ventricular assist device

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Traditional heart failure monitoring methods 
have failed to accurately and timely identify worsening 
heart failure. Remote pulmonary artery pressure 
monitoring via  CardioMEMSTM heart failure system 
identified heart failure exacerbations earlier and more 
accurately than clinical signs, and timely medical 
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interventions resulted in reduced hospitalizations and 
mortality. Remote pulmonary artery pressure monitoring 
appears to have positive clinical implications in patients 
with mechanical circulatory support.

Yandrapalli S, Raza A, Tariq S, Aronow WS. Ambulatory 
pulmonary artery pressure monitoring in advanced heart failure 
patients. World J Cardiol 2017; 9(1): 21-26  Available from: 
URL: http://www.wjgnet.com/1949-8462/full/v9/i1/21.htm  DOI: 
http://dx.doi.org/10.4330/wjc.v9.i1.21

INTRODUCTION
Heart failure (HF) is a chronic debilitating condition 
which impairs the ability of the heart to effectively pump 
the blood to the body to meet its metabolic require
ments. HF is an emerging epidemic with an estimated 
prevalence of 5.8 million in the United States, and 
over 23 million worldwide[1]. Within the United States, 
the incidence of HF exceeds 650000 each year with 
an estimated annual financial burden of around 30.7 
billion dollars[2,3]. Although there were major advances 
in pharmacologic and device based therapies for the 
management of HF which improved the overall survival 
over time, mortality of this condition remains high. The 
estimated survival after the diagnosis of HF is 50% at 5 
years and 10% at 10 years[1]. Hospitalization for acute 
decompensated HF serves as a poor prognostic indicator 
with an approximate 30% and 50% readmission rates 
at 1mo and 6mo, respectively[1,3]. With improved 
survival of patients after acute myocardial infarction, a 
growing elderly population, and frequent hospitalizations 
in the HF population owing to acute exacerbations, HF 
continuous to be one of the leading causes of morbidity, 
mortality, and health care expenditures in the United 
States and worldwide.

Around 150000250000 Americans suffer from 
advanced stage HF[4]. Although cardiac transplantation 
is the gold standard treatment in such patients, 
limited organ availability restricts the number of heart 
transplants to around 2500 per year (https://www.unos.
org/data/transplanttrends/#transplants_by_organ). 
More than 4000 patients are currently on the waiting 
list for a cardiac transplant (www.unos.org/data/
transplanttrends/#waitlists_by_organ), a number 
which is expected to increase significantly because of 
the increasing number of patients living with advanced 
HF and an increasing elderly population. Left ventricle 
assist device (LVAD) has emerged as a lifesaving 
option for these patients as either bridge to transplant, 
bridge to decision, bridge to recovery or as destination 
therapy. Around 15000 HF patients across the world 
are currently supported with LVADs[5]. LVAD serves as 
destination therapy in more than 45% of the patients 
living with the device[5].

PREVIOUSLY TESTED METHODS FOR 
MONITORING HF PATIENTS
Identification of physical manifestations such as weight 
gain, extremity edema, fatigue, shortness of breath, 
orthopnea, paroxysmal nocturnal dyspnea, jugular 
venous distention, third heart sounds, and rales, etc. 
have poor to moderate sensitivities and are often late 
manifestations of worsening HF, thereby, relying on 
these markers have limited impact on reducing HF 
hospitalizations[6]. Also, such efforts largely employ 
patient selfmanagement strategies, including diuretic 
dose adjustments based on clinical worsening, and are 
unsuccessful in patients with poor selfcare skills and 
compliance[6]. Two large trials which investigated the 
benefits of telemonitoring in HF population failed to 
show any significant decrease in the all-cause mortality 
and HF hospitalizations in the telemonitored group[6]. A 
smartphone based electrocardiographic monitoring of 
HF has been recently proposed, but there is not much 
data exploring this idea[7].

Lainchbury et al[8] compared Nterminal proB
type natriuretic (NTproBNP) guided titration of medical 
therapy in HF patients with intensive clinical manage
ment and with usual care in a randomized sample of 564 
patients. There was a reduction in the 3year mortality 
in the NTproBNPguided group compared to the 
clinicallyguided group (30.9%; P = 0.048) and to those 
with usual care (31.3%; P = 0.021). These benefits 
were selectively seen in patients ≤ 75 years of age. 
However, there was no statistically significant difference 
in the overall hospitalizations for HF and the secondary 
outcomes among all the groups[8]. Another study 
monitored plasma Btype natriuretic peptide (BNP) levels 
in up to 558 chronic stable HF patients in an ambulatory 
setting to predict imminent decompensation[9]. The 
study showed that both symptomatic and asymptomatic 
HF patients had a wide range of plasma BNP levels. 
Interestingly, 21% of symptomatic decompensated HF 
patients had BNP levels below the diagnostic threshold 
of < 100 pg/mL[9].

REMOTE HEMODYNAMIC MONITORING 
IN HF PATIENTS
With the failure of reliable clinical symptoms/signs, tele
monitoring, and laboratory biomarkers to help reduce 
the hospitalizations, and health care expenditure in the 
HF population, more sophisticated techniques were 
sought to accurately predict the circulatory status in 
HF patients in order to execute timely pharmacological 
intervention to prevent the primary onus of this disease, 
i.e., hospitalizations. Echocardiography is being used as 
a monitoring system in the hospitalized and ambulatory 
population, but it is associated with significant costs, 
less accuracy, and observer variability. Traditionally, 
in hospitalized HF patients, right heart catheterization 
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(RHC) provides invaluable information regarding the 
volume status and filling pressures which can form the 
basis of successful medical management. However, RHC 
is not routinely recommended to aid in the management 
of hospitalized decompensated HF patients owing to 
its invasive nature and associated risks. We had no 
such accurate monitoring systems in the ambulatory 
setting until scientific advances led to the development 
of implantable hemodynamic monitors (IHMs) which 
provided hemodynamic information comparable to the 
information obtained from a RHC[10]. The idea of IHM 
based monitoring and necessary interventions in HF 
patients was innovative and exiting. 

Earlier trials of implantable hemodynamic monitoring 
in HF patients did not show significant clinical benefit 
or were unable to adequately assess clinical efficacy. 
The COMPASSHF (Chronicle Offers Management to 
Patients with Advanced Signs and Symptoms of Heart 
Failure) trial using Chronicle (Medtronic Inc., Minneapolis, 
Minnesota) to estimate right ventricular pressures 
and guide medical therapy, did not show a significant 
reduction in HFrelated events when compared to the 
control group[11]. The Reducing Decompensation Events 
Utilizing Intracardiac Pressures in Patients With Chronic 
Heart Failure (REDUCEhf ) study employed a device 
combining IHM and implantable cardioverter-defibrillator 
technology to measure right ventricular pressures and 
guide medical therapy[12]. The REDUCEhf study was 
unable to test clinical efficacy end points adequately and 
findings from this study did not show a difference in the 
rate of HFequivalents when medical therapy was guided 
based on the information obtained from the IHM[12]. 

The Hemodynamically Guided Home SelfTherapy 
in Severe Heart Failure Patients (HOMEOSTASIS) trial 
is a small study of 40 patients in which the benefit of 
physiciandirected patient selfmanagement of left atrial 
pressures as measured with the implantable HeartPOD 
(St. Jude Medical Inc, Minneapolis, Minnesota) was inves
tigated[13]. Left atrial pressure guided medical therapy 
was associated with an improved eventfree survival 
(death or hospitalization for acute decompensated 
HF), reduced mean daily left atrial pressures, improved 
New York Heart Association (NYHA) functional class, 
improved left ventricular ejection fraction, increased 
doses of neurohormonal antagonists, and reduced 
diuretic doses[13]. Encouraging results from this smaller 
study formed the basis of the larger and currently 
ongoing LAPTOPHF trial which will investigate the role of 
implantable left atrial pressure monitoring in conjunction 
with a new HF treatment paradigm across the spectrum 
of HF patients[14].

CARDIOMEMSTM AND REMOTE 
PULMONARY ARTERIAL PRESSURE 
MONITORING
CardioMEMSTM (St. Jude Medical, Inc., Saint Paul, 
Minnesota) is a wireless pulmonary arterial (PA) 
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pressure monitoring system. It measures PA pressures 
from a battery free capacitive electromechanical 
sensor which is permanently implanted with a delivery 
system in the distal pulmonary artery with a RHC via 
transvenous access. An electronic system transmits the 
generated data to a secure network where it is readily 
available for interpretation by the treating clinician. 
Verdejo et al[15] showed that wireless PA pressure moni
toring using the CardioMEMS sensor correlated with 
SwanGanz catheter and echocardiographic PA pressure 
measurements. The outcomes of remote management 
of HF patients guided by wireless PA pressure moni
toring was investigated in the landmark CHAMPION 
(CardioMEMS Heart Sensor Allows Monitoring of Pres
sure to Improve Outcomes in NYHA Class III Heart Fai
lure Patients) trial[16]. 

The CHAMPION trial is a randomized, controlled, 
multicenter, singleblind trial in which 550 NYHA 
class III HF patients were implanted with the wireless 
CardioMEMS HF pressure sensor system[16]. Physicians 
had access to the PA pressures of the patients in the 
treatment group only, in which medications were adjust
ed based on the generated data. The control group 
received traditional HF management. The primary 
efficacy endpoint was the rate of HFrelated hospitali
zations at 6 mo. In comparison to the control group, 
there was a remarkable 28% reduction in HFrelated 
hospitalizations at 6 mo, and 37% at 15 mo in the 
treatment group (Hazard ratio 0.63, P < 0.0001)[17]. 
There were no pressure sensor failures and 98.6% of 
the study population was free from devicerelated or 
systemrelated complications[17]. A subanalysis of the 
original trial in HF with preserved ejection fraction (HFpEF) 
patients showed that there was a 50% reduction (P 
< 0.0001) in HFrelated hospitalizations at 17 mo in 
the treatment group[18]. These landmark findings led 
to the Food and Drug Administration approval of the 
CardioMEMSTM HF system for ambulatory hemodynamic 
monitoring in NYHA class III HF with reduced ejection 
fraction (HFrEF) and HFpEF patients, who are on optimal 
medical therapy, and had a HF hospitalization in the 
previous year[19]. In the 2016 European society of 
Cardiology guidelines, CardioMEMS received a Class IIb 
recommendation for directed therapy management and 
monitoring tool in HF patients[20].

Numerous subanalyses supported the encouraging 
results obtained from the original CHAMPION trial. The 
reduced HFrelated hospitalization rate was postulated 
to be from physician controlled effective changes in 
diuretic dosing in the treatment group (P < 0.0001 for 
more frequent diuretic dose changes in treatment group 
compared to control)[21]. Wireless PA pressureguided 
HF management was superior to clinical signsguided 
management with a 67% relative risk reduction (P = 
0.0007) in HF hospitalizations when diuretic doses were 
adjusted based on PA pressure alone vs clinical signs 
alone[22]. At 6 mo, the target group experienced a higher 
frequency of medication adjustments with significant 
increases in the doses of diuretics, vasodilators, and 
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least 1 week before a HF hospitalization[30]. However, less 
than a half of the HF patients including those recently 
discharged after a hospitalization for HF exacerbation 
check their weight on a daily basis[31]. Daily electronic 
body weight transmission to a HF clinic in patients with 
severe HF who had a recent HF hospitalization did not 
show any benefit in reducing HF rehospitalization or 
death[32]. 

CONCLUSION
HF continues to be a major public health problem with 
a significant financial burden. As more and more peo
ple are living with HF, it is important have a simple, 
reliable, and valid monitoring system to aid in the early 
identification and appropriate management of worsening 
HF in the ambulatory setting. IHM is an innovative 
and exciting monitoring system for HF management. 
CardioMEMS has steered HF research into a new direction 
which will serve as the gateway to future therapies and 
innovations in the management of chronic HF patients. 
Also with increasing number of people living with LVADs 
and LVAD being used as destination therapy in a large 
percentage of the LVAD population, CardioMEMS will be 
a promising monitoring system to better manage HF 
as well as the LVAD device in this population. However, 
given the small number of participants involved in many 
of the available trials, large multicenter randomized 
clinical trials are needed to make valid recommendations 
in an effort to lower mortality and improve quality of life 
in the chronically sick HF population. Wireless left atrial 
pressureguided and PA pressureguided management 
of HF can have a substantial positive effect on reducing 
the financial burden of HF and improving the overall 
morbidity and mortality in this population.
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Abstract
AIM
To assess the prevalence of depressed heart rate 
variability (HRV) after an acute myocardial infarction 
(MI), and to evaluate its prognostic significance in the 
present era of immediate reperfusion.

METHODS
Time-domain HRV (obtained from 24-h Holter record-
ings) was assessed in 326 patients (63.5 ± 12.1 years 
old; 80% males), two weeks after a complicated MI 
treated by early reperfusion: 208 ST-elevation myocardial 
infarction (STEMI) patients (in which reperfusion was 
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successfully obtained within 6 h of symptoms in 94% of 
cases) and 118 non-ST-elevation myocardial infarction 
(NSTEMI) patients (percutaneous coronary intervention 
was performed within 24 h and successful in 73% of 
cases). Follow-up of the patients was performed via  
telephone interviews a median of 25 mo after the index 
event (95%CI of the mean 23.3-28.0). Primary end-
point was occurrence of all-cause or cardiac death; 
secondary end-point was occurrence of major clinical 
events (MCE, defined as mortality or readmission for new 
MI, new revascularization, episodes of heart failure or 
stroke). Possible correlations between HRV parameters 
(mainly the standard deviation of all normal RR intervals, 
SDNN), clinical features (age, sex, type of MI, history of 
diabetes, left ventricle ejection fraction), angiographic 
characteristics (number of coronary arteries with critical 
stenoses, success and completeness of revascularization) 
and long-term outcomes were analysed.

RESULTS 
Markedly depressed HRV parameters were present 
in a relatively small percentage of patients: SDNN 
< 70 ms was found in 16% and SDNN < 50 ms in 
4% of cases. No significant differences were present 
between STEMI and NSTEMI cases as regards to their 
distribution among quartiles of SDNN (χ 2 =1.536, P  = 
0.674). Female sex and history of diabetes maintained 
a significant correlation with lower values of SDNN at 
multivariate Cox regression analysis (respectively: P  = 
0.008 and P  = 0.008), while no correlation was found 
between depressed SDNN and history of previous MI 
(P  = 0.999) or number of diseased coronary arteries 
(P  = 0.428) or unsuccessful percutaneous coronary 
intervention (PCI) (P  = 0.691). Patients with left 
ventricle ejection fraction (LVEF) < 40% presented more 
often SDNN values in the lowest quartile (P  < 0.001). 
After > 2 years from infarction, a total of 10 patients 
(3.1%) were lost to follow-up. Overall incidence of MCE 
at follow-up was similar between STEMI and NSTEMI 
(P  = 0.141), although all-cause and cardiac mortality 
were higher among NSTEMI cases (respectively: 14% 
vs  2%, P  = 0.001; and 10% vs  1.5%, P  = 0.001). The 
Kaplan-Meier survival curves for all-cause mortality and 
for cardiac deaths did not reveal significant differences 
between patients with SDNN in the lowest quartile and 
other quartiles of SDNN (respectively: P  = 0.137 and P  
= 0.527). Also the MCE-free survival curves were similar 
between the group of patients with SDNN in the lowest 
quartile vs  the patients of the other SDNN quartiles (P  
= 0.540), with no difference for STEMI (P  = 0.180) or 
NSTEMI patients (P  = 0.541). By the contrary, events-
free survival was worse if patients presented with LVEF 
< 40% (P  = 0.001).

CONCLUSION
In our group of patients with a recent complicated MI, 
abnormal autonomic parameters have been found with 
a prevalence that was similar for STEMI and NSTEMI 
cases, and substantially unchanged in comparison to 
what reported in the pre-primary-PCI era. Long-term 
outcomes did not correlate with level of depression of 

HRV parameters recorded in the subacute phase of 
the disease, both in STEMI and in NSTEMI patients. 
These results support lack of prognostic significance of 
traditional HRV parameters when immediate coronary 
reperfusion is utilised.

Key words: Heart rate variability; Autonomic nervous 
system; Primary percutaneous coronary intervention; 
Myocardial infarction; ST-elevation myocardial infarction; 
Non-ST-elevation myocardial infarction; Left ventricle 
ejection fraction; Long-term prognosis
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Core tip: Depressed heart rate variability (HRV) is usually 
considered a negative long-term prognostic factor after 
an acute myocardial infarction (MI). Anyway, most of 
the supporting research was conducted before the era 
of immediate reperfusion by percutaneous coronary 
intervention. In our study, in MI patients treated by early 
reperfusion abnormal values of HRV are present in a 
low percentage of cases. Low HRV does not correlate 
with long term-prognosis, both in ST-elevation and non-
ST-elevation MI patients. Abnormal HRV seems to have 
lost prognostic significance in the present era of primary 
percutaneous revascularization. 

Compostella L, Lakusic N, Compostella C, Truong LVS, Iliceto 
S, Bellotto F. Does heart rate variability correlate with long-
term prognosis in myocardial infarction patients treated by early 
revascularization? World J Cardiol 2017; 9(1): 27-38  Available 
from: URL: http://www.wjgnet.com/1949-8462/full/v9/i1/27.htm  
DOI: http://dx.doi.org/10.4330/wjc.v9.i1.27

INTRODUCTION
The first clinical evidence that one measure of heart rate 
variability (HRV), the standard deviation of all normal 
RR intervals (SDNN), was a powerful predictor of cardiac 
mortality after an acute myocardial infarction (AMI) was 
given by the wide longitudinal study by Kleiger et al[1] 
in 1987. Since then, marked abnormalities of various 
parameters of HRV, indicating profound derangement 
of the cardiac autonomic system, have been often 
described after AMI and have been confirmed to be 
reliable predictors of poor long-term prognosis[2,3]. The 
large multicentre ATRAMI study conducted in 1998 
demonstrated that 15% of AMI patients observed during 
the first 4 week of the acute event, presented a SDNN 
< 70 ms, and that among the group with depressed 
SDNN long-term mortality was 5 times higher than in 
the patients with better preserved HRV parameters[4]. 
These results confirmed the findings of previous studies, 
such as the GISSI-2 study that used similar evaluation 
parameters[5]. Other studies used various and different 
methods to assess HRV (time and frequency domain 
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measures, discriminant analysis, fractal and other non-
linear HRV analysis, with both short-term and long-
term evaluations) and observed AMI patients at variable 
periods of time after the index event; they reported a 
wide range of prevalence of reduced HRV parameters 
(ranging from 7% to 34%)[6,7], and different incidence 
of long-term mortality (ranging from 0% to 45%)[8-10]. 
Despite this, the cited studies mainly confirmed that 
abnormal HRV holds a negative predictive value on both 
short and long-term prognosis, with HRV parameters 
holding high specificity, but poor sensitivity[11].

A limitation of the reported studies is that the 
majority of them did not provide data of how patients 
with ST-elevation myocardial infarction (STEMI) behave 
separately from non-ST-elevation myocardial infarc-
tion (NSTEMI) patients. Furthermore, the majority 
of studies on HRV in patients with a recent AMI have 
been conducted in an era prior to that of immediate 
reperfusion by percutaneous coronary intervention (PCI). 
Among 21 papers analyzed in the recent review by 
Brateanu et al[10], patients had been treated by primary 
PCI only in 5 studies and in widely variable percentages 
(ranging from 18% up to 95% of cases)[6,12]; so, little 
information is currently available on prevalence and 
prognostic significance of depressed HRV in present day 
AMI patients.

Aims of this study were to assess the prevalence 
of severely decreased HRV in patients during the 
subacute phase of a STEMI treated by primary PCI, and 
to evaluate if HRV maintains a prognostic value in the 
current era of immediate percutaneous reperfusion, 
comparing results with those of NSTEMI cases.

MATERIALS AND METHODS
Design of the study
We retrospectively reviewed the clinical files of 326 
consecutive patients which were part of a larger study 
on the effects of cardiac rehabilitation (CR) after AMI. 
All had suffered a complicated AMI (208 STEMI, 118 
NSTEMI) and had been admitted to our CR unit for a 
period of residential, exercise-based rehabilitation, a 
median of 13.5 d (95%CI of the mean 15.2-17.3) after 
the index event. All patients had undergone coronary 
angiography on initial admission to the Intensive 
Coronary Care Unit, within 24 h from beginning of 
AMI symptoms: 194 (94%) STEMI underwent success-
ful PCI of the culprit coronary artery within 6 h of 
symptoms[13], while only a small percentage of them 
(14 cases, 6%) could not be revascularized due to 
unfavourable coronary anatomy and had to be placed 
on medical therapy; NSTEMI patients underwent 
coronary angiography within 24 h[14], with successful 
PCI in 86 cases (73%) and medical therapy in the 
remaining 32 cases. Of the primary-PCI STEMI patients, 
67 (32%) had also been immediately treated on non-
culprit coronary lesions; 42 (36%) NSTEMI patients 
were similarly also immediately treated on non-culprit 

29 January 26, 2017|Volume 9|Issue 1|WJC|www.wjgnet.com

coronary lesions. Eight (4%) STEMI and 4 (3%) 
NSTEMI patients received further elective percutaneous 
revascularization during the initial stay in the Cardiology 
Department. Overall, at the time of transferral to the CR 
unit, 121 (58%) STEMI patients and 54 (46%) NSTEMI 
patients had a complete revascularization, while 87 
STEMI and 64 NSTEMI patients were still incompletely 
revascularized. 

Patients were selected for referral to our CR program 
if they suffered a complicated AMI (cardiogenic shock or 
pulmonary edema, episode of cardiac arrest, complex 
ventricular arrhythmias), or if they had incomplete 
revascularization (because of unfavorable coronary 
anatomy or technical failure)[15]. Low risk patients were 
referred as out-patients to a CR program in a different 
centre and excluded from this study. 

Echo- or cardiac MRI- documented intracavitary 
thrombosis, extreme thinning or intra-myocardial blee-
ding and/or suspected rupture of the ventricular wall 
were other exclusion criteria from referral to the CR 
program.

The following clinical variables were recorded for each 
patient: Age, gender, body mass index, cardiovascular 
risk factors, site of infarction, culprit coronary artery 
vessel, number of diseased coronary artery vessels 
(defined as presence of diameter stenosis > 50%), 
history of previous PCI or coronary or valvular surgery, 
presence of ancillary diseases (renal failure, thyroid 
dysfunction, known diabetes or abnormal glucose 
metabolism, pulmonary diseases, history or presence 
of neoplastic diseases, carotid and peripheral vascular 
disease) and previous and concurrent drug therapy. 
During their hospitalisation in CR, all patients without 
previous diagnosis of diabetes underwent an oral glucose 
tolerance test to identify subclinical abnormal glucose 
metabolism. Left ventricular ejection fraction (LVEF) was 
measured before discharge by 2-D echocardiography, 
following the Simpson method. 

Holter monitoring
On the day of admittance to CR, all patients underwent 
24-h ECG Holter recording, using 3-channel digital 
recorders (Lifecard CF, Del Mar Reynolds, Irvine, CA, 
United States), monitoring chest leads CM5, CM3 
and modified aVF. Recordings were analyzed using a 
commercial Holter device system (Del Mar-Reynolds 
Impresario Holter Analysis System, vers. 2.8.0024; 
Time-domain HRV Analyzer, vers. 1.0.8.4, CENTUM 
and Del Mar Reynolds Medical Inc., Irvine, CA, United 
States; sampling rate of 128 Hz). 

After cleansing of arrhythmias and artefacts, the 
usual time domain HRV variables were assessed 
including: Standard deviation of all normal-to-normal 
(NN) intervals (SDNN), standard deviation of all 5-min 
mean NN intervals (SDANN), root mean square of 
successive differences (RMSSD), and mean of the 
standard deviations of all RR intervals of all 5-min 
segments in the 24 h (SDNN-i). For the purposes of 
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informed on the procedures they were undergoing; a 
written consent was obtained from all patients before 
performance of the medical procedures. The routine 
diagnostic examinations and follow-up protocol for 
CR were applied; no special tests or treatments were 
performed. The research was conducted in accordance 
with the ethical guidelines of the 1975 Declaration of 
Helsinki. This study is part of a larger follow-up study 
on patients admitted to CR; approval of the Provincial 
Ethics Committee (Provincial Health Directorate, 
Belluno, Italy) was obtained for the main research.

RESULTS
General findings and HRV parameters
Main patients’ characteristics are presented in Table 1, 
together with the medical therapy prescribed at the 
time of discharge from hospital. Patients with NSTEMI 
were older than those with STEMI, and presented more 
often history of hypertension, previous MI and coronary 
revascularization procedures, and clinical signs of 
metabolic syndrome. Patients with NSTEMI had greater 
number of critical coronary stenoses, revascularization 
was more often incomplete, and such patients pre-
sented more often with symptoms of heart failure on 
initial admission to the coronary care unit.

In the same Table 1, time-domain HRV parameters 
are also reported. In spite of the above described clinical 
differences, all main HRV parameters did not show 
significant differences between STEMI and NSTEMI 
patients, except for mean heart rate that was lower in 
NSTEMI cases.

In a total of 52 patients (16% of the whole group; 
16% of STEMI and 15% of NSTEMI: χ2 = 0.067, P = 
0.796), SDNN was < 70 ms, and in 13 (4% of the whole 
group; STEMI 5.3%, NSTEMI 1.7%: χ2 = 2.539, P = 
0.111) it was < 50 ms. When subdivided into 4 quartiles 
according to the value of SDNN, the 81 patients in the 
lowest quartile presented a mean SDNN of 63.7 ± 
11.8 ms (vs a mean of 119.4 ± 35.0 ms of the other 
quartiles; P < 0.001). Patients with STEMI or NSTEMI 
were equally distributed between quartiles of SDNN (χ2 
= 1.536, P = 0.674). 

On average, SDNN was higher during night hours 
than during day-time (P < 0.001), although in 109 
patients the day-night variation was insignificant or 
negative; patients with STEMI or NSTEMI behaved in 
the same way as regards day vs night SDNN.

Female patients presented on average lower values 
of SDNN than male patients (97.1 ± 42.2 ms vs 107.9 
± 38.1 ms; P = 0.046), and in 24 out of 65 cases they 
presented SDNN values in the lower quartile (females 
37% vs males 17%; χ2 = 6.723, P = 0.010). 

SDNN values in the lower quartile were present 
more frequently in patients older than 65 years (χ2 = 
4.478, P = 0.034), as well as in patients with known 
diabetes (χ2 = 10.859, P = 0.001) but not in patients 
with abnormal glucose metabolism detected during the 
rehabilitation period (χ2 = 0.762, P = 0.383). Patients 

this study, the main variable that was considered in 
the correlations with other clinical parameters was 
the SDNN, as it is usually considered a measure of 
total variance in heart rate; it is also the variable most 
widely used in previous studies[10] and more strongly 
associated with mortality compared to other variables[1]. 
SDNN parameters were analyzed for the entire 24 
h period; analysis of day and night hours was also 
done separately. “Day” was defined as the time period 
between 06:00 and 22:59 and “night” as the period 
between 23:00 and 05:59.

Patients with atrial fibrillation, or rhythm distur-
bances that could interfere with accurate HRV analysis 
(e.g., frequent ectopic beats, rhythm induced by 
pacemaker) were excluded from the study, as were 
patients with inadequate/inaccurate recordings.

End points and follow-up
The primary outcome measure was the occurrence of 
cardiac death; the secondary end-point was occurrence 
of major clinical events (MCE), defined as death (all-
cause mortality, cardiac mortality) or readmission for a 
new AMI, new revascularization, episodes of heart failure 
or stroke. At the time of follow-up, the clinical status 
of the patients was assessed by telephonic interviews, 
performed either by a doctor or a trained team nurse. In 
case of clinical events, detailed information was obtained 
from the patient or his/her relatives. Outcomes were 
analyzed by intention to treat.

Statistical analysis
Continuous variables were expressed as a mean 
± standard deviation (SD) and compared using an 
unpaired t test; otherwise, variables were expressed 
with median and interquartile range (IQR) and com-
pared using a Wilcoxon-Mann-Withney test. Cate-
gorical variables were expressed as frequencies and 
percentages and were compared between groups by a 
χ2 test. The relationships between continuous variables 
were evaluated by Pearson’s correlation coefficient. A 
Cox regression multivariate analysis was also performed 
to determine the influence of different factors on HRV 
parameters, including in the multivariable model only 
variables with a P value ≤ 0.1 at univariate analysis. 
HRV variables were initially analyzed as continuous 
variables; subsequently, HRV variables that showed a 
significant association with other factors at multivariate 
analysis were dichotomized and analyzed according to 
the lowest quartile value. Kaplan-Meier estimates of 
the distribution of times from baseline to death were 
computed, and Mantel-Cox Log-Rank analysis was 
performed to compare the survival curves between the 
groups. All reported probability values are two-tailed and 
the significance level was set at 0.05. Statistical analyses 
were performed using SPSS 18 software package (SPSS 
Inc, Chicago, IL, United States).

Statement
During CR hospitalization, all participants had been fully 
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Patients with history of previous MI, or previous 
CABG or previous PCI were equally distributed among 
quartiles of SDNN (respectively: χ2 = 0.017, P = 0.999; 
χ2 = 1.306, P = 0.728; χ2 = 1.729, P = 0.631). 

No correlation was found between number of 
diseased coronary arteries and quartiles of SDNN (whole 
group: ρ -0.044, P = 0.428; STEMI: ρ 0.001, P = 0.985; 

with known diabetes presented also absence of the day/
night variation of SDNN (SDNN day: 85.2 ± 32.2 ms in 
diabetic patients vs 99.5 ± 35.7 ms in non-diabetics, 
P = 0.002; SDNN night: 85.3 ± 31.0 ms in diabetic 
patients vs 109.8 ± 42.2 ms in non-diabetic patients, P 
< 0.001; SDNN day vs night: P = 0.975 in diabetic vs P 
< 0.001 in non-diabetic patients).

All patients
(n  = 326)

STEMI
(n  = 208)

NSTEMI
(n  = 118)

P 1 P 2

  Age, yr 63.5 ± 12.1  61.3 ± 12.5 67.4 ± 10.4 < 0.001
  Male, n (%) 261 (80) 171 (82)  90 (76)    0.197
  History and cardiovascular risk factors
     Known diabetes, n (%) 82 (25)   45 (22)  37 (31)    0.055
     Abnormal glucose metabolism, n (%) 106 (32)   68 (33)  38 (32)    0.733
     Hypertension, n (%) 238 (73) 134 (64)          104 (88) < 0.001
     Smoking habit, n (%) 106 (32)   81 (39)  25 (21)    0.001
     Family history, n (%) 179 (55) 111 (53)  68 (58)    0.367
     Previous CABG, n (%) 26 (8)   7 (3)  19 (16) < 0.001
     Previous PCI, n (%)   43 (13) 13 (6)  30 (25) < 0.001
     Previous AMI, n (%)   60 (18)   21 (10)  39 (33) < 0.001
     Previous stroke, n (%) 11 (3)   5 (2)  6 (5)    0.193
     Total cholesterol (under treatment), mg/dL 124.3 ± 26.0  123.4 ± 26.3      125.8 ± 25.5 0.424
     Metabolic syndrome, n (%) 204 (62) 124 (60)  80 (68)    0.011
     BMI 27.2 ± 4.3  26.9 ± 3.7        27.9 ± 5.2 0.090
  AMI characteristics
     Anterior, n (%) 171 (52) 138 (66)  33 (28) < 0.001
     Inferior, n (%)   86 (26)   66 (32)  20 (17)    0.003
     Other, n (%)   69 (21)  4 (2)  65 (55) < 0.001
     Coronary vessels with critical lesions, n   2.05 ± 0.85     1.94 ± 0.84 2.25 ± 0.85 0.002
     1-vessel disease, n (%) 105 (32)   75 (36)  30 (26)    0.014
     2-vessels disease, n (%)   97 (30)   68 (33)  29 (25)
     3-vessels disease, n (%) 124 (38)   66 (31)  58 (49)
     Coronary arteries treated by PCI, n   1.29 ± 0.82    1.34 ± 0.72 1.20 ± 0.97 0.141
     Incomplete revascularization, n (%) 151 (46)   87 (42)  64 (54)    0.031
     Left ventricle ejection fraction, %   47.2 ± 10.3 47.8 ± 9.2 46.4 ± 12.0 0.222
     Patients with LVEF < 40%, n (%)   85 (26)   43 (21)  41 (35)    0.006
      Patient with heart failure at initial admission, n (%)   37 (11) 15 (7)  22 (19)    0.002
     Time before Holter, d 16.2 ± 9.6 15.6 ± 9.5        17.4 ± 9.8 0.117
  Therapy at time of discharge from hospital (number of cases, %)
     Aspirin 314 (96) 202 (97)          112 (95)    0.469
     Clopidogrel 302 (93) 192 (92)          110 (93)    0.458
     Warfarin   38 (12)   22 (11)  16 (14)    0.399
     β-blocker 290 (89) 189 (91)          101 (86)    0.198
     Ca-antagonist   38 (12) 18 (9)  20 (17)    0.022
     ACE-inhibitor 264 (81) 180 (86)  84 (71)    0.001
     AT-II-antagonist   43 (13) 16 (8)  27 (23) < 0.001
     Statin 314 (96) 201 (97)          113 (96)    0.893
     Diuretic(s) 140 (43)   75 (36)  65 (55)    0.001
  HRV parameters 
     Mean heart rate, bpm   68.1 ± 10.0    69.1 ± 10.1        66.2 ± 9.7 0.016
     pNN50   10.1 ± 12.0      9.5 ± 10.5 11.1 ± 14.3 0.245
     Triangular Index   18.6 ± 29.9     19.6 ± 44.4 17.0 ± 26.6 0.567
     SDNN, ms 105.7 ± 39.1   105.7 ± 39.2      105.7 ± 39.2 0.990
     SDNN day, ms   95.8 ± 35.4     95.2 ± 33.9 96.8 ± 37.9 0.688
     SDNN night, ms 103.5 ± 41.0    102.8 ± 41.6      104.8 ± 40.1 0.671
     RMSSD, ms   45.0 ± 37.7     42.2 ± 30.6 49.9 ± 47.4 0.079
     SDANN, ms   92.1 ± 33.1     93.5 ± 35.1 89.7 ± 29.4 0.331
     SDNN-i, ms   41.4 ± 22.5     40.7 ± 18.9 42.6 ± 27.7 0.444

Table 1  Main data of patients, reported for the whole group and for patients with ST-elevation myocardial infarction and non-ST-
elevation myocardial infarction

1Level of significance from unpaired t tests for STEMI and NSTEMI patients; 2Level of significance from χ 2 tests for STEMI and NSTEMI patients. ms: 
Milliseconds; STEMI: ST-elevation myocardial infarction; NSTEMI: Non-ST-elevation myocardial infarction; CABG: Coronary artery by-pass graft; PCI: 
Percutaneous coronary intervention; AMI: Acute myocardial infarction; BMI: Body mass index; LVEF: Left ventricle ejection fraction; ACE: Angiotensin 
converting enzyme; AT-II: Angiotensin II receptor type 2; HRV: Heart rate variability; SDNN: Standard deviation of all normal-to-normal intervals; RMSSD: 
Root mean square of successive differences between normal-to-normal intervals.
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Rank: χ2 = 5.525, P = 0.019); Figure 1A.
Patients with a 3-vessel disease and those who 

received an incomplete revascularization had a grea-
ter incidence of MCE during the period of follow-
up (respectively: χ 2 = 14.369, P = 0.006; and χ 2 = 
6.987, P = 0.008). A significant correlation was evident 
between all-cause deaths or cardiovascular deaths and 
number of diseased vessels (respectively: χ2 = 19.218, 
P = 0.001; and χ2 = 13.077, P = 0.011). Incomplete 
revascularization showed a correlation with all-cause 
deaths (χ2 = 4.732, P = 0.030) but not with cardiac 
deaths (χ2 = 1.859, P = 0.173) at follow-up. 

The 234 patients that maintained a better preserved 
myocardial function, as suggested by LVEF > 40%, had 
lower number of MCE (32) and cardiovascular deaths (3) 
in the follow-up, than patients with more compromised 
LVEF, that suffered 24 MCEs and 11 cardiovascular 
deaths among 82 patients (for MCE: χ2 = 10.126, P 
= 0.001, and OR = 0.383, 95%CI: 0.209-0.701; for 
cardiovascular deaths: χ2 = 21.110, P < 0.001, and OR 
= 0.084, 95%CI: 0.023-0.309).

At multivariate Cox regression analysis, the variables 
that showed predictive value for MCE were presence of 
a three-vessel disease (β = 0.062, P = 0.013), elective 
PCI (β = 0.250, P = 0.021), known diabetes mellitus (β 
= 0.124, P = 0.013) and LVEF < 40% (β = -0.114, P = 
0.017), while no significant correlation was found with 
age, sex, number of vessels treated by PCI (β = -0.032, 
P = 0.229), history of incomplete revascularization, 
STEMI vs NSTEMI (β = -0.002, P = 0.970), site of 
infarction or presence of signs of heart failure during 
initial admission. 

In Figure 1B, the Kaplan-Meier events-free survival 
curves are presented for patients stratified according 
to LVEF ≤ 40% vs LVEF > 40%; the Mantel-Cox Log-
Rank demonstrated statistically significant differences 
between the curves (χ2 = 10.896, P = 0.001). 

HRV and outcome
Even in the subgroup in the lower quartile of SDNN, no 
difference was found in incidence of MCE (14/76 cases) 
in comparison with other subgroups (42/240 cases), (χ2 
= 0.034, P = 0.855); this finding was similar for STEMI 
and NSTEMI patients (respectively: 10 MCE among 52 
STEMI patients with lower quartile of SDNN vs 21/150 
of the other quartiles, χ2 = 0.813, P = 0.367; and 4 
MCE among 24 NSTEMI patients with lower quartile of 
SDNN vs 21/90 of the other quartiles, χ2 = 0.492, P = 
0.483). 

Patients with negative day-night variations of SDNN 
presented long-term events similar to patients with 
positive SDNN day-night variations (χ2 = 2.107, P = 
0.147).

The Kaplan-Meier MCE-free survival curves were 
similar between the group of patients with SDNN in 
the lowest quartile vs the patients of the other SDNN 
quartiles (Log-Rank χ2 = 0.376, P = 0.540; Figure 2A), 
with no difference for STEMI (Log-Rank χ2 = 1.801, P = 

NSTEMI: ρ -0.120, P = 0.199). Patients with complete 
or incomplete coronary revascularization did not differ 
as regards distribution among quartile of SDNN (χ2 = 
0.059, P = 0.807). 

Similarly, no correlation was found between quartile 
of SDNN and successful vs unsuccessful primary PCI 
(whole group: χ2 = 0.158, P = 0.691; STEMI: χ2 = 0.031, 
P = 0.861; NSTEMI: χ2 = 0.684, P = 0.408). Overall, 
patients with unsuccessful primary PCI presented 
markedly reduced variation of SDNN values between 
day and night (SDNN day 94.7 ± 39.3 ms; SDNN night 
102.9 ± 37.9 ms; P = 0.092); by the contrary, such 
variations persisted in patients with successful primary 
PCI (SDNN day 96.2 ± 34.6 ms; SDNN night 103.9 ± 
41.5 ms; P < 0.001).

In the whole group of patients, a linear correlation 
was found between LVEF and the values of some HRV 
parameters (SDNN: ρ 0.168, P = 0.002; SDANN: ρ 
0.225, P < 0.001), but not with other HRV parameters 
such as RMSSD, SDNN Index, Triangular Index and 
pNN50. Patients with lower LVEF (< 40%) presented 
more often values of SDNN in the lowest quartile (χ2 = 
12.668; P < 0.001). Mean heart rate during the 24 h of 
Holter recording was lower in patients with higher LVEF 
(ρ -0.310, P < 0.001). 

The 37 patients that presented symptoms of 
heart failure during the acute phase of AMI showed 
SDNN values in the lower quartile more often than 
the remaining patients (χ2 = 7.884; P = 0.005), with 
SDNN < 70 ms in 32% of cases (vs 14% of the patients 
without initial symptoms of heart failure; χ2 = 8.457; P 
= 0.004). 

At multivariate Cox regression analysis, a significant 
correlation with the lowest quartile of SDNN was 
maintained only by female sex, history of diabetes 
mellitus and LVEF < 40% (respectively: β = -0.143, P = 
0.008; β = 0.146, P = 0.008; β = -0.179, P =0.001).

Clinical features and outcome
Ten (3.1%) patients were lost to follow up, which 
occurred a median of 25.0 mo after the index event 
(95%CI of the mean: 23.3-28.0).

Of the 316 patients which could be interviewed, MCE 
occurred in 56 (17.2%) of which 20 deaths (6.3%; 14 
cardiac deaths), 9 cases of new non fatal AMI (3.0%), 5 
patients with stroke (1.6%) and 17 cases of successful 
elective revascularization (5.4%: 4 CABG, 13 elective 
PCI); 21 (6.6%) patients had one or more hospital 
readmissions for heart failure.

No significant difference in overall incidence of MCE 
at follow-up was evident between cases with STEMI vs 
NSTEMI (χ2 = 2.166, P = 0.141), although all-cause 
mortality was higher among NSTEMI patients (14% 
vs 2%; χ 2 = 17.863, P < 0.001) as well as cardiac 
mortality (10% vs 1.5%; χ2 = 11.471, P = 0.001). Only 
after one and a half year of follow-up, the Kaplan-Meier 
MCE-free survival curves begin to diverge, with NSTEMI 
patients presenting worse outcomes (Mantel-Cox Log-
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with SDNN in the lowest quartile and other quartiles of 
SDNN (Mantel-Cox log rank, respectively: χ2 = 2.207, P 
= 0.137; and χ2 = 0.399, P = 0.527). After separating 
STEMI from NSTEMI patients, different survival curves 
have been observed only for all-cause mortality (Figure 
3), but not for cardiac mortality: STEMI patients with 
SDNN in the lowest quartile presented 3 out of 4 all-
cause deaths (Mantel-Cox log rank χ 2 = 6.591, P = 
0.010) and 2 out of 3 cardiac deaths (Log-Rank χ2 = 
3.685, P = 0.055), while among NSTEMI patients no 

0.180) or NSTEMI patients (Log-Rank χ2 = 0.373, P = 
0.541). In particular, no correlation was found between 
quartile of SDNN and recurrence of MI during the follow-
up period (χ2 = 0.489, P = 0.484). 

As regards to death for all causes, 7 out of 20 deaths 
occurred among patients with lowest quartile of SDNN 
(χ2 = 1.401, P = 0.236); analyzing the whole group of 
AMI patients, the Kaplan-Meier survival curves for all-
cause mortality (Figure 2B) and for cardiac deaths did 
not evidence significant differences between patients 
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in the pre-primary-PCI era: The prevalence of 16% 
of STEMI patients with SDNN < 70 ms at 2 wk from 
the acute event is the same as that recorded in the 
GISSI-2 and the ATRAMI studies, in which patients had 
been treated conservatively or by thrombolysis[4,5]. It is 
however much lower than that reported by Wiliński et 
al[7] in patients treated by primary PCI (21% in patients 
< 65 years old and 34% in those ≥ 65 years old), as 
well as in other smaller dimension studies in which 
patients had also been treated by primary PCI[9,16]. 
When considering the subgroup of patients with even 
more depressed HRV (using the cut-off of SDNN < 
50 ms, as in the pivotal study by Kleiger et al[1]), the 
prevalence of this abnormal parameter was lower in 
our STEMI patients (5% in our study vs 15% in Klei-
ger’s study), being somehow similar to that observed 
also by Erdogan et al[6] (7%) in patients treated by 
immediate revascularization. A number of other studies 
investigating HRV in the post-acute phase of MI have 
been conducted in the last 15 years. In such studies the 
percentage of patients treated by primary PCI varied 
between 18% and 70%, so that their results about the 
effects of early revascularization on HRV parameters 
are not easily comparable between them and with our 
ones[11,12,17-19].

Even if the percentage of patients with markedly 
depressed SDNN was not clearly reduced by the 
immediate reperfusion strategy, the overall derangement 
of HRV parameters in our cases was limited, in spite of 
our study population being constituted by patients that 
suffered a complicated AMI: On average, mean HRV 
values were only slightly lower than those reported in 
literature for healthy persons of the same age group[20]. 
In fact, in previous studies, it has been observed that 

difference in the survival curves was observed between 
patients with SDNN in the lowest quartile vs the other 
quartiles (all-cause mortality: Log-Rank χ2 = 0.195, P = 
0.659; cardiac deaths: Log rank χ2 = 0.040, P = 0.842).

Analysis of the long term outcomes of patients with 
low values of RMSSD gave similar results as those 
described for low SDNN values: Kaplan-Meier events 
free survival did not differ between patients with 
RSDNN in lowest quartile vs the other quartiles, both for 
incidence of MCE (χ2 = 0.849, P = 0.357) and all-cause 
or cardiac mortality (respectively: χ2 = 0.060, P = 0.806; 
and χ2 = 0.245, P = 0.621).

Patients lost to follow-up
Patients’ main clinical parameters (age, sex, time from 
STEMI to CR, site of infarction, number of diseased 
vessels, fasting glucose, HbA1c, haemoglobin level 
at admission, LVEF) and HRV values (SDNN, RMSSD, 
SDNNi, SDANN) have been compared between 
the 10 cases lost to follow-up and the 314 patients 
that completed the study. Patients lost to follow-up 
presented more elevated average values of HbA1c 
(7.2% ± 2.0% vs 6.4% ± 1.1%; P = 0.022) but not 
of fasting glucose (109.5 ± 37.9 mg/dL vs 95.2 ± 22.5 
mg/dL; P = 0.085) at admission. All the other clinical 
and HRV parameters were not significantly different in 
comparison to followed-up patients.

DISCUSSION
In studied patients with STEMI, treatment by primary 
PCI did not demonstrate a clear effect in reduction 
of the prevalence of marked depression of HRV in 
comparison to what was reported in studies performed 
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than in survivors after a mean follow-up of 4.3 ± 3 
years, but this HRV parameter predicted only 1 in 24 
cardiac deaths, indicating that the predictive value of 
a depressed SDNN is low. Our results indicate that the 
limited derangement of HRV parameters and the low 
long-term mortality recorded among our patients do 
not allow to identify if a markedly depressed HRV (as 
estimated by low SDNN) could still be considered an 
indicator of poor survival in patients treated by primary 
PCI.

In the attempt to identify possible differences in 
secondary outcomes linked to different levels of HRV 
derangement among AMI patients treated by primary 
PCI, we studied the long-term incidence of Major 
Clinical Events, which is a composite parameter that 
has recently been used in other studies[9,16]. Other 
than mortality (cardiovascular and all-cause deaths), it 
includes also non-fatal events, such as new AMI, new 
coronary revascularization, episodes of heart failure, 
episodes of stroke. 

Amongst our cases, patients with more depressed 
SDNN did not show any significant difference of MCE-
free outcomes in comparison to patients with preserved 
parameters, after a median follow-up period of 25 mo 
(a period that is in range with most of the previous 
studies)[10]. This is quite a different finding in comparison 
to other recent small scale studies, that confirmed that 
abnormal HRV retains some (although low) negative 
predictive value on long-term prognosis also in primary-
PCI treated AMI patients[9,16]. 

Almost all our patients had been submitted to 
revascularization of the coronary culprit lesion during the 
initial phases of their AMI, and a substantial percentage 
of them had also received revascularization of other 
critically stenosed coronary arteries, before transferral to 
CR and recording of 24-h Holter. These facts, together 
with the pharmacological treatment with beta-blockers 
and ACE-inhibitors or AT-II-antagonists in use at the 
time of Holter recording, could have reduced both the 
autonomic derangement during the subacute phase of 
the MI and the risk of adverse events in the long-term 
follow-up. 

Limitations of the study
Criteria of exclusion from this study included presence 
of atrial fibrillation or flutter, a rhythm induced by the 
pacemaker, or inadequate Holter recordings. Although 
such patients may have had significant autonomic 
dysfunction, HRV could not be measured in them. 
Consequently it is not known if a depressed HRV could 
have had any long-term impact on their prognosis. 

The degrees of autonomic derangement presented 
by our patients, that may have been conditioned by the 
kind of complications suffered during the initial phase 
of their disease, may possibly not be generalized to the 
other complicated or uncomplicated STEMI patients.

HRV was performed only in time domain; no analysis 
was available in the frequency domain. However, it is 

autonomic function is better preserved in patients 
treated by primary PCI, in comparison to patients who 
receive fibrinolysis or are treated conservatively[21]. It 
must also be added that all our patients were under 
treatment with ACE-inhibitors and beta-blockers, drugs 
that may impact on HRV in post-infarction patients[22-25].

Patients with NSTEMI did not show significant 
differences in the analyzed HRV parameters in com-
parison to STEMI patients, even though they presented 
various factors that may have lead to more depressed 
HRV (older age, greater prevalence of previous AMI, 
multiple risk factors, heart failure complicating the initial 
phase of AMI, often a 3-vessel disease and incomplete 
revascularization). To the best of our knowledge, before 
the present study no information was available in the 
literature regarding HRV in NSTEMI patients, when 
considered separately. 

In 13 follow-up studies conducted between 1987 
and 1999 where HRV was analyzed in AMI patients not 
treated with immediate PCI reperfusion, the reported 
incidence of long-term mortality ranged widely between 
3.4% and 45% of study cases; from the data provided in 
the papers mortality can be estimated on average to be 
around 10%[1,4,5,8,26-34]. Almost all these studies included 
both STEMI and NSTEMI patients. More recently, only 
STEMI patients have been analysed, following treatment 
by primary PCI: Their long-term mortality rate was 
reported to be substantially lower than in the pre-
primary-PCI era, being possible to calculate it on average 
around 5% of cases[6,9,16]. 

In spite of our patients having experienced various 
kinds of major complications during the initial phase 
of MI, in STEMI cases both the overall mortality and 
cardiac mortality at long-term follow-up were rather low, 
and significantly lower than the long-term mortality of 
NSTEMI patients. The timely reperfusion strategy, with 
consequent reduction of infarct size and salvage of more 
heart muscle, as well as the multiple pharmacological 
therapy used, may have contributed to the better long-
term survival of our STEMI patients[35]; the period of 
intensive and comprehensive exercise-based cardiac 
rehabilitation followed by our patients may also have 
contributed to their better prognosis[36].

Low values of SDNN (lowest quartile) recorded 
at two weeks from the index event did not possess 
a predictive value for cardiac mortality in our STEMI 
patients, or in NSTEMI patients, or in the group of MI 
patients considered as a whole. In the pivotal study 
by Kleiger et al[1], the finding of a markedly depressed 
SDNN was a predictor of long-term mortality more than 
5 times higher than in patients with preserved SDNN; 
identical results have been confirmed in the ATRAMI 
study[4], and substantially similar outcomes have also 
been reported in other studies performed in the pre-
primary-PCI era[5,29,30], as well as in studies that included 
low percentage of PCI-treated patients[17]. 

Among primary-PCI treated patients, Erdogan 
et al[6] found that SDNN was lower in non-survivors 
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studies are needed in these patients to identify reliable long-term prognostic 
indicators.

Terminology
HRV refers to the evaluation of the oscillations in the intervals between 
consecutive heart beats. They are determined by cyclic variations of sympathetic 
and parasympathetic autonomic influences on cardiac pace-maker cells, 
modulated by central and peripheral mechanisms (respiratory and vasomotor 
centres, fluctuations in arterial pressure, humoral factors). After an AMI, HRV 
usually presents various degrees of depression, linked to a marked increase of 
the sympathetic activity (probably due to abnormal geometry of the beating heart 
and consequent distortion of autonomic nervous endings). The most simple 
method of evaluating HRV is by statistical analysis of the time intervals between 
consecutive normal RR beats (“time domain” method); the standard deviation of 
these intervals (SDNN) has been used in our study. SDNN reflects all the cyclic 
components responsible for variability in the period of recording; for this reason, 
it has been used in various studies for assessment of risk after AMI.

Peer-review
The authros analysed the potential prognosis of HRV in patients treated with 
primary PCI.
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Abstract
AIM
To investigate one-year outcomes after percutaneous 
mitral valve repair with MitraClip® in patients with 
severe mitral regurgitation (MR). 

METHODS
Our study investigated consecutive patients with 
symptomatic severe MR who underwent MitraClip® 
implantation at the University Hospital Bergmannsheil 
from 2012 to 2014. The primary study end-point was 
all-cause mortality. Secondary end-points were degree 
of MR and functional status after percutaneous mitral 
valve repair.

RESULTS 
The study population consisted of 46 consecutive 
patients (mean logistic EuroSCORE 32% ± 21%). The 
degree of MR decreased significantly (severe MR before 
MitraClip® 100% vs  after MitraClip® 13%; P  < 0.001), 
and the NYHA functional classes improved (NYHA III/
IV before MitraClip® 98% vs  after MitraClip® 35%; P  
< 0.001). The mortality rates 30 d and one year after 
percutaneous mitral valve repair were 4.3% and 19.5%, 
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respectively. During the follow-up of 473 ± 274 d, 11 
patients died (90% due to cardiovascular death). A pre-
procedural plasma B-type natriuretic peptide level > 817 
pg/mL was associated with all-cause mortality (hazard 
ratio, 6.074; 95%CI: 1.257-29.239; P = 0.012).

CONCLUSION
Percutaneous mitral valve repair with MitraClip® has 
positive effects on hemodynamics and symptoms. 
Despite the study patients’ multiple comorbidities and 
extremely high operative risk, one-year outcomes after 
MitraClip® are favorable. Elevated B-type natriuretic 
peptide levels indicate poorer mid-term survival. 

Key words: Severe mitral regurgitation; Percutaneous 
mitral valve repair; MitraClip®; One-year outcome

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Percutaneous mitral valve repair with the 
MitraClip® device has positive effects on hemodynamics 
and symptoms. Despite the multiple comorbidities and 
extremely high operative risk of the study patients, 
mid-term outcomes after MitraClip® implantation are 
favorable. Elevated B-type natriuretic peptide (> 817 
pg/mL) levels are indicative of poorer long-term survival. 

Gotzmann M, Sprenger I, Ewers A, Mügge A, Bösche L. One-
year outcome of percutaneous mitral valve repair in patients 
with severe symptomatic mitral valve regurgitation. World J 
Cardiol 2017; 9(1): 39-46  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v9/i1/39.htm  DOI: http://dx.doi.
org/10.4330/wjc.v9.i1.39

INTRODUCTION
Severe mitral regurgitation (MR) is a common valvular 
heart disease that has an unfavorable prognosis[1]. 
When possible, mitral valve repair is considered the 
optimal surgical treatment[1]. 

In the last few years, percutaneous mitral valve 
repair has developed into an alternative technique 
for patients with severe MR, with more than 20000 
procedures worldwide[2,3]. However, the Everest II 
study is the only randomized trial that has compared 
percutaneous repair with heart surgery, and it mainly 
included patients with degenerative MR who did not 
have an elevated operative risk[2]. By contrast, the 
current European Society of Cardiology guidelines 
recommend applying MitraClip® only in symptomatic 
high-risk patients with severe functional MR (level of 
evidence IIb)[1]. 

In recent years, some registry studies[4-6] and several 
smaller studies[7-11] concerning MitraClip® have been 
published. However, relatively little is known about the 
long-term results of percutaneous mitral valve repair. 
Therefore, the aim of this study was to assess the one-

year outcome after percutaneous mitral valve repair 
with MitraClip®.

MATERIALS AND METHODS
We performed a retrospective study to evaluate the 
effects of percutaneous mitral valve repair using 
MitraClip® (Abbott Vascular, Menlo Park, California, 
United States) on symptoms, hemodynamics and 
outcomes. The primary study endpoint was all-cause 
mortality. The secondary endpoints were functional 
status and degree of MR after percutaneous mitral valve 
repair.

This study included consecutive patients with sympto-
matic severe MR who underwent MitraClip® implantation 
from May 2012 to December 2014 at the University 
Hospital Bergmannsheil. The risk of mitral valve surgery 
was estimated using the logistic EuroSCORE I[12] and 
the logistic EuroSCORE II[13]. All patient cases were 
discussed by the cardiology team. The decision to 
perform percutaneous mitral valve repair was based 
on: (1) a high EuroSCORE I (> 20%); and (2) serious 
comorbidities with a considerable risk for heart surgery 
[for example, porcelain aorta, left ventricular ejection 
fraction (LVEF) < 30%, previous chest radiation and 
severe chronic obstructive pulmonary disease]. The 
contraindications were active endocarditis, intracardiac 
thrombus, limited life expectancy (< 1 year) and 
unsuitable mitral valve morphology, according to the 
EVEREST criteria[2].

Written informed consent was given by all patients 
to receive percutaneous mitral valve repair with the 
MitraClip®. The study was reviewed and approved by 
the Ruhr-University Bochum Institutional Review Board. 

Pre-procedural investigations
The pre-procedural examinations of study patients 
comprised an anamnesis, assessment of functional 
capacity (NYHA class), laboratory measurements, 
transthoracic and transesophageal echocardiography 
and coronary angiography. The diagnosis of coronary 
artery disease was made in patients with a coronary 
artery stenosis > 50% in the pre-procedural coronary 
angiography, previous myocardial infarction, coronary 
artery bypass grafting, or percutaneous coronary 
intervention.

We measured plasma B-type natriuretic peptide 
levels on the same day as clinical and echocardio-
graphical examinations. By using a chemiluminescent 
immunoassay kit (Biosite Triage, San Diego, CA, 
United States) we analyzed the levels of plasma B-type 
natriuretic peptide. 

All patients underwent transthoracic and trans-
esophageal echocardiography (Vivid 7 or Vivid 9, General 
Electrics, Horton, Norway) according to the guidelines of 
the American Society of Echocardiography[14]. Using the 
modified Devereux formula left ventricular myocardial 
mass was calculated. The Simpson method (using 4- 
and 2-chamber views) was applied to measure LVEF[14]. 
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According to the American Society of Echocardiography, 
MR and tricuspid regurgitation was graded as mild, 
moderate or severe[15]. In addition, MR was classified as 
degenerative, functional or mixed[15]. According to the 
current recommendations, systolic pulmonary pressure 
and tricuspid annular plane systolic excursion were 
measured[16].

Percutaneous mitral valve repair
Percutaneous mitral valve repair with the MitraClip® 
device was executed under general anesthesia with-
out hemodynamic support using a femoral vein. The 
transseptal puncture and positioning of the device were 
performed under transesophageal echocardiography 
and fluoroscopic guidance. After positioning a clip, the 
remaining MR and mean transmitral gradient were 
assessed. If the reduction in MR was unsatisfactory, 
a second clip was positioned. A maximum mean 
transmitral gradient of 5 mmHg was accepted. 
Before and after implantation, left atrial pressure was 
measured invasively. The procedure and MitraClip® 
system have been previously described in detail[2,3].

Patients were treated with aspirin for 6 mo and with 
clopidogrel for 30 d[2]. When clinically indicated (mainly 
due to atrial fibrillation), patients also received oral 
anticoagulation. 

Postprocedural investigations
The procedural and in-hospital difficulties were reported 
according to current recommendations[17]. Within 48 
h after the MitraClip® procedure, a transthoracic echo-
cardiography was performed. 

Follow-up examinations of all surviving study 
patients were conducted 3 ± 2 mo after the Mitra-
Clip® implantation and comprised an assessment of 
functional capacity (NYHA class) and a transthoracic 
echocardiography. Any changes in MR, left atrial 
volume and diameter and left ventricular geometry and 
function were documented. The follow-up of patients 
was at least 12 mo and death, myocardial infarction, 
stroke and hospitalization due to heart failure were 
documented. During routine ambulatory visits follow-
up information was obtained. In case of patients’ death, 
we contacted their physicians to get information about 
reasons of death. 

Statistical analysis 
Numerical values were expressed as mean ± SD. For the 
comparison of continuous variables we used unpaired 
t tests or Mann-Whitney U test, where appropriate. In 
order to compare categorical variables we performed 
c 2 analysis. To examine continuous variables before 
and after MitraClip® implantation, we applied paired 
Student’s t test (for normally distributed variables) or 
Wilcoxon test (for non-normally distributed variables). 
For categorical variables, we used McNemar’s test to 
measure changes before and after MitraClip® implanta-
tion. Univariate Cox proportional hazards model was 
performed to assess predictors of all-cause death. For 
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this, all the parameters in Tables 1 and 2 were included 
in the analysis. 

In order to determine cut-off values for plasma 
B-type natriuretic peptide (BNP), receiver operating 
characteristic (ROC) curves were performed. The 
Kaplan-Meier method was used for analysis of all-cause 
mortality. A comparison of survival between different 
groups of patients was assumed with log-rank tests. 
A P value < 0.05 was considered to be statistically 
significant. All probability values reported were two-
sided. A statistical review of the study was performed 
by a biomedical statistician. The analyses were done 
using SPSS software (version 20.0; SPSS Inc., Chicago, 
IL, United States).

RESULTS
A total of 48 consecutive patients with native MR who 
underwent percutaneous mitral valve repair with the 
MitraClip® device were enrolled between May 2012 and 
December 2014. During the procedures, no patients died 
and no cases of stroke or myocardial infarction occurred. 
In one patient, positioning of the MitraClip® was not 
possible, and the procedure was thus abandoned. In 
another patient, leaflet detachment occurred after 
implantation of the clip. One day after the unsuccessful 
procedure, this patient received surgical mitral valve 
repair. Therefore, these two patients were not included 
in the analysis. The final study cohort consisted of 46 
patients. Clip embolization, acute conversion to open 
surgery, pericardial tamponade, need for resuscitation, 
need for dialysis, respiratory failure and major bleeding 
did not occur after MitraClip® implantation. 

Study cohort and procedure
The mean age of the study patients (21 women, 25 
men) was 76.5 ± 9.4 years, and the mean logistic 
EuroSCORE I was 32% ± 21%. Plasma BNP was 
measured in 36 of the 46 patients. The baseline chara-
cteristics of the patients are provided in Table 1. 

The mean procedure time was 143 ± 34 min (door-
to-door time, including general anesthesia). One clip 
was implanted in 31 patients (67%), and two clips were 
implanted in 15 patients (33%). Immediately after 
the percutaneous mitral valve repair, transesophageal 
echocardiography revealed remaining severe MR in 2 
patients (4%). There were no cases of post-procedural 
mitral stenosis (the transmitral gradient was ≤ 5 mmHg 
in all patients). The invasive hemodynamic measure-
ments demonstrated a significant decrease in mean left 
atrial pressure (left atrial pressure before procedure 27 
± 10 mmHg vs left atrial pressure after procedure 23 ± 
10 mmHg, P = 0.018). 

Clinical follow-up
The mean duration of hospitalization after MitraClip® 
procedure was 11 ± 8 d. Within 30 d after the Mitra-
Clip® implantation, 2 patients suffered from death due 
to heart failure. Follow-up examinations were done in 
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myocardial infarction occurred, but 2 patients suffered 
from ischemic stroke. One of these patients had atrial 
fibrillation and received aspirin and coumarin at the 
time of stroke. This patient died within the first year. 
The other patient was in sinus rhythm and received 
monotherapy with aspirin. Hospitalization due to heart 
failure occurred in 16 patients (35% of study patients), 
and of these patients, 7 died within the first year after 
MitraClip® implantation.

During the follow-up of 473 ± 274 d, the primary 
endpoint (all-cause mortality) was attained in 11 
patients (24%). Reasons for death included heart failure 
(n = 7), myocardial infarction (n = 1), unknown causes 
(n = 2) and malignancy (n = 1). Kaplan-Meier curves 
were created for the analysis of all-cause mortality 
(Figure 2A).

Predictors of outcome 
In the univariate Cox analysis, only plasma BNP was 

the remaining 44 patients (the mean follow-up was 95 
d after the percutaneous mitral valve repair). 

Prior to the procedure, 98% of our study population 
was considered NYHA functional class III or IV. After the 
percutaneous mitral valve repairs, the NYHA functional 
classes and degree of MR improved significantly (both P 
< 0.001) (Figure 1). Additionally, the left atrial diameter, 
left atrial volume and systolic pulmonary artery pressure 
decreased. By contrast, the left ventricular dimensions 
and LVEF remained unchanged (Table 2). In our study, 
there were no differences in clinical course after mitral 
valve repair between patients with organic and with 
functional MR. 

Mortality and morbidity
The all-cause mortality rate 30 d after percutaneous 
mitral valve repair was 4.3% (n = 2), and this rate 
increased to 19.5% (n = 9) at one year. In the first 
year after the MitraClip® implantation, no cases of 

Total (n  = 46) Survivors (n  = 35) Non-survivors (n  = 11) P  value

  Age (yr) 76.5 ± 9.4 76.4 ± 9.5 76.9 ± 9.6 0.871
  Women, n (%) 21 (46) 16 (46)   5 (45) 0.988
  Body mass index (kg/m²) 26.8 ± 4.3 26.8 ± 4.5 26.6 ± 3.7 0.928
  NYHA class 0.818
     NYHA class II, n (%) 1 (2) 1 (3) 0 (0)
     NYHA class III, n (%) 27 (59) 20 (57)   7 (64)
     NYHA class IV, n (%) 18 (39) 14 (40)   4 (36)
  Hypertension, n (%) 31 (69) 23 (66)   8 (80) 0.389
  Diabetes mellitus, n (%) 21 (47) 17 (49)   4 (40) 0.632
  Coronary artery disease, n (%) 27 (60) 22 (63)   5 (50) 0.464
  Previous coronary artery bypass grafting, n (%) 15 (34) 12 (35)   3 (30) 0.756
  Previous heart valve surgery, n (%)   6 (13)   5 (14)   1 (10) 0.725
  Previous stroke, n (%)   5 (11)   5 (14) 0 (0) 0.205
  Atrial fibrillation/flutter, n (%) 33 (73) 25 (71)   8 (80) 0.589
  Implanted PM/ICD/CRT-device, n (%) 15 (34)   9 (26)   6 (60) 0.067
  Chronic obstructive pulmonary disease, n (%) 14 (31) 12 (34)   2 (20) 0.389
  Peripheral artery disease, n (%)   6 (13)   4 (11)   2 (18) 0.482
  Logistic EuroSCORE I (%)   31.8 ± 21.1   32.1 ± 21.4    30.9 ± 21.2 0.870
  Logistic EuroSCORE II (%) 11.9 ± 9.5 12.0 ± 9.5    11.6 ± 9.98 0.885
  Laboratory parameters
     Creatinine (mg/dL)   1.4 ± 0.5   1.4 ± 0.5    1.28 ± 0.39 0.476
     Hemoglobin (g/dL) 12.1 ± 1.7 12.3 ± 1.6   11.4 ± 2.0 0.256
     Plasma BNP (pg/mL) (n = 36) 1022 ± 897   793 ± 611    1710 ± 1264 0.006
  Echocardiography
  Mitral regurgitation etiology 
  Organic, n (%) 17 (37) 14 (40)   3 (27) 0.446
  Functional, n (%) 21 (46) 16 (46)   5 (45) 0.988
  Mixed, n (%)   8 (17)   5 (14)   3 (27) 0.322
  Left atrial diameter (mm) 51 ± 6 51 ± 6 50 ± 5 0.793
  Left atrial volume (mL) 115 ± 43 110 ± 42  134 ± 45 0.118
  LV end-diastolic diameter (mm)   55 ± 10   55 ± 10    57 ± 10 0.498
  LV end-systolic diameter (mm)   42 ± 12   41 ± 11    45 ± 12 0.313
  LV end-diastolic volume (mL)  159 ± 70 152 ± 62 181 ± 93 0.258
  LV end-systolic volume (mL)   96 ± 63   88 ± 55 121 ± 82 0.151
  LV ejection fraction (%)   42 ± 14   44 ± 14   37 ± 14 0.203
  MAPSE (mm) 12 ± 3 13 ± 3 11 ± 3 0.163
  TAPSE (mm) 17 ± 5                17 ± 4 18 ± 6 0.527
  Tricuspid regurgitation (moderate/severe), n (%) 31 (67) 21 (60) 10 (91) 0.070
  sPAP (mmHg) 44 ± 12  44 ± 12  43 ± 14 0.844

Table 1  Clinical characteristics, laboratory values and echocardiography results

NYHA: New York Heart Association; PM/ICD/CRT: Pacemaker, implantable cardioverter defibrillator, Cardiac Resynchronization Therapy; BNP: B-type 
natriuretic peptide; LV: Left ventricular; sPAP: Systolic pulmonary artery pressure.
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II after MitraClip® implantation. Our study confirmed a 
significant enhancement in NYHA class after MitraClip® 
implantation (Figure 1B and Table 2). 

Other than the fact that percutaneous mitral valve 
repair is beneficial for treating the symptoms of valvular 
heart failure, some studies have additionally demon-
strated favorable effects of repair on reverse cardiac 
remodeling[2,8,10,19].

Taramasso et al[19] revealed an enhancement in LVEF 
after MitraClip® implantation in patients with heart failure. 
By contrast, Feldman et al[2] reported a reduction in left 
ventricular volumes and LVEF after MitraClip®. These 
different findings may be explained by the fact that 
patients with functional and degenerative MR have 
different types of reverse remodeling. In patients with 
degenerative MR, end-systolic volume remains stable, 
whereas left ventricular end-diastolic volume decreases. 
In contrast, in patients with functional MR, a significant 
decrease in left ventricular end-diastolic and end-systolic 
volume is observed[20]. Therefore, LVEF decreases 
slightly in degenerative MR[2] and remains constant or 
increased in functional MR[19,20]. 

significantly associated to the primary study endpoint. 
Patients who died after percutaneous mitral valve repair 
had significantly higher pre-procedural BNP levels 
compared to patients who survived (Table 1). The ability 
of BNP to predict all cause-mortality was assessed using 
ROC curve analysis. Using a cut-off point of BNP > 
817 pg/mL, the sensitivity was 78% and the specificity 
was 70% [area under the ROC curve (AUC) = 0.778, 
(95%CI: 0.621-0.936; P < 0.001)]. A pre-procedural 
plasma BNP level > 817 pg/mL was associated with all-
cause mortality (HR = 6.074; 95%CI: 1.257-29.239; P 
= 0.012) (Figure 2B).

DISCUSSION
The main result of this study was an improvement in 
hemodynamics (Figure 1A and Table 2) and symptoms 
(Figure 1B) in patients with severe symptomatic MR 
after receiving percutaneous mitral valve repair with 
the MitraClip® system. However, the relatively high one-
year mortality rate (19.5%) observed in the present 
study must be mentioned (Figure 2A). Preexisting co-
morbidities of these selected patients who had a very 
high mean logistic EuroSCORE I of 31.8% (Table 1) is 
the most likely explanation. Several previous studies 
reported comparable mortality rates after MitraClip® 
implantation[3-11]. 

Additionally, our study suggests that pre-procedural 
plasma BNP is an independent predictor of all-cause 
mortality after percutaneous mitral valve repair (Figure 
2B).

Symptoms and hemodynamics
Since the first description of percutaneous mitral valve 
repair with the MitraClip® device, this technique has 
now widely used. Today, it is a recognized treatment for 
high-risk patients with severe and symptomatic MR[1]. 

Several studies demonstrate symptomatic benefits 
of percutaneous mitral valve repair in terms of changes 
in NYHA functional class[3-11,18,19]. Vakil et al[18] found 
that three-quarters of patients were in NYHA class I or 

Before 
MitraClip

After 
MitraClip

P  value

  NYHA class III and IV, n (%)     43 (98) 16 (35) < 0.001
  Mitral regurgitation (severe)       44 (100)   6 (14) < 0.001
  Left atrial diameter (mm)    50 ± 6 49 ± 7    0.039
  Left atrial volume (mL)    114 ± 43 102 ± 42    0.008
  LV end-diastolic diameter (mm)      55 ± 10   54 ± 11    0.308
  LV end-systolic diameter (mm)      42 ± 12   41 ± 12    0.367
  LV end-diastolic volume (mL)    158 ± 69 159 ± 75    0.866
  LV end-systolic volume (mL)      95 ± 63   95 ± 61    0.993
  LV ejection fraction (%)      42 ± 15   44 ± 13    0.216
  Severe tricuspid regurgitation, n (%)     12 (27)   9 (20)    0.763
  sPAP (mmHg)      44 ± 13   27 ± 10    0.027

Table 2  New York Heart Association class and hemodynamics 
before and after MitraClip implantation (n  = 44)

LV: Left ventricular; sPAP: Systolic pulmonary artery pressure.
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Figure 1  Changes in mitral regurgitation and New York Heart Association 
functional class. A: Degree of mitral regurgitation before and after percu
taneous mitral valve repair with the MitraClip® system in all study patients (n 
= 46); B: NYHA functional classes before and after percutaneous mitral valve 
repair with the MitraClip® system in all study patients (n = 46). NYHA: New York 
Heart Association functional class.
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Thus, the risk profile of our patient cohort was less 
favorable than those of most other studies[3-11]. Our 
study suggests that even patients with an extremely 
high operative risk can be successfully treated with the 
MitraClip® system.

BNP and outcome
Plasma BNP levels have a prognostic impact in patients 
undergoing surgical mitral surgery[21]. In patients 
undergoing percutaneous mitral valve repair with the 
MitraClip® device, Taramasso et al[19] found that pre-
procedural pro-BNP levels (pro-BNP level ≥ 1600 pg/mL) 
were an independent predictor of mortality. Furthermore, 
Neuss et al[22] demonstrated that among patients with 
end-stage heart failure and NT-proBNP values > 10000 
pg/mL, the mortality rate was extremely high, despite 
a successful percutaneous mitral valve repair with Mitra-
Clip®. Our results are in line with these studies. Although 
pre-procedural measurements of plasma BNP were 
performed in only 36 of the 46 patients, we found that 
BNP levels > 817 pg/mL were related with a considerably 
higher long-term mortality rate (Figure 2B). Notably, 
plasma BNP was the only independent predictor of long-
term mortality. On the other hand, our study suggests 
that patients with plasma BNP levels ≤ 817 pg/mL have 
favorable long-term results after MitraClip® implantation 
(Figure 2B). 

Limitations
The main limitation of our study is the relatively 
small number of patients and the fact that this study 
was conducted only at one center. However, the 
percutaneous repair of the mitral valve is a relatively 
new technique. There are still few long-term results of 
MitraClip® implantation. Another important limitation 
is the absence of a control group in our study. A com-
parison with conservatively treated patients, or patients 
undergoing heart surgery would give a more rigorous 
investigation of the effects of percutaneous mitral valve 
repair. As our study examined relatively few patients, the 
associations found in this paper must still be considered 
preliminary.

COMMENTS
Background
Mitral regurgitation (MR) is the most common heart valve disease and the 
second most common reason for heart valve surgery. When feasible, mitral valve 
repair is considered the optimal surgical treatment. However, a considerable 
portion of patients with severe MR cannot receive surgical treatment because of 
their comorbidities and high surgical risks. In the last few years, percutaneous 
mitral valve repair has become an alternative technique for patients with severe 
MR. 

Research frontiers
In the last few years, percutaneous mitral valve repair has become an alternative 
technique for patients with severe MR, with more than 20000 procedures 
worldwide. However, the Everest II study is the only randomized trial that has 
compared percutaneous repair with heart surgery, and it mainly included patients 
with degenerative MR and without an elevated operative risk. By contrast, the 

In our study, the proportion of patients with fun-
ctional and degenerative MR was approximately equal 
(Table 1). There were no differences in clinical course 
after mitral valve repair between patients with organic 
and functional MR. Potentially due to the relatively small 
number of patients, we observed that the LVEF, the 
left ventricular end-systolic and end-diastolic volumes 
remained nearly constant (Table 2). 

Our study demonstrated a clear reduction in the 
severity of MR (Figure 1A), a reduction in left atrial 
volume and size and a decline in systolic pulmonary 
artery pressure (Table 2).

30-d and one-year outcomes
The all-cause mortality rate 30 d after percutaneous 
mitral valve repair was 4.3%, and this rate was 19.5% 
at one year. During the follow-up of 473 ± 274 d, 11 
patients (24%) died. Cardiovascular mortality accounted 
for the majority of the deaths at follow-up (90%). 
Patients’ various cardiac and non-cardiac diseases may 
explain the relatively high long-term mortality. Similar 
one-year mortality rates have been reported in several 
other studies[3-11]. However, it should be emphasized 
that the patients in our study had an extremely high 
operative risk (mean logistic EuroSCORE I > 31%). 
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Figure 2  All-cause mortality and B-type natriuretic peptide. A: Kaplan
Meier estimates of freedom from allcause mortality; B: KaplanMeier estimates 
of freedom from allcause mortality according to low preprocedural BNP levels 
(BNP ≤ 817 pg/mL) and high preprocedural BNP levels (BNP > 817 pg/mL). 
BNP: Btype natriuretic peptide.
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current European Society of Cardiology guidelines recommend applying the 
MitraClip® only in symptomatic highrisk patients with severe functional MR (level 
of evidence IIb). In recent years, some registry studies and several smaller 
studies concerning MitraClip® have been published. However, relatively little is 
known about the mid and longterm results of percutaneous mitral valve repair. 

Innovations and breakthroughs 
The aim of the present study was to assess the midterm outcomes after 
percutaneous mitral valve repair with MitraClip®. The study demonstrates 
that percutaneous mitral valve repair with MitraClip® had positive effects on 
hemodynamics and symptoms. Despite the multiple comorbidities and extremely 
high operative risk of the study patients, the midterm outcome after MitraClip® 
was favorable. Elevated BNP levels were indicative of a poorer longterm survival.

Applications 
The data in this study suggest that patients with an extremely high risk can also 
be successfully treated with the MitraClip® system. In addition, preprocedural 
plasma BNP levels > 817 pg/mL were associated with significantly higher long-
term mortality. On the other hand, the study suggests that patients with plasma 
BNP levels ≤ 817 pg/mL had favorable longterm results after MitraClip®.

Terminology 
MR is a valvular heart disease that is characterized by an abnormal systolic 
blood flow into the left atrium and a volume overload of the left ventricle. The 
reasons for this condition include defects of the valve (usually referred to as 
degenerative mitral valve regurgitation) or heart failure with dilatation of the 
ventricle (usually called functional mitral valve regurgitation). Mitral valve repair 
is the standard therapy. Percutaneous mitral valve repair has emerged as an 
alternative technique. 

Peer-review 
Good article, well written, interesting for the reader, with a useful “take home 
message”.
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Abstract
AIM
To evaluate the prevalence of salt sensitivity and the 
impact of cardiometabolic and psychological charac-
teristics on salt sensitivity in normotensive population. 

METHODS
Of all participants, anthropometric measurements and 
fasting venous blood samples were collected, and 
study questionnaires were completed. Salt Sensitivity 
was defined based on the difference in mean arterial 
pressure with infusion of 2 L of normal saline followed 
by a low sodium diet and administration of three doses 
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of oral furosemide the day after. 

RESULTS 
Of 131 participants, 56 (42.7%) were diagnosed 
with salt sensitivity. Crude and age and sex adjusted 
regression analysis showed that low-density lipoprotein 
cholesterol and depression were positively associated 
with salt sensitivity (OR = 1.02, 95%CI: 1.01-1.04 and 
OR = 1.15, 95%CI: 1.00-1.34, respectively). 

CONCLUSION
The high prevalence of salt sensitivity and its significant 
relation with prevalent risk factors necessitates con-
sidering its reduction actions at the population level and 
the need for further research.

Key words: Salt sensitivity; Cardiovascular disease risk 
factors

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Mean blood pressure can be reduced following 
a decrease in sodium intake in both hypertensive and 
normotensive individuals. Normotensive individuals 
with salt sensitivity trait are more likely to develop 
hypertension and other health problems. A relatively 
high prevalence of salt sensitivity has been indicated 
among Iranian adults. Low-density lipoprotein cholesterol 
was found to have strong positive association with 
salt sensitivity. Depressive individuals were more salt 
sensitive.

Sadeghi M, Roohafza H, Pourmoghaddas M, Behnamfar O, 
Pourmoghaddas Z, Heidari E, Mahjoor Z, Mousavi M, Bahonar 
A, Sarrafzadegan N. How far cardio metabolic and psychological 
factors affect salt sensitivity in normotensive adult population? 
World J Cardiol 2017; 9(1): 47-54  Available from: URL: http://
www.wjgnet.com/1949-8462/full/v9/i1/47.htm  DOI: http://
dx.doi.org/10.4330/wjc.v9.i1.47

INTRODUCTION
Hypertension is a prevalent well-documented risk factor 
for cardiovascular disease and premature mortality 
and therefore is an important public health issue[1]. 
Essential hypertension is a common disorder in areas 
with average daily sodium intake of over 100 meq/d (2.3 
g sodium), however, is rarely seen with average daily 
sodium intake of less than 50 meq/d (1.2 g sodium)[2,3].

It has been demonstrated in multiple studies that 
mean blood pressure (BP) can be reduced following 
a decrease in sodium intake in both hypertensive and 
normotensive individuals[4,5]. Based on these reports, 
a minimum level of dietary sodium independent 
of other risk factors is required for development of 
hypertension[6,7].

There is an important clinical benefit to identify 

and target individuals who are more sensitive to 
alterations in dietary sodium intake by implementing 
dietary sodium reduction interventions. BP variations in 
response to changes in dietary sodium intake are known 
as Salt Sensitivity. This responsiveness of BP, however, 
may vary significantly from individual to individual[8,9]. 
Normotensive individuals with this trait of salt sensitivity 
are said to be more likely to develop hypertension 
and other health problems including Cardiovascular, 
Respiratory, and renal disorders independent of hyper-
tension later in life[10,11].

Although incompletely understood, multiple mechani-
sms for sodium sensitivity have been demonstrated, 
from impaired renal sodium excretion, abnormalities in 
signaling and vascular tone, to the role of genetics in 
sodium regulation[12,13].

In spite of the fact that the protocols and methods of 
salt sensitivity definition vary in different studies, there 
is a general accordance in the main observations. Salt 
sensitivity appears to be a reproducible phenomenon 
with different measurement techniques[14].

Salt sensitivity is a practical clinical concept in spite 
of all the difficulties in measurement and identifying the 
sensitive individuals. This fact that is evident by positive 
outcomes of the recommended dietary approaches for 
the prevention and treatment of hypertension (HTN) 
(DASH diet)[15] There are certain traits and disorders 
that are markedly associated with salt sensitivity 
including African American ethnicity, obesity, chronic 
kidney disease, and cardiovascular risk factors[9,16]. 

Previous studies conducted in the Eastern Mediter-
ranean region (EMR) demonstrate a substantially high 
incidence rate of almost all cardiovascular diseases 
particularly HTN and increased rate of mortality even 
in treated subjects[17-20]. These findings along with the 
increasing trend of salt intake at the population level[21], 
beside the lack of evidence of salt sensitivity of BP in 
Iran and in the region, highlight the importance of 
conducting this study. Therefore, we aimed to evaluate 
the prevalence of salt sensitivity in a normotensive 
Iranian adult population and to investigate the impact 
of cardiometabolic risk factors and psychological 
characteristics, on salt sensitivity.

MATERIALS AND METHODS
Participants and studied variables
The study was conducted by the hypertension research 
center affiliated to Cardiovascular Research Institute 
(a WHO collaborating center in the EMR) from July to 
October 2014. In order to find potential volunteers 
from community, we used a wide range of materials 
from flyers and brochures to posters. A total of 140 
healthy participants volunteered to take part in this 
cross-sectional study. Eligibility requirements included 
willingness to participate in the study, age 18 years 
and older, normal BP defined as systolic BP below 140 
mmHg and diastolic BP below 90 mmHg based on 3 
screening visits of 1 wk apart. The exclusion criteria was 
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history of hypertension; history of special diet including 
low salt diets; history of taking antihypertensive medi-
cations and diuretics for any reason, oral contraceptives 
and nonsteroidal anti-inflammatory drugs; any history 
of myocardial infarction, heart failure, cerebrovascular 
accidents and renal failure. Written informed consents 
were obtained from each participant and the study 
protocol was approved by the ethical committee of 
Cardiovascular Research Institute.

A questionnaire was used at the baseline observation 
by trained staff to collect information on demographic 
characteristics as well as family history of hypertension, 
coronary artery disease, and lifestyle habits including 
regular physical activity, dietary pattern and smoking 
status. The Hospital Anxiety and Depression Scale 
questionnaire was also used to determine the score of 
anxiety and depression. This scale consists of seven 
items for anxiety and seven items for depression, 
with scores ranging from 0 to 21. The higher scores 
demonstrate more intensity in anxiety or depression 
level. Scores higher than 7, in both domains indicate 
that participants are likely to be depressed or suffer 
from anxiety[22,23].

Anthropometric measurements of weight, height, 
waist and hip circumferences were obtained during 
baseline examination with the individual in minimal 
clothing. The WHO STEPS Surveillance Manual (The 
WHO STEP wise Approach to Chronic Disease Risk 
Factor Surveillance) was used for measuring waist 
and hip circumference[24]. Body mass index (BMI) was 
calculated as weight (in kilograms) over height squared 
(in meters). 

Venous blood samples after fasting for at least 8 
h were taken for measurement of fasting blood sugar 
(FBS), serum blood urea nitrogen (BUN), creatinine (Cr), 
uric acid (UA), sodium (Na), potassium (K) levels, and 
lipid profile including low-density lipoprotein (LDL), high-
density lipoprotein (HDL), triglycerides (TG), and total 
cholesterol (TC). Plasma measurements were assessed 
using commercially available kits (Parsazmoun). BP 
was measured by trained staff for each participant 
using an automated mercury sphygmomanometer 
with the individual in sitting position and 5 min of rest. 
All the participants were asked to avoid consumption 
of alcohol, tea, or coffee, physical exercise or smoking 
for at least one hour prior to admission. Mean arterial 
pressure (MAP) was calculated as [(2 × diastolic) + 
systolic]/3 and reported for each measurement.

We considered the following definitions for cardio-
vascular risk factors: Current smoking of at least one 
cigarette per day; lack of regular physical activity (less 
than 30 min a day, five days a week); raised blood 
glucose (FBS > 126 mg/dL); elevated blood cholesterol 
[TC > 200 mg/dL, TG > 150 mg/dL, LDL > 130 mg/dL, 
HDL below 40 mg/dL (male) and less than 50 mg/dL 
(female)]; and being overweight or obese (BMI > 25 
kg/m2, waist circumference > 92 cm in males and > 88 
cm in females)[25].
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Study design
The study was conducted in two days. On the first day of 
the study, individuals were admitted at 8 AM and were 
put on a low calorie and low sodium diet (10 mmol/d). 
At this time, venous blood samples were obtained, 
anthropometric measurements were calculated, and 
the questionnaires were filled out from participants 
by trained staff. Two hours after the admission, three 
measurements of BP were obtained with five minutes 
intervals and the mean of them was recorded as the 
baseline BP.

After obtaining the baseline BP, 2 L of normal saline 
was administered intravenously over 4 h (500 mL/h). 
Two hours after normal saline infusion, BP was obtained 
and post-saline MAP was calculated. Then participants 
were discharged and were asked to return back to the 
clinic the next morning. 

To ensure compliance to the study protocol, indivi-
duals were required to eat pre-packaged foods that 
were prepared according to the protocol including low-
carbohydrate, low-fat, and low-sodium diet (10 mmol/d) 
and were instructed to avoid any foods that were not 
provided by the study staff. Participants were also 
followed up over the night by telephone to evaluate any 
potential side effects and to ensure their adherence to 
the study dietary protocol.

On the following day, participants were admitted 
again at 8 AM and BPs were obtained. Sodium and 
volume depletion was then induced by a low sodium 
diet (10 mmol/d) and administration of three doses of 
oral furosemide (40 mg each dose, at 10 AM, 2 PM and 
6 PM). Two hours after completion of the last dose of 
furosemide, BP was measured according to the study 
protocol. The MAP after sodium and volume depletion 
was compared with the post-saline MAP.

Individuals who demonstrated a decrease in MAP ≥ 
10 mmHg were defined as “salt sensitive”. Those with 
MAP decrease < 10 mmHg were categorized as “salt 
insensitive” including both the salt resistant (ΔMAP < 
6 mmHg) and intermediate (ΔMAP 6-10 mmHg) with 
respect to sodium sensitivity.

Statistical analysis
All data were analyzed by SPSS, version 15 (SPSS 
Inc, Chicago, IL, United States). Respectively, a P 
value ≤ 0.05 and P value ≤ 0.1 were considered as 
statistically and marginally significant for all analyses. 
Student’s t test for continuous variables and χ2 test for 
discrete variables were used. Man-Whitney test was 
applied where appropriate. Multiple Logistic Regression 
model was carried out to examine the association 
between demographic, anthropometric, psychological 
characteristics and laboratory studies of those with the 
salt sensitivity. Odds ratios (ORs) were reported with 
the corresponding 95%CI. Repeated measure ANOVA 
was used for comparing the means of systolic BP in 
different times.

The dependent variable was salt sensitivity. Inde-
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95%CI: 1.00-1.34, respectively). At last, multiple 
logistic regression model with variables including, WC, 
Depression, FBS, LDL, Cr, age and sex was performed. 
Finding showed that there were not statistically difference 
between the result of multiple logistic regression model 
and age and sex adjusted logistic regression analysis 
and depression and LDL was still significant. 

Means of systolic and diastolic BP measurements 
in participants without any cardiovascular risk factor 
compared with those with at least one risk factor at 
the baseline observation, 2 h after saline infusion, and 
before and after sodium and water depletion is shown 
in Figure 1. It has been founded that there is significant 
difference between baseline, 2 h after saline infusion 
and before and after sodium and water depletion (F 
= 102.02, P ≤ 0.001). No significant interaction was 
observed between groups and times. (F = 0.99, P = 
0.39). 

DISCUSSION
As a whole, 131 normotensive individuals properly 
completed the study protocol and were included in 
the study analysis. This study showed a relatively high 
prevalence of salt sensitivity among Iranian adults as 
well as significant and positive association between the 
level of LDL cholesterol and salt sensitivity. Based on 
age and sex adjusted logistic regression analysis, LDL 
cholesterol and depression were found to have strong 
positive association with salt sensitivity.

Multiple studies conducted in the EMR have shown 
high incidence rate of hypertension and its low control 
level in the region[18-20]. This factor along with high 
average intake of sodium in the Iranian diet[21] highlight 
the importance of integrating salt sensitivity in risk 
assessment and management of hypertension in the 
region.

The heterogeneity and susceptibility of individual BP 
response to Sodium intake is the basis for development 
of salt sensitivity and appears to be a common, normally 
distributed biological concept in populations[10,26]. The 
salt sensitivity definition and categorizing individuals 
to salt sensitive or insensitive is arbitrary and several 
methods exist to measure salt sensitivity. It can be 
defined as BP variations in response to a change in 
dietary salt or as the difference in MAP with infusion of 
normal saline followed by a low sodium diet and loop 
diuretic administration the day after[15,16]. Our protocol, 
with salt loading and depletion, allowed us to maximize 
the follow-up and adherence to the protocol with a 
more practical and controllable intervention. Despite the 
differences in the measurement or definition methods, 
there has been accordance in several findings[26,27].

Overall, 42.7% of participants in our study were 
diagnosed with salt sensitivity. Even though relative-
ly high, it is still in line with previous reports. The 
salt sensitivity has been observed in 25%-50% of 
normotensives and 40%-75% of hypertensive patients 

pendent variables included demographic, anthropo-
metric, psychosocial characteristics, laboratory studies, 
and cardiovascular risk factors of those adjusted based 
on age and sex. The statistical methods of the study 
were reviewed by biomedical statistician. 

RESULTS
Of the total of 140 participants, 9 who failed to adhere 
to dietary protocol or did not complete the inter-
vention were excluded from the study. Among the 
131 individuals included in the study, 56 participants 
(42.7%) were diagnosed with salt sensitivity while 75 
(57.3%) participants including 52 (39.7%) salt resistant 
and 23 (17.6%) intermediate were determined as salt 
insensitive group. Of participants, hundred were male 
and 31 were female, with a mean age of 25.70 ± 5.71. 
Significant differences were not statistically detected in 
the age or sex distribution between both groups.

Table 1 shows the baseline demographic, psycholo-
gical and anthropometric characteristics of participants 
as well as laboratory evaluations. Lipid profile tests 
revealed that LDL cholesterol level was significantly 
higher in Salt Sensitive group compared with Salt 
Insensitive one (P = 0.038). In the Salt Sensitive 
group, BMI, FBS, BUN, and Cr levels were higher than 
those in the Salt Insensitive group with a marginally 
significant difference (P = 0.057, 0.072, 0.077, 0.067, 
respectively). There wasn’t any significant difference in 
the Depression or Anxiety Score between two groups.

Table 2 shows the Crude, and age and sex-adjusted 
logistic regression analysis with salt sensitivity as an 
outcome. As shown in Table 2, with adjusted logistic 
regression analysis, LDL along with Depression were 
found to be the only two variables of significance 
(OR = 1.02, 95%CI: 1.01-1.04 and OR = 1.15, 

Without cardiovascular risk factor

With cardiovascular risk factor

120

115

110

105

100

95

90
Baseline 2 h after

saline infusion
Before 
sodium

and water
depletion

After 
sodium

and water
depletion

Figure 1  Means of systolic blood pressure mmHg (vertical axes), 
measurements at: (1) baseline; (2) 2 h after saline infusion; (3) before 
sodium and water depletion; and (4) after sodium and water depletion 
(horizontal axes), among individuals without or with at least one 
cardiovascular risk factor.
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The strong, positive association of LDL cholesterol 
level with salt sensitivity presented in Table 2 can be 
interpreted by the role of genetic predisposition. In a 
study by Hoffmann et al[35], the endothelial nitric oxide 
synthase (ENOS) gene polymorphism was shown to 
be associated with higher levels of LDL cholesterol and 
reduced levels of nitric oxide (NO) production that can 
be responsible for the increased BP sensitivity to salt. 
Several previous studies have also revealed that the 
alpha-adducin gene polymorphisms may increase the 
LDL cholesterol levels and are probably responsible for 
salt sensitivity of BP[33,36,37].

In the present study, depression was found to 

depending on the measurement techniques and 
geographic variation of studies in different ethnic popu-
lations[4,5,28].

Several mechanisms for sodium sensitivity have 
been demonstrated[29]. Impaired renal sodium excretion 
with resultant sodium retention that leads to volume 
expansion has been suggested as one of the underlying 
mechanism[30-32]. Abnormalities in signaling and vascular 
tone in response to sodium intake are another possible 
process[13,14]. Multiple genes are shown to be associated 
with sodium regulation and salt sensitivity[33,34]. This 
genetic predisposition is thought to be responsible for 
several relations seen in the salt sensitive group.

  Variable Salt insensitive n  = 75 Salt sensitive n  = 56 P value

  Sex (male) (%) 55 (73.3) 45 (80.4) 0.3491

  Age (yr) (mean ± SD) 25.23 ± 4.68  26.36 ± 6.91 0.2722

  Family history of HTN (y/n) (%) 22 (29.3) 16 (28.6) 0.9951

  Family history of CAD (y/n) (%) 7 (9.3) 6 (10.7) 0.7701

  Regular physical activity (y/n) (%) 30 (40.0) 19 (33.9) 0.5221

  Current smoker (y/n) (%) 12 (16.0) 8 (14.3) 0.8651

  Weight (kg) (mean ± SD)   68.21 ± 13.05    71.16 ± 12.33 0.1932

  Body mass index (kg/m2) (mean ± SD) 22.75 ± 2.71  23.71 ± 2.93 0.0572

  Waist circumference (cm) (mean ± SD) 81.54 ± 8.96  82.86 ± 8.41 0.4042

  Hip circumference (cm) (mean ± SD) 96.97 ± 5.90  97.38 ± 5.77 0.6982

  Waist to hip ratio (mean ± SD)   0.83 ± 0.06    0.84 ± 0.05 0.3462

  Waist to height ratio (mean ± SD)   0.47 ± 0.04    0.48 ± 0.49 0.3822

  Fasting blood sugar (mg/dL) (mean ± SD) 79.71 ± 6.16    82.64 ± 10.74 0.0722

  Total cholesterol (mg/dL) (mean ± SD) 156.54 ± 28.70  164.66 ± 26.64 0.1092

  High-density lipoprotein cholesterol (mg/dL) (mean ± SD)   46.23 ± 11.90    44.09 ± 12.23 0.3272

  Low-density lipoprotein cholesterol (mg/dL) (mean ± SD)   82.56 ± 21.27    90.05 ± 17.49 0.0382

  Triglyceride (mg/dL) (mean ± SD) 136.75 ± 97.26  145.32 ± 75.93 0.5942

  Uric acid (mg/dL) (mean ± SD)   6.91 ± 6.57 6.42 ± 1.56 0.5972

  Sodium (mg/dL) (mean ± SD)                  140.30 ± 2.42 140.46 ± 2.39 0.6992

  Potassium (mg/dL) (mean ± SD)   4.38 ± 0.53    4.34 ± 0.34 0.6622

  Blood urea nitrogen (mg/dL) (mean ± SD) 12.56 ± 3.72  13.73 ± 3.63 0.0772

  Creatinine (mg/dL) (mean ± SD)   0.92 ± 0.12    0.96 ± 0.10 0.0672

  Depression score (mean ± SD)   4.00 ± 2.66    3.25 ± 2.15 0.0953

  Anxiety score (mean ± SD)   3.73 ± 3.18    3.08 ± 3.25 0.1613

Table 1  Baseline demographic, cardiometabolic and psychological characteristics of participants with respect to salt sensitivity

1P value obtained from χ 2; 2P value obtained from t-test; 3P value obtained from Man-Whitney. HTN: Hypertension; CAD: Coronary artery disease.

  Variable Crude
OR (95%CI)

P  value Adjusted
OR (95%CI)

P  value

  Total cholesterol (mg/dL) 1.01 (1.00-1.02) 0.11 1.01 (1.00-1.03) 0.12
  Triglyceride (mg/dL) 1.01 (1.00-1.01) 0.59 1.00 (1.00-1.01) 0.87
  High-density lipoprotein cholesterol (mg/dL) 0.99 (0.96-1.02) 0.33 0.99 (0.96-1.02) 0.45
  Low-density lipoprotein cholesterol (mg/dL) 1.02 (1.01-1.04) 0.04 1.02 (1.01-1.04) 0.04
  Fasting blood sugar (mg/dL) 1.04 (1.00-1.09) 0.06 1.04 (0.99-1.09) 0.14
  Sodium (mg/dL) 1.06 (0.97-1.04) 0.35 1.03(0.98-1.05) 0.37
  Potassium (mg/dL) 1.05 (0.99-1.07) 0.51 1.06(0.98-1.06) 0.41
  Body mass index (kg/m2) 1.14 (1.00-1.28) 0.06 1.12 (0.97-1.28) 0.13
  Waist circumference (cm) 1.02 (0.98-1.06) 0.40 1.02 (0.97-1.06) 0.49
  Waist to hip ratio 1.19 (0.83-1.69) 0.34 1.16 (0.76-1.79) 0.48
  Regular physical activity (y/n) 0.79 (0.38-1.64) 0.52 0.85 (0.39-1.82) 0.66
  Smoking (y/n) 1.07 (0.95-1.15) 0.40 1.08 (0.97-1.25) 0.47
  Depression (y/n) 1.14 (0.98-1.32) 0.06 1.15 (1.00-1.34) 0.04
  Family history of HTN (y/n) 1.19 (0.37-3.85) 0.77 1.28 (0.35-4.76) 0.70

Table 2  Crude, age and sex-adjusted logistic regression analysis with salt sensitivity as an outcome

HTN: Hypertension.
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Blood pressure (BP) can be reduced following a decrease in sodium intake in 
both hypertensive and normotensive individuals. There is an important clinical 
benefit to identify and target individuals who are more sensitive to alterations in 
dietary sodium intake by implementing dietary sodium reduction interventions. 
Normotensive individuals more likely develop hypertension and other health 
problems including cardiovascular, respiratory, and renal disorders independent 
of hypertension later in life.

Research frontiers
Increasing trend of salt intake at the population level beside the lack of evidence 
of salt sensitivity of BP in Iran and in the region, highlight the importance of 
conducting this study. 

Innovations and breakthroughs 
This study evaluates the prevalence of salt sensitivity in a normotensive 
Iranian adult population and to investigate the impact of cardiometabolic risk 
factors and psychological characteristics, on salt sensitivity. According to our 
knowledge, this study is the first to investigate and report the prevalence and 
characteristics of salt sensitivity in our country and the Eastern Mediterranean 
Region.

Applications
Salt sensitivity is a practical clinical concept in spite of all the difficulties in 
measurement and identifying the sensitive individuals. 

Terminology
Salt sensitivity is a measure of how your BP responds to salt intake. People are 
either salt-sensitive or salt-resistant. Salt sensitive individuals are more likely 
to have high BP than those who are resistant to salt; Normotensive having or 
denoting a normal BP.

Peer-review
This is an interesting manuscript about the relations of salt sensitivity to 
cardiometabolic risk factors and psychological characteristics.
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Abstract
Many clinicians caring for patients with continuous flow 
left ventricular assist devices (CF-LVAD) use ramp right 
heart catheterization (RHC) studies to optimize pump 
speed and also to troubleshoot CF-LVAD malfunction. 
An investigational device, the ReliantHeart Heart Assist 
5 (Houston, TX), provides the added benefit of an 
ultrasonic flow probe on the outflow graft that directly 
measures flow through the CF-LVAD. We performed 
a simultaneous ramp RHC and echocardiogram on a 
patient who received the above CF-LVAD to optimize 
pump parameters and investigate elevated flow through 
the CF-LVAD as measured by the flow probe. We found 
that the patient’s hemodynamics were optimized at 
their baseline pump speed, and that the measured 
cardiac output via  the Fick principle was lower than that 
measured by the flow probe. Right heart catheterization 
may be useful to investigate discrepancies between 
flow measured by a CF-LVAD and a patient’s clinical 
presentation, particularly in investigational devices 
where little clinical experience exists. More data is 
needed to elucidate the correlation between the flow 
measured by an ultrasonic probe and cardiac output as 
measured by RHC. 

Key words: Left ventricular assist devices; Right heart 
catheterization; Ramp study; Flow estimation
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devices estimate flow through the device, but a new 
investigational device with an ultrasonic flow probe 
directly measures flow. Despite a reported accuracy in 
the flow probe’s measurement of flow, we found that 
this value was inaccurate in a patient whose flows were 
discrepant to the patient’s clinical status by performing 
echocardiography and right heart catheterization. 
Care should be taken to verify technical advances in 
mechanical circulatory support, and both imaging and 
hemodynamic evaluations can help clinicians make more 
informed decisions.

Banerjee D, Dutt D, Duclos S, Sallam K, Wheeler M, Ha R. 
Simultaneous ramp right heart catheterization and echocar-
diography in a ReliantHeart left ventricular assist device. World 
J Cardiol 2017; 9(1): 55-59  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v9/i1/55.htm  DOI: http://dx.doi.
org/10.4330/wjc.v9.i1.55

INTRODUCTION
To optimize the function of continuous left ventricular 
assist devices (CF-LVAD) after implantation, we and 
others[1] routinely use ramp right heart catheterization 
(RHC) protocols. These studies may provide added 
data beyond ramp echocardiogram protocols[2], since 
a ramp RHC can simultaneously measure right and left 
sided filling pressures (central venous pressure and 
pulmonary capillary wedge pressure, respectively). 
While use of echocardiography has proven useful for 
optimization of HeartMate II (Pleasanton, CA) CF-LVAD 
pump speed, this has not proven helpful for other 
CF-LVADs[3]. As new CF-LVADs are developed and 
implanted, ramp RHC studies can be particularly helpful 
in defining optimal pump speed, since there is little 
clinical experience to turn to for guidance. 

An investigational CF-LVAD, the ReliantHeart Heart 
Assist 5 (Houston, TX), incorporates an ultrasonic flow 
probe around the outflow graft that directly measures 
flow with a high reported accuracy[4]. There is no initial 
calibration with echo of RHC required, nor is there 
calibration based on blood viscosity (hematocrit) or 
patient’s heart rhythm.

Here we provide the initial report of a combined 
ramp RHC and ramp echocardiogram in a patient after 
ReliantHeart implantation, and provide a comparison of 
measured flow through the CF-LVAD to cardiac output 
measured by right heart catheterization.

A 50-year-old man underwent placement of a 
ReliantHeart LVAD as a bridge to cardiac transplantation 
at our hospital. In the intensive care unit his flow through 
the CF-LVAD as measured by the flow probe ranged 
between 5 and 6 L/min, with cardiac output measured 
via the Fick principle in the 7-8 L/min range, and cardiac 
output by thermodilution in the 7-8 L/min range as 
well. The flow through the CF-LVAD as measured by 

the flow probe increased to a range of 8-9 L/min on 
post-operative day 8, just prior to transfer out of the 
intensive care unit. Serum lactate dehydrogenase 
(LDH) levels were normal, and there were no signs of 
hemolysis in laboratory studies. The elevated measured 
flows with concomitant elevation in power consumption 
to 7-8 W raised a concern for pump malfunction, and 
we performed simultaneous ramp RHC and ramp echo-
cardiography for further evaluation.

CASE REPORT
The patient was brought to the catheterization labora-
tory in the post-absorptive state. A Swan-Ganz catheter 
was placed via the right internal jugular vein via the 
Seldinger technique, and two pressure transducers 
were attached to the catheter to measure central 
venous pressure and pulmonary capillary wedge pres-
sure simultaneously. We changed the speed by 400 
revolutions per minute (rpm) and waited two minutes at 
each setting before measuring intracardiac pressures and 
cardiac output (CO) via an assumed Fick determination 
(CO = VO2 max/(oxygen concentration opf arterial blood 
- oxygen concentration of mixed venous blood). VO2max 
was assumed at 125 mL O2/BSA. At each setting, 
we also performed transthoracic echocardiography, 
measuring left ventricular end diastolic dimension, septal 
positioning, frequency of aortic valve opening, and the 
degree of mitral regurgitation.

Table 1 displays the measured changes in hemody-
namic parameters with changes in RPM. 

The baseline speed was 9100 RPM. We changed 
speed by 400 RPM increments to determine the best 
hemodynamics (normal biventricular filling pressures 
with normal cardiac output), as well as optimal aortic 
valve opening (aortic valve opening frequency of at 
least 1:3 cardiac cycles).

Biventricular filling pressures declined with an 
increase in pump speed, while cardiac output increased. 
The “v-wave” in the PCWP tracing was present at lower 
speeds (Figure 1A), but was reduced at 9100 RPM 
(Figure 1B). The flow measured through the CF-LVAD 
was consistently higher than the measured cardiac 
output by the Fick principle.

Echocardiography revealed that at 8300 RPM the 
aortic valve opened with every cardiac cycle, at 8700 
RPM the valve opened 1:2 cardiac cycles, and the valve 
remained closed at 9100 RPM. At baseline RPM the left 
ventricular end diastolic dimension (LVIDd) was 8.0 cm 
and the interventricular septum (IVS) bowed mildly 
toward the LV. As pump speed increased, the degree 
of mitral regurgitation decreased, the LVIDd decreased 
further to 7.8 cm but the IVS shifted even more 
toward the LV. At lower speeds the IVS was midline, 
and at 8300 RPM the LVIDd was 8.3 cm. There was no 
evidence of aortic insufficiency or intracardiac shunting.

As a result, given acceptable hemodynamics at 8700 
RPM and intermittent aortic valve opening with optimal 
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RPM at the conclusion of the study.

  RPM RAP (mmHg) RVP PAP PCWP CO (L/min) CI (L/min per meters square) Flow (L/min) Power (W)

  8300 11 44/20/28 15 6.3 2.2 7.3 6.4
  8700 10 40/18/25 14 6.4 2.5 7.9 7.1
  9100 baseline 7 30/15 33/15/21 10 6.5 2.8 8.4 7.8
  9500 6 35/15/22 10 6.7 2.9 8.7 8.6

Table 1  Changes in hemodynamic parameters with changes in speed of the ReliantHeart continuous flow left ventricular assist 
devices

RPM: Revolutions per minute; RAP: Right atrial pressure; RVP: Right ventricular pressure; PAP: Pulmonary arterial pressure; PCWP: Pulmonary capillary 
wedge pressure; CO: Cardiac output; CI: Cardiac index.

A

B

Figure 1  This figure shows the effect of increasing pump speed on the pulmonary capillary wedge pressure tracing. In 8700 RPM (A), the PCWP is 
measured at 14 mmHg with a pronounced “v” wave. At 9100 RPM (B), the “V-wave” disappears, and the PCWP has decreased to 10 mmHg.  Flow and Power refer to 
flow measured by the LVAD and power consumed by the LVAD, respectively. LVAD: Left ventricular assist devices.
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a slow change in the sensor that can shift its calibration 
and lead to inaccurate readings[6]. This drift has been 
seen in implantable left atrial pressure sensors over 
time. In addition, intraoperative placement of the 
flow probe is important. If the graft is not contacting 
the flow probe, then the measured flow may not be 
accurate. Shift of the flow probe over time could also 
lead to a shift in measured flow. Clinicians should use 
corroborative techniques (such as RHC) to confirm 
abnormal changes in CF-LVAD flows before acting on 
that data, both for CF-LVADs that estimate flows and 
those that directly measure flows.

One limitation of our study was the use of an 
assumed Fick calculation. We felt that was mitigated 
somewhat by the concomitant thermodilution data in 
the intensive care unit, which closely correlated with the 
Fick cardiac output. Simultaneous measurement of Fick 
and thermodilution cardiac outputs in the catheterization 
laboratory, as well as the use of metabolic cart to 
calculate peak oxygen consumption would more directly 
address this limitation.

In summary, we report here the utility of combined 
ramp RHC and ramp echocardiography to optimize 
speed in a patient receiving an investigational CF-LVAD, 
and troubleshoot abnormal parameters reported by 
that CF-LVAD. More data is needed to elucidate the 
correlation between the flow measured by the ultrasonic 
probe and cardiac output as measured by RHC. 

COMMENTS
Case characteristics
A 59-year-old man with a severe nonischemic cardiomyopathy presented with 
elevated left ventricular assist device flows as measured by an ultrasonic flow 
probe despite normal clinical status.

Clinical diagnosis
Inaccurate flow estimation by ultrasonic flow probe. 

Differential diagnosis
Left ventricular assist devices (LVAD) pump thrombus, LVAD outflow graft 
malposition, infection. 

Laboratory diagnosis
All laboratory studies were within normal limits. 

Imaging diagnosis
Echocardiogram revealed normal LVAD function with appropriate decompression 
of the left ventricle as speed increased.

Related reports
Pressure drift has been noted in other pressure sensors, such as left atrial and 
pulmonary artery pressure monitors.

Term explanation
Ultrasonic.

Experience and lessons
Ultrasonic flow probes may provide inaccurate measures of flow through left 
ventricular assist devices, and more data is needed to elucidate the correlation 

DISCUSSION
We here report, to our knowledge, the first combined 
ramp RHC and ramp echocardiogram procedure in 
a patient receiving the ReliantHeart investigational 
CF-LVAD. This study reinforces the importance of 
incorporating simultaneous hemodynamic and echo-
cardiographic data into defining the optimal pump speed 
for a patient with a CF-LVAD. 

Our group commonly performs both ramp RHC and 
ramp echocardiography in patients for speed optimization 
post CF-LVAD placement, in the post-operative setting, 
as well as annually, and with clinical and laboratory data 
concerning for possible pump thrombosis. Published 
results corroborate the finding of our clinical practice. 
Ramp RHC in particular can demonstrate inadequate 
unloading of the left ventricle in patients who seem well 
compensated by clinical examination, or those with 
significant right ventricular dysfunction. 

Ramp RHC can also be used to troubleshoot abnor-
mal CF-LVAD parameters that are discrepant from 
clinical evaluation. In other CF-LVADs, high pump flows 
may signify pump thrombus or septic physiology. In this 
case, because an ultrasonic flow probe measured high 
flow, we worried the patient could indeed be in high flow 
state concerning for sepsis, intra-cardiac shunt or aortic 
regurgitation. On invasive hemodynamic assessment, 
we found the patient was adequately unloaded by the 
CF-LVAD (normal filling pressures and cardiac output) 
at the baseline RPM. After increasing the RPM, the 
loss of the V-wave on the PCWP tracing, coupled with 
aortic valve closure by echocardiogram, argued against 
the presence of a high cardiac output state, as these 
suggest further unloading by the CF-LVAD. 

Interestingly, the flows measured by the flow probe 
at the time of the study were higher than the total 
cardiac output, suggesting a degree of inaccuracy in 
the flow probe measurement. We would have expected 
the measured flow through the CF-LVAD to be lower 
than the total cardiac output as measured by the Fick 
principle, as the total cardiac output should account for 
both flow through the native heart and flow through 
the CF-LVAD. That relationship was seen earlier in the 
patient’s hospital course, but was lost by the time the 
patient left the intensive care unit.

We do not have extensive data detailing the corre-
lation between flow as measured by the ultrasonic 
flow probe of this investigational device and measured 
cardiac output via the Fick principle. We did note 
that the device’s power consumption also increased 
after implant to 8 W, although this was within the 
manufacturer specifications. This is an investigational 
device, and expected pump parameters still need to be 
described. In any case, early high pump powers are not 
necessarily indicative of future adverse events[5], and 
our patient had stable serum LDH values and no other 
evidence of pump thrombus. 

One potential explanation for the unexpectedly high 
flows as measured by the flow probe is pressure drift, 
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Abstract
In the current case series we describe two cases of 
longitudinal stent deformation in ostial lesions treated with 
a new generation zotarolimus eluting stent and review 
current literature on longitudinal stent deformation. 
Historically not a common occurrence, longitudinal defor-
mation occurred mainly in Promus Element everolimus 
eluting stents, which had only two rather than the 
commonly used 3 links between stent rings. Longitudinal 
deformation commonly occurs secondary to compression 
of the proximal edge of the stent by either the guide 
catheters, or intravascular balloons and imaging catheters. 
The degree of deformation however, depends on the 
longitudinal strength and design of the stent.

Key words: Coronary angioplasty; Longitudinal stent 
deformation; Coronary stents; Procedural complications

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In the current case series we describe two 
cases of longitudinal stent deformation in ostial lesions 
treated with a new generation zotarolimus eluting 
stent and review current literature on longitudinal stent 
deformation. 
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INTRODUCTION
Over the last decade there has been remarkable 
progress in coronary stent design and materials. Early 
generation stents were stainless steel followed by the 
use of cobalt chromium and platinum chromium alloys, 
enabling stents to be thinner and more flexible, hence 
improving deliverability and conformability. In addition, 
thin stent struts have been associated with improved 
outcomes in drug eluting stents[1-3]. With the reduction 
in strut thickness, innovative designs have enabled 
maintenance of radial strength, however, longitudinal 
stent strength may have been compromised. 

A recently observed complication includes longitu-
dinal stent deformation, defined as the distortion or 
shortening of a stent in the longitudinal axis following 
successful stent deployment[4]. Longitudinal stent 
strength is dependent on the architectural composition 
- number, orientation, shape, thickness and material 
of the crest (or ring) and links. For example, the reduc
tion in number of links between cells may enhance 
deliverability (by allowing more lateral bending) but as 
a consequence may compromise longitudinal strength. 
Longitudinal deformation can result in protrusion of 
struts into lumen. Extensive malapposition of struts 
may result in disruption of blood flow and increased 
risk of stent thrombosis[5,6]. In addition, longitudinal 
deformation of drug eluting stents may result in uneven 
drug delivery that can result in higher rates of instent 
restenosis[7].

In the current case series and review we describe 
two cases of longitudinal deformation with the new 
Resolute Onyx (Medtronic Inc., United States) zotaro
limus eluting stents (ZES) and review the literature on 
longitudinal deformation. This new generation ZES has 
a novel design, manufactured from a single strand of 
core wire (platinum iridium) shaped into a continuous 
sinusoidal waveform. The strut thickness is 81 μm, 
rendering it extremely trackable and conformable. Every 
4th crown is laser fused to provide uniform longitudinal 
strength across the length of the stent. 

CASE REPORT
Case 1
A 78-year-old male with diabetes mellitus, hyper-
tension, hypercholesterolemia, and chronic renal 
failure presented with stable angina. Elective coronary 
angiography demonstrated significant lesions in the 
ostial and mid segments of a tortuous right coronary 
artery (RCA) (Figure 1A). The Judkins Right 4 catheter 

did not provide sufficient support therefore a 3 dimen
sional (3D) right coronary (Williams) guide catheter was 
used to intubate the RCA. This provided improved, yet 
suboptimal support, therefore a buddy wire was used 
to facilitate the implantation of a ZES (Resolute Onyx 
2.75 mm × 38 mm, Medtronic) in the mid segment. 
Subsequently, the ostialproximal lesion was predilated, 
stented with a Resolute Onyx 3.0 mm × 22 mm ZES 
and postdilated with a 3.0 mm noncompliant (NC) 
balloon (Figure 1B). Following stent deployment and 
removal of the buddy wire, significant longitudinal 
deformation was noted (Figure 1C), which was treated 
with noncompliant balloon dilatation and third ZES 
insertion (Resolute Onyx 3.0 mm × 18 mm) all the way 
to the ostium (Figure 1D). 

Case 2
A 85-year-old male with end stage renal failure and 
severely impaired left ventricular systolic function 
presented with rapidly conducted atrial fibrillation and 
raised troponin (6000, upper normal limits 30) with 
inferolateral ST depression on electrocardiogram. On 
coronary angiography, he had severe three-vessel 
and left main disease. After being turned down for 
surgery, his proximal tight RCA lesion was stented with 
a Resolute Onyx 4.5 mm × 12 mm and postdilated 
with a 5 mm non-compliant balloon. In view of the 
heavily calcified ostial/distal left main stem (LMS) and 
proximal left anterior descending (LAD) disease (Figure 
2A) and bursting non-compliant balloons, decision was 
made to rotablate the lesions first with 1.5 mm burr. 
Subsequently a 3.0 mm noncompliant balloon was 
used to predilate all lesions successfully. The proximal 
LAD was stented with a Resolute Onyx 3.0 mm × 
26 mm stent. The whole length of the LMS into the 
proximal LAD was stented with a 3.5 mm × 34 mm 
Resolute Onyx covering the LMS ostium (Figure 2B and  
C). The LMS segment of the stent was postdilated with 
a 4.5 mm NC balloon. Immediately after and despite 
taking care in removing the trapped LCx wire, there was 
longitudinal deformation of the stent, which no longer 
covered the LMS ostium (Figure 2D). After ballooning 
the deformed stent with a 4.5 mm non-compliant 
balloon the ostium was covered with another 4.0 mm 
× 8 mm stent and postdilated with 4.5 mm NC balloon 
with an excellent final result (Figure 2E). 

DISCUSSION
To our knowledge this case series demonstrates the first 
reported cases of longitudinal deformation in patients 
treated with the new Resolute Onyx stent platform. 

Traditionally, longitudinal strength was not considered 
standard characteristics for stent performance. However, 
recent evidence has highlighted possible complications 
since longitudinal deformation was first reported by 
Hanratty et al[8], describing 3 cases where longitudinal 
compression of a previously deployed stent resulted in 
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Figure 1  Longitudinal deformation of a stent implanted at the ostium of the right coronary artery. A: Initial angiogram showing severe calcific lesions in 
proximal and mid right coronary artery; B: Proximal lesion stented all the way to cover the ostium with a Resolute Onyx 3.0 mm × 22 mm stent; C: Longitudinal 
deformation of proximal stent treated with 3.0 non-compliant balloon and another 3.0 mm × 18 mm Resolute Onyx stent; D: Final angiographic result.

Figure 2  Longitudinal deformation of an ostial left main stem stent. A: Initial angiogram showing significant calcific ostial and distal left main lesions with further 
significant proximal LAD calcific disease; B: After 1.5 burr rotablation, LMS into proximal LAD was stented with a 3.5 mm × 34 mm Resolute Onyx (B) to 14atm 
covering the LMS ostium (C). The LMS segment of the stent was post-dilated with a 4.5 NC balloon and the jailed LCx wire removed; D: Longitudinal deformation of 
the ostial LMS stent (yellow arrow pointing at the proximal deformed edge of the stent); E: Final angiographic result after covering the ostial LMS with a 4.0 mm × 8 
mm Resolute Onyx stent. LAD: Left anterior descending; LMS: Left main stem.
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A B C

D E

Panoulas VF et al . Concertina of third generation drug-eluting stents



63 January 26, 2017|Volume 9|Issue 1|WJC|www.wjgnet.com

resulted in longitudinal compression of 1.255.30 mm 
(4.46%18.93%, compared with the nominal expanded 
stent length). The Promus Element stent platform had 
an average longitudinal compression of 13.20 mm 
(47.07%), demonstrating marked lower resistance 
to longitudinal compression (Table 1)[10]. Newer stent 
platforms with ultrathin struts (down to 60 μm) have 
shown non-inferiority to established everolimus plat-
forms[11] but their longitudinal strength has yet to be 
assessed on the bench.

In our series both cases of longitudinal deformation 
occurred in the hands of very experienced operators 
implanting the scaffold at an ostial location. Potential 
reasons behind the deformation could include guide 
catheter compression of the proximal edge of the 
ostial stent post removal of jailed wires (case 1 or 
2) or aggressive post-dilatation of the stent with a 
significantly larger NC balloon causing longitudinal 
shortening (case 2). It is unclear whether laser fusion 
provides less support compared to traditional links 
and further evidence is required prior to drawing any 
conclusions. 

In conclusion, longitudinal stent deformation can 
occur even with new generation ZES and identification 
is important as, if left untreated, it may associate 
with a risk of future stent thrombosis, restenosis, and 
challenges in rewiring and retreating these lesions in the 
future.

COMMENTS
Case characteristics
The authors presented two cases, one with stable angina and one presenting 
with a non ST elevation myocardial infarction, requiring treatment of ostial 
lesions with new generation drug eluting stents.

Treatment
Both cases were treated with the third generation zotarolimus eluting stent 

stent deformation. Two were identified angiographically 
and one with the aid of intravascular imagining. It was 
first documented with the Promus Element (Boston 
Scientific) stent which was related to guide catheter 
compression of stents deployed in an ostial location[8]. 
However, Hanratty et al[8] have observed this pheno-
menon in other drug eluting stents. A retrospective 
analysis of 4455 interventional cases over a four-year 
period showed stent deformation occurred in 0.2% of 
patients affecting 0.097% of stents deployed[7]. In 6 
cases, Promus Element was involved, and there was 1 
case each involving Endeavor (Medtronic), Biomatrix 
(Biosensors Interventional Technologies), and TAXUS 
Liberté (Boston Scientific) stents. The rate of stent 
deformation varied from 0% in several other stent 
types to 0.86% in the case of the Promus Element 
stent. In the same series, there was one case of late 
stent thrombosis attributable to longitudinal stent 
deformation[7]. In the DUTCHPEERS study 906 patients 
were assigned to receive third generation zotarolimus
eluting stents (Resolute Integrity, Medtronic) and 905 
to receive everolimus-eluting stents (Promus Element, 
Boston Scientific)[9]. Longitudinal stent deformation was 
seen only in the everolimus-eluting stent group [nine 
(1.0%) of 905 vs 0 of 906, P = 0.002; nine of 1591 
(0.6%) everolimuseluting stents implanted became 
deformed], but was not associated with any adverse 
events.

Despite drug eluting stents having improved remark-
ably the safety and efficacy of revascularization pro
cedures, stent design is a continuously developing field 
that aims to balance numerous performance attributes 
such as stent flexibility, shortening on expansion, track
ability, scaffolding, radiopacity, longitudinal strength, 
radial strength and recoil. An experimental evaluation 
of longitudinal strength of four commercially available 
stent design families demonstrated that a 50 g force 

  Stents Xience V Xience PRIME/ 
Xience Xpedition

Promus Element Promus Premier SYNERGY Resolute Onyx

  Stent 
  platform

Vision: CoCr Multilink-9: CoCr PtCr PtCr PtCr PtIr core
Co alloy outer

  Strut 
  thickness

81 μm 81 μm 81 μm 81 μm 74 μm 81 μm (up to 4.0 mm)
91 μm (4.5 and 5.0 mm)

  Connectors 3 links 3 links 2 links 2 links 
(4 between the 3 
proximal hoops)

2 links Every 4th crown laser fused 
(in the 2.75, 3.0 mm platforms 

every 5th crown fused)
  Drug eluting Everolimus Everolimus Everolimus Everolimus Everolimus Zotarolimus
  Polymer Primer layer PBMA 

Drug matrix layer 
A semicrystalline 

random copolymer: 
PvDF-HFP

Primer layer PBMA 
Drug matrix layer 
A semicrystalline 

random copolymer: 
PvDF-HFP

Primer layer PBMA 
Drug matrix layer 
A semicrystalline 

random copolymer: 
PvDF-HFP

Primer layer PBMA
Drug matrix layer 
A semicrystalline 

random copolymer: 
PvDF-HFP

Bioabsorbable 
PLGA

Biocompatible BioLinx 
polymer

  Manufacturer Abbott vascular, 
Santa Clara, CA, 

United States

Abbott vascular, 
Santa Clara, CA, 

United States

Boston Scientific, 
Natick, MA, United 

States

Boston Scientific, 
Natick, MA, United 

States

Boston Scientific, 
Natick, MA, 
United States

Medtronic CardioVascular 
Ltd, MN, United States

Table 1  Design characteristics of commonly used stents

CoCr: Cobalt–chromium; PBMA: Poly(n-butyl methacrylate); PLGA: Poly(d,l-lactide-co-glycolide); PtCr: Platinum–chromium; PtIr: Platinum-iridium; 
PvDF-HFP: Poly(vinylidene uoride-co-hexa uoropropylene).
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Resolut Onyx, and in both cases longitudinal deformation of the stents was 
observed. This was managed with further ballooning and stenting.

Experiences and lessons
Longitudinal stent deformation can occur even with new generation ZES and 
identification is important.

Peer-review
This manuscript reports two cases of longitudinal deformation of a 22-mm and 
34-mm third generation zotarolimus eluting stent. The issue brought up by the 
authors is interesting and the cases well documented.
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Abstract
In patients with history of coronary artery disease 
angina pectoris is usually attributed to the progression 
of atherosclerotic lesions. However, in patients with 
previous coronary artery bypass graft operation (CABG) 
using internal mammary artery grafts, great vessel 
disease should also be considered. Herein we present 
two patients with history of CABG whose symptoms 
were suspicious for coronary ischemia. During cardiac 
catheterization reverse blood flow was observed from 
the left artery disease to the left internal mammary 
artery (LIMA) graft in both cases. After angioplasty 
and stent implantation of the left subclavian artery 
antegrade flow was restored in the LIMA grafts and 
both patients had complete resolution of symptoms.

Key words: Coronary steal syndrome; Coronary artery 
bypass graft; Left subclavian artery; Reverse blood flow; 
Cardiac catheterization

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Both coronary and peripheral artery diseases 
are comorbidities with increasing morbidity and 
mortality. In patients with history of coronary artery 
disease and previous coronary revascularization, 
angina pectoris is usually attributed to the progression 
of atherosclerotic lesions. However, in patients who 
previously underwent coronary artery bypass graft 
operation (CABG) using internal mammary artery grafts, 
subclavian artery disease should also be considered. 
Herein we present 2 patients who previously underwent 
CABG with symptoms of myocardial ischemia due to 
subclavian artery stenosis.
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INTRODUCTION
Coronary and peripheral artery disease (CAD and PAD) 
are both comorbidities which exhibit a high prevalence 
and increasing morbidity and mortality in the western 
world[1]. Especially PAD is estimated to affect over 200 
million people worldwide, and around 30% of primary 
care individuals over 70 years old[2,3]. Patients with 
symptomatic PAD exhibit a life expectancy of 80% at 
5 years of follow-up, whereas 20% of such patients 
experience non-fatal cardiovascular complications[4,5]. 
Interestingly, PAD patients have significantly less chance 
of receiving appropriate risk factor modification (e.g., 
statin therapy) and antithrombotic treatment compared 
to patients with CAD[1]. In addition, the prevalence of 
unrecognised PAD is extremely high (68%) in patients 
referred for coronary angiography for suspected CAD, 
especially in individuals with low socioeconomic status[6]. 

In patients with history of CAD and previous coron-
ary revascularization, angina pectoris is usually attri-
buted to the progression of atherosclerotic lesions. 
However, in patients who previously underwent coron-
ary artery bypass graft operation (CABG) using inter-
nal mammary artery grafts, great vessel disease, for 
example of the subclavian artery, should also be con-
sidered. In this regard, the coronary subclavian steal 
syndrome is a rare complication after CABG when the 
left internal mammary artery (LIMA) graft is used. 
This disease is characterized by retrograde flow from 
the LIMA graft to the distal post-stenotic part of the 
subclavian artery during muscle work and increased 
oxygen and blood demand of the arm in order to 
maintain adequate perfusion of the left hand. As a 
result, patients with such a condition may develop 
typical symptoms of myocardial ischemia despite pa-
tency of the grafted vessels.

CASE REPORT
Herein we present a mini series of two patients (Patient 
A, Patient B) with suspected progress of the known 
multi-vessel CAD. Both patients had history of previous 
CABG including a LIMA graft to the left artery disease 
(LAD). Baseline characteristics of our patients are 
provided in Table 1. 

Patient A was referred to our department for an 
elective coronary angiography due to typical angina 
symptoms (CCS class III) during exertion since 4 wk. He 
had a history of multi vessel disease with prior CABG 14 
years ago.

The initial coronary angiography revealed a 75% 
ostial stenosis of the left main coronary artery. Despite 
the presence of significant left main stenosis, reverse 
blood flow was observed from the LAD to the LIMA 

graft. Thus, contrast opacification could be followed 
up to the insertion of the graft at the subclavian artery 
(Figure 1). Both the 2 vein grafts to the left circumflex 
and the right coronary artery were patent. In addition, 
angiography of the subclavian artery revealed high 
grade lesions in the subclavian and the origin of the 
left vertebral artery (Figure 1). Hereby, con-current 
retrograde flow from the LAD was observed during 
contrast agent injection.

Due to typical angina and significant left main 
disease, PCI of left main artery and stent placement 
(Promus Element 4.0 mm × 20 mm, Boston Scientific) 
was performed in patient A with a good angiographic 
result (Figure 2). However, retrograde flow from the 
LAD to the LIMA graft remained after percutaneous 
coronary intervention (PCI), and sparse flow was seen 
in the distal LAD despite successful left main PCI (orange 
and blue arrows in Figure 2, respectively). After 4 wk 
the patient was scheduled for PCI of his left subclavian 
artery due to suspected LIMA steal syndrome. Interes-
tingly, at that time he reported on persistence of 
CCS class III anginal symptoms. Angioplasty could be 
performed successfully, followed by bifurcation stent 
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Patient A Patient B

  Sex Male Male 
  Age (yr) 75 78
  Cardiovascular   
  risk factors

Arterial hypertension
Hyperlipidemia

Obesity

Arterial hypertension
Hyperlipidemia
Previous smoker 

  CAD Known 3-vessel-disease Known 2-vessel disease 
  CABG 14 yr ago

LIMA graft to the LAD
Venous grafts to the right 

coronary
(RCA) and the LCX

9 yr ago
LIMA graft to the LAD
Venous graft to the first 

marginal branch

  Left ventricular 
  function

Mildly impaired Mildly impaired 

  PAD history Previous recanalization of 
left (2009) and right (2010) 
superficial femoral artery 

Surgical endatherectomy 
of the left internal carotid 

artery 2013
High grade lesions in the 
left vertebral artery and 

left subclavian artery 
(accidental finding in a 
computed tomography 

performed one year 
earlier) 

  Initial symptoms Typical angina symptoms 
(CCS III)

Presyncope and atypical 
angina

  Baseline 
  medication

Aspirin
ß-blocker

Angiotensin converting 
enzyme inhibitor

Statin

Aspirin
ß-blocker

Angiotensin converting 
enzyme inhibitor

Statin
Calcium antagonist

Diuretics

Table 1  Baseline characteristics of our 2 patients: Typical 
angina symptoms indicate Canadian Cardiovascular Society

LIMA: Left internal mammary artery; LCX: Left circumflex artery; LAD: 
Left anterior descending; CAD: Coronary artery disease; CABG: Coronary 
artery bypass graft operation.



implantation of the stenotic subclavian and vertebral 
arteries (balloon expandable Visi-Pro 8.0 mm × 27 
mm, Covidien for the subclavian and Taxus Element 
4.5 mm × 12 mm, Boston Scientific for the vertebral 
artery) and final kissing balloon inflation. Subsequently, 
a good angiographic result was observed with restored 
antegrade flow indicated in the LIMA graft (Figure 2). 

For patient B, the initial cause for admission to our 
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hospital was a presyncopal episode and atypical angina. 
Cardiac catheterization was performed due to the high 
risk profile of the patient, including known multi-vessel 
disease and CABG 9 years ago. After selection of a 
left radial access for coronary angiography and wire 
insertion into the subclavian artery, we proceeded with 
selective contrast injection into the LIMA graft to the 
LAD. Surprisingly, contrast opacification was not possible 

Figure 1  Reverse blood flow was observed from the left 
artery disease to the left internal mammary artery graft. 
During coronary angiography (red arrows in A and B) despite 
75% stenosis of the left main coronary artery (orange arrow in 
A), contrast injection could be followed up to the insertion of 
the graft in the subclavian artery (red arrow in C). Angiography 
of the subclavian artery revealed high grade lesions in the 
subclavian and left vertebral artery (orange arrows in D).

Figure 2  Percutaneous coronary intervention of left main 
artery and stent placement. It was performed with a good 
angiographic result (red arrow in A) However, retrograde flow 
from the left artery disease LAD to the LIMA graft remained after 
PCI, and sparse flow was seen in the distal LAD (orange and 
blue arrows in B, respectively). DSA confirmed the presence 
of high grades stenosis of the left subclavian and vertrebral 
artery (C). After angioplasty and bifurcation stent implantation a 
good angiographic result can be appreciated (orange and blue 
arrows in D) with normal opacification of the LIMA graft (red 
arrow in D). PCI: Percutaneous coronary intervention; LAD: 
Left artery disease; LIMA: Left internal mammary artery; DSA: 
Digital subtraction angiography.

A B

C D

A B

C D
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mm VisiPro-Stent with good angiographic result (Figure 
3). Importantly, antegrade flow could be reestablished 
in the subclavian artery after interventional treatment 
(Figure 3). 

Both patients were discharged the day after the 
procedure. During clinical follow-up patient A showed 
complete resolution auf his angina symptoms, whereas 
repeated stress echocardiography showed no signs of 
inducible ischemia in patient B.

DISCUSSION
Subclavian artery stenosis is a relatively frequent 
disease, which is more commonly described in patients 
with diabetes mellitus and was shown to be predictive 
of poor cardiovascular outcomes[7]. Known PAD accom-
panied by a interarm blood pressure difference greater 
than 10% has been suggested as a specific, but 
unfortunately less sensitive indicator for a subclavian 
stenosis[8]. The presence of subclavian artery stenosis 
in patients with previous CABG, who have received a 
LIMA graft can lead to angina symptoms independent 

despite selective contrast injection into the presumably 
patent vessel (Figure 3). Subsequently, angiography of 
the left subclavian artery was performed, confirming 
high grade stenosis of the left subclavian artery (Figure 
3), which was already accidentally diagnosed one 
year earlier during a computed tomography scan. 
Consistently an interarm blood pressure difference of 
20 mmHg (left < right) could be measured with this 
patient. The subclavian stenosis was located proximally 
to the origin of the LIMA graft, thus possibly causing 
a coronary steal syndrome. Coronary angiography 
confirmed this diagnosis demonstrating retrograde flow 
from the LAD up to the insertion of the LIMA graft into 
the subclavian artery (Figure 3) despite the presence 
of significant left main disease (Figure 3). On the 
following day, stress echocardiography was performed, 
demonstrating an inducible hypokinesia in the anterior 
LV-wall by arm exertion (“hand grip method”), com-
patible with inducible ischemia in the LAD territory. 
Subsequently, balloon angioplasty and stent placement 
of the left subclavian artery was performed using an 
Armada 6.0 mm × 20 mm balloon and an 8.0 mm × 27 

Figure 3  After selective contrast injection into the left 
internal mammary artery graft no contrast opafication. It was 
shown in the left artery disease (red arrow in A). Subsequently, a 
high grade stenosis of the left subclavian artery was observed (red 
arrow in B). During coronary angiography retrograde flow from 
the left artery disease up to the origin of the LIMA graft could be 
demonstrated (C), despite left main stenosis (orange arrow in D). 
After angioplasty and stent placement (E) antegrade flow could 
be re-established in the subclavian artery (F). LIMA: Left internal 
mammary artery.

A B

C D

E F
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with symptoms of myocardial ischemia. 

Clinical diagnosis
Peripheral artery disease with subclavian artery stenosis causing coronary steal 
syndrome.

Differential diagnosis
Progression of coronary artery disease. 

Laboratory diagnosis
All labs were within normal limits.

Imaging diagnosis
Peripheral artery disease was diagnosed in both patients by digital subtraction 
angiography.

Pathological diagnosis
Coronary steal syndrome due to subclavian artery disease.

Treatment
Percutaneous balloon angioplasty and stent placement in the left subclavian 
artery. 

Related reports
Coronary steal syndrome is a pathologic entity, which has been previously 
reported quite rarely so far in the current literature. This disease can sometimes 
be confused with coronary artery disease due to typical symptoms of myocardial 
ischemia in such patients.

Term explanation 
Coronary steal syndrome is a relatively rare condition, where subclavian artery 
stenosis causes myocardial ischemia due to reduced blood flow to the left internal 
mammary artery coronary graft after coronary artery bypass graft operation. 

Experiences and lessons
In patients with previous myocardial revascularization apart from coronary artery 
disease, great vessel disease resulting to coronary steal syndromes needs to be 
considered as a rare but important alternative diagnosis.

Peer-review
The authors present 2 rare case reports of coronary subclavian steal syndrome 
after coronary artery bypass graft. The authors have demonstrated that 
interventional treatment may lead to complete resolution of symptoms and 
possible prevention of ischemic complications. This manuscript is nicely 
structured and well written.
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of atherosclerosis progression in native coronary 
arteries and bypass grafts. Although several cases 
of subclavian artery causing a so-called LIMA steal 
syndrome have been reported in the literature, this 
syndrome is still considered as relatively uncommon in 
patients after myocardial revascularization. However, 
in light of the greater number of LIMA grafts currently 
used and their long life expectancy its incidence may 
be higher than expected. In a retrospective study 
including 226 patients scheduled for CABG, 6 (3%) 
patients had significant left subclavian artery stenosis, 
which was successfully treated by angioplasty and stent 
placement in all cases before bypass surgery[9]. In our 
case the presence of subclavian artery stenosis was not 
investigated prior to CABG in our 2 cases. However, due 
to the long time duration between CABG and angina 
symptoms of the patient (A: 14 years, B: 9 years) it 
is more likely that subclavian stenosis developed after 
CABG. Thus, pre-CABG angiography would probably not 
have been helpful in our cases. 

In the past years, significant technical developments 
have occurred with endovascular therapy, which offer 
several distinct advantages over open surgical revas-
cularization techniques in selected lesions[10]. Although 
no head-to-head trials comparing interventional vs 
surgical treatment of the proximal subclavian artery 
stenosis are present so far, the effectiveness of per-
cutaneous revascularization seems to be at least equi-
valent to surgery and that PCI and stent placement 
may be associated with fewer procedure-related serious 
complications[11]. In our patients subclavian (in both 
patients) and vertrebral artery stenosis (in patient B) 
could be successfully treated by balloon angioplasty 
and stent placement. This caused restoration of the 
antegrade flow into the LIMA graft, resulting in resolu-
tion of anginal symptoms with patient A and restoration 
of the inducible wall motion abnormality by echocar-
diography in patient B. In patient A treatment of the 
subclavian artery stenosis may have been enough to 
restore antegrade perfusion of the LAD territory via the 
anatomically patent LIMA graft, without requiring PCI of 
the left main. However, PCI of the left main had already 
been performed in the initial session during diagnostic 
coronary angiography. Due to the fact that symptoms 
remained, we decided to perform stenting of the 
subclavian artery stenosis in a second session. 

In patients with previous myocardial revasculari-
zation apart from CAD, great vessel disease resulting 
to coronary steal syndromes needs to be considered 
as a rare but important alternative diagnosis. In such 
cases, interventional treatment by angioplasty and stent 
placement may lead to complete resolution of symptoms 
and possible prevention of ischemic complications.
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Abstract
A 56-year-old man experienced an aborted sudden death 
followed by an arrhythmic storm. Angiography revealed 
a non-severe lesion on the left circumflex artery that was 
treated medically but an arrhythmic storm recurred. A 
repeat angiogram was comparable but optical coherence 
tomography imaging revealed a ruptured plaque 
with intraluminal thrombosis. Percutaneous coronary 
intervention was performed and no arrhythmia recurred.

Key words: Optical coherence tomography; Arrhythmic 
storm; Sudden death

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: A 56-year-old man presented to a community 
hospital after an aborted sudden death. After initial 
resuscitation, he presented an arrhythmic storm with 
multiple episodes of ventricular fibrillation refractory to 
intravenous amiodarone. Coronary angiogram showed 
a nonobstructive intermediate lesion in the mid left 
circumflex artery. Because of repeated ventricular 
fibrillation episodes, an optical coherence tomography 
(OCT) was performed and revealed a ruptured thin-cap 
fibroatheroma with an intraluminal thrombosis at the 
level of the intermediate lesion. This case suggests that 
performing OCT to detect vulnerable culprit lesion of 
less than severe angiographic severity when an ischemic 
event is likely, such as an aborted sudden death or 
arrhythmic storm, may be of diagnostic value and alter 
therapeutic decisions.
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INTRODUCTION
Triggers for arrhythmic storms are found in a minority 
of them. Careful assessment is required as some causes 
are reversible such as myocardial ischemia. We report 
the first case of an arrhythmic storm where the trigger 
was revealed by optical coherence tomography. 

CASE REPORT
A 56-year-old man known for smoking presented to a 
community hospital after an aborted sudden death. A 
witness immediately began cardiopulmonary resusci-
tation and the patient received 7 shocks from an 
automated external defibrillator prior to emergency 
arrival. Repeated electrocardiograms and a head CT-
scan were normal. Five ventricular fibrillation (VF) 
episodes recurred and were treated with defibrillation 
and intravenous amiodarone. Given the refractory 
arrhythmia, the patient was transferred to our center to 
exclude myocardial ischemia. 

Angiogram showed an intermediate lesion (50% 
stenosis) on the left circumflex artery (LCX) with a TIMI 
grade 3 flow (Figure 1A and B). The LCX lesion was 
therefore not judged as the culprit and he was admitted 
to the intensive care unit (ICU) with a plan to performed 
cardiovascular magnetic resonance after therapeutic 
hypothermia. Initial ICU laboratories revealed a hs-
TnT of 732 ng/mL as well as normal electrolytes. A 
transthoracic echocardiogram demonstrated diffuse 
hypokinesis with a left ventricular ejection fraction of 
35%. Within 24 h, 10 episodes of VF recurred and were 
treated with defibrillation and intravenous xylocaine. 
Between VF episodes, electrocardiogram transiently 
revealed inferior and posterior ST-elevation. Emergent 
angiogram was repeated and was unchanged from the 
day prior (Figure 1C). Optical coherence tomography 
(OCT) imaging study was performed in the LCX. OCT 
revealed a ruptured thin-cap lipid-rich plaque with 
intraluminal thrombosis (Figure 2). Minimal lumen area 
was 2.9 mm2. Because of the unstable characteristics 
of the plaque and clinical presentation, percutaneous 
coronary intervention (PCI) with a drug-eluting stent 
was performed (Figure 3B). Adequate stent expansion 
and strut apposition was confirmed by OCT (Figure 
3A and C). After PCI, no arrhythmia recurred and 
the patient was discharged home 8 d after admission 
without neurological deficits and without an implantable 
cardioverter-defibrillator. Ten months later, he is asym-
ptomatic with no recurrent cardiovascular event. 

DISCUSSION
Although coronary artery disease and especially acute 
coronary occlusion represent the most common cause 
of sudden cardiac arrest (SCD), diagnosis and treatment 
of the underlying mechanism remains a challenge[1]. 
In this case, because of the initial normal ECGs and 
the coronary angiogram showing a non-obstructive 

lesion, it was judged that this lesion did not cause active 
resting ischemia and therefore, was not the cause of the 
arrhythmia. Subsequent VF recurrences and transient 
ST-elevation in leads corresponding to the LCX prompted 
a repeat angiogram and the use of intravascular imaging. 
The unstable plaque characteristics revealed by OCT 
lead us to treat the lesion with PCI and the subsequent 
evolution proved that the arrhythmia’s trigger had been 
effectively treated. 

This case is interesting for a multitude of factors. 
It highlights the limitation of post-resuscitation ECG 
for the selection of patients who could benefit from 
immediate coronary angiography. When initial post-
resuscitation ECGs do not demonstrate ST-segment 
elevation or presumably new left bundle branch block, it 
remains controversial to proceed to immediate coronary 
angiography. However, as demonstrated recently in SCD 
survivors, a culprit lesion (defined as > 90% coronary 
stenosis) was found in 19% of patients presenting with 
no ECG signs indicating myocardial ischemia[2]. In this 
case, transient ST-elevation was only documented once 
despite continuous ECG monitoring and 22 VF episodes. 

It also suggests that immediate angiography may 
have a central role in the management algorithm of 
SCD. Among initial survivors of SCD caused by VF or 
pulseless VT, it has been suggested that early coronary 
angiography was associated with higher rate of survival 
to discharge and favorable neurological outcome[3]. 
These observations are however retrospective and need 
to be validated in adequate trials.

Another important aspect of this case is the normal 
flow found in the culprit artery. In the PAMI trials, 16% 
of patients had TIMI 3 flow before PCI indicating spon-
taneous reperfusion[4]. Therefore, plaque rupture must 
be seen as a dynamic event as flow could be transiently 
occluded by thrombus with spontaneous fibrinolysis 
or by transient vasospasm. In this case, we supposed 
the arrhythmic storm was caused by multiple transient 
occlusive coronary spasms triggered by the plaque 
rupture. This phenomenon increases the difficulty in 
identifying ischemic causes of SCD and culprit lesion 
when ECGs are normal. This case demonstrated the 
additive value of OCT to further stratify intermediate 
non-obstructive lesion when an ischemic event is likely. 
Intravascular ultrasound (IVUS) also have been reported 
to revealed culprit lesion in SCD[5]. In a study of 12 
survivors of SCD and high probability of coronary artery 
disease who underwent cardiac catheterization, 4 of 
them showed non-obstructive lesion a (< 50% stenosis 
and TIMI 3 flow) but all had intraluminal thrombosis 
revealed by intravascular ultrasound. However, none 
of the previous reports were accompanied by a such 
an arrhythmic storm[5,6]. Moreover, to rule out plaque 
rupture in survivors of SCD with non-obstructive inter-
mediate lesion, OCT own a potential advantage over 
IVUS given its higher spatial resolution. Other modality 
such as near infrared spectroscopy could be of value in 
the future[7,8].

The optimal treatment of unstable plaque with 
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Figure 1  Angiography images at presentation. A, B: First angiogram. Arrows show a 50% lesion on the left circumflex artery with a TIMI grade 3 flow in the RAO/
caudal view (A) and LAO/caudal view (B). After documentation of transmural ischemia and recurrence of the arrhythmic storm, the second angiogram revealed the 
same non-occlusive and intermediate lesion highlighted by the arrow in RAO/caudal view (C). RAO: Right anterior oblique; LAO: Left anterior oblique.

Figure 2  Optical coherence tomography performed during 
the repeated angiogram. A: OCT showing cross-section lumen 
reconstruction at the level of the plaque rupture. An intraluminal 
non-occlusive thrombus (+) is visualized. Arrow 1 shows rupture 
thin-cap fibroatheroma as visualized by the loss of continuity of 
the normal intima show by Arrow 2; B: OCT longitudinal lumen 
reconstruction at the mid left circumflex artery level. Arrow 3 
highlights both plaque rupture and intraluminal thrombus be just 
before the bifurcation with the first marginal (asterisk). OCT: Optical 
coherence tomography.

Figure 3  Angiogram and optical coherence tomography 
images after percutaneous coronary intervention. A, C: OCT 
confirming stent expansion and apposition in the cross-sectional 
(A) and longitudinal (C) lumen reconstruction. Arrow in A highlights 
good strut apposition to the vessel wall and B is final angiogram. 
The arrow in B highlights the level of the previous stenosis and 
the percutaneous coronary intervention success. OCT: Optical 
coherence tomography.
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Peer-review
The paper is well written.
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adequate residual lumen area is however uncertain. 
Prior reports suggest that medical management could 
be adequate in these circumstances[9]. However, in our 
case, PCI clearly was of additional value to medical 
therapy. With the evolution of drug eluting stents 
and especially bioresorbable vascular scaffold, these 
technologies may impact the treatment of vulnerable 
lesions in the future. Large trials will be needed to 
evaluate the optimal diagnostic modalities and treat-
ments for these unstable lesions. 

In conclusion, this case suggests that performing 
OCT to detect vulnerable culprit lesion of less than 
severe angiographic severity when an ischemic event is 
likely, such as an aborted sudden death or arrhythmic 
storm, may be of diagnostic value and alter therapeutic 
decisions.

COMMENTS
Case characteristics
A 56-year-old man known for smoking presented to a community hospital after 
an aborted sudden death.

Clinical diagnosis
Arrhythmic storm (ventricular fibrillation) episodes refractory to intravenous 
amiodarone. 

Differential diagnosis
Ischemic secondary to acute coronary syndrome, electrolytes abnormalities, 
primary cardiomyopathy. 

Laboratory diagnosis
Electrolytes were all normal at intensive care unit arrival, but hs-TnT was elevated. 

Imaging diagnosis
Coronary angiogram showed a nonobstructive intermediate lesion in the mid left 
circumflex artery. Optical coherence tomography (OCT) revealed ruptured thin-
cap fibroatheroma with an intraluminal thrombosis at the level of an angiographic 
intermediate lesion in the mid left circumflex artery. 

Pathological diagnosis
Acute coronary syndrome with a plaque rupture.

Treatment
Percutaneous coronary intervention with a drug-eluting stent. 

Related reports
Very few cases of sudden death caused by a plaque rupture only detected 
with intravascular imaging have been described but never with a so dramatic 
presentation as in this case. 

Term explanation
OCT is an intravascular imaging modality that uses light to capture micrometer-
resolution, three-dimensional images from within optical scattering media (e.g., 
coronary artery). Spatial resolution is between 2-10 mm and his penetration 
varied between 1-10 mm. 

Experiences and lessons
This case suggests that performing optical coherence tomography to detect 
vulnerable culprit lesion of less than severe angiographic severity when an 
ischemic event is likely, such as an aborted sudden death or arrhythmic storm, 
may be of diagnostic value and alter therapeutic decisions.
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