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Abstract
Purpose of Review Refractory angina (RA), which is characterized by tissue ischemia along with neurological, mitochondrial, and
psychogenic dysfunction, is becoming a major cause of morbidity in patients with advanced coronary artery disease. In this review,
we discuss in detail the invasive mechanical non-cell therapy–based options, the evidence behind these therapies, and future trends.
Recent Findings There is extensive ongoing research in the areas of spinal-cord stimulation, transmyocardial laser revasculari-
zation, sympathectomy, angiogenesis, and other non-cell-based therapies to explore the best therapy for refractory angina. There
is conflicting data in the literature suggesting subjective improvement in angina, but very few studies boast improvement in core
objective parameters such as myocardial blood flow, survival, or rehospitalizations.
Summary Patients with refractory angina are a complex group of patients that need novel approaches to help alleviate their
symptoms and reduce mortality. A carefully selected sequence of therapies may provide the best results in this patient population.

Keywords Refractory angina . Coronary artery disease . Spinal-cord stimulation . Transmyocardial laser revascularization .

Sympathectomy . Angiogenesis

Abbreviations
RA Refractory angina
CAD Coronary artery disease
SCS Spinal-cord stimulation
TMLR Transmyocardial laser revascularization
CABG Coronary artery bypass grafting
RCT Randomized controlled trial
SNA Sympathetic nervous activity

Introduction

Refractory angina (RA) has been defined as the presence of
persistent angina or angina equivalents extending over a peri-
od of more than or equal to 3 months. This mainly consists of

tissue ischemia along with neurological, mitochondrial,
and psychogenic dysfunction leading to persistent pre-
cordial pain and other symptoms. It is often identified
as being a result of an untreatable coronary artery disease
(CAD) in patients with objective evidence of myocardial
ischemia [1].

The statistics have sky rocketedwith the average number of
patients suffering from RA are over a million per year in the
elderly patients, not to mention the increasing hospitalization
costs due to advancement in technology [2, 3].

It is pertinent to reduce risk factors as a preventative mea-
sure including smoking cessation, regular exercise, and life-
style changes. Besides that, multiple pharmacological thera-
pies like coronary vasodilators nitrates, nicorandil; those mod-
ifying heart rate and contractility like beta blockers, calcium
channel blockers and ivabradine have proven themselves
with strong evidence to treat stable angina [4]. Despite
these therapies, a considerable portion of patients remain
suffering from RA.

In invasive options for RA, there are two major areas.
Primarily, it is the cell-based therapies and other areas, includ-
ing enhanced external counterpulsation (EECP), gene therapy,
spinal cord stimulation (SCS), transmyocardial laser revascu-
larization (TMLR), angiogenesis, coronary sinus reduction,
and sympathectomy. The cell-based therapies for RA are an
extensive topic and have been recently reviewed in detail by
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Bassetti et al. [5•]. In this review, we discuss invasive mechan-
ical non-cell therapy–based options, the evidence behind these
therapies, and future trends.

Enhanced External Counterpulsation

The premise of this technique is based on the concept similar
to that of intra-aortic balloon pump. It increases arterial blood
pressure and retrograde aortic blood flow during diastole (di-
astolic augmentation). The hypothesis behind this technique
includes improvements in endothelial function, stress-induced
myocardial perfusion, diastolic filling, and peripheral arterial
flow-mediated dilation [6–11].

MUST-EECP trial evaluated this technique and did show
benefit on time to ≥ 1 mm ST segment depression compared
with baseline (379 versus 337 s) but showed no statistical
significant difference in terms of exercise duration or nitro-
glycerine use [12]. Similar effects were seen in multicenter
registries, but no study has till date shown benefit in terms
of absolute indices like coronary blood flow or mortality ben-
efit. Based on these data, ACC 2014 focused update on stable
ischemic heart disease gives a IIb recommendation to EECP
for refractory angina [13].

It is important to understand that EECP has peripheral ef-
fects that need to be evaluated in detail. EECP has been shown
to cause a decrease in wall stiffness both in the central and in
the peripheral vasculatures [6, 14], improved peripheral endo-
thelial function as shown with increased reactive hyperemia in
the fingers [15], mobilization of circulating progenitor cells
leading to improved angiogenesis and peripheral oxygen uti-
lization [16], and by altering the levels of proinflammatory
biomarkers such as tumor necrosis factor-alpha and monocyte
chemoattractant protein-1 [17]. These widespread effects sug-
gest that there is a niche where EECP may help improve
patient outcomes. Further studies are necessary to refine our
understanding of the same.

Spinal-Cord Stimulation

Spinal-cord stimulation (SCS) is a therapeutic option of stim-
ulating the spinal cord to relieve pain with a low voltage cur-
rent. It is generally applied to T1-T2 level causing reduction in
the capacity of cardiac neurons to generate activity during an
ischemic episode. Melzack and Wall in 1965 were the first
ones to propose the “pain gate control” theory, which was
based on the assumption that impulse was transmitted in the
small nociceptive C-fibers of the central nervous system [18].
It took a long time for this therapy to be first used for refrac-
tory angina in 1987 [19]. Along with reducing the functional-
ity of the cardiac neurons, this therapy also causes redistribu-
tion of blood flow from non-ischemic to ischemic areas [20,

21]. The therapy has been known to improve NYHA func-
tional class, reduces hospital admissions, and increases quality
of life with no adverse clinical rebound phenomenon when
stimulation is stopped [22–24].

In the largest trial (ESBY), 104 patients at high risk for
surgery were randomly assigned to CABG or spinal cord stim-
ulation [25]. Both modalities reduced angina and the use of
nitrates to a similar extent. Although CABG group had a
greater increase in exercise capacity, less ST segment depres-
sion at maximum and comparable workloads, and an increase
in the rate-pressure product both at maximum and comparable
workloads compared with the group receiving spinal cord
stimulation, the SCS group had a lower 6-month mortality
(1.9 versus 13.7% with CABG) and fewer cerebrovascular
events (3.8 versus 15.7%). On long-term follow-up, cessation
of therapy in SCS group was associated with a lack of effect
on ischemic ST changes but a reduction in anginal symptoms,
suggesting a primary analgesic effect or a placebo effect only
[26–28].

In another RCT with patients suffering with cardiac syn-
drome X that were refractory to maximal antianginal therapy,
spinal cord stimulation therapy was seen to reduce the num-
ber, duration, and severity of spontaneous anginal episodes
along with prolonging the time to angina/ST depression dur-
ing dobutamine stress testing [29].

In summary, SCS significantly relieves the symptoms of
angina pectoris without increasing the nitroglycerin consump-
tion to some extent. Future larger outcome studies for finding
the appropriate intensity of stimulation are worthy of further
investigation.

Transmyocardial Laser Revascularization

The concept of creating transmural channel in the myocardi-
um trying to replicate reptilian type myocardial direct perfu-
sion has been tried since 1965 [30]. This involves the use of
800 W carbon dioxide laser to drill 1-mm-diameter channels
into a beating heart after left thoracotomy. The first attempt at
creating transmural channels using lasers was demonstrated
by Mirhoseini and associates [31, 32]. Besides using a carbon
dioxide laser [33–39], a holmium:yttrium–aluminum–garnet
laser [40–42] has also been used that demonstrated signifi-
cantly improved transmyocardial revascularization (TMR)
and therefore better outcomes in patients who were not can-
didates for conventional therapies.

In a study by Horvath et al., it was demonstrated that
TMLR reduces infarct size and preserves myocardial function
after an infarction. However, there has been little objective
evidence of improvement in myocardial perfusion as assessed
by nuclear perfusion imaging. It has been proven that essen-
tially all channels are closed by 24 h, possibly within the first
hour, and direct measurement of channel-supplied myocardial
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blood flow suggests that the increase inmyocardial blood flow
is minimal [43–45]. Henceforth, the concept of passive myo-
cardial perfusion of oxygenated blood via newly developing
channels is almost non-existential. The lack of improved
blood flow has also been observed clinically. In one study,
positron emission tomography prior to and at 7.5 and
34.6 weeks after TMLR in seven patients showed no differ-
ence in absolute coronary flow despite a reduction in angina
suggesting majorly placebo effect of the procedure. In fact,
there was no change in myocardial blood flow at rest and
during dobutamine infusion or in coronary vasodilator reserve
in lasered and unlasered regions [46] further faulting the pre-
mise of this hypothesis. This situation places patients at high
risk for perioperative morbidity and mortality while providing
questionable if any significant benefit.

There have been several clinical trials reported following
TMLR in patients with refractory angina who had lesions not
amenable to revascularization or high risk which have shown
encouraging results [35, 47–53]. An initial trial involving 192
patients with refractory angina and left ventricular free-wall
ischemia, all of them not candidates for coronary revascular-
ization, demonstrated that, after 1 year follow-up, patients
who underwent TMLR improved by at least two Canadian
Cardiovascular Society (CCS) classes (72 versus 13% for con-
tinued medical therapy), and they also had a significant im-
provement in quality of life [47]. Myocardial perfusion, as
assessed by thallium scanning, improved by 20% in the
TMLR group compared with a 27% worsening in the medical
group. Overall survival at 1 year was the same in the two
groups (85 versus 79%), but there was a marked reduction
in hospitalization for unstable angina with TMLR.

The other trial by Allen et al. with a moderate sample size
of 275 showed an improvement in angina (76 versus 32%
with medical therapy), a higher rate of survival free of cardiac
events that was primarily due to freedom from cardiac related
hospitalizations (61 versus 31%), and higher exercise toler-
ance and quality-of-life scores. There was however no differ-
ence in myocardial perfusion with thallium imaging or in 1-
year survival (84 versus 89%). At 5 years follow-up, these
people continued to show improvements in angina compared
with those treated medically (88 versus 44% improvement by
two or more angina classes). The survival rate was also sig-
nificantly higher for patients initially assigned to TMLR; how-
ever, this difference disappeared when patients crossing over
were analyzed separately [54].

Aaberge et al. established the reduction of angina symptom
and hospitalization following TMLR in a long follow-up trial
of 100 Norwegian patients [53]. However, there were no dif-
ferences in the number of myocardial infarctions or mortality
(22 versus 24%).

There still remains an element of uncertainty among the
various trials. Schofield et al. randomly assigned 188 patients
with refractory angina due to severe coronary disease not

amenable to revascularization with TMLR plus usual medica-
tion or to medical management only but failed to show any
objective difference in treadmill exercise capacity. The only
favorable feature was an improvement in angina which again
can have confounding factors [55]. The fact that this proce-
dure puts patients at a risk of multitude of cardiac-related
complications including but not limited to myocardial infarc-
tion, left ventricular failure, atrial fibrillation, and ventricular
arrhythmias questions the true benefit of this modality in its
current form. Risk factors for an adverse event include CCS
class IV status, unprotected left main stenosis, and diabetes
mellitus [57]. There can also be peri-operative mortality asso-
ciated to the tune of 3 to 5% per most reports, going up to a
maximum of 12% [28, 56–59]. The eventual 4-year follow-up
was however remained equal as compared with other strate-
gies [53, 55].

Another study evaluated the safety and efficacy of TMLR
combined with CABG in patients with coronary disease not
amenable to complete revascularization. Two hundred sixty-
three patients were randomly assigned to bypass grafting of
suitable vessels plus TMLR of areas not graftable or bypass
surgery alone, with nongraftable areas left unrevascularized.
This study boasts of lower operative mortality in the combined
approach (1.5 versus 7.6% for bypass surgery alone) and de-
creased need for inotropic support post-operatively [60–62].
Short term there was significant freedom from major ad-
verse cardiac events (death or myocardial infarction), but
the disease progression rendered this effect nullified at 1-
year mark. In a follow-up analysis published in 2004, there
was no residual survival benefit at 5 years although the
angina scores remained significantly improved in the ex-
periment group [63].

It was thought that the technological development of using
the holmium:yttrium-aluminum garnet laser will bring down
the perioperative mortality associated with surgical
transmyocardial laser revascularization (TMLR) as it can
channel energy through flexible fibers hence creating channels
in the presence of blood, but phase I and open-label phase II
studies found similar results to those seen with the open chest
CO2 TMLR studies suggesting improvement on angina but
no change in nuclear perfusion objective data [62–65].

PACIFIC and DIRECT were two of the biggest trials that
evaluated TMLR. While, in the PACIFIC trial, 221 patients
randomly assigned the patients to percutaneous TMLR or
conventional medical therapy, the DIRECT trial was the only
major blinded study [66, 67]. The study population in the
PACIFIC trial had a median increase in exercise tolerance in
the experiment cohort, but there was no difference in survival
or the combined end points of mortality, MI, or rehospitaliza-
tion [68].

In the DIRECT trial, 298 patients with refractory angina
who were suboptimal candidates for coronary artery bypass
graft surgery or percutaneous coronary intervention (PCI)
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were randomly assigned to low- or high-dose laser channels or
no laser channels. The important aspect of this trial was the
use of sham procedure as a blinding mechanism to prevent
bias or confounding. No benefit was seen in TMLR arm in
terms of patient survival, angina class, quality-of-life assess-
ment, exercise duration, or nuclear perfusion imaging [69].

We believe that continued clinical research on the hypoth-
eses is essential to obtain a complete understanding of the
working mechanism of TMR, and that this will ultimately
provide the best possibility to optimize TMR as an adjunctive
therapy to achieve a more complete revascularization.

Endoscopic Thoracic Sympathectomy

Surgical procedures on the autonomous nervous system of the
heart have been performed for more than a century. Although
it was originally utilized as palliative procedures to relieve
angina, later through various studies, we were able to identify
its utility in the treatment of refractory angina. Since experi-
mental studies have shown that stimulation of the sympathetic
ganglion induces constriction of coronary arteries, stellate
ganglion blockade has been tried for refractory organic angina
in some reports in the past.

It is a well-established fact that a long-term increase of
sympathetic nervous activity (SNA) correlates with coronary,
cardiovascular, and general mortality of a population. Patients
with unstable angina tend to have higher levels of norepineph-
rine. It is well known that left ventricular dysfunction is asso-
ciated with the highest increase of catecholamines during is-
chemia along with an increased incidence of malignant ar-
rhythmias and lowering of ventricular fibrillation threshold.
Heart rate (SNA activity marker) and its variability in patients
who suffered myocardial infarction are strong predictors of
death [70, 71]. To outline the anatomy of the vessels, there
is a rich sympathetic network in the walls of coronaries. In
standard circumstances, the muscular layers of these walls
lead to dilatation under the sympathetic influence. However,
vasoconstriction prevails in the atherosclerotic artery. Reflex
contraction associated with the loss of endothelial integrity
and transmitter changes at the terminal sympathetic endings
is probably the cause of vasoconstriction. Serotonin is linked
with the late effect. Serotonin is released in foci of aggrega-
tion, i.e., the site of turbulent flow. This vasoconstriction effect
is successfully reduced by sympathetic blockage. Decreased
myocardial oxygen consumption, dilatation of the atheroscle-
rotic artery, and spread of the myocardial capillary bed were
the most important outcomes of these studies that were used
lately in clinical practice. A follow-up of a larger group of
patients after the treatment is needed to determine whether this
method is only palliative or if it can even improve the prog-
nosis of patients with refractory angina.

Reduction of Coronary Sinus

The concept behind coronary sinus reduction is by creating a
trans-sinusal pressure gradient that in turn is considered as the
force to cause a redistribution of coronary arterial blood from
the epicardium to the underperfused endocardium. This sub-
sequently counteracts the abnormal decrease in adaptive va-
soconstriction in severe CAD, inadequate increase in blood
flow secondary to the abnormally high resistance at the level
of the large conductance coronary arteries, hence preventing
subendocardial ischemia. Beck and Leighninger performed
the original surgery in the 1950s that was eventually adapted
to restrict the venous drainage of the heart using percutaneous
devices [72, 73].

Jolicoeur et al. in 2013 published a trial design to evaluate
this device using a sham control. The COSIRA trial (coronary
sinus reducer for treatment of refractory angina) demonstrated
that, in patients with advanced CAD unsuitable for revascu-
larization and refractory CCS III or IV angina, patients in the
experiment group had shown improvement of at least two
CCS angina classes at 6 months compared with patients
assigned to a sham implantation (35% vs. 15%, p = 0.02).
This group also had increased exercise duration measured by
stress test and improved angina-related quality of life. The
cons of this procedure come from the fact that it only targets
the myocardial ischemia originating from the left coronary
system, as the right coronary system does not drain by the
coronary sinus. Further trials looking at this caveat and hy-
pothesis are necessary before it can be offered to the popula-
tion in general [74, 75••].

Therapeutic Angiogenesis

The term “angiogenesis” broadly refers to formation of new
vessels. Therapeutic angiogenesis is the term used when the
formation of new vessels or vasculogenesis can be of benefit
to us, especially for the treatment of refractory angina [76]. By
this process, we can induce the formation of new coronary
arterial vessels that can perfuse areas of diseased myocardium
where the native arteries cannot provide a normal blood sup-
ply. Hence, in other words, this contribute to improved ven-
tricular performance and better patient prognosis [77].

To understand the process of vasculogenesis, it is pertinent
to go into the history. Studies in the 1990s and early 2000s
suggested that there may be circulating endothelial progenitor
cells (EPCs) that can form vasculature in mature adult tissue
[78]. Other studies have also brought to light that EPCs are
circulating adult endothelial cells which can never cause an-
giogenesis [79]. However they do have some role for angio-
genesis by the paracrine release of growth factors [80]. The
most important factor contributing to angiogenesis is ische-
mia. This causes local activation of VEGF, mediated by the
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Hypoxia inducible factor (HIF) pathway [81]. It has also been
proposed that recruitment of certain circulating mononuclear
cells is of critical importance for vascular angiogenesis as they
serve as reservoirs [82, 83]. Angiogenesis thus causes wound
healing along with supporting new tissue formation and also
increasing blood supply in case of ischemia.

Angiogenesis can be pathological in a number of situations
where it does not contribute to increasing the functioning of
perfusion. It can be seen in premature newborn babies in the
form of retinopathy of prematurity as well as seen in adults in
the form of diabetic retinopathy. The process of growth of
cancer cells also involves pathological angiogenesis.

Besides angiogenesis, arteriogenesis also plays an eminent
role in the restoration of blood supply. For a typical patient
with atherosclerotic coronary disease, the arterial blood supply
to a particular area of the myocardium is compromised due to
a high-grade stenosis or occlusion of the coronary artery sup-
plying that region. The most effective strategy to restore the
arterial blood supply would be to provide an alternative by-
pass around the occlusion or in other words another route for
perfusion to be maintained. Since atherosclerotic lesions pri-
marily affect epicardial coronary arteries, the required “by-
pass” should be in the same size range to be able to carry bulk
flow [84].

There are a few angiogenic factors that contribute to stim-
ulate blood vessel growth such as fibroblast growth factors
(FGFs), VEGFs, and platelet-derived growth factor (PDGF),
all of which have different and poorly understood biologic
properties. The vascular endothelial growth factor causes cap-
illary tissue growth along with synthesis of new arteries.
Interestingly, even a 50% reduction in its expression during
development leads to lethality [85, 86]. The fibroblastic
growth factors; type 1, 2, 4, 5 are also expressed by various
types of cells. Secretion and cell death lead to the accumula-
tion of these long-lived proteins in the extracellular matrix.
Further, in contrast to VEGFs, their expression is not sensitive
to ischemia or hypoxia. In contrast to VEGFs, FGFs appear to
be particularly important in arteriogenesis with growing col-
laterals demonstrating abundant expression of FGF2 in sur-
rounding monocytes [87].

There have always been challenges facing researchers in
developing effective revascularization strategies using biolog-
ic agents. The various parameters for randomization of pa-
tients include age, sex, extent of hypercholesterolemia, and
the extent of endogenous collateralization. Thus, it is neces-
sary to recruit a large size of population so that other unknown
factors can be evenly distributed [88]. It might also be impor-
tant to exclude patients who have undergone administration of
these factors in the past, such as the cancer population. Also, it
may be interesting to know that certain populations can be
resistant to VEGF signaling [89–92].

It is critical to determine how to effectively and safely we
can deliver growth factors. In therapeutic trials, it was seen

that IV infusions have either not been effective when used
short term or have not been tried long term because of the fear
of side effects. Methods of local delivery to the heart have
included simple intracoronary infusion, which has been inef-
fective for both proteins and viruses, intramyocardial injec-
tions, pericardial administration, and locally applied
polymer-based delivery. The consensus points towards the
fact that, for an effective intervention, it may be required that
the therapeutic agent should be present for at least 4–6 weeks
at the desired site of action. For this reason, we will need
multiple injections at the same site due to a shorter half-life.
It may also be worthwhile to use a sustained release polymer
for the same.

According to the VIVA trial, the infusions were given into
coronary arteries for 10 min, followed by three repeat intrave-
nous infusions over the following 9 days. It was noted that, at
60 days, there were no significant differences in exercise tol-
erance or angina class between the treated and control groups.
However, at 120 days, patients receiving high-dose VEGF
showed a significant improvement in angina class compared
with the other two groups. However, nuclear perfusion imag-
ing yielded similar results among the three groups, raising
doubt about the improvement in angina. This suggests that
angina class may not be a good end point for trials of this
intervention. The Euroinject One trial randomly assigned 80
patients with advanced CHD but not further medical or revas-
cularization options to receive either phVEGF-A or placebo
plasmid in the myocardial region showing stress-induced
myocardial perfusion defects [93]. At 3 months, it was seen
that there were no significant differences between the various
groups for analysis of myocardial stress perfusion in the treat-
ed region as compared with the remaining.

The largest trial, the FGF Initiating Revascularization
Support Trial (FIRST) trial, consisted of a sample size of
337 patients who were ineligible for angioplasty to undergo
an intracoronary infusion of recombinant FGF-2 in either of
the three doses (0.3, 3, or 30 μg/kg) [94]. It was demonstrated
that, at 90 days, there was no significant improvement in ex-
ercise treadmill time or nuclear perfusion parameters among
the treatment groups. However, there was an improvement in
patient and physician perception of angina as assessed by
special criteria under the Seattle Angina Questionnaire and
the Canadian Cardiovascular Society angina classification. A
smaller trial of 24 patients evaluated the efficacy of local ap-
plication of an FGF-2-containing polymer during bypass sur-
gery in the area of myocardium unable to be revascularized.
Patients receiving high dose of FGF-2 (100 mg) had a signif-
icant improvement in perfusion of the target area compared
with low-dose FGF-2 (10 mg) or placebo controls [95]. Three
years later, the patients receiving high-dose FGF-2 had signif-
icantly less angina than placebo controls [96]. Another well-
known trial known as the AGENT-1 trial included 79 patients
who were randomly assigned to various doses of Ad-FGF4
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[97]. Out of the two groups, there was a trend towards a great-
er increase in exercise time at 4 weeks compared with the
placebo group (1.3 versus 0.7 min). It was also found that
the patients with a baseline exercise time ≤ 10 min had a
significant increase in the same after the therapy (1.6 versus
0.6 min).

Granulocyte-macrophage colony-stimulating factor (GM-
CSF) is a cytokine secreted by a wide variety of cell types that
acts broadly upon hematopoietic cells. Activated macro-
phages can induce vascular proliferation, suggesting a role
for the administration of recombinant human GM-CSF
(rhGM-CSF). Compared with placebo, rhGM-CSF improved
collateral flow, measured by intracoronary sensor guidewires,
and reduced electrocardiogram signs of ischemia during cor-
onary balloon inflation. Various animal studies have shown
that heparin can expedite the formation of coronary collaterals
induced by ischemia [98]. Clinical studies have shown that the
use of heparin to treat repeated episodes of exercise-induced
ischemia can improve myocardial perfusion and reduced elec-
trocardiographic evidence of ischemia [99, 100].

To address the downside, there are a number of potential
complications associated with therapeutic angiogenesis: it can
cause aberrant vascular proliferation in adjacent and perhaps
distant non-targeted tissues. It may also produce increased
vascular permeability, activating the coagulation cascade thus
leading to the deposition of fibrin gel and the development of
edema, induction of new blood vessels, and fibroblast activa-
tion. It may also activate neoplasmic growth by triggering of
growth factors. There can sometimes be a pro-atherogenic
effect by causing smooth muscle proliferation or increasing
neointimal mass [101]. There may also be hazards associated
with direct myocardial delivery of angiogenic factors.
However, only a very few of these have actually been
observed.

Conclusion

With growing options including noninvasive and invasive me-
chanical therapies and cell-based therapies to opt from, there
are complex questions that currently practicing cardiologists
face. There is no one size fits all answer when it comes to
effectively treating patients with advanced CAD and RA. As
discussed above, all modalities have shown some promise in
terms of angina reduction but have not been able to come
across in terms of absolute objective data like myocardial
blood flow, survival, or rehospitalizations.

There are multiple ongoing trials that are looking into these
therapies to help find those answers. A novel Neovasc
Coronary Sinus Reducer System is being tested in Israel
[102], and REDUCER-I study is underway with results to be
expected by 2024 [103]. PHOENIXTM system is evaluating
TMR with Holmium YAG laser plus the patient’s own stem

cells extracted from bone marrow [104]. More blinded studies
are needed to further evaluate the questions raised by the cur-
rent evidence before these therapies are ready to be introduced
for the general population.
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