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Epicardial Fat-mediated Inflammation:  
a Major Player in Cardiovascular Diseases
István Benedek, Theodora Benedek

University of Medicine and Pharmacy, Tîrgu Mureș, Romania

EDITORIAL

 DOI: 10.1515/jim-2017-0102

Hematological disorders are involved in a large number of systemic diseases in 
which complex interdisciplinary approaches are required to ensure the most 
effective treatment strategy. Stem cell therapy has emerged as a promising 
therapeutic tool, not only in patients with hematological disorders, but also in 
patients with acute myocardial infarction, severe heart failure, critical limb isch-
emia, neurological disorders, or for cartilage regeneration in various orthopedic 
applications.1,2 Modern bioengineering technologies made it possible to gener-
ate scaffolds impregnated with stem cells for various applications (such as patch-
es for wound repair or for open heart surgery).3,4  It has also been demonstrated 
that in patients with heart failure or with coronary artery disease, correction 
of anemia can lead to a significant improvement of symptoms and outcomes.5,6 

Several hematological parameters carry also prognostic impact for other dis-
eases. For instance, interventional cardiology studies demonstrated that neutro-
phil count, leucocyte count, or blood count-derived parameters such as red cell 
distribution width-platelet ratio (a new biomarker for inflammation) or neutro-
phil-lymphocyte ratio are significant predictors for the occurrence of no-reflow 
phenomenon after successful recanalization of an occluded coronary artery in 
the setting of an acute myocardial infarction.7–11 

Therefore, hematology can be considered as an important link between vari-
ous diseases, serving also as a reflection of the severity of these pathologies. This 
special issue of JIM is focused on the most relevant topics in modern hematology.

Bzduch et al. performed a study on the importance of FLT3-ITD gene muta-
tion in the survival of patients with acute myeloid leukemia (AML). The authors 
analyzed 210 patients with AML, from which 10 presented FLT3-ITD mutation, 
and the results showed an overall survival rate of 7% (n = 15), while patients 
with the specified mutation presented a 100% mortality rate (n = 10) within 
the first two months. Moreover, none of the subjects with FLT3-ITD mutation 
presented complete remission of the disease.12

Stem cell therapies have been used for the treatment of hematologic neo-
plastic diseases for over three decades, including Hodgkin and non-Hodgkin 
limphomas.13 Pakucs et al. aimed to evaluate complications occurring after au-
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tologous hematopoietic stem cell transplantation on 94 
patients with malignant lymphomas. The analysis revealed 
that 18% of subjects presented confirmed infections, 42% 
presented electrolyte imbalances, and 36% had hypoalbu-
minemia.14 The results of this study underline the impor-
tance of a proper evaluation of complications that are re-
lated to stem cell therapies, in order to implement proper 
patient management. 

Furthermore, Mild et al. performed a retrospective 
analysis on patients with failure of stem cell mobilization, 
in which the highest harvesting failure occurred in patients 
aged between 51 to 61 years, and all the analyzed subjects 
had been heavily pretreated with alkylating agents and pu-
rine analogs. Moreover, the study included patients with 
various types of hematological malignancies, and the re-
sults found that the highest mobilization failure occurred 
in non-Hodgkin lymphoma (42%, n = 8), Hodgkin lym-
phoma (37.5%, n = 6), and multiple myeloma (21%, n = 
4).15 Being that autologous stem cell therapies can be a 
curative option for patients with various hematological 
cancers, further studies on the cause and factors associated 
with failure to harvest stem cells, as well as methods for 
improvement are essential.

Located at the border between hematology and cardi-
ology, thrombosis and cardioembolic events in atrial fi-
brillation patients have been linked to increased systemic 
inflammation, hypercoagulable states, and enhanced atrial 
fibrosis.16,17 Oltean et al. are currently conducting a clini-
cal observational study on atrial fibrillation patients, the 
FIBROS study, in which they will test the hypothesis that 
the degree of atrial fibrosis, in correlation with several he-
matological markers for inflammation, platelet aggrega-
tion, and clotting, could serve as a model for identifying 
the profile of patients at increased risk for cardioembolic 
events.18 

Due to the versatile use of stem cells in various thera-
pies, there has been an increasing interest in cellular ap-
plications, not only in hematological disorders, but also in 
non-healing ulcers, as well as in different types of periph-
eral artery disease. 

This focus issue includes a case report on the effect of 
stem cell transplantation that led to improvement of both 
the hematological malignancy for which it was intended, 
but it also caused a significant improvement in the overall 
cardiac function. More specifically, Tudor et al. presented 
a patient with multiple myeloma, who went into the remis-
sion phase after stem cell transplantation, and presented 
an increase in the left ventricular ejection fraction from 50 
to 60%, a smaller mitral regurgitation jet, and also a lower 
systolic pressure in the pulmonary artery.19 The success of 

stem cell treatment on both the hematological condition 
as well as the associated cardiovascular condition is indica-
tive of the pluripotent capacity of these novel treatments 
in complex patients with multiple comorbidities. 

In an article published in this focus issue by Opincariu 
et al., the authors sought to review the current articles on 
the use of stem cell treatments, not only on subjects with 
critical lower limb ischemia, but also on several types of 
peripheral artery disease, caused by either atherosclerosis 
or thromboangiitis obliterans, including upper limb isch-
emia, stroke patients, renal artery stenosis, and mesenteric 
ischemia.20 The manuscript revealed the presence of ex-
tensive research on lower limb ischemia, which has shown 
promising results in restoring blood flow to no-option isch-
emic limbs, in which revascularization methods (surgical 
or interventional) either had failed, or were not suitable.21 
At the same time, stem cells have been proven effective in 
improving motor deficits in ischemic stroke patients, but 
the main concern in these procedures is safety, the type 
of stem cell to be used, as well as the route of injection. 
Preclinical studies on swine and rat models are also cited 
by Opincariu et al. in stem cell therapeutic applications for 
renal artery stenosis and mesenteric ischemia, both show-
ing promising results in the improvement of renal fibrosis 
and glomerular filtration rates, as well as increased survival 
and better recovery of the intestinal barrier after induced 
intestinal ischemia.22,23 

Another manuscript in this issue is concerning the use of 
cell therapies in non-healing ulcers, published by Mester et 
al. The authors present a clinical update on the use of vari-
ous types of stem cells, harvested from the bone marrow, 
adipose tissue, umbilical cord, and placenta, that present 
paracrine effects, trigger angiogenesis, cell proliferation, 
and tissue regeneration, thus inducing ulcer healing and 
epithelization, while simultaneously decreasing the local 
fibrosis.24 There is multiple evidence regarding the efficacy 
of stem cells in the improvement of various types of non-
healing wounds caused by skin cancer, irradiation, diabe-
tes, and ischemia, leading to the belief that stem cells could 
become a first line of treatment in chronic ulcers that pres-
ent no tendency for regeneration.25–28

All three manuscripts present possible prospects in 
stem cell therapies in hematological diseases, complex car-
diovascular disorders, peripheral artery disease, and non-
healing wounds, describing the emerging use of allogeneic 
cells from matched HLA healthy donors, as well as the eth-
ical and financial limitations of these methods. However, 
all authors mention the great therapeutic potential of stem 
cells in disorders in which other treatment methods have 
failed.

E
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Novel therapies in various diseases that include stem 
cell transplantation require a proper collaboration be-
tween a multitude of specialties. Stem cell harvesting and 
mobilization for their use in cardiac and vascular disorders 
are performed with the help several specialists including 
the hematologist. Various cardiovascular diseases are influ-
enced by hematological parameters, while hematological 
disorders and their treatment can have great impact on the 
cardiovascular balance, thus underlying once again the im-
portance of a proper collaboration between specialties for 
both a proper patient management, as well as in preclinical 
and clinical research. 
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ABSTRACT

Peripheral artery diseases include all arterial diseases with the exception of coronary and 

aortic involvement, more specifically diseases of the extracranial carotids, upper limb arteries, 

mesenteric and renal vessels, and last but not least, lower limb arteries. Mononuclear stem 

cells, harvested from various sites (bone marrow, peripheral blood, mesenchymal cells, adi-

pose-derived stem cells) have been studied as a treatment option for alleviating symptoms in 

peripheral artery disease, as potential stimulators for therapeutic angiogenesis, thus improving 

vascularization of the ischemic tissue. The aim of this manuscript was to review current medi-

cal literature on a novel treatment method — cell therapy, in patients with various peripheral 

vascular diseases, including carotid, renal, mesenteric artery disease, thromboangiitis obliter-

ans, as well as upper and lower limb artery disease. 

Keywords: stem cells, peripheral vascular diseases, endothelial precursor cells, therapeutic 
angiogenesis
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INTRODUCTION

According to the 2017 guideline of the European Society of Cardiology on the 
management of peripheral artery disease (PAD), the term “PAD” includes all 
arterial diseases with the exception of coronary and aortic involvement, more 
specifically diseases of the extracranial carotids, upper limb arteries, mesen-
teric and renal vessels, and last but not least, lower limb arteries.1 Peripheral 
arterial disorders affect approximately 40 million inhabitants in Europe, lead-
ing to increased healthcare costs, as well as high morbidity and mortality rates 
and impaired health-related quality of life.2–5 The most frequently cited cause 
for PADs with various locations is atherosclerosis, therefore the risk increases 
with age and exposure to classical cardiovascular risk factors including dys-
lipidemia, diabetes, chronic tobacco use, arterial hypertension, obesity, and 
newer factors such as enhanced systemic inflammation, hyperhomocystein-
emia and various genotypes.6 Ongoing research is required for developing new 
therapeutic measures for subjects that present no indication for either inter-
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ventional or surgical revascularization — the so called 
“no-option” patients.

The aim of this manuscript was to review current medi-
cal literature on a novel treatment method — cell therapy, 
in patients with various peripheral vascular diseases, in-
cluding carotid, renal, mesenteric artery disease, throm-
boangiitis obliterans, as well as upper and lower limb ar-
tery disease. 

PERIPHERAL ARTERY DISEASES — 

MORE THAN WORDS CAN SAY

As previously mentioned, PADs are located in several vas-
cular sites, leading to devastating repercussions that com-
prise multiple aspects of the healthcare system from an 
economical point of view, as well as individual quality of 
life, morbidities and mortality rates.

Patients with PAD present increased risk for cardiovas-
cular adverse events irrespective of the site of the lesions. 
Subjects with carotid artery disease have been shown to 
have increased risk of acute cerebrovascular events, acute 
myocardial infarction, and cardiac death.7 The prevalence 
of asymptomatic carotid stenoses of >50% is 4.2%, show-
ing an increasing rate with age in Europe,8 while in the 
United States, the rate of moderate to severe carotid artery 
disease was found to be 3.9%.9 

Upper extremity ischemic disease is less common than 
lower limb PAD, accounting for less than 5% of all cases of 
limb ischemia.10 Atherosclerotic disease is rarely the sole 
culprit of critical ischemia of the upper limbs; more often, 
Buerger’s thromboangiitis obliterans or systemic sclero-
sis are the responsible causes.11–13 Subclavian stenosis is 
frequently caused by atherosclerotic plaques, with an in-
creasing prevalence from 2% in the general population, to 
9% in subjects with lower limb PAD.14 The clinical presen-
tation of subclavian artery disease includes various symp-
toms, from hand claudication to several manifestations of 
the subclavian steal phenomenon, with cerebral hypoper-
fusion, or, in subjects with coronary bypass grafting and 
axillo-bifemural bypass, it could lead to chest pain or lower 
limb claudication respectively.15,16 

Thromboangiitis obliterans, or Buerger’s disease is a 
non-atherosclerotic segmental inflammatory disease char-
acterized by the presence of thrombosis in the small and 
medium arterial vasculature, affecting mainly young sub-
jects with a positive history of chronic tobacco use, with 
frequent distal upper limb involvement, but it can also af-
fect the lower limbs, leading to severe ischemic pain, gan-
grene of the extremities, and culminating with limb ampu-
tation.17 

Mesenteric artery disease is often undiagnosed in clini-
cal practice, and it causes approximately 5% of all acute 
intestinal ischemic events.13 The coeliac trunk is more of-
ten affected than the superior mesenteric artery, as it was 
shown by a study on a population undergoing cardiac cath-
eterization, in which the prevalence of mesenteric artery 
disease was 14%, out of which 11% was located in the co-
eliac trunk.18 

Atherosclerotic renal artery disease has been shown to 
affect 6.8% of subjects in the Cardiovascular Health Study, 
regardless of gender or age, although it affected significant-
ly more male patients than females (9.1% versus 5.5% re-
spectively, p = 0.05), and its incidence was independently 
associated with increasing age, LDL cholesterol levels, and 
increasing systolic blood pressure.19 Another study on 866 
patients undergoing simultaneous coronary and renal ar-
tery angiography, found significant atherosclerotic renal 
artery stenosis in 39.8% of cases, from which 22.3% were 
with bilateral involvement, while age, female gender, hy-
pertension, left anterior descendant and circumflex artery 
stenosis of more than 50% were found to be independent 
predictors for renal artery stenosis.20 

Approximately 202 million subjects suffer from lower 
limb PAD around the globe, showing an increasing inci-
dence with age. The gender distribution varies between 
lower and middle-income states, where women are more 
affected than men, and higher income countries, where 
there is a net male predominance in the non-elderly popu-
lation.21 Critical limb ischemia, the end stage of chronic 
lower limb PAD, is present in 500–1000 new cases per mil-
lion, with increasing incidence among diabetic patients, 
and is not only associated with high morbidity and mortal-
ity rates, but also with high risk of limb amputation.22–25 
The annual amputation rate above and below the knee is 
between 120 to 500 in every million lower limb PAD sub-
jects.26 The death rate related directly to lower limb PAD 
is 3.5 per 100,000 individuals, but most patients will suc-
cumb to complications related to coronary artery disease 
or stroke, as PAD is a marker for systemic atherosclerotic 
involvement.13,27 

THERAPEUTIC USE OF STEM CELLS IN 

PERIPHERAL ARTERY DISEASES

Bone marrow-derived stem cells (BMSC) have been stud-
ied as a therapeutic option for alleviating symptoms in 
PAD as potential stimulators for therapeutic angiogenesis, 
thus improving vascularization of the ischemic tissue and 
enhancing both perfusion and woundhealing.28 Cell thera-
pies with either BMSC or progenitor cells derived from 
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peripheral blood may offer ongoing sources of growth fac-
tors and structural tissue components for vessel regenera-
tion or neoformation.29 

Angiogenesis refers to the development of preexisting 
capillary endothelial tubules as a response to tissue isch-
emia, being mediated by hypoxia-induced release of vascu-
lar growth factors and related citokines.30 Arteriogenesis is 
the development of the collateral vascular network by an 
increase in the diameter of the preexistent collateral arte-
rioles, which will act as a sustaining vascular network that 
compensates the function of the occluded vessels.31–33 The 
physiological stimulation of arteriogenesis occurs in con-
ditions of increased shear stress, leading to a mechanical 
increase in vessel diameter, followed by the activation of 
adhesion molecules and cytokine release that will attract 
circulating monocytes, which are actually bone-marrow 
derived cells. Monocytes activate matrix proteases that 
will create the spatial conditions needed for vessel growth, 
and within 3–4 weeks from the occlusion of a large ar-
tery, the collateral arteries will be able to provide a proper 
blood flow to the affected tissue.34,35 Several studies have 
sought to find the role of the bone marrow derived mono-
cytes in the arteriogenesis process, and the findings sug-
gest that the stem cells stimulate artery development not 
by incorporating into the vessel wall, but by promoting 
cytokine release, which offer paracrine stimulation of vas-
cular growth.34,36 

Circulating endothelial progenitor cells (EPC) were first 
described by Asahara et al.37 and were shown to originate 
from bone marrow-derived monocytes that are present in 
the vicinity of the collateral vessels.38 Another observation 
that sustains the promoter role of BMSC in arterial collat-
eralization present in PAD, was that the number of circu-
lating monocytic endothelial progenitor cells was lower if 
risk factors such as diabetes, tobacco use, dyslipidemia, or 
old age were present. These are the same risk factors as-
sociated with failed collateral development and with the 
severity of PAD.28,39–43

These observations have led to the birth of a new con-
cept: therapeutic stimulation of angiogenesis by stem 
cell infusion. Cell therapy aims to stimulate physiologi-
cal arteriogenesis, by using an increased number of pre-
cursor cells that will provide the required cytokines for 
an accelerated arteriogenesis.44 Several studies on cell 
therapies for improvement of tissue perfusion have been 
carried out, with either bone-marrow derived monocytes 
or peripheral blood mononuclear cells that express sur-
face markers that identify human EPC, more specifically 
CD133, CD34, KDR (kinase insert domain receptor), and 
VEGF receptor 2.45–48 

STEM CELL THERAPIES IN 

VARIOUS TYPES OF PAD

Carotid artery disease and stroke

Although cell therapies in stroke patients do no induce col-
lateral vessel formation, there are several preclinical and 
clinical studies that have researched the effect of intrave-
nous and intra-arterial stem cell injection for improving the 
neurological deficits of acute ischemic stroke patients.49–53 
Preclinical studies have found that the implantation of 
bone marrow mononuclear cells, which include, among 
other types, hematopoietic and mesenchymal stem cells, 
may reduce the size of cerebral infarction and improve the 
functional outcomes by producing various cytokines and 
growth factors.54–57 These observations have set the base 
for multiple clinical studies in which stem cells were in-
jected intracerebrally, intravenously, or intra-arterially in 
patients with acute cerebral ischemia, and all have found 
potential benefits in cell therapies for stroke patients.58,59 
However, several questions should be answered by larger 
randomized controlled clinical trials, regarding the timing 
(acute or chronic phase of brain ischemia),60,61 the type of 
cell (bone marrow-derived, peripheral blood-derived, fe-
tal cells),49 route of delivery (intracerebral, intra-arterial, 
intravenous),62–65 and infusion rates (larger vessels mean 
increased infusion rates and vice versa),66,67 and last but not 
least, those regarding the safety of the procedure.58,61,68,69 

Upper limb ischemia 

While there is an increasing number of studies that sustain 
the clinical benefits of cell therapies in coronary artery 
disease and lower limb ischemia,70–75 there are scarce data 
on their role in upper limb ischemia, which is rarer, but 
if present, is associated with significantly worse outcomes 
and increased mortality rates.76,77 There is a whole body of 
evidence on the beneficial effects of different cell therapies 
in lower limb PAD,78 but there are few data on the effect 
of angiogenesis stimulation in upper limb ischemia. How-
ever, there are reports of several cases with critical isch-
emia of the upper limb that have benefited from BMSC as 
an angiogenic inducer.79,80 Camerota et al. have reported 
the case of a 63-year-old diabetic male with bilateral up-
per limb digital gangrene caused by atherosclerosis. The 
patient had received several injections at the level of the 
forearms and hands, in which bone marrow-derived tissue 
repair cells were delivered with the purpose of improving 
tissue perfusion. The 1-year follow-up showed a signifi-
cant improvement in clinical perfusion sings (wound heal-
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ing, no need for analgesics, complete resolution of pain, 
and improved quality of life), as well as a better perfu-
sion, objectively seen with pletismography.79 Nevskaya et 
al. reported 2 cases with ischemic digital wounds caused 
by systemic sclerosis, in which the patients had received 
mononuclear cells derived from the peripheral blood and 
from the bone marrow. The results showed increased skin 
perfusion, wound healing, and improved blood flow in the 
brachial artery in both cases.81 A study on 7 subjects with 
hand ischemia (rest pain, non-healing ischemic ulcers), ei-
ther caused by thromboangiitis or an autoimmune disease, 
found that at 6 months after the injection of a mixture of 
CD34+ and CD 133+ cells, all patients presented improved 
digital-brachial pressure index, lower score on the visual 
analogue scale for pain, and ulcer healing.80 These re-
ports and pilot studies may be suggesting that autologous 
bone marrow-derived cells could become a safe method 
for therapeutic angiogenesis in patients with critical hand 
ischemia as well; however, further research on larger pa-
tient populations is required.

Thromboangiitis obliterans

The role of cell therapies in improving ischemic signs and 
symptoms of patients with Buerger’s disease has been stud-
ied in various clinical trials.83–87 Subjects with Buerger’s 
disease are not suitable candidates for revascularization 
procedures in the presence of critical limb ischemia due 
to the frequent involvement of distal low-caliber arteries. 
Lee et al. have performed intramuscular implantation of 
whole bone marrow stem cells in 90 limbs from 67 subjects 
with symptomatic Buerger’s disease and observed signifi-
cant clinical and angiographical improvement, as well as 
a decrease in amputation rates.82 Kim et al. carried out a 
study on 27 patients with lower limb thromboangiitis who 
were not suitable for surgical or interventional revascular-
ization, in which they implanted isolated EPCs from the 
bone marrow in the tibial bone, in association with subcu-
taneous injection of granulocyte colony-stimulating factor 
(GCS-F). During a mean follow-up of 19.1 months, from 
17 limbs with non-healing ulcers, 13 were healed, and 14 
patients presented visible collateral growth on the con-
trol angiography, while only 6 showed no collaterals. They 
also found a significant increase in the number of EPCs in 
the peripheral blood after GCS-F administration.87 Motu-
kuru et al. conducted a 6-month follow-up study on non-
reconstructible Buerger’s disease patients who underwent 
BMSC transplantation into the calf muscles of the affected 
limb. After 6 months, patients presented significant im-
provement in ulcer healing, increased ankle-brachial index 

(p <0.01), and transcutaneous oximetry values (p <0.01).88 
Similar results were found by Durdu et al., who injected 
autologous BMSC after erythrocyte depletion, in various 
regions with ischemic lesions (gastrocnemius muscle, in-
termetatarsal region, feet dorsum, or forearm) in 28 pa-
tients with Buerger’s disease, which were followed up for 
16.6 ± 7.8 months. They observed that 83% of patients 
presented ulcer healing, all patients presented relief of rest 
pain and no need for analgesics, while in 78.5% of cases, 
collateral vessels had formed after 6 months from BMSC 
implantation.89 The results of all these studies suggest the 
positive effects of angiogenesis stimulation with endothe-
lial precursor cells in patients with Buerger’s disease, in 
which established therapies such as smoking cessation or 
vasodilator therapies have failed, and who, due to the in-
volvement of small-caliber vessels, are not candidates for 
surgical or interventional revascularization procedures. 
Thus, there is supporting data regarding the initiation of 
larger clinical trials for the assessment of cell therapies in 
subjects with thromboangiitis obliterans.

Mesenteric artery ischemia and reperfusion injury 

Mesenteric ischemia is rarely caused by atherosclerosis 
(5% of intestinal ischemia cases),13 being frequently undi-
agnosed. Intestinal ischemia is more often caused by nec-
rotizing enterocolitis, trauma, septic shock, strangulated 
hernias and volvulus, or cardiac surgery, and it presents 
a very high risk of death.89,90 No clinical research on cell 
therapies in mesenteric atherosclerosis have been con-
ducted, but there are several preclinical studies on the 
effect of stem cells in intestinal ischemic and reperfusion 
injuries.91–93 Jiang et al. investigated the effect of BMSC in 
intestinal ischemia on 100 rats in which the superior mes-
enteric artery was clamped for 45 minutes, followed by the 
injection of BMSC in the submucosa of the small intestine, 
followed by reperfusion.93 Their results showed a signifi-
cant reduction and an accelerated recovery of the intesti-
nal barrier dysfunction in the BMSC group. Jensen et al. 
performed a similar study on a mouse population, in which 
human adipose-derived stromal cells were infused into the 
peritoneum, after 60 minutes of clamping the superior 
mesenteric artery. The results showed a higher 7-day sur-
vival, increased mesenteric perfusion, lower inflammatory 
status, and preserved intestinal architecture for adipose-
derived stromal cell-treated mice.91 

Stem cells have been shown to provide benefits in the 
case of intestinal ischemia and reperfusion injuries in pre-
clinical settings, albeit no data is available on cell therapies 
in atherosclerotic mesenteric artery stenosis. These early 
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observations could represent a stepping stone for future 
research on the currently developing applications of stem 
cell therapies.

Renal ischemia

Atherosclerosis of the renal arteries is one of the major 
causes of chronic renal disease, which implies the gradual 
reduction of the glomerular filtration rate (GFR) due to 
ischemic loss of renal parenchyma, which will eventu-
ally lead to 6–27% of end-stage renal insufficiencies.94,95 
Restoring the impaired blood flow to the kidney in renal 
artery stenosis does not always succeed in reestablishing 
kidney function and improving the GFR; the identifica-
tion of other restorative therapeutic measures is of utmost 
importance.96 Mesenchymal stem cell therapies for various 
types of kidney injuries have been the subject of research 
in many preclinical and clinical studies, most of them fo-
cusing on acute kidney injury.97–100 The repair mechanism 
of mesenchymal stem cells (MSC) includes cytokine re-
lease and MSC differentiation into renal cells; MSC can 
be implanted intravenously, intra-arterially, or within the 
kidney parenchyma.101 

Ischemic chronic kidney disease caused by renal ar-
tery stenosis is characterized by glomerular fibrosis and 
decreased number of microvessels, with secondary trig-
gering of the renin angiotensin aldosterone cascade, with 
subsequent vasoconstriction, inflammation and fibrosis.101 
Preclinical studies on swine models have proven the effica-
cy of cell therapies in chronic ischemic kidney disease, in 
which the intrarenal administration of endothelial progen-
itor cells has led to tissue repair, decreased inflammation 
and fibrosis.102,103 Others have shown that the implantation 
of MSC in the renal artery, with or without concomitant 
revascularization, led to an important improvement of 
kidney function, as well as a decrease in oxidative stress, 
inflammation, and fibrosis.104,105 

Saad et al. conducted a clinical study in which 14 sub-
jects with atherosclerotic renovascular disease received an 
intra-arterial infusion of MSC in association to the stan-
dard medical treatment. These subjects were matched 
by 14 patients who had received medical treatment only. 
During the 3-month follow-up, the MSC group presented 
increased cortical perfusion, the renal blood flow rose in 
the stenotic kidney from 151.8 mL/min to 185.5 mL/min  
(p = 0.01), and kidney hypoxia decreased from 12.1% to 
6.8% (p = 0.04), as assessed by blood oxygen level-depen-
dent MRI.106 

The current preclinical and smaller clinical studies on 
cell therapies in renal artery stenosis and its subsequent 

damage show that there is hope in restoring renal function 
in these patients, in which percutaneous revascularization 
alone is most often not a viable solution for repairing nei-
ther the kidney lesions, nor their local and systemic car-
diovascular impact; however, further human studies are 
required for the clinical implementation of the procedure. 

Lower limb ischemia

The rationale for cell therapies in lower limb artery dis-
ease is to promote collateralization and angiogenesis, and 
therefore to improve tissue perfusion and wound heal-
ing, and prevent amputations.107 Cell therapies in lower 
limb ischemia are generally reserved for patients who do 
not present indication for interventional or surgical re-
vascularization, or in whom these methods have failed, 
more specifically, for no-option critical limb ischemic pa-
tients.108,109 There is extensive clinical research on the topic 
of therapeutic angiogenesis in lower limb PAD, showing a 
clear benefit in various types of precursor cells, either au-
tologous (endothelial precursor cells, BMSC, peripheral 
blood stem cells, mesenchymal or adipose-derived stem 
cells) or allogeneic, the latter presenting the disadvantage 
of possible immune rejection.110 

Several clinical trials have been conducted on bone-
marrow derived mononuclear cells implantation in isch-
emic lower limbs. The TACT trial (Therapeutic Angiogen-
esis by Cell Transplantation), one of the first clinical studies 
on the matter, included a pilot study in which 22 patients 
with lower limb PAD had received BMSC in one leg and 
saline solution in the other, and a randomized clinical trial 
in which other 22 patients with ischemic lower limbs re-
ceived BMSC in one leg and peripheral blood-derived pre-
cursor cells in the other. The results showed that in both 
studies there were significant improvements in transcuta-
neous oxygen pressure, pain-free walking time, and ankle 
brachial index, but the results were better in the patients 
treated with bone marrow-derived stem cells.111 Other tri-
als have also confirmed the efficacy of cell therapies in pro-
moting vessel collateralization, symptom improvement, 
and wound healing in lower limb critical ischemia.112–116 
A meta-analysis published by Rigato et al. included 67 
studies (randomized and non-randomized clinical trials, 
and non-controlled studies), on a total number of 2,352 
patients with intractable lower limb PAD or critical limb 
ischemia, and the primary outcome of the studies was limb 
amputation.112 From the analysis of randomized clinical 
trials, their results showed a 37% reduction on amputation 
rates after cell therapies, as well as a 59% improvement of 
wound healing, significantly lower rest pain and higher 
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ankle-brachial index and tissue oxygen pressure. They also 
found that intramuscular implantation of cells is more ef-
fective compared to the intra-arterial approach, and that 
bone marrow-derived mononuclear cells are better than 
peripheral blood cells or mesenchymal stem cells in ob-
taining successful results. Also, they found no important 
adverse reactions to cell therapies.112 

Therapeutic angiogenesis in no-option critical lower 
limb ischemia is a promising novel treatment method that 
offers hope of escaping amputation, an improvement in 
the overall quality of life, pain-free time, and higher values 
for indicators of tissue perfusion (ankle-brachial index, tis-
sue oxygen perfusion). The extensive preclinical and clini-
cal data on autologous stem cell implantation, either in the 
muscle or in the artery, or a combination of the two, has 
the possibility to change the outcome of intractable critical 
limb ischemia. 

THE FUTURE OF STEM CELL THERAPIES IN PAD

Well-planned randomized controlled studies are still 
needed to assess the long-term effects of stem cell implan-
tation for different peripheral artery diseases. The use of 
programmed allogeneic progenitor cells in patients who 
present autologous stem cell exhaustion could present a 
new branch in the therapeutic angiogenesis tree, and the 
recruitment of stem cells from healthy, HLA-matched 
donors may provide alternative cellular sources that are 
less affected by chronic associated diseases.117–119 More-
over, genetic therapies based on in vivo gene transferring 
for inducing angio- and arteriogenesis in combination 
with stem cell transplantation could better the outcome 
of patients in which all the applied therapeutic measure 
have failed.107,120

CONCLUSIONS

There are still multiple untouched territories in stem cell 
research, including their use in therapeutic angiogenesis 
for various peripheral vascular diseases. However, their 
efficacy in enhancing tissue oxygenation, angio- and arte-
riogenesis in the ischemic segment, as well as accelerat-
ing wound healing and improving the functional features 
of the affected organ, has been proved by various re-
searchers in all peripheral artery diseases (carotid, renal, 
mesenteric, upper and lower limb). Despite the increas-
ing body of data from preclinical studies for renal or mes-
enteric artery disease, as well as more frequent clinical 
trials for lower limb ischemia, there is a long road ahead 
until stem cell implantation will be listed in the thera-

peutic guideline recommendations for such disorders, 
requiring further multicenter randomized clinical trials 
on larger populations.

CONFLICT OF INTEREST

Nothing to declare.

REFERENCES

1. Aboyans V, Ricco JB, Bartelink MEL, et al. 2017 ESC Guidelines on the 
Diagnosis and Treatment of Peripheral Arterial Diseases, in collaboration 
with the European Society for Vascular Surgery (ESVS): Document 
covering atherosclerotic disease of extracranial carotid and vertebral, 
mesenteric, renal, upper and lower extremity arteries Endorsed by: the 
European Stroke Organization (ESO)The Task Force for the Diagnosis 
and Treatment of Peripheral Arterial Diseases of the European Society 
of Cardiology (ESC) and of the European Society for Vascular Surgery 
(ESVS). Eur Heart J. 2017;00:1-60.

2. Tendera M, Aboyans V, Bartelink ML, et al. ESC Guidelines on the 
diagnosis and treatment of peripheral artery diseases: Document covering 
atherosclerotic disease of extracranial carotid and vertebral, mesenteric, 
renal, upper and lower extremity arteries: the Task Force on the Diagnosis 
and Treatment of Peripheral Artery Diseases of the European Society of 
Cardiology (ESC). Eur Heart J. 2011;32:2851-2906.

3. Fowkes FG, Rudan D, Rudan I, et al. Comparison of global estimates of 
prevalence and risk factors for peripheral artery disease in 2000 and 
2010: a systematic review and analysis. Lancet. 2013;382:1329-1340.

4. Lindgren H, Gottsäter A, Qvarfordt P, Bergman S. All Cause Chronic 
Widespread Pain is Common in Patients with Symptomatic Peripheral 
Arterial Disease and is Associated with Reduced Health Related Quality 
of Life. Eur J Vasc Endovasc Surg. 2016;52:205-210.

5. Regensteiner JG, Hiatt WR, Coll JR. et al. The impact of peripheral arterial 
disease on health-related quality of life in the Peripheral Arterial Disease 
Awareness, Risk, and Treatment: New Resources for Survival (PARTNERS) 
Program. Vasc Med. 2008;13:15-24.

6. Piepoli MF, Hoes WA, Agewall S, et al. 2016 European Guidelines on 
cardiovascular disease prevention in clinical practice. Eur Heart J. 
2016;37:2315-2381.

7. Belcaro G, Nicolaides AN, Ramaswami G, et al. Carotid and femoral 
ultrasound morphology screening and cardiovascular events in low 
risk subjects: a 10-year follow-up study (the CAFES-CAVE study). 
Atherosclerosis. 2001;156:379-387.

8. de Weerd M, Greving JP, de Jong AW, Buskens E, Bots ML. Prevalence of 
asymptomatic carotid artery stenosis according to age and sex: systematic 
review and metaregression analysis. Stroke. 2009;40:1105-1113.

9. Razzouk L, Rockman CB, Patel MR, et al. Co-existence of vascular disease 
in different arterial beds: peripheral artery disease and carotid artery 
stenosis—data from Life Line ScreeningVR. Atherosclerosis. 2015;241:687-
691.

10. McCarthy WJ, Flinn WR, Yao JS, Williams LR, Bergan JJ. Result of bypass 
grafting for upper limb ischemia. J Vasc Surg. 1986;3:741-746.

11. Olin JW. Thromboangiitis obliterans (Buerger’s disease). N Engl J Med. 
2000;343:864-869.

12. Papa M, Bass A, Adar R, et al. Autoimmune mechanisms in thromboangiitis 
obliterans (Buerger’s disease): the role of tobacco antigen and the major 
histocompatibility complex. Surgery. 1992;111:527-531.

13. Widminsky P, Kohl P, Agewall S, et al. 2017 ESC Guidelines on the 
Diagnosis and Treatment of Peripheral Arterial Diseases, in collaboration 
with the European Society for Vascular Surgery (ESVS) – Web Addenda. 
Eur Heart J. 2017;00:1-22.

14. Shadman R, Criqui MH, Bundens WP, et al. Subclavian artery stenosis: 
prevalence, risk factors, and association with cardiovascular diseases. J 
Am Coll Cardiol. 2004;44:618-623.

15. Potter BJ, Pinto DS. Subclavian steal syndrome. Circulation. 2014;129:2320-
2323.

16. Saha T, Naqvi SY, Ayah OA, et al. Subclavian Artery Disease: Diagnosis 
and Therapy. Am J Med. 2017;130:409-416.

17. Liew NC, Lee L, Nor Hanipah Z, et al. Pathogenesis and Management of 
Buerger's Disease. Int J Low Extrem Wounds. 2015;14:231-235.



18 Journal of Interdisciplinary Medicine 2017;2(S4):12-19

18. Bageacu S, Cerisier A, Isaaz K, Nourissat A, Barral X, Favre JP. Incidental 
visceral and renal artery stenosis in patients undergoing coronary 
angiography. Eur J Vasc Endovasc Surg. 2011;41:385-390.

19. Hansen KJ1, Edwards MS, Craven TE, et al. Prevalence of renovascular 
disease in the elderly: a population-based study. J Vasc Surg. 
2002;36:443-451.

20. Rokni N, Salarifar M, Hakki Kazazi E, Goodarzynejad H. Frequency and 
Predictors of Renal Artery Stenosis in Patients Undergoing Simultaneous 
Coronary and Renal Catheterization. J Teh Univ Heart Ctr. 2012;7:58-64.

21. Fowkes FG, Rudan D, Rudan I, et al. Comparison of global estimates of 
prevalence and risk factors for peripheral artery disease in 2000 and 
2010: a systematic review and analysis. Lancet. 2013;382:1329-1340.

22. Patel MR, Conte MS, Cutlip DE, et al. Evaluation and treatment of patients 
with lower extremity peripheral artery disease: consensus definitions from 
Peripheral Academic Research Consortium (PARC). J Am Coll Cardiol. 
2015;65:931-941.

23. Dua A, Lee CJ. Epidemiology of Peripheral Arterial Disease and Critical 
Limb Ischemia. Tech Vasc Interv Radiol. 2016;19:91- 95.

24. Varu VN, Hogg ME, Kibbe MR. Critical limb ischemia. J Vasc Surg. 
2010;51:230-241.

25. Abu Dabrh AM, Steffen MW, Undavalli C, et al. The natural history of 
untreated severe or critical limb ischemia. J Vasc Surg. 2015;62:1642-1651.

26. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes FG. 
Intersociety consensus for the management of peripheral arterial disease 
(TASC II). J Vasc Surg. 2007;45:S5-S67.

27. Criqui MH, Aboyans V. Epidemiology of Peripheral Artery Disease. Circ 
Res. 2015;116:1509-1526.

28. Lawall H, Bramlage P, Amann B. Treatment of peripheral arterial disease 
using stem and progenitor cell therapy. J Vasc Surg. 2011;53:445-453.

29. Botham CM, Bennett WL, Cooke JP. Clinical trials of adult stem cell 
therapy for peripheral artery disease. Methodist Debakey Cardiovasc J. 
2013;9:201-205.

30. Hirota K, Semenza GL. Regulation of angiogenesis by hypoxiainducible 
factor 1. Crit Rev Oncol Hematol. 2006;59:15-26.

31. Voskuil M, van Royen N, Hoefer I, Buschmann I, Schaper W, Piek JJ. 
Angiogenesis and arteriogenesis; the long road from concept to clinical 
application. Ned Tijdschr Geneeskd. 2001;145:670-675.

32. Buschmann I, Schaper W. The pathophysiology of the collateral circulation 
(arteriogenesis). J Pathol. 2000;190:338-342.

33. Heilmann C, Beyersdorf F, Lutter G. Collateral growth: cells arrive at the 
construction site. Cardiovasc Surg. 2002;10:570-578.

34. Heil M, Ziegelhoeffer T, Mees B, Schaper W. A different outlook on the 
role of bone marrow stem cells in vascular growth: bone marrow delivers 
software not hardware. Circ Res. 2004;94:573-574.

35. Kinnaird T, Stabile E, Burnett MS, Epstein SE. Bone-marrow-derived cells 
for enhancing collateral development: mechanisms, animal data, and 
initial clinical experiences. Circ Res. 2004;95:354-363.

36. Jin DK, Shido K, Kopp HG, et al. Cytokine-mediated deployment of SDF-1 
induces revascularization through recruitment of CXCR4_ hemangiocytes. 
Nat Med. 2006;12:557-567.

37. Asahara T, Murohara T, Sullivan A, et al. Isolation of putative progenitor 
endothelial cells for angiogenesis. Science. 1997;275:964-967.

38. Rehman J, Li J, Orschell CM, March KL. Peripheral blood “endothelial 
progenitor cells” are derived from monocyte/macrophages and secrete 
angiogenic growth factors. Circulation. 2003;107:1164-1169.

39. Imanishi T, Hano T, Sawamura T, Nishio I. Oxidized low-density lipoprotein 
induces endothelial progenitor cell senescence, leading to cellular 
dysfunction. Clin Exp Pharmacol Physiol. 2004;31:407-413.

40. Kondo T, Hayashi M, Takeshita K, et al. Smoking cessation rapidly 
increases circulating progenitor cells in peripheral blood in chronic 
smokers. Arterioscler Thromb Vasc Biol. 2004;24:1442-1447.

41. Loomans CJ, de Koning EJ, Staal FJ, et al. Endothelial progenitor cell 
dysfunction: a novel concept in the pathogenesis of vascular complications 
of type 1 diabetes. Diabetes. 2004;53:195-199.

42. Vasa M, Fichtlscherer S, Aicher A, et al. Number and migratory activity of 
circulating endothelial progenitor cells inversely correlate with risk factors 
for coronary artery disease. Circ Res. 2001;89:E1-E7.

43. Zhu S, Liu X, Li Y, Goldschmidt-Clermont PJ, Dong C. Aging in the 
atherosclerosis milieu may accelerate the consumption of bone marrow 
endothelial progenitor cells. Arterioscler Thromb Vasc Biol. 2007;27:113-119.

44. Lawall H, Bramlage P, Amann B. Stem cell and progenitor cell therapy in 
peripheral artery disease. Thromb Haemost. 2010;103:696-709.

45. Sen S, McDonald SP, Coates PT, Bonder CS. Endothelial progenitor cells: 
novel biomarker and promising cell therapy for cardiovascular disease. 
Clin Sci (Lond). 2011;120:263-283.

46. Barber CL, Iruela-Arispe ML. The ever-elusive endothelial progenitor cell: 
identities, functions and clinical implications. Pediatr Res. 2006;59:26-32. 

47. Cañizo MC, Lozano F, González-Porras JR, et al. Peripheral endothelial 
progenitor cells (CD133 _) for therapeutic vasculogenesis in a patient 
with critical limb ischemia. One year follow-up. Cytotherapy. 2007;9:99-
102.

48. Kudo FA, Nishibe T, Nishibe M, Yasuda K. Autologous transplantation of 
peripheral blood endothelial progenitor cells (CD34_) for therapeutic 
angiogenesis in patients with critical limb ischemia. Int Angiol. 
2003;22:344-348.

49. Misra V, Lal A, Khouri RE, Chen PR, Savitz SI. Intra-Arterial Delivery of Cell 
Therapies for Stroke. Stem Cells Dev. 2012;21:1007-1015.

50. Savitz SI, Misra V, Kasam M, et al. Intravenous autologous bone marrow 
mononuclear cells for ischemic stroke. Ann Neurol. 2011;70:59-69.

51. Battistella V, de Freitas GR, da Fonseca LM, et al. Safety of autologous 
bone marrow mononuclear cell transplantation in patients with nonacute 
ischemic stroke. Regen Med. 2011;6:45-52.

52. Kamiya N, Ueda M, Igarashi H, et al. Intra-arterial transplantation of bone 
marrow mononuclear cells immediately after reperfusion decreases brain 
injury after focal ischemia in rats. Life Sci. 2008;83:433-437.

53. Li Y, Chopp M, Chen J, et al. Intrastriatal transplantation of bone marrow 
nonhematopoietic cells improves functional recovery after stroke in adult 
mice. J Cereb Blood Flow Metab. 2000;20:1311-1319.

54. Moniche F, Gonzalez A, Gonzalez-marcos J-R, et al. Intra-arterial bone 
marrow mononuclear cells in ischemic stroke: a pilot clinical trial. Stroke. 
2012;43:2242-2244.

55. Wang QR, Wang BH, Huang YH, Dai G, Li WM, Yan Q. Purification and 
growth of endothelial progenitor cells from murine bone marrow 
mononuclear cells. J Cell Biochem. 2008;103:21-29.

56. Kim H, Park J, Choi YJ, et al. Bone marrow mononuclear cells have 
neurovascular tropism and improve diabetic neuropathy. Stem Cells. 
2009;27:1686-1696.

57. Krause DS, Theise ND, Collector MI, et al. Multi-organ, multi-lineage 
engraftment by a single bone marrow-derived stem cell. Cell. 
2001;105:369-377.

58. Kumar A, Prasad M, Jali VP, et al. Bone marrow mononuclear cell therapy in 
ischaemic stroke: a systematic review. Acta Neurol Scand. 2017;135:496-
506.

59. Jeong H, Yim HW, Cho YS, et al. Efficacy and safety of stem cell therapies 
for patients with stroke: a systematic review and single arm meta-analysis. 
Int J Stem Cells. 2014;7:63-69.

60. Bhasin A, Srivastava M, Bhatia R, Mohanty S, Kumaran S, Bose S. 
Autologous intravenous mononuclear stem cell therapy in chronic 
ischemic stroke. J Stem Cells Regen Med. 2012;8:181-189.

61. Banerjee S, Bentley P, Hamady M, et al. Intra-arterial immunoselected 
CD34+ stem cells for acute ischemic stroke. Stem Cells Transl Med. 
2014;3:1322-1330.

62. Lees JS, Sena ES, Egan KJ, et al. Stem cell-based therapy for experimental 
stroke: a systematic review and meta-analysis. Int J Stroke. 2012;7:582-
588.

63. Janowski M, Walczak P, Date I. Intravenous route of cell delivery for 
treatment of neurological disorders: a meta-analysis of preclinical results. 
Stem Cells Dev. 2010;19:5-16.

64. Willing AE, Lixian J, Milliken M, et al. Intravenous versus intrastriatal 
cord blood administration in a rodent model of stroke. J Neurosci Res. 
2003;73:296-307.

65. Yang B, Migliati E, Parsha K, et al. Intra-arterial delivery is not superior 
to intravenous delivery of autologous bone marrow mononuclear cells in 
acute ischemic stroke. Stroke. 2013;44:3463-3472.

66. Bharadvaj BK, Mabon RF, Giddens DP. Steady flow in a model of the human 
carotid bifurcation. Part I—flow visualization. J Biomech. 1982;15:349-362.

67. Tanriover N, Kawashima M, Rhoton AL Jr, et al. Microsurgical anatomy 
of the early branches of the middle cerebral artery: morphometric 
analysis and classification with angiographic correlation. J Neurosurg. 
2003;98:1277-1290.

68. Hess DC, Wechsler LR, Clark WM, et al. Safety and efficacy of 
multipotent adult progenitor cells in acute ischaemic stroke (MASTERS): 
a randomised, double-blind, placebo-controlled, phase 2 trial. Lancet 
Neurol. 2017;16:360-368.

69. Prasad K, Sharma A, Garg A, et al. Intravenous autologous bone marrow 
mononuclear stem cell therapy for ischemic stroke: a multicentric, 
randomized trial. Stroke. 2014;45:3618-3624.

70. van Ramshorst J, Bax JJ, Beeres SL, et al. Intramyocardial bone marrow 
cell injection for chronic myocardial ischemia: a randomized controlled 
trial. JAMA. 2009;301:1997-2004.



19Journal of Interdisciplinary Medicine 2017;2(S4):12-19

71. De Vriese AS, Billet J, Van Droogenbroeck J, Ghekiere J, De Letter JA. 
Autologous transplantation of bone marrow mononuclear cells for limb 
ischemia in a caucasian population with atherosclerosis obliterans. J Int 
Med. 2008;263:395-403.

72. Gyöngyösi M, Hemetsberger R, Wolbank S, et al. Delayed recovery of 
myocardial blood flow after intracoronary stem cell administration. Stem 
Cell Rev. 2011;7:616-623.

73. Gyöngyösi M, Wojakowski W, Lemarchand P, et al. MetaAnalysis of Cell-
based CaRdiac stUdiEs (ACCRUE) in patients with acute myocardial 
infarction based on individual patient data. Circ Res. 2015;116:1346-1360.

74. Bura A, Planat-Benard V, Bourin P, et al. Phase I trial: the use of autologous 
cultured adipose-derived stroma/stem cells to treat patients with non-
revascularizable critical limb ischemia. Cytotherapy. 2014;16:245-257.

75. Takagi G, Miyamoto M, Tara S, et al. Therapeutic vascular angiogenesis for 
intractable macroangiopathy-related digital ulcer in patients with systemic 
sclerosis: a pilot study. Rheumatology (Oxford). 2014;53:854-859.

76. Georgiadis GS, Argyriou C, Antoniou GA, et al. Upper limb vascular 
calcification score as a predictor of mortality in diabetic hemodialysis 
patients. J Vasc Surg. 2015;61:1529-1537.

77. Bae M, Chung SW, Lee CW, Choi J, Song S, Kim S. Upper Limb Ischemia: 
Clinical Experiences of Acute and Chronic Upper Limb Ischemia in a 
Single Center. Korean J Thorac Cardiovasc Surg. 2015;48:246-251. 

78. Tateishi-Yuyama E, Matsubara H, Murohara T, et al. Therapeutic 
Angiogenesis using Cell Transplantation (TACT) Study Investigators. 
Therapeutic angiogenesis for patients with limb ischaemia by autologous 
transplantation of bone-marrow cells: a pilot study and a randomised 
controlled trial. Lancet. 2002;360:427-435.

79. Comerota AJ, Link A, Douville J, Burchard ER. Upper extremity ischemia 
treated with tissue repair cells from adult bone marrow. J Vasc Surg. 
2010;52:723-729.

80. Koshikawa M, Shimodaira S, Yoshioka T, et al. Therapeutic angiogenesis by 
bone marrow implantation for critical hand ischemia in patients with peripheral 
arterial disease: a pilot study. Curr Med Res Opin. 2006;22:793-798.

81. Nevskaya T, Ananieva L, Bykovskaia S, et al. Autologous progenitor cell 
implantation as a novel therapeutic intervention for ischaemic digits in 
systemic sclerosis. Rheumatology (Oxford). 2009;48:61-64.

82. Lee KB, Kang ES, Kim AK. Stem Cell Therapy in Patients with Thromboangiitis 
Obliterans: Assessment of the Long-Term Clinical Outcome and Analysis 
of the Prognostic Factors. International Journal of Stem Cells. Int J Stem 
Cells. 2011;4:88-98. 

83. Kim DI, Kim MJ, Joh JH, et al. Angiogenesis facilitated by autologous 
whole bone marrow stem cell transplantation for Buerger’s disease. Stem 
Cells. 2006;24:1194-1200.

84. Durdu S, Akar AR, Arat M, Sancak T, Eren NT, Ozyurda U. Autologous 
bone-marrow mononuclear cell implantation for patients with Rutherford 
grade II-III thromboangiitis obliterans. J Vasc Surg. 2006;44:732-739.

85. Ishida A, Ohya Y, Sakuda H, et al. Autologous peripheral blood 
mononuclear cell implantation for patients with peripheral arterial disease 
improves limb ischemia. Circ J. 2005;69:1260-1265.

86. Motukuru V, Suresh KR, Vivekanand V, Raj S, Girija KR. Therapeutic 
angiogenesis in Buerger’s disease (thromboangiitis obliterans) patients 
with critical limb ischemia by autologous transplantation of bone marrow 
mononuclear cells. J Vasc Surg. 2008;48:53S-60S.

87. Kim DI, Kim MJ, Joh JH, et al. Angiogenesis facilitated by autologous 
whole bone marrow stem cell transplantation for Buerger's disease. Stem 
Cells. 2006;24:1194-1200.

88. Motukuru V, Suresh KR, Vivekanand V, et al. Therapeutic angiogenesis in 
Buerger's disease (thromboangiitis obliterans) patients with critical limb 
ischemia by autologous transplantation of bone marrow mononuclear 
cells. J Vasc Surg. 2008;48:53S-60S.

89. Roussel A, Castier Y, Nuzzo A, et al. Revascularization of acute mesenteric 
ischemia after creation of a dedicated multidisciplinary center. J Vasc 
Surg. 2015;62:1251-1256.

90. Markel TA, Crisostomo PR, Lahm T, et al. Stem cells as a potential future 
treatment of pediatric intestinal disorders. J Pediatr Surg. 2008;43:1953-1963.

91. Jensen AR, Doster DL, Hunsberger EB. Human Adipose Stromal Cells 
Increase Survival and Mesenteric Perfusion Following Intestinal Ischemia 
and Reperfusion Injury. Shock. 2016;46:75-82.

92. Inan M, Bakar E, Cerkezkayabekir A, et al. Mesenchymal stem cells 
increase antioxidant capacity in intestinal ischemia/reperfusion damage. 
J Pediatr Surg. 2017;52:1196-1206.

93. Jiang H, Qu L, Li Y, et al. Bone marrow mesenchymal stem cells reduce 
intestinal ischemia/reperfusion injuries in rats. J Surg Res. 2011;168:127-134.

94. van Ampting JM, Penne EL, Beek FJ, et al. Prevalence of atherosclerotic 
renal artery stenosis in patients starting dialysis. Nephrol Dial Transplant. 
2003; 18:1147-1151.

95. Fatica RA, Port FK, Young EW. Incidence trends and mortality in end-stage 

renal disease attributed to renovascular disease in the United States. Am 
J Kidney Dis. 2001;37:1184-1190.

96. Tan J, Wu W, Xu X, et al. Induction therapy with autologous mesenchymal 
stem cells in living related kidney transplants: a randomized controlled 
trial. JAMA. 2012;307:1169-1177.

97. Textor SC, Lerman LO. Renal artery stenosis: medical versus interventional 
therapy. Curr Cardiol Rep. 2013;15:409.

98. Sadek EM, Afifi NM, Elfattah LI, Mohsen MA. Histological study on effect 
of mesenchymal stem cell therapy on experimental renal injury induced 
by ischemia/reperfusion in male albino rat. Int J Stem Cells. 2013;6:55-66.

99. Lee P, Chien Y, Chiou G, Lin C, Chiou C, Tarng D. Induced pluripotent 
stem cells without c-Myc attenuate acute kidney injury via downregulating 
the signaling of oxidative stress and inflammation in ischemia-reperfusion 
rats. Cell Transplant. 2012;21:2569-2585.

100. Humphreys BD, Bonventre JV. Mesenchymal stem cells in acute kidney 
injury. Medicine. 2008;59:311.

101. Tan J, Wu W, Xu X, et al. Induction therapy with autologous mesenchymal 
stem cells in living related kidney transplants: a randomized controlled 
trial. JAMA. 2012;307:1169-1177.

102. Zhu XY, Lerman A, Lerman LO. Concise Review: Mesenchymal Stem Cell 
Treatment for Ischemic Kidney Disease. Stem Cells. 2013;31:1731-1736.

103. Chade AR, Zhu X, Lavi R, et al. Endothelial progenitor cells restore renal 
function in chronic experimental renovascular disease. Circulation. 
2009;119:547-557.

104. Chade AR, Zhu XY, Krier JD, et al. Endothelial progenitor cells homing 
and renal repair in experimental renovascular disease. Stem Cells. 
2010;28:1039-1047.

105. Ebrahimi B, Eirin A, Li Z, et al. Mesenchymal stem cells improve medullary 
inflammation and fibrosis after revascularization of swine atherosclerotic 
renal artery stenosis. PLos One. 2013;8:e67474.

106. Eirin A, Zhu XY, Krier JD, et al. Adipose tissue-derived mesenchymal stem 
cells improve revascularization outcomes to restore renal function in 
swine atherosclerotic renal artery stenosis. Stem Cells. 2012;30:1030-1041.

107. Saad A, Dietz AB, Herrmann SMS, et al. Autologous Mesenchymal Stem 
Cells Increase Cortical Perfusion in Renovascular Disease. J Am Soc 
Nephrol. 2017;28:2777-2785.

108. Benedek T, Kovács I, Benedek I. Therapeutic Angiogenesis for Severely 
Ischemic Limbs — from Bench to Bedside in Acute Vascular Care. Journal 
of Cardiovascular Emergencies. 2017;3:160-171.

109. Kum S, Tan YK, Schreve MA, et al. Midterm Outcomes From a Pilot Study 
of Percutaneous Deep Vein Arterialization for the Treatment of No-Option 
Critical Limb Ischemia. J Endovasc Ther. 2017; 24:619-626.

110. Chen XP, Fu WM, Gu W. Spinal Cord stimulation for patients with inoperable 
chronic critical leg ischemia. World J Emerg Med. 2011;2:262-266.

111. Compagna R, Amato B, Massa S, et al. Cell Therapy in Patients with Critical 
Limb Ischemia. Stem Cells Int. 2015;2015:931420. 

112. Tateishi-Yuyama E, Matsubara H, Murohara T, et al. Therapeutic 
angiogenesis for patients with limb ischaemia by autologous 
transplantation of bone-marrow cells: a pilot study and a randomised 
controlled trial. Lancet. 2002;360:427-435.

113. Rigato M, Monami M, Fadini GP. Autologous Cell Therapy for Peripheral 
Arterial Disease: Systematic Review and Meta-Analysis of Randomized, 
Nonrandomized, and Noncontrolled Studies. Circ Res. 2017;120:1326-1340.

114. Procházka V, Gumulec J, Jalůvka F, et al. Cell therapy, a new standard 
in management of chronic critical limb ischemia and foot ulcer. Cell 
Transplant. 2010;19:1413-1424.

115. Walter DH, Krankenberg H, Balzer JO, et al. Intraarterial administration 
of bone marrow mononuclear cells in patients with critical limb ischemia: 
a randomized-start, placebocontrolled pilot trial (PROVASA). Circ 
Cardiovasc Interv. 2011;4:26-37.  

116. Idei N, Soga J, Hata T, et al. Autologous bone-marrow mononuclear cell 
implantation reduces long-term major amputation risk in patients with 
critical limb ischemia: a comparison of atherosclerotic peripheral arterial 
disease and Buerger disease. Circ Cardiovasc Interv. 2011;4:15-25. 

117. Das AK, Bin Abdullah BJ, Dhillon SS, Vijanari A, Anoop CH, Gupta PK. Intra-
arterial allogeneic mesenchymal stem cells for critical limb ischemia are safe 
and efficacious: report of a phase I study. World J Surg. 2013;37:915-922.  

118. Jialal I, Devaraj S, Singh U, et al. Decreased number and impaired 
functionality of endothelial progenitor cells in subjects with metabolic 
syndrome: implications for increased cardiovascular risk. Atherosclerosis. 
2010;211:297-302.

119. Fadini GP, Sartore S, Albiero M, et al. Number and function of endothelial 
progenitor cells as a marker of severity for diabetic vasculopathy. 
Arterioscler Thromb Vasc Biol. 2006;26:2140-2146.

120. Vasa M, Fichtlscherer S, Aicher A, et al. Number and migratory activity of 
circulating endothelial progenitor cells inversely correlate with risk factors 
for coronary artery disease. Circ Res. 2001;89:1-7.



Journal of Interdisciplinary Medicine 2017;2(S4):20-24

CORRESPONDENCE

Diana Opincariu
Str. Gheorghe Marinescu nr. 38
540139 Tîrgu Mureș, Romania
Tel: +40 265 215 551
E-mail: diana.opincariu@yahoo.ro

ARTICLE HISTORY

Received: October 14, 2017 
Accepted: November 5, 2017

Stem Cell Therapy in Wound Healing 
András Mester1,2, Diana Opincariu1,2, Imre Benedek1,2, István Benedek1,3

¹ University of Medicine and Pharmacy, Tîrgu Mureș, Romania 

² Center of Advanced Research in Multimodality Cardiac Imaging, Cardio Med Medical Center, Tîrgu Mureș, Romania
3 Clinic of Hematology and Bone Marrow Transplantation Unit, Tîrgu Mureș, Romania

CLINICAL UPDATE CARDIOLOGY // HEMATOLOGY

 DOI: 10.1515/jim-2017-0094

ABSTRACT

Wound healing is a complex restorative process of the altered cutaneous tissue, which is im-

paired by numerous local and systemic factors, leading to chronic non-healing lesions with few 

efficient therapeutic options. Stem cells possess the capacity to differentiate into various types 

of cell lines. Furthermore, stem cells are able to secrete cytokines and growth factors, modu-

lating inflammation and ultimately leading to angiogenesis, fibrogenesis, and epithelization. 

Because of their paracrine activity, these cells are able to attract other cell types to the base of 

the wound, improving the formation of new skin layers. Mesenchymal stem cells derived from 

the adipose tissue, bone marrow, and placenta, offer numerous ways of implementation. The 

process of harvesting, growing, and administrating stem cells depends on the site and type 

of the cells, but recent trial results showed improvement of wound healing independent of 

the administration site. Bioengineered skin substitutes are validated for treatment of chronic 

wounds with direct application on the skin surface. These offer physical scaffolding for the 

migrating cells and promote secretion of growth factors, thus facilitating rapid wound healing. 

Obtaining further clinical data is essential, but stem cell therapy may become a first-line thera-

peutic choice for the treatment of non-healing chronic wounds. 
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INTRODUCTION

Chronic impaired wound healing is still a challenging therapeutic task for health-
care experts. It involves a vast interdisciplinary approach from surgical, medical, 
dermatological, diabetic, general practitioner specialist, and nursing staff for long-
term success. Aging and various medical conditions create a physiopathological 
ground for impaired wound healing, leading to a long and exhausting restorative 
process, which often remains unsuccessful and greatly affects the quality of life of 
these patients.1,2 As the aging population is growing worldwide, it is expected that 
the burden of chronic wounds will increase significantly in the next few decades.3 
Approximately 1% of the population suffers from non-healing wounds, generating 
tremendous costs for healthcare systems.4,5 Despite the multitude of recently de-
veloped therapeutic options for these patients, the results are still unsatisfactory. 
Multiple clinical and preclinical trials are under development worldwide for the 
assessment of novel therapeutic methods in chronic wound healing.6,7
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As a result of translational medicine research pro-
gresses, stem cells have emerged as a viable alternative 
for the treatment of this complex pathology for enhance-
ment of tissue regeneration.8 Stem cell therapy has al-
ready been intensely studied in organ damage repair and 
regeneration in numerous diseases.9,10 One of the most 
promising results was obtained in the field of cardiovas-
cular diseases, namely recovery in the post-myocardial 
infarction phase and critical limb ischemia.11–13 The ma-
jor drawback of stem cell-based treatment is represented 
by the difficulties of adequate stem cell population selec-
tion, delivery, and the prevention of immune and tumor 
responses.14 

The aim of this clinical update is to summarize the cur-
rent applications of stem cell therapies in the treatment of 
chronic wounds.

PATHOPHYSIOLOGY OF IMPAIRED 

WOUND HEALING

Regeneration and healing of the altered cutaneous tissue is 
a complex, well-organized process. After platelet aggrega-
tion and clot formation in the hemostasis phase, the inflam-
matory process is activated by chemokines, which attract 
neutrophils, lymphocytes, and monocytes that release 
inflammatory cytokines and growth factors.15 Chronic 
wounds exhibit a prolongation of the inflammatory phase, 
which ultimately leads to failure of the healing process due 
to alteration of the extracellular matrix.16 The proliferative 
and resolutive phase of wound healing is characterized by 
angio- and fibrogenesis, with collagen formation and re-
epithelization. Chronic wounds are usually defined by de-
ficient vascularization, with reduction of angiogenesis and 
formation of fibrotic and epithelial cells.17 All stages can be 
altered by aging and by the presence of local factors, such 
as infections, ischemia, radiation, traumas, toxins, as well 
as systemic factors such as diabetes, cancers, drugs, neu-
ropathies, smoking, or alcoholism.18 

THE ROLE OF STEM CELLS IN WOUND HEALING

Given their pluripotent and self-renewing characteristics, 
stem cells are able to differentiate into different types of 
mature functional tissues.19 Their potential in the epi-
thelial healing of chronic wounds lies in their capacity to 
secrete cytokines that promote angiogenesis, cell pro-
liferation, and tissue regeneration. The development of 
bioengineered tissues impregnated with stem cells stays 
at the basis of this novel chronic wound care therapy.20 
One of the most important factors that affect the success 

of stem cell therapy is represented by the selection of stem 
cell populations. 

Mesenchymal stem cells

Mesenchymal stem cells (MSC) can be isolated from vari-
ous types of tissues including bone marrow, umbilical cord 
blood, and adipose tissue, and possess the ability of good 
adherence to plastic materials.21 These stem cells can be de-
livered topically or systemically.22 In addition to their abil-
ity to differentiate into various cell lines and to promote 
angiogenesis, MSCs present potent immunomodulatory 
and immunoregulatory characteristics, thus coordinating 
the inflammatory process, reducing scarring, and modu-
lating fibrosis. This is achieved by releasing multiple che-
mokines that act as mediators.23,24 The efficiency of MSCs 
in the treatment of critical limb ischemia has already been 
proven safe and efficient.25 Currently there is no evidence 
of any clinical benefit regarding the tissue origins of stem 
cells used in wound healing. 

Adipose stem cells 

Adipose stem cells (ASC) are pluripotent MSCs, which can 
be extracted from adipose tissue, are easily harvested by li-
posuction or minimal-invasive surgical excision and can be 
preserved for up to six months. Another advantage of adi-
pose tissue over other extraction sites of MSCs comes from 
the fact that a large number of stem cells can be yielded 
from this type of tissue compared to other sites (e.g., 40-
fold higher compared to bone marrow) and can be trans-
planted to autologous or allogeneic hosts.26 Autologous 
ASC transplantation is well tolerated and it is proven to 
be safe in terms of malignant transformation.27 Given the 
rich amount of easily accessible fat tissue in the body and 
their angiogenic and paracrine potential, ASCs are widely 
used MSCs in wound healing research.28,29 ASCs improve 
wound healing by the secretion of mediators such as plate-
let derived growth factor (PDFG), vascular endothelial 
growth factor (VEGF), hepatocyte growth factor (HGF), 
fibronectin, and collagen I, stimulating angiogenesis and 
smaller scar formation.30 Because of their paracrine ef-
fect, ASCs stimulate other cells and recruit stem cells to 
form fibroblasts, keratocytes, and endothelial cells, and 
down-regulate the inflammatory response, therefore lead-
ing to improved epithelization.18,31 Numerous studies have 
analyzed the effect of ASCs in different types of chronic 
wound healing, with positive histological and clinical re-
sults in skin cancer-related wounds.32 Ischemic and irradia-
tion wounds are also an important topic in chronic wound 
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healing, with different results so far.33Another broadly 
researched application of ACSs is represented by diabet-
ic wounds. Recent preclinical studies suggest that ASCs 
combined with artificial skin enhances diabetic wound 
healing through the secretion of growth factors and new 
vessel formation in diabetic rats. An improvement was ob-
served in capillary formation, fibroblast proliferation, epi-
thelization, and wound contraction compared to control 
groups.34–36 Encouraged by the positive preclinical results, 
many ongoing clinical trials are being carried out, but few 
results have been published so far about wound healing. 
However, the results of other applications of ASCs (e.g., 
osteogenic defect healing and Crohn’s disease fistulas) are 
promising.37,38 

Bone marrow stem cells

Bone marrow is one of the most frequently used sites for 
stem cell extraction. These cells play an important role in 
each phase of wound healing, thus they are targeted as vi-
able therapeutic alternatives in chronic wound healing.39 
Bone marrow-derived stem cells also hold the property 
to adhere to plastic materials and can be applied directly 
on the surface of the wounds, injected in the edges of the 
wound, or administered systemically.40 Randomized con-
trolled clinical trials have reported positive outcomes with 
topical and intramuscular delivery of bone marrow-derived 
MSCs and autologous biograft in chronic diabetic wounds. 
Significant contraction in wound size (7.26 ± 1.41 cm2  
vs. 2 ± 0.98 cm2, p <0.001) was observed at 12 weeks, with 
prolonged pain-free walking distance (38.33 ± 17.68 m vs. 
284 ± 212 m, p <0.001).41 Another study, which used bone 
marrow-derived stem cells applied with a polymer spray 
on surgical excision chronic wounds, has demonstrated 
the efficiency of this therapy, leading to the repair of the 
epithelial surface in eight weeks.42 An enhancement of 
the vascularity and growing of the dermal layer was ob-
served in a study in which the researchers had injected 
bone marrow-derived stem cells in the edges of the wound 
in patients with diabetic foot. This was accompanied by a 
reduction in wound size.43 Autologous bone marrow-de-
rived stem cells have led to complete wound healing in 
a study that included patients with leg ulcers that lasted 
longer than one year despite conventional treatment.44 
In a randomized controlled trial where intramuscular 
bone marrow-derived stem cell were administered for 
diabetic patients with critical limb ischemia and foot 
ulcers, there was a significantly higher healing rate and 
pain-free walking distance recorded during the 24-week 
follow-up period.45 

Placental and embryonic tissue

Placental tissue is an excellent source of stem cells, with 
pluripotent differentiation and immunomodulatory ca-
pacity, which makes it a suitable alternative for the bioen-
gineering of skin substitutes that can be used for the treat-
ment of chronic wounds.46 Furthermore, growth factors 
and extracellular matrix that are essential for the natural 
wound healing process are also secreted by the placenta.47 
Preclinical investigations are carried out to determine the 
safety and efficiency of this method. Bioengineered skin 
substitutes are available from the human neonatal fibro-
blast-dermis, which promotes cell migration and, through 
a paracrine effect and secretion of growth factors, en-
hances epithelization. It also offers physical scaffolding 
for migrating cells into the base of the wound, helping the 
recovery and healing of chronic ulcers. Randomized trials 
have proved the efficacy of these skin substitutes in chron-
ic diabetic ulcers, with significantly higher wound closure 
rates compared to controls at 12 weeks (30% vs. 18.3%,  
p = 0.02).48,49 Another bioengineered skin substitute is de-
rived from neonatal foreskin, and it is approved for clinical 
use, being based on a bilayer structure of fibroblasts and 
keratocytes that facilitates the migration of monocytes to 
the wound base and the secretion of growth factors such 
as PDGF, fibroblast growth factor (FGF), or granulocyte 
colony-growth factor.50 These factors enable cell integra-
tion and allow vascular ingrowth, thus increasing and ac-
celerating chronic wound healing. The published results 
of recent clinical trials are encouraging and have proved 
the efficacy of this treatment option in patients with dia-
betic foot ulcers and venous leg ulcers.51,52 A median of 61 
days was recorded until complete wound healing vs. 181 
days in the control group (p = 0.003) in patients with ve-
nous leg ulcer.53 

PROSPECTS OF STEM CELLS 

IN WOUND HEALING

The origin of stem cells, the process of harvesting, preser-
vation, and manipulation of cell lines, as well as their use 
is still under strict regulations both in Europe and in the 
United States, and they raise ethical controversies in terms 
of research and clinical use.54 Another limitation of stem 
cell therapy is linked to the huge costs of manufacturing, 
resourcing, and preservation of cell lines. Promising re-
sults of current stem cell therapies are encouraging invest-
ments in this flourishing research field, which leads to the 
emergence of new preclinical and clinical trials, which may 
transform it into a widely accessible therapeutic method.
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CONCLUSIONS

Despite many current therapeutic options, chronic 
wounds still remain a great concern for many healthcare 
professionals, and the number of these patients is expected 
to grow in the future due to the aging population and in-
creasing incidence of diabetes. Stem cell therapy holds the 
potential of clinical improvement for these patients, due 
to its capacity of tissue regeneration, and direct and para-
crine activity. A considerable number of stem cell types are 
used in preclinical and clinical studies with encouraging 
results, but further trials are needed to validate this thera-
peutic option.
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ABSTRACT

In Western countries, chronic lymphocytic leukemia (CLL) is one of the most diagnosed leu-

kemia types among elderly patients. CLL is described as an indolent lymphoproliferative dis-

order, characterized by the presence of a high number of small, mature B-cells in the periph-

eral blood smear, with a particular immunophenotype (CD5, CD19, CD23 positive and CD20 

dim positive) and accumulation in the bone marrow and lymphoid tissue (e.g., lymph nodes, 

spleen). The experience of the past decades showed that CLL is clinically very heteroge-

neous; while some patients present a chronic clinical evolution, with a prolonged survival, in 

which the treatment can be delayed, others suffer from a more aggressive form, which must be 

treated early and is associated with many relapses. This observation led to several genomic 

studies that have mapped the genetic modifications involved in the disease conformations, in-

cluding del(13q14), del(11q), or trisomy 12. On the other hand, certain genetic mutations such as 

del(17p13)–p53, NOTCH1 mutation, or ZAP70/CD38 increased expression are associated with 

worse clinical outcome. In order to apply the right treatment strategy, the RAI and BINET stag-

ing systems should be considered, which are based on clinical and laboratory assessment, on 

genetic mutations that may influence the resistance to chemotherapy, as well as the patient’s 

age and comorbidities. The aim of this manuscript was to present the therapeutic approaches 

of CLL, in order to attempt to answer the following question: to treat, or not to treat? This clini-

cal update focuses on the managements of CLL patients in the 21st century. 

Keywords: chronic lymphocytic leukemia, treatment, stem cell transplantation, conservatory 
therapy
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INTRODUCTION

Chronic lymphocytic leukemia (CLL) is a frequent form of leukemic malignan-
cy among adults in developed countries. The incidence was reported around 4 
to 6 cases per 100,000 persons per year in Europe and in the United States. The 
incidence increases with age, most of the patients being diagnosed after the age 
of 65. A lower incidence of CLL is maintained in Asian individuals, however.  
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Despite affecting older age subjects, in the last years, CLL 
was found more frequently in younger individuals, less than 
55 years of age. Based on the gender distribution, males get 
sick more often compared to women (male : female ratio 
1.5–2 : 1).1,2 CLL is a chronic lymphoproliferative disease, 
accounting for one third of adult leukemia cases and one 
quarter of non-Hodgkin lymphomas (NHL).3 According 
to the WHO classification (World Health Organization, 
2008), CLL is an indolent lymphoproliferative disorder, 
composed by small, mature, monomorphic, monoclonal 
B-cells accumulating in peripheral blood, bone marrow, 
and lymphoid organs.4 The monoclonal character of these 
cells is based on the particular immunophenotype that in-
cludes specific cellular surface markers (CD5 – T-cell an-
tigen; CD19, CD23, and CD20 as B-cell antigens). On the 
other hand, the WHO states that the difference between 
CLL and small lymphocytic lymphoma (SLL) is only in 
the leukemic appearance.5 

DIAGNOSIS OF CLL

The positive diagnosis of CLL is based on blood smears, 
full blood cell count, and immunophenotyping from pe-
ripheral blood.5 

According to the International Workshop on Chronic 
Lymphocytic Leukemia (IWCLL),6,7 updated by the Na-
tional Cancer Institute-Working Group (NCI-WG) guide-
lines,7,8 CLL diagnosis is based on the presence of docu-
mented lymphocytosis (≥5 × 109 B lymphocytes/L) in the 
peripheral blood in the last 3 months; and secondly, flow 
cytometry showing a specific immunophenotypic outline: 
CD5 and CD23 expression with a low-level expression of 
CD20, CD79b, and surface immunoglobulin, as well as 
clonal light chain restriction (either kappa or lambda).

During the analysis of the peripheral blood smear, the 
leukemia cells present as healthy, mature, small lympho-
cytes with little cytoplasm and a dense nucleus with aggre-
gated chromatin, without recognizable nucleoli.5,6 

TABLE 1. The RAI staging system

Stage Characteristics Median survival

0 lymphocytosis (>5 × 109 B lymphocytes/L) in the blood and 
bone marrow aspirate, with atypical lymphocytes 

>150 months

I stage 0 + lymphadenopathies 101 months

II stage 0 + splenomegaly and/or hepatomegaly associated with 
or without lymphadenopathies

71 months

III anemia, with serum hemoglobin level <11 g/dL 19 months

IV thrombocytopenia, platelet count <100,000/mm3 19 months

TABLE 3. Chronic Lymphocytic Leukemia–International prognostic Index (CLL-IPI)

Category Overall survival (at 5 years ) Clinical approach

Low risk 93.2 % „Watch and wait”

Intermediate risk 79.3 % Treat in case of symptoms

High risk 63.3 % Treatment indication, only if the disease 
is active (symptomatic)

Very high risk 23.3 % If it is possible, treat with novel agent or 
enroll in clinical trials

TABLE 2. The BINET staging system (lymphoid areas include the laterocervical, axillary, 

inguinal lymph nodes, liver, and spleen)

Stage Characteristics 

A lymphocytosis (>5 × 109 B lymphocytes/L) and 2 lymphoid areas affected

B lymphocytosis (>5 × 109 B lymphocytes/L) and 3 or more lymphoid area affected

C anemia (Hb <10 g/dL) and/or thrombocytopenia (Plt <100,000/mm3) independent of the 
number of lymphoid area affected
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Hallek et al. and Scarfo et al. mention two clinical enti-
ties: small lymphocytic lymphoma and monoclonal B-cell 
lymphocytosis, which must be distinguished from CLL 
by assessing the signs and symptoms and the count of B 
lymphocytes in the peripheral blood. The diagnosis of 
lymphocytic lymphoma involves the presence of less than 
5 × 109 B lymphocytes/L in the peripheral blood and is 
clinically characterized by lymphadenopathies and/or en-
larged spleen and liver, without bone marrow infiltration-
related cytopenia, requiring, in some cases, histopatho-
logic examination from a lymph node. Monoclonal B-cell 
lymphocytosis is confirmed by a B-lymphocytes blood 
count under 5 × 109/L, in the absence of lymphadenopa-
thies, hepatosplenomegaly, disorder-related cytopenia, or 
B symptoms.5,7 

STAGING AND RISK STRATIFICATION OF CLL

In current clinical practice, the RAI and BINET staging 
systems are available for defining disease prognosis and in-
dication for treatment in CLL patients.9,10 

The RAI staging system includes 4 stages that present 
the median survival according to the laboratory and clini-
cal features of the disease, and it allows classification of 
patients into three risk categories (Table 1). Low-risk pa-
tients present RAI stage 0, intermediate risk includes stag-
es I and II, while high-risk patients include stages III and 
IV, with anemia and/or thrombocytopenia.9

The BINET staging system categorized patients into 
3 classes, according to the B-lymphocyte count and the 
number of affected lymphoid regions, and the hemoglobin 
and platelet count (Table 2).10

FIGURE 1. Indications for treatment in CLL according to the International Workshop on 

Chronic Lymphocytic Leukemia Guidelines

Progressive 
anemia and/or 

thrombocytopenia 
caused by bone 
marrow failure

Progressive 
lymphocytosis 

(lymphocyte count 
increased >50% in the 

last two months) or 
lymphocyte doubling 

time <6 months.

Autoimmune 
hemolytic anemia 

and/or autoimmune 
thrombocytopenia

Symptomatic 
splenomegaly or 

progressive tumoral 
splenomegaly  

(>6 cm under the 
left costal margin)

Indication 
for treatment 
initiation in 

CLL patients

Symptomatic 
lymphadenopathy or 
progressive, bulky/
tumoral adenopathy  

(of over 10 cm).

„B” symptoms: feverish 
state (>38.0 °C) for 2 

weeks without infective 
explanation, night 

sweats, unexplained, 
significant weight loss 

of more than 10% within 
6 months, fatigue 
and/or weakness.
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The disadvantage of the two staging systems is that they 
allow the identification of only three prognostic subgroups. 
However, in the last two decades, genetic studies have iso-
lated several genomic and chromosomal modifications in 
patients with CLL that present prognostic value irrespective 
of the clinical stage. In consequence, an international con-
sortium of study groups has developed a relevant prognostic 
score — the Chronic Lymphocytic Leukemia-International 
Prognostic Index (CLL-IPI). In this staging system, five 
independent prognostic factor were included: age, clinical 
stage, serum β2-microglobulin levels, IGHV mutational sta-
tus, and del(17p) and/or TP53 mutation.5,7,11 

THERAPEUTIC GUIDELINES — 

INDICATION FOR TREATMENT

The two main questions to be answered before commenc-
ing a proper patient management in CLL are “When?” and 
“How?”.12 The International Workshop on Chronic Lym-
phocytic Leukemia clearly defined the signs and/or symp-
toms of active disease that has indication for prompt treat-
ment initiation (Figure 1).6,7,11 

PROPER SELECTION OF TREATMENT REGIMENS

When faced with a diagnosis of CLL, the clinician should 
assess the proper timing and method, either in monother-
apy or with combination drug regimens, for initiating the 
therapeutic management of such patients. Therefore, sev-
eral parameters should be evaluated, which include (1) the 
fitness of the patient (age, comorbidity, performance sta-
tus, comorbidity index of rating scale – CIRS, renal func-
tion); (2) the stage of the disease (RAI and BINET); (3) 
disorder-related symptoms; (4) gene mutations [del (17p) 
and or TP53 mutation]; (5) previous treatment, as well as 
the presence of relapse or refractory disease to the last ad-
ministered treatment regimens.5,7,11 

Considering the 5 parameters previously listed, there 
are different possible treatment modalities.

The “Watch and wait” conduct

Delayed treatment initiation can be applied in case of CLL 
patients with RAI stage 0 to I and BINET stage A and B, 
irrespective of the gene mutations and fitness. 

First-line therapy

In fit patients (“go go”), with normal organ and kidney 
function, with a creatinine clearance of >70 mL/minute, 

with a CIRS of ≤6, the current procedure is to apply stan-
dard combination chemotherapy with fludarabine, cy-
clophosphamide and CD20 monoclonal antibody – ritux-
imab (FCR). Two comprehensive studies have shown 
an outstanding response rate with this scheme, with an 
overall response rate of 90% and a rate of complete re-
sponse of 40%.12,13 But the toxicity of this combination 
may lead to a greater incidence of grade 3 or 4 neutrope-
nia and bacterial or viral infections within the first 2 years 
after treatment.14,15 Unfortunately, there is no suitable 
data on methods for toxicity reduction and the only way 
is to reduce the treatment cycles during minimal residual 
disease (MRD).16 An alternative treatment may be the 
combination of bendamustine + rituximab (BR).16 At the 
same time, a randomized GCLLSG trial (2013) showed 
that the BR combination presents a better clinical toler-
ance, but the clinical remission rate and progression-free 
survival were shown to be inferior to that of the FCR 
combination.18 

In unfit patients, (“slow go”), with damaged organ func-
tions (creatinine clearance less than 70 mL/minute) and 
several relevant comorbidities (CIRS score >6), the thera-
peutic method of choice is the chlorambucil (alkylating 
agent) and anti-CD20 antibody combination. In 2014, Go-
ede et al., used the chlorambucil + obinutuzumab (anti-
CD20 antibody) scheme and were able to prove a higher 
clinical response rate compared to chlorambucil mono-
therapy and a longer progression-free survival; however, 
the authors did not study the side effect profile of this regi-
men.19 In 2013, Hillmen et al. reported similar results with 
the use of chlorambucil and ofatumumab combination.20 
According to Foon et al. (2009), the FCR-lite regimen con-
sists in reducing the doses of fludarabine, cyclophospha-
mide and rituximab down to the patient’s tolerability.21

High-risk patients, with del(17p) and/or TP53 muta-
tions present a negative, reserved prognosis, but the rec-
ommendations are not clear about the standard therapy, 
which underlines the importance of patient enrollment in 
clinical experiments with novel drugs. 

Currently, new kinase inhibitors (ibrutinib and idelalis-
ib) are approved by the Food and Drug Administration and 
the European Medicines Agency as the main treatment 
line in patients with 17p deletion and/or TP53 mutation.5,7 

Ibrutinib is an inhibitor of Bruton-tirosine kinase, 
linked irreversibly to B-cell receptor, which acts on this 
pathway by inducing apoptosis and blocking the prolif-
eration process. Its adverse effects include coagulopathies 
(manifested with bleeding), gastrointestinal effects (e.g., 
diarrhea), and also CYP3A4 interactions, thus indicating 
careful administration in association with other inducers 
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of inhibitors of cytochrome p450. Also, it had also been 
proven useful in relapsed/refractory CLL.22–24 

Idelalisib is a phosphoinositide 3-kinase (PI3K) inhibi-
tor, with oral administration, and as side effects it causes 
hepatic cytolysis, lung involvement, and colitis with diar-
rhea.25,26 This drug presents first-line indication in patients 
with del(17p), and, on the other hand, it can be associated 
with anti-CD20 monoclonal antibody (rituximab) for re-
lapsed or refractory CLL.27 

Second-line therapies (for relapsed 
and refractory CLL) 

This category of patients is a gray zone too. But the rec-
ommendations are the same for patients who have re-
ceived a first-option immunochemotherapy combination 
(such as FCR) and they relapse after more than 24 to 36 
months.12 On the other hand, if the relapse occurs within 
24–36 months after the end of the treatment, or the sub-
jects are refractory to the fludarabine-based combination 
(with non-progressive or progressive disease or patients 
who relapse within 6 months after the end of treatment), 
the option of clinical trial enrollment should be taken into 
account. In such cases, there are several possibilities of 
treatment. The use of alemtuzumab and fludarabine com-
bination has been shown by Elter et al. (2011) to reach a 
response rate of more than 80% and a clinical remission 
in 30% of cases.28 The anti-CD20 monoclonal antibody in 
association with corticosteroids were proposed by Cas-
tro et al. (2008), by administering rituximab in days 1, 8, 
and 15, with high doses of methylprednisolone (1 g/m2) 
over a 4-week period.29 Ibrutinib and idelalisib (without or 
with rituximab) have also been proved as indication in this 
patient category,23,27 ofatumumab is a second-generation 
anti-CD20 monoclonal antibody that binds to a different 
epitope of the CD20 surface marker. It shows a tardive 
dissociation, which leads to a better, more efficient com-
plement-dependent cytotoxicity. This effect is superior 
compared to rituximab. In double-refractory (resistant to 
fludarabine + alemtuzumab) CLL patients, ofatumumab is 
a suggested treatment possibility.30 

Allogeneic stem cell transplantation

Sutton et al., Montserrat et al., and Magni et al. have shown 
that autologous stem cell transplantation dose not pres-
ent a superior, significant effect on the general survival 
rates and on the progression-free survival, in comparison 
to standard immunochemotherapy schemes (e.g., fluda-
rabine, cyclophosphamide, and rituximab regimen).31–33 

In young CLL patients with refractory disease, with or 
without genetic abnormalities (17p deletion and/or TP53 
mutation), allogeneic stem cell transplantation should be 
taken into consideration.34 This statement is encouraged 
by the fact that although new pharmacological agents 
(tyrosine-kinase inhibitors and new-generation monoclo-
nal antibodies) have reformed the treatment modalities 
in CLL, there has yet to be sufficient information on their 
long-term efficacy and safety. As a final thought, in these 
patients, after the right novel agent has been chosen and 
has led to an optimal response, there are two options for 
furthering the treatment. The first option consists in per-
forming allogeneic stem cell transplantation in order to 
conserve the clinical response, and the second option is to 
delay the cell therapy and to continue the initiated treat-
ment with the novel drug. 

OUTLOOK ON THE FUTURE OF CLL TREATMENT

Over the last two decades, there have been multiple devel-
opments that triggered a change in the therapeutic man-
agement of CLL. Due to several genetic investigations, 
clinicians are mapping the genetic background, which has 
led to a better understanding of why this indolent lympho-
proliferative disease presents a slow progression in some 
patients (with a longer period of inactivity of the disease), 
while other patients should be treated shortly after diagno-
sis, by initiating proper therapeutic measures. 

CONCLUSIONS

Comprehensive clinical studies have generated new per-
sonalized guidelines, which indicate “when” and “how” to 
treat patients with chronic lymphocytic leukemia. Novel 
pharmacological agents have significantly improved clini-
cal outcomes in high-risk, relapsed, or refractory CLL. At 
the same time, there are still unanswered questions regard-
ing the safety and long-term efficacy of such novel thera-
pies, which require further clinical studies that may be able 
to provide clear answers.
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ABSTRACT

Recent studies demonstrated that despite restoration of the sinus rhythm, patients with a posi-

tive history of atrial fibrillation (AF) are still at risk of thromboembolic events. The primary objec-

tive of this study is to identify new imaging-derived biomarkers provided by modern imaging 

technologies, such as cardiac computed tomography angiography, delayed enhancement 

magnetic resonance imaging, or speckle tracking echocardiography, as well as hematological 

biomarkers, associated with the risk of intracavitary thrombosis in patients with AF, in order 

to identify the imaging-derived characteristics associated with an increased risk of cardio-

embolic events. Imaging data collected will be post-processed using advanced techniques of 

computational modeling, in order to fully characterize the degree of structural remodeling and 

the amount of atrial fibrosis. The primary endpoint of the study is represented by the rate of 

thromboembolic events. The rate of cardiovascular death, the rate of major adverse cardiovas-

cular events, and the rate of AF recurrence will also be determined in relation to the degree of 

structural remodeling and atrial fibrosis. 
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INTRODUCTION

Atrial fibrillation (AF) is the most common sustained ar-
rhythmia that can appear in patients with or without car-
diac comorbidities.1 The incidence of AF is decreasing; 
however, its prevalence remained constant, one third of 
the adult population being affected by this devastating 
disease.2,3 The risk of stroke in patients with AF decreased 
in the last few years; however, this was not accompanied 
by a decrease in mortality risk.2 Recent studies have dem-
onstrated that despite sinus rhythm restoration, patients 
with a positive history of AF are still at risk of thromboem-
bolic events. Therefore, blood stagnation in the atria is not 
the only contributor to the development of intracavitary 
thrombosis.4–6 In the ASSERT study, only 8% of patients 
with stroke or systemic embolism had atrial fibrillation in 
the last 30 days prior to the embolic event.7 Along with 
atrial stasis, several mechanisms are involved in the patho-
genesis of atrial thrombosis in AF such as atrial fibrosis, 
epicardial adiposity,8,9 local inflammation, hypercoagula-
bility,10 endothelial dysfunction, structural pathologies, 
neurohumoral and genetic factors.4 It has been described 
in the literature that atrial fibrosis significantly increases 
the incidence of stroke, and that the degree of atrial fibro-
sis is significantly higher in patients with stroke.7 Figure 1 
presents the main factors involved in the pathophysiology 
of AF and the link between AF and stroke.

Atrial fibrosis plays an important role in the appearance, 
maintenance, and recurrence of AF and in the effective-
ness of catheter ablation. At the same time, atrial fibrosis is 
a consequence of AF, showing a vicious circle in which “AF 

begets AF”.11 Atrial fibrosis can be caused by: atrial fibrilla-
tion, rapid atrial myocyte depolarization,12 inflammation, 
mechanical stretch, atrial distension,13 cardiac injury,11 
electrical derangements,11 accumulation of intracellular 
Ca ions, autocrine and paracrine mediators,12 oxidative 
stress,14 diabetes, obesity,15 hypercoagulability (activation 
of PAR1 receptors by thrombin),16 genetic factors and sys-
temic autoimmune disease. Cardiovascular comorbidities 
and age (<75 years) did not appear to correlate with the 
degree of atrial fibrosis.17 Atrial fibrosis can be noninva-
sively assessed and quantified using delayed enhancement 
magnetic resonance imaging (DE-MRI).18 

Inflammation can be a cause or a consequence of AF. A 
correlation between AF and circulatory levels of inflammato-
ry biomarkers, such as C-reactive protein (CRP), cytokines, 
interleukin, complement, and activation state of leukocytes 
and atrial fibrillation has been documented.19,20 The link be-
tween inflammation and AF includes atrial fibrosis as a main 
component. Inflammation increases the level of pro-inflam-
mation cytokines in the blood, such as IL 1, IL 2, IL 6, IL 8, 
CRP, tumor necrosis factor α, monocyte or chemoattractant 
protein 1, which stimulate endothelial and other cells.19 An 
independent correlation between the level of inflammatory 
biomarkers and AF was described, the level of CRP and IL 6 
correlating with structural remodeling (left atrium enlarge-
ment) and with impaired left atrium (LA) function.21 Fur-
thermore, the level of CRP is an independent predictor of 
AF, and this level is higher in patients with persistent AF.19 
Inflammation also has an important role in thrombus forma-
tion and ischemic events, this correlation being mediated 
by endothelial injury, platelet activation, tissue factors, von 
Willebrand factor, fibrinogen, and P-selectin.22,23 Therefore, 
CRP can become a useful biomarker to assess the risk of 
thromboembolic events in patients with AF.12 

Pericardial adipose tissue is a highly metabolically ac-
tive tissue that can predispose to AF, involving inflamma-
tory cytokines and oxidative stress. Furthermore, it has a 
quantitative association with the severity of AF.24,25

AF produces a hypercoagulable state. Thrombin can ini-
tiate a pro-fibrotic, pro-inflammatory, and pro-hypertro-
phic state via stimulation of protease-activated receptors.26 
New anticoagulant therapy can inhibit PAR1 activation 
and through it can prevent the development of a substrate 
for AF.27 

A CHADS2 and CHA2DS2-VASC score of 0 may be in-
sufficient to avoid thromboembolism events in patients 
with AF.28 More information about thromboembolic risk 
can be obtain by determination of the level of troponin I, 
CRP, and NT-pro BNP.29 However, even these hematologi-
cal biomarkers fail to fully predict the risk of thromboem-

FIGURE 1. Mechanisms involved in the determinism of atrial fibril-

lation and associated stroke
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bolism.28 Novel studies demonstrated that AF and atrial fi-
brosis are independent risk factors for stroke, even after the 
sinus rhythm has been restored. A degree IV (>75%) atrial 
fibrosis can have a huge impact on the risk of stroke and may 
be included in the new stroke prediction index.13

POTENTIAL CONTRIBUTIONS OF THE STUDY 

The phenomenon of atrial fibrosis as a pathogenic mecha-
nism of AF has been described in the literature; however, 
its role in atrial thrombosis has not been elucidated so far. 

The originality of the present study consists in building 
an algorithm of investigation by which high-quality imag-
ing data will be correlated with hematological markers of 
inflammation, platelet aggregation, and clotting. A model 
of complex investigations will be developed to identify 
patients with increased thromboembolic risk, and thus a 
large number of cardio-embolic events will be prevented. 

STUDY HYPOTHESIS

The degree of atrial fibrosis and the level of inflammatory 
markers in the blood can predict the risk of thromboem-
bolic events in patients with atrial fibrillation. 

STUDY OBJECTIVES

Primary objective

The primary objective of this study is to identify new 
imaging-derived biomarkers provided by modern imag-
ing technologies such as cardiac computed tomography 
angiography (CCTA), delayed enhancement MR imaging 
(DE-MRI), or speckle-tracking echocardiography (STE), 
as well as hematological biomarkers, associated with the 
risk of intracavitary thrombosis in patients with AF, in 
order to identify the characteristics associated with an in-
creased risk of cardio-embolic events.

Secondary objectives

This study also aims to evaluate the correlation between 
the structural remodeling of the left and right atria and 
the amount of myocardial fibrosis of the left atrium, using 
DE-MRI. We will determine the function of the left atrium 
using exercise stress test (EST) and the automated quanti-
fication of atrial fibrosis using dedicated software. 

At the same time, volumetric assessment of epicardial 
adipose tissue will be performed in each patient undergo-
ing CCTA and MRI. 

We will also look for identification of hematological 
biomarkers of predisposition for thrombosis and platelet 
aggregation and evaluate the differences between these 
biomarkers in blood samples collected from a peripheral 
line and from the left atrium during interventional abla-
tion procedures. Another important part of this study is 
to analyze the electrical remodeling of the atrium using a 
three-dimensional electro-anatomic mapping system and 
to correlate these findings with the rate of thrombosis and 
with the level of local hematological markers. We will de-
termine the rate of recurrence of AF, the rate of thrombo-
embolic events, and the rate of major adverse cardiovascu-
lar events (MACE), every 3 months during the follow-up.

METHODS

Study design

This is a prospective, descriptive, cohort study composed 
of two major parts. In the first part of the study, laboratory 
tests and necessary interventions will be performed. The 
second part is represented by the follow-up of patients for 2 
years and will contain the analysis of the data obtained dur-
ing the first part of study. After evaluating eligibility for the 
screening process, patients who meet the inclusion criteria 
without exclusion criteria will be included in the study. The 
study population will be comprised of a minimum of 50 pa-
tients. Each patient included in the study will need to be eli-
gible for catheter ablation. Based on the degree of atrial re-
modeling (size, wall thickness, and function) assessed with 
CCTA, the study population will be divided in 2 groups. 
Patients with mild atrial remodeling will be enrolled in the 
first group, while the second group will contain patients 
with moderate or severe atrial remodeling. 

Personal data of patients will be collected at the start of 
study. Anamnesis, physical examination, ECG, evaluation 
of risk factors and comorbidities will be performed in each 
case. Lab tests will include the level of leukocytes, hs-CRP, 
and the erythrocyte sedimentation rate. In each case we 
will exclude the presence of an intracavitary thrombus us-
ing transthoracic and transesophageal echocardiography. 
The structure of atrial anatomy and the level of epicardial 
adipose tissue will be examined with echocardiography and 
CCTA. EST will be used for the assessment of cardiac func-
tion. Electrophysiological study will be performed in each 
patient included in the study and the images obtained with 
CCTA will be merged with the electrical map of the heart.

After trans-septal puncture, but before pulmonary veins 
isolation, we will harvest blood from the left atrium to de-
termine the level of pro-inflammatory and pro-coagulation 
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factors. We will quantify the level of hs-CRP, IL-1,6, fi-
brinogen, tumor necrosis factor, the erythrocyte sedimen-
tation rate, INR, PT, and PT%. At the same time, these 
factors will be determined from the peripheral blood.

The degree of atrial fibrosis will be assessed using DE-
MRI. Upon discharge, we will perform a new ECG to con-
firm the success of cardioversion. All patients without AF 
at discharge will be followed-up for 2 years. Patients will 
be recalled for periodic investigations (anamnesis, physi-
cal examination, ECG, echocardiography) in the 3rd, 12th 
and 24th month and contacted by phone in the 6th and 9th 
month after cardioversion. At the last session (month 24), 
MRI and EST will be performed to assess the progression 
of atrial fibrosis and the changes in atrial function.

INCLUSION AND EXCLUSION CRITERIA

Patients are eligible if they had non-valvular paroxysmal 
or persistent AF. All patients need to be adults and be 
able to read and understand the informed consent docu-
ment. The study cannot be carried out without imaging 
techniques, therefore patients who present contraindi-
cations to imaging tests will be excluded from the study. 
These conditions are represented by claustrophobia, hy-
persensitivity to contrast agents (gadolinium, CT contrast 
agents), pregnancy, acute or chronic kidney failure (stage 
3a, 3b, 4, 5), and decompensated cirrhosis. The presence 
of metallic foreign bodies or cardiac rhythm device are 
contraindications for magnetic resonance imaging and 
therefore for the study. 

Patients receiving any drug that may affect the level of 
hematological markers will be excluded from the study. 
Terminally ill patients and those who may not adhere or 
may not complete follow-up or do not have reliable infor-
mation will be also excluded from the study.

ENDPOINTS

The primary endpoint of the study is represented by the 
rate of thromboembolic events. The rate of cardiovascular 
death, the rate of MACE, and the rate of AF recurrence 
will also be determined in relation to the degree of struc-
tural remodeling and atrial fibrosis.

DATE STORAGE AND ANALYSES 

A dedicated database with the patients’ data and imaging 
tests will be created and handled with the utmost accu-
racy and confidentiality, only the staff involved in the re-
search having access to this database. Imaging data stored 

in the database will undergo complex post-processing in 
the computational medicine laboratory, using computa-
tional simulations and advanced imaging techniques pro-
cessing. The merging of images obtained with CT scanner 
with the electro-anatomical map of the left atrium will be 
performed in real time during the catheter ablation proce-
dure. The quantification of the left atrium fibrosis will be 
performed by a radiologist.

The statistical analysis will be performed in the medical 
statistics laboratory of the Center of Advanced Research in 
Multimodal Cardiac Imaging of SC Cardio Med SRL.

ETHICS

All study procedures are in line with the principles of the 
Declaration of Helsinki. All patients will sign an informed 
consent prior to be enrolled in the study. The study received 
Ethics approval from both institutional boards (approval 
no 28/28.12.2017 from the Ethics Committee of Cardio 
Med Medical Center, and approval no. 348/13.12.2017 
from the Ethics Committee of the University of Medicine 
and Pharmacy of Tîrgu Mureș).

CONCLUSION

In AF undergoing complex ablation procedures, the rate 
of recurrence and the cardioversion succession rate are 
influenced by several intra- and extra-cardiac factors. 
Novel studies have shown that in addition to atrial stasis, 
many factors are involved in the appearance of intra-atri-
al thrombosis. Patients with positive history of AF have 
also an increased risk for stroke compared to those who 
never had atrial fibrillation. It is known that atrial fibrosis, 
inflammation, and hypercoagulability have an important 
role in the appearance of intracavitary thrombosis, but 
the exact mechanisms involved in this correlation have not 
been elucidated so far. This study will characterize new 
imaging-derived biomarkers to correlate the structural re-
modeling and fibrosis of the left and right atrium with the 
hematological parameters reflecting a high coagulability in 
the atria, in order identify new tools for predicting the risk 
of thromboembolic events in patients with AF. 
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ABSTRACT

Introduction: Autologous hematopoietic stem cell transplantation (ASCT) represents a stan-

dard therapy in the management of hematologic malignancies such as malignant lymphomas 

and has used for approximately three decades. The aim of this study was to determine the 

occurring post-ASCT complications and their impact on the patients’ recovery for a better 

management. Material and methods: An observational retrospective study was performed 

during a five-year period between 2012 and 2017, involving 58 classical Hodgkin lymphoma 

and 36 non-Hodgkin lymphoma patients, who underwent ASCT in the Bone Marrow Trans-

plantation Unit of Tîrgu Mureş. The main analyzed complications were: infections, bleeding, 

hydroelectrolytic disorders, and hypoalbuminemia. Results: After data analysis we found that 

17 patients (18%) presented microbiologically confirmed infection, 10 patients (11%) presented 

clinically non-significant bleeding, 39 patients (42%) presented electrolyte disorders, and 33 

patients (36%) presented hypoalbuminemia, obtaining a positive correlation between the rate 

of adverse events after ASCT with age (r = 0.9914, p = 0.0009) and the average hospitalization 

period (r = 1, p <0.00001). Conclusions: The identification of adverse events and their correla-

tion with the patients’ clinical outcome can lead to better patient management and a faster 

recovery after ASCT. 

Keywords: malignant lymphoma, autologous stem cell transplantation, complication management
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INTRODUCTION

Autologous hematopoietic stem cell transplantation (ASCT) represents a stan-
dard therapy in the management of hematologic malignancies such as malignant 
lymphomas and has been used for approximately three decades.1,2 The standard 
first-line chemotherapy used in Hodgkin lymphomas consists of 12 applications 
of the ABVD (doxorubicin, bleomycin, vinblastin, dacarbazine) regimen. In case 
of non-Hodgkin lymphomas, the first line of chemotherapy includes 8 courses 
of the CHOP regimen (cyclophosphamide, doxorubicin, vincristine, and pred-
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nisone). In both subtypes of lymphomas, the first-line 
chemotherapy can be combined with targeted antibody 
therapy (e.g., rituximab + CHOP) and radiation treat-
ment. Despite the new era of novel targeted drugs, ASCT 
still remains a significant treatment method for relapsed or 
chemoresistant Hodgkin and non-Hodgkin lymphomas.2–4 
Due to the high-dose conditioning regimens, post-ASCT 
complications, such as viral and bacterial infections, can 
have a major impact on clinical outcome and the patients’ 
recovery.5,6

The present study aimed to determine the complica-
tions occurring after ASCT, as well as their impact on the 
patients’ recovery for a better patient management.

MATERIAL AND METHODS

An observational retrospective study was performed dur-
ing a five-year period between 2012 and 2017, involving 
58 classical Hodgkin lymphoma patients and 36 subjects 
with non-Hodgkin lymphoma, who underwent ASCT in 
the Bone Marrow Transplantation Unit of Tîrgu Mureş. All 
the enrolled patients benefited from standard-dose CEAM 
conditioning regimen (CCNU, etoposide, ara-c, melpha-
lan). The main analyzed complications were: infections, 
bleeding, electrolyte disorders, and hypoalbuminemia. 
For each enrolled subject, lingual, nasopharyngeal, and 
urinary culture was collected for microbiological analysis 
before and after ASCT. In order to determine the pres-
ence or absence of hydroelectrolytic disorders and hypo-
albuminemia, daily serum biochemistry analysis was per-
formed. The obtained data was recorded in the patients’ 
personal files. In order to identify the statistical relation 
between the presence of complications and the patients’ 
age, as well as the number of complications and the hospi-

talization period, the Pearson Correlation Coefficient Cal-
culator was used. The statistical significance was set at an 
alpha value of 0.05.

RESULTS

After processing all data regarding our study group, we 
found that most patients presented electrolyte disorders, 
followed by hypoalbuminemia, microbiologically con-
firmed infections, and clinically non-significant bleedings 
(Figure 1). 

According to the number of complications present in 
each patient, the study lot was divided in five groups: pa-
tients without complications, and subjects with one, two, 
three, or four simultaneous complications. Regarding to 
the above-mentioned groups, the following distribution 
was found: 23 patients did not present any complication 
(24.4%), 28 patients with one adverse event post-ASCT 
(29.7%), 20 patients with two complications (21.3%), 14 
out of 94 patients (14.9%) presented 3 complications, while 
9 patients (9.6%) from the study lot presented all four of 
the examined adverse events (Figure 1). The correlation 
coefficient between the number of complications and the 
median age for each group was r = 0.9914 (p = 0.0009), 
showing that age was directly proportional to the number 
of complications, and the results also showed a positive 
correlation between the complication rate and the aver-
age days of hospitalization after ASCT (r = 1, p <0.00001) 
(Table 1).

DISCUSSIONS 

The results of the present study found that the most fre-
quent complication occurring after autologous hemato-
poietic stem cell therapy in lymphoma patients was the 
presence of electrolyte disturbances, followed by low se-
rum albumin levels and bacteriologically confirmed infec-
tions. The rarest complication found in our study cohort 
was the presence of non-significant bleedings. In case of 
bacteriological evidence of infection, targeted antibiotic 
therapy was initiated. In case of bleeding, supportive plate-

TABLE 1. The median age and post-ASCT hospitalization period 

of each study group according to the number of complications

Number of complications None 1 2 3 4

Median age (years) 31.6 34.1 37 41.2 45.8

Hospitalization period 
(average number of days)

14.4 15.2 16.1 16.9 17.7
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FIGURE 1. The rate of post-ASCT complications in the study 

population 



38 Journal of Interdisciplinary Medicine 2017;2(S4):36-38

let and fresh frozen plasma transfusion was administered, 
over and above in persisting active bleeding recombinant 
human coagulation factor VIIa (NovoSeven®) was dosed. 
Substitutive therapy was initiated in case of hydroelectro-
lytic disorders or hypoalbuminemia.

A study conducted by Jones et al. in the Anderson Can-
cer Center in Texas, focusing on post-ASCT complica-
tions during hospitalization and their impact on hospi-
talization costs, had highlighted the importance of this 
question. The results found a strong correlation between 
the presence of adverse events and increased costs.7 A re-
cently published research by Otrock et al. examined ad-
verse events related to cryopreserved stem cell infusion 
and demonstrated that most of these immediate adverse 
events can be attributed to dimethyl-sulfoxide (DMSO), 
but the study did not evaluate the correlation between the 
DMSO-induced adverse events and the patients’ age or 
hospitalization period.8

CONCLUSIONS

Based on the clinical and statistical analysis, we can con-
clude that the presence of complications and the number 
of these complications show a statistically significant posi-
tive correlation with the hospitalization period after autol-
ogous stem cell transplantation. Moreover, older patients 
were more likely to present multiple adverse events after 
transplantation. The identification of risk groups among 
transplanted patients and a better prediction of potential 

complications can lead to a more efficient patient manage-
ment, conducting to an improved post-ASCT clinical out-
come and a cost-efficient hospitalization.
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ABSTRACT

Background: High-dose chemotherapy and autologous stem cell transplantation have be-

come a standard curative treatment in various hematologic malignancies. Many factors can 

affect the success of mobilization and hematopoietic stem cell harvesting. Aim: The aim of 

this study was to analyze factors that lead to mobilization failure. Material and Methods: We 

conducted a retrospective study on 19 patients with failure of stem cell harvesting. All pa-

tients were administered high doses of GCS-F (filgrastim, 15 μg/kg/day) and 0.24 mg/kg of 

plerixafor on day +5 or +10 of harvesting. Results: The median age of the study population was  

51 years (range 35–67) and 52.6% (n = 10) were males. The study group included 4 (21%) 

subjects with multiple myeloma, 6 (31.5%) with Hodgkin lymphoma, 8 cases (42.1%) with non-

Hodgkin lymphoma and 1 patient with chronic lymphocytic leukemia. Each patient received 

2.78 (range 1–5) lines of chemotherapy, administered in 11.57 (range 2 to over 20) cycles of 

treatment. Conclusion: In hematologic malignancies it is very important to collect stem cells in 

time, in order to reduce mobilization failure. As we have shown in our studied cases, multiple 

lines of polychemotherapy with or without radiotherapy lead to mobilization failure. 

Keywords: mobilization failure, heavily treated patients, influencing factors
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INTRODUCTION

Autologous hematopoietic stem cell treatment is a curative method for subjects 
suffering from several hematologic malignancies. In these cases, peripheral 
blood is the preferred source to harvest CD34+ cells.1 The use of granulocyte-
colony stimulating factor (G-CSF) alone or in combination with chemotherapy 
results in a collection of an adequate number of peripheral blood stem cells 
(PBSC). The recommended minimally sufficient number of cells is 2 × 106 
CD34+ cells/kg, otherwise the procedure is associated with slower blood count 
recovery, a higher number of transfusion requirements, infections, and longer 
period of hospitalization.2–4 
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Mobilization failure is the main cause for not being able 
to perform autologous hematopoietic stem cell (HSC) 
transplantation.5 The main factors that influence stem cell 
mobilization include age, previous therapy, collateral dis-
eases, and genetic polymorphism.5,6

An important risk factor for hematopoietic stem cell ex-
haustion and mobilization failure is represented by succes-
sive cycles of chemotherapy. HSCs present changes in their 
quality throughout development and life, and the greatest 
proliferation and differentiation potential is present in 
HSCs obtained from the fetal liver, followed by neonatal 
and postnatal bone marrow of young and older donors.7 

AIM OF THE STUDY

The objective of this study was to analyze the factors asso-
ciated with mobilization failure for autologous PBSC in a 
group of 19 patients from a single hematology unit. 

MATERIAL AND METHODS

We performed a retrospective study in the Bone Mar-
row Transplantation Unit of Tîrgu Mureș during a 4 year 
interval from January 1, 2014 to December 31, 2017. 
During this 4-year period, 212 patients with different 
hematologic malignancies and 12 donors for allogeneic 
transplantation underwent stem cell mobilization. From 
the 224 cases, 19 cases presented failure of mobilization. 
The present study analyzed the 19 patients with failure of 
SC harvesting, diagnosed with multiple myeloma, Hodg-
kin lymphoma, non-Hodgkin lymphoma, and chronic 
lymphocytic leukemia, in whom a combined mobiliza-
tion method was used (GCS-F + plerixafor, chemother-
apy followed by GCS-F + plerixafor). All subjects were 
administered high doses of GCS-F (filgrastim, 15 μg/

kg/day) and 0.24 mg/kg of plerixafor on day +5 or +10 
of mobilization. In all cases, the harvesting was unsuc-
cessful, the PBSC number being under 0.5 × 106 CD34+ 
cells/kg body weight.

A number of 5 patients were excluded from the study 
because the mobilization failure was caused by other asso-
ciated diseases (thrombosis, acute myocardial infarction, 
respiratory insufficiency, active hepatitis).

RESULTS

The study lot had a mean age of 51 years (ranging between 
35–67 years) and included 52.6% (n = 10) males. The 
study group included 4 (21%) patients with multiple my-
eloma (one with IgA with previous Hodgkin disease and 
3 cases with IgG secretory myeloma), 6 (31.5%) patients 
with Hodgkin lymphoma (3 with nodular sclerosis, 3 with 
mixed cellularity lymphoma), 8 cases (42.1%) with non-
Hodgkin lymphoma (2 with marginal zone lymphoma, 3 
with T-cell lymphoma, 2 with mantle cell lymphoma, and 
1 patient with Burkitt lymphoma), and one patient with 
chronic lymphocytic leukemia.

The mobilization of stem cells was performed with a 
combination of chemotherapy + GCS-F + plerixafor in 10 
cases and GCS-F + plerixafor in 9 cases.

The age distribution is presented in Figure 1, where the 
highest number of patients had ages between 51 and 60 
years.

The mean number of chemotherapeutic lines adminis-
tered to each patient in the study population was 2.78, with 
a range between 1 and 5. 

The mean number of chemotherapeutic cycles/applica-
tions was 11.57, with a range between 2 to over 20 cycles 
(Figure 2). 
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The median blood cell count prior to stem cell mobiliza-
tion is illustrated in Table 1.

DISCUSSION

Our study shows that stem cell mobilization failure for au-
tologous HSCT is highly correlated with the type of previ-
ous chemotherapy, therapy lines, and diagnosis. 

All patients in the study group were heavily pretreat-
ed with alkylating agents and purine analogs. Alkylating 
agents were used in intermittent courses, with cyclo-
phosphamide, doxorubicin, vincristine, and prednisone 
(CHOP-like regimen). Other studies have found similar 
results, indicating that mobilization failure occurs more 
often when using these agents.5,8,9 

The highest ratio of mobilization failure occurred in 
non-Hodgkin lymphoma (8 cases), followed by Hodgkin 
lymphoma (6 cases) and multiple myeloma (4 cases), simi-
lar to the results of a study conducted by Sancho et al.5 

Patients with ages between 51–61 years had the highest 
ratio of failure. 

Previous malignant disease can be mentioned as another 
important factor causing failure of stem cell mobilization.

A known risk factor in poor mobilization is previous ra-
diotherapy,5,9 which was present in only 3 cases.

By analyzing the hematological parameters, our results 
showed that patients with mobilization failure had moder-
ate anemia with serum levels of hemoglobin of 10.83 g/dL  
and hematocrit of 32.85%, without leukopenia, neutrope-
nia, thrombocytopenia, and serum iron overload. Other 
studies describe that mobilization failure is more common 

in patients with thrombocytopenia, neutropenia, anemia, 
leukopenia.5,9,10

CONCLUSION

Many factors can lead to mobilization and stem cell har-
vesting failure, making it impossible to perform autolo-
gous transplantation. We can conclude that in hematologic 
malignancies it is very important to collect stem cells in 
time, in order to reduce mobilization failure. As we have 
shown in our studied cases, multiple lines of polychemo-
therapy with or without radiotherapy lead to mobilization 
failure. The use of combined growth factor mobilization by 
adding plerixafor can increase the number of CD34+ cells, 
making mobilization possible in selected cases.
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TABLE 1. Hematological parameters in patients with mobilization 

failure

Parameters Range of values Median

WBC, cells/μL 2,980–30,000 9,001

Hemoglobin, g/dL 4.8–14.6 10.83

HTC, % 17.3–42.7 32.85

Platelets, cells/μL 89,000 –723,000 227,000

WBC – white blood cell count; HTC – hematocrit
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ABSTRACT

Acute myeloid leukemia (AML) is a cancerous disease affecting the myeloid line of the bone 

marrow cells. FLT3, also known as CD135, is a proto-oncogene, which, if mutated, leads to 

different types of cancer. The protein it encodes presents tyrosine-kinase activity, and its intra-

tandem mutation, FLT3-ITD, leads to uncontrolled proliferation of myeloblasts and worse out-

comes in AML patients. There are currently several pharmacological agents that can inhibit the 

effect of either the proteins with tyrosine-kinase activity or the mutated FLT3 gene. We present 

the case of a 68-year-old patient, smoker, with a history of arterial hypertension, chronic ob-

structive pulmonary disease, presenting with headache unresponsive to antalgics, dyspnea 

after physical exertion, and epistaxis, with onset 2 months prior to his presentation. The patient 

was diagnosed with AML with positive FTL3 mutation for which conventional induction therapy 

was initiated. Within the next days, the patient presented several complications related to the 

disease itself or caused by the treatment, which eventually led to his death. 

Keywords: acute myeloid leukemia, FTL3 mutation, stem cell transplantation
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INTRODUCTION

Acute myeloid leukemia (AML) is a cancerous disease affecting the myeloid line 
of bone marrow cells. It occasionally presents as tumor masses in other tissues, 
such as the skin and lymph nodes, when it is called myeloid sarcoma. According 
to the FAB classification, there are several types of AML, more specifically: M0 
– with minimal differentiation, M1 – without maturation, M2 – with matura-
tion, M3 – acute promyelocytic leukemia, M4 – acute myelomonocytic leuke-
mia, M5 – acute monoblastic leukemia, M6 – acute erythroleukemia, and M7 
– acute megakaryoblastic leukemia.1,2

FLT3, also known as CD135, is a proto-oncogene, which, if mutated, leads to 
different types of cancer. This protein presents tyrosine-kinase activity, and its 
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intra-tandem mutation, FLT3-ITD, leads to uncontrolled 
proliferation of myeloblasts.3,4 

The treatment of AML consists of chemotherapy, sup-
portive treatment, and hematopoietic stem cell transplan-
tation. Chemotherapy consists of two phases: remission 
induction and consolidation therapy. For remission induc-
tion, idarubicin 12 mg/m2 for 3 days and cytarabine 100 
mg/m2 is administered in combination, for a period of 7 
days. In general, 2 cycles of this combination therapy are 
administered for a period of 3 to 4 weeks. The consolida-
tion therapy consists in administrating 2–3 cycles of high-
dose cytarabine 2000–3000 mg/m2 for 3 days. There are 
also remission induction therapies with other combina-
tions, such as mitoxantrone 7 mg/m2 in days 1, 3, and 5, 
with association of cytarabine 100 mg/m2 for 7 days. The 
FLAG-Ida combination therapy consists in the adminis-
tration of fludarabine 30 mg/m2 for 5 days, with cytarabine 
2000 mg/m2 for 5 days, idarubicin 10 mg/m2 for 3 days, and 
the administration of granulocyte-colony stimulating fac-
tor until the normalization of the neutrophil count.5–7 

There are currently several pharmacological agents that 
can inhibit the effect of either the proteins with tyrosine-
kinase activity or the mutated FLT3 gene.8 Sorafenib is an 
oral medication that inhibits the effect of proteins with 
tyrosine-kinase activity, and it was initially developed for 
treating hepatocellular carcinoma or renal cell carcinoma. 
An additional effect of sorafenib is to inhibit the mutated 
FLT3 gene, thus having additional benefits in the treat-
ment of AML.9 Quizartinib is a selective inhibitor of the 
FLT3-ITD mutation, and because of this, it represents an 
important substance in the treatment of AML with posi-
tive FLT3-ITD mutation.10 Midostaurin, an inhibitor of 
proteins that hold tyrosine-kinase activity, is also an in-
hibitor of FLT3-ITD, but its selectivity is much lower than 
that of quizartinib.11 

CASE PRESENTATION

We present the case of a 68-year-old patient, smoker, with 
a history of arterial hypertension, chronic obstructive pul-
monary disease, presenting with headache unresponsive 
to antalgics, dyspnea after physical exertion, and epistaxis, 
with onset 2 months prior to his presentation. The routine 
laboratory analysis showed high leucocyte count, anemia, 
and thrombocytopenia. The complete clinical examination 
revealed the presence of emphysematous thorax, crepitus 
rales at the lung bases, cardiomegaly, tachycardia (heart rate 
of 106/minute), and high blood pressure of 150/100 mmHg.

The patient and the institution where the patient was 
admitted agreed to the publication of his data.

The patient underwent a bone marrow aspiration from 
the sternum for bone marrow analysis, which revealed 
the presence of 90% myeloblasts. The peripheral blood 
showed the presence of promyelocytes, anemia, thrombo-
cytopenia, and absence of any kind of mature leucocyte. 
FLT3-ITD mutation and also MPL-RARa mutation were 
determined and were found to be positive. Patient man-
agement consisted in the initiation of remission induction 
therapy with idarubicin for 3 days and cytarabine for 7 days 
in adjusted doses, in association with all-trans retinoic acid  
40 mg per day, motivated by the presence of promyelo-
cytes in the peripheral blood. 

After 4 days of treatment, the patient presented lower 
leukocyte count, but also dyspnea, headache, and pain at 
the level of the sternum, associated with hemoptysis. These 
signs and symptoms arose the suspicion of disseminated 
intravascular coagulation (DIC), for which the D-dimer 
levels were evaluated and found at a level of 27.5 mg/dL  
(normal range <0.5 mg/L). Because of this, low-molec-
ular-weight heparin was initiated, in association with 
transfusion and fresh frozen plasma as supportive ther-
apy. Because of febrile neutropenia, antibiotic treatment 
was initiated with meropenem 3 × 1 g/day, teicoplanin  
2 × 400 mg/day, and colistin 4 × 2 MIU/day, as well as an-
tiviral therapy with acyclovir 1,600 mg/day and antifun-
gal treatment with voriconazole 2 × 200 mg/day. After 7 
days of treatment, the patient presented severe headaches 
resistant to analgesics, followed by motor impairment of 
the right side of his body, which raised the suspicion of a 
hemorrhagic stroke. The patient was transferred to the in-
tensive care unit, where the hemorrhagic stroke was con-
firmed by cranial CT examination. 

The supportive therapy was continued in the intensive 
care unit; however, after one week, the patient had de-
ceased. 

DISCUSSIONS 

The presented case is part from a larger cohort of patients 
with AML that were admitted in the Hematology and Mar-
row Transplantation Clinic of Tîrgu Mureș between 2010 
and 2017, 210 subjects more specifically, out of which 10 
were found to be positive for FTL3-ITD mutation. From 
the total number of AML patients with positive FLT3-ITD 
mutation, none had survived, while from the total of 210 
AML subjects, the survival rate is 7 % (n = 15).

A study conducted in Toronto, Canada, published in 
2012, analyzed 97 new cases of AML over an 8-year period, 
out of which 70 presented relapse, and 57 were tested for 
FLT3-ITD mutation. All patients had received reinduc-
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tion therapy, 17 had undergone allogeneic bone marrow 
transplant, and 6 patients were positive for FLT3-ITD 
mutation. In total, 50 patients from the total of 70 relapse 
patients had deceased during the 9-month follow-up after 
relapse.12 

In 2016, a case series on 4 patients with AML with FLT3 
mutation was published, in which the patients were treated 
with chemotherapy, quizartinib, sorafenib, and allogeneic 
stem cell transplantation. One of the cases, a 48-year-old 
female patient, entered the remission phase after 4 cycles 
of chemotherapy, but presented relapse after 6 months for 
which she was treated with quizartinib and allogeneic stem 
cell infusion from a compatible donor. Despite having pre-
sented graft versus host disease involving the skin and liver 
for which she received prednisone and tacrolimus, and af-
ter a 90-day administration of sorafenib 200 mg daily, the 
patient was still alive at the 5-year follow-up. The authors 
revealed that performing allogeneic stem cell transplanta-
tion as soon as possible after achieving remission leads to 
a significant improvement in overall survival and longer 
periods of remission.13 The patient reported in the present 
article was not treated with allogeneic stem cells, despite 
having a positive FLT3-ITD mutation, which could have 
been beneficial in this case.

A study performed by using data from the Center for 
International Blood and Marrow Transplant Research 
on 511 patients with de novo AML who had undergone 
hematopoietic stem cell transplantation found that 31%  
(n = 158) of subjects were positive for FTL3 mutation, 
which led to a significantly higher risk of relapse compared 
to the wild-types (38% vs. 28%, p = 0.04, RR = 1.6, 95% CI 
1.15–2.22, p = 0.0048). However, the study found that the 
presence of FTL3 mutation was not associated with higher 
non-relapse mortality or overall survival, and 50% of sub-
jects with this mutation who underwent stem cell therapy 
survived during the long-term follow-up.14 

Another research on 481 patients with AML evaluated 
the impact of FTL3 mutations in three cytogenetic sub-
groups of patients: with core binding factor AML, with 
normal karyotype AML, and poor risk AML, respectively. 
The results showed no significant impact of the mutation 
in the first two groups, but in normal karyotype subjects 
FTL3-ITD mutations were associated with poorer out-
comes, which were increasingly worse as the mutation 
burden was higher.15 

In the above case report, the patient had been diag-
nosed with AML and was found to be positive for FTL3 
mutation. Shortly after receiving conventional induction 
therapy with idarubicin and cytarabine, he presented dis-
seminated intravascular coagulation, followed by a hemor-

rhagic stroke, which eventually led to death. The relatively 
quick worsening of the patient’s status did not give time for 
initiation of protocols for stem cell transplantation, which 
could have been a therapeutic alternative in this case.

CONCLUSIONS

Positive FLT3-ITD mutation leads to a poor prognosis of 
patients with acute myeloid leukemia, by leading either to 
increased mortality and complication rates, or to a high re-
lapse rate. Allogeneic stem cell transplantation is a viable 
option for AML patients with or without FTL3 mutation, 
leading to better outcomes.
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ABSTRACT

Stem cells are undifferentiated cells that can divide and become differentiated. Hematopoietic 

stem cells cannot transform into new stem cells such as cardiomyocytes or new heart valves, 

but they act through paracrine effects, by secreting cytokines and growth factors that lead 

to an increase in contractility and overall improved function. In this case report, we present 

how autologous stem cell transplantation can bring two major benefits: the first refers to he-

matological malignancy and the second is about the improvement of the heart condition. We 

present the case of a 60-year-old patient diagnosed with multiple myeloma suffering from a 

bi-valve severe condition in which autologous stem cell transplantation led to the remission of 

the patient’s malignant disease and also improved the heart function. 
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INTRODUCTION

Multiple myeloma was first described by Solly in 1844 and is one of the most 
common malignant diseases that usually appear at old age (>65 years).1 In re-
cent years, the incidence started to grow in younger patients. It represents 
approximately 10% of the hematological malignancies and 1% of all malig-
nancies.2 It is characterized by the proliferation of malignant plasma cells and 
overproduction of a monoclonal paraprotein (M protein). Until the present 
day, the disease is considered to be treatable, but incurable.3 Since 1975, the 
Durie-Salmon staging system has been used to stratify patients with multi-
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ple myeloma. Serum beta 2-microglobulin, serum albu-
min, thrombocyte count, serum creatinine, and age have 
emerged as powerful predictors of survival and have led 
to the creation of this International Staging System (ISS) 
that comprises three stages. The first stage is defined by a 
serum beta 2-microglobulin value of under 3.5 mg/L and 
albumin levels of 3.5 g/dL, in which the mean survival 
rate is up to 62 months; the second stage is intermediary 
between the first and last; and the third stage includes a 
level of beta 2-microglobulin of over 5.5 mg/L, leading to 
a median survival of 29 months.4,5 The ISS staging meth-
od was later confirmed on subjects ≤65 years of age, in 
subjects with standard therapy, or autotransplantation in 
comparison with the Salmon/Durie staging method.6 The 
treatment of multiple myeloma is very vast and includes 
chemotherapy, immune therapy, radiation therapy, sur-
gery, or a combination of these, as well as the novel use of 
stem cell transplantation.7–9

Tricuspid insufficiency, also known as tricuspid regur-
gitation or tricuspid valve incompetence, is a valve disease 
described by the incomplete closure of the cusps during 
the cardiac systole, causing the blood to leak backwards 
from the right ventricle to the right atrium. It is considered 
to be functional (secondary) in the majority of the cases or 
organic (primary) in the rest. Mitral valve insufficiency or 
mitral valve regurgitation is a condition in which the heart 
mitral valve does not close tightly during the systole which 
causes the blood to leak upwards from the left ventricle to 
the left atrium.10,11 

CASE REPORT

We present the case of a 60-year-old patient diagnosed with 
stage I/B λ light chain multiple myeloma, also suffering of 
secondary severe anemia, moderate thrombocytopenia, 
stage II chronic kidney disease, B-virus chronic hepatitis, 
and moderate/severe mitral valve insufficiency associated 
with severe tricuspid insufficiency, who benefited from au-
tologous stem cell transplantation.

After the admittance, the patient presented symptoms 
related to congestive heart failure such as severe fatigue, 
dyspnea, orthopnea, jugular pulsation, hepatomegaly of 
stasis, and edema. The clinical examination of the cardio-
vascular system revealed holosystolic murmur at the apex, 
radiating to the axilla. The blood analyses revealed anemia, 
thrombocytopenia, and high levels of creatinine and urea. 
The ultrasound examination of the abdomen revealed sta-
sis of the liver.

Because of the cardiotoxicity of the conditioning regi-
men (HD-melphalan) and because the patient was already 

treated with cardiotoxic drugs (cyclophosphamide), the 
patient was overseen by a cardiologist before administer-
ing the conditioning regimen. 

The transthoracic echocardiographic examination 
conducted five days before the stem cell transplantation 
revealed the following: right ventricle diameter 36 mm, 
left ventricle 56/38 mm, interventricular septum 8/11 
mm, posterior wall 10/13 mm, aortic annulus 19 mm, as-
cendant aorta 29 mm, ejection fraction 50%, left atrium 
area 38 cm2, left ventricle/left atrium gradient 45 mmHg, 
pulmonary artery pressure 65 mmHg; mitral valve – 
moderate/severe regurgitation; tricuspid valve – severe 
regurgitation; mitral valve prolapse with moderate to se-
vere regurgitation; aortic valve – supple, mobile, opened 
in M mode cusps, aortic valve opening 22 mm; pericar-
dium with posterior echo-free space of 6 mm, with in-
creased echogenicity; inferior vena cava 31 mm, without 
inspiratory collapse present and dilated suprahepatic 
veins. The final diagnosis of the transthoracic echocar-
diography included the presence of moderate to severe 
mitral regurgitation, severe tricuspid regurgitation, and 
severe pulmonary hypertension.

The standard conditioning regimen consists of HD-
melphalan with a mean of 200 mg/m2, but because of the 
cardiac condition of the patient the dose was lowered to 
140 mg/m2, consisting in a total dose of 274 mg melpha-
lan. Two days after chemotherapy, the patient benefited 
from the reinfusion of the stem cells through a central ve-
nous catheter. The total quantity of the harvested cells was  
5.54 × 106/kg body weight, and the patient benefited of 
3.17 × 106/kg body weight, which is more than enough 
for a successful procedure. As a complication of the stem 
cell transplantation, the patient presented nausea, vom-
iting, and diarrhea, which led to electrolyte disorders, 
including hypokalemia and hypocalcemia, which needed 
rebalancing. 

Twelve days after the stem cell transplantation, the 
patient was overseen again by the same cardiologist, and 
the transthoracic echocardiographic examination was re-
peated, with the following findings: left atrium area 32 cm2,  
ejection fraction 60%, moderate mitral regurgitation, 
regurgitation area 6 cm2, mild tricuspid regurgitation, 
pulmonary artery pressure 55 mmHg, without vegeta-
tions. This time, the echocardiographic examination 
concluded in a diagnosis of moderate mitral regurgita-
tion, mild tricuspid regurgitation and mild pulmonary 
hypertension, and minimum pericardial liquid, thus 
showing significant improvement since the last echo-
cardiography that was performed before stem cell trans-
plantation. 
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The patient was released 7 days later in a good general 
state, with laboratory blood tests within normal range and 
with an improved heart condition. The patient agreed to 
the publication of his data and the institution where the 
patient had been admitted, approved the publication of 
the case.

CONCLUSION

Due to the pluripotent properties of stem cells, in the case 
presented in this article it is shown that not only the he-
matological malignancy represented by the multiple my-
eloma was efficiently treated but the heart condition was 
also obviously and objectively improved.
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related to the review process of that manuscript will be 
undertaken by the Editor-in-Chief. In cases where the 
Editor-in-Chief has any conflict of interest in relation to a 
manuscript, the entire work related to the review process 
of that manuscript will be undertaken by the Managing 
Editor. In cases where both the Managing Editor and the 
Editor-in-Chief have any conflict of interest in relation to a 
manuscript, the entire work related to the review process 
of that manuscript will be undertaken by another member 
of the editorial board.
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Submissions from members of the editorial board, edi-
tors and employees of the journal will be handled by the 
Editor-in-Chief, who will allocate the manuscripts for re-
view to independent and blinded reviewers. Submissions 
from members of the owner institution will be assigned 
for review to members of the editorial board or external 
reviewers, taking into consideration the necessity to avoid 
any potential conflict of interest in the process of reviewer 
allocation.

Editorial manuscripts sent by members of the editorial 
board, following an invitation by the Editor-in-Chief, will 
undergo a review process in the editorial office.

Confidentiality

Editors of JIM will not share information regarding the 
manuscripts submitted to JIM to any other than the au-
thors and the reviewers.At the time of reviewer allocation, 
reviewers will be instructed to keep the manuscripts and 
associated material strictly confidential. Reviewers should 
not publicly discuss author`s work and must not retain any 
manuscript for their personal use.

In case of manuscript rejection, the full content of the 
manuscript will be deleted from the editorial content of 
the Journal. In case of manuscript acceptance and publi-
cation, the Journal will keep copied of all the manuscript-
related materials for at least three years.

The identity of the reviewers will not be revealed to au-
thors, under no circumstances.

Human and animal rights

The authors should make sure that all the experiments 
on humans or animals are in accordance with the guiding 
principles described in the Declaration of Helsinki. Ani-
mal experiments should comply with the institutional and 
national guidelines or regulations for laboratory animals. 
Informed consent should be obtained from all the subjects 
participating in any experiment or clinical study and all the 
clinical studies should obtain the approval from the eth-
ics committee of the institutions where the study is carried 
out, prior to initiation of experiments or studies. 

When reporting research involving human data, au-
thors should indicate whether the procedures followed 
have been assessed by the responsible review committee 
(institutional and national), or if no formal ethics commit-
tee is available, were in accordance with the Helsinki Dec-
laration as revised in 2013 (www.wma.net/en/30publica 
tions/10policies/b3/index.html). If doubt exists whether 
the research was conducted in accordance with the Hel-

sinki Declaration, the authors must explain the rationale 
for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of 
the study. 

When reporting experiments on animals, authors should 
indicate whether institutional and national standards for 
the care and use of laboratory animals were followed. Fur-
ther guidance on animal research ethics is available from 
the International Association of Veterinary Editors' Con-
sensus Author Guidelines on Animal Ethics and Welfare 
(http://veteditors.org/ethicsconsensusguidelines.html).

Protection of research participants

In order to respect the patient's right to privacy, no in-
formation related to patients' identification data, such as 
names, images or hospital identification codes should be 
included in the manuscript, unless there is a clear written 
approval obtained from the patient for this. This signed ap-
proval should be sent to the editorial office along with the 
manuscript. 

Identifying information, including names, initials, or 
hospital numbers, should not be published in written de-
scriptions, photographs, or pedigrees unless the informa-
tion is essential for scientific purposes and the patient (or 
parent or guardian) gives written informed consent for 
publication. Informed consent for this purpose requires 
that an identifiable patient be shown the manuscript to be 
published. When informed consent has been obtained, it 
should be indicated in the published article.

Scientific misconduct

Scientific misconduct includes but is not necessarily lim-
ited to data fabrication; data falsification including decep-
tive manipulation of images; and plagiarism. All manu-
script submitted to JIM will be first subject to a plagiarism 
check, that will be performed prior to referring the man-
uscript for review, in order to identity any possible fraud 
or scientific misconduct. The journal will use highly spe-
cialized anti-plagiarism softwares and if any suspicion of 
scientific misconduct is identified, the standard procedure 
recommended by COPE (Committee on Publication Eth-
ics) will be followed.

Clinical trials

Authors of manuscripts related to clinical trials should reg-
ister the clinical trial in the official clinical trial related pub-
lic registries prior to submission to JIM, following the rules 
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stated by the International Committee of Medical Journal 
Editors. Information related to registration of clinical trials 
can be found at ClinicalTrials.gov. In case of clinical trials, 
the trial registration number should be mentioned at the 
end of the abstract. Whenever a trial registration number 
is available, the authors should list this number the first 
time they use the trial acronym.
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if necessary, for example, from a statistician, before a final 
decision is made by the Editor-in-Chief.

An original research article should include a short  
Abstract of no more than 300 words, using the follow-
ing headings: Background, Aim of the study, Material and 
Methods, Results and Conclusions.

The manuscript should be structured as follows:
1. Introduction/Background: This introduces the aim 

of the study and the corresponding research hypothesis/es.
2. Material and methods: This section should describe 

all experimental details, research methodology, and study 
groups. The methodology should be detailed enough to al-
low reproducibility of the experiments. Give full descrip-
tions of all equipment used (type, manufacturer, town, 
country). Details of statistical analysis should be reported 
here together with a level of significance [α value]. Authors 
should provide details of the statistical software package 
used (name, version, producer, town, country). Abbrevia-
tions of standard SI units of measurement should be em-
ployed. Declaration of Helsinki: The authors should state 
that their study complied with the Declaration of Helsinki, 
that the locally appointed ethics committee approved the 
research protocol and that written informed consent was 
obtained from the subjects (or their guardians) before the 
commencement of the study. Where animal are involved, 
the authors should state that their study complies with 
their institutional guidelines for the care and use of labora-
tory animals.
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not discuss these findings in the Result Section.
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analysis and interpretation of the results. Results should 
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Case reports
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cases of interdisciplinary medicine encountered in clinical 
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presentation, and Conclusions.

The manuscript should be no more than a maximum of 
2000 words, excluding references, figures, and figure leg-
ends. It should be structured as Introduction, Case presen-
tation, Discussions, and Conclusions.

A case presentation should have a maximum of four au-
thors, twenty references, and five figures.

Case series

Case series should include an abstract limited to 200 words, 
structured into Introduction, Case series presentation, and 
Conclusions.

The manuscript should be no more than 2000 words ex-
cluding references, tables, figures and figure legends. Case 
series should have a maximum of four authors, twenty ref-
erences, and five figures.

Case report / Image focus
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representative images related to any clinical pathology. Ac-
cepted images may be published on the cover of the Jour-
nal. Images should be submitted as a figure accompanied 
by a clinical message that contains a description of the case 
and a detailed explanation of the figure, using a maximum 
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Reviews

The Journal of Interdisciplinary Medicine publishes review 
papers in any medical field of interest at an international 
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stract of no more than 200 words with a maximum of 6000 
words excluding references, tables, and figures.

Clinical update
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es, tables, and figures.

Letter to the editor
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or a new topic in the field of cardiovascular emergencies.

Concerning a letter, discussing a recently published 
article, the comments contained in the letter will be for-
warded to the authors of the original paper who will be 
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invited to respond. Any response will be published in the 
same journal issue as the letter to the editor. A letter to the 
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and three authors. No abstract is required.

Editorial
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cited in the main text in numerical order.

•	Acknowledgements, Competing Interests, Funding, 
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article; (2) the name(s) of authors; (3) the institu-
tional affiliations of the authors; (4) the position, 
institution, and location of all authors; (5) the te-

lephone number, fax number and e-mail address of 
the corresponding author; (6) disclosure of grants, 
contracts and any other form of financial support 
received for the study.

2. Abstract – an abstract prepared in accordance to 
the type of the manuscript.
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ble-spaced, in Times New Roman 12 fonts, using 
Word format. References, tables and figures sho-
uld be cited in numerical order, as they appear in 
the text. The abbreviations should be explained the 
first time they appear in the text, followed by the 
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5. Acknowledgements – should indicate clearly any 
source of funding received for the study, including 
grants, research contracts or any form of financial 
support.

6. References. References should be cited in nume-
rical order, as they appear in the text, and should 
be indicated in superscript following the end of the 
sentence or the end of the part of the phrase they 
refer to.

7. Tables should be typed on separate pages at the 
end of the manuscript and should be numbered 
in Arabic numerals in the order of mention in the 
text. The abbreviations used in the table should be 
explained in a footnote below the table. Tables sho-
uld not repeat the text and should be clear enough 
to be self-explanatory. 

8. Figures should be prepared in TIF or JPG format, 
at a resolution of minimum 300 dpi. For figures 
reproduced or adapted from another source, this 
should be labeled as "Reproduced with permissi-
on from…" or "Adapted with permission from…" 
and should be accompanied by written permission 
from both the author and publisher of the original 
material. Figures should be combined with a le-
gend which clearly describes the illustration.
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