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Innovation and Discovery
Vladimir Bacârea, Petruş Bacârea, Anca Bacârea

University of Medicine and Pharmacy, Tîrgu Mureș, Romania

EDITORIAL

Journal of Interdisciplinary Medicine 2017;2(3):193-194 DOI: 10.1515/jim-2017-0078

Innovation and discovery are the most important progress factors of human so-
ciety. It is a paradox how actually the human natural tendency to ease work and 
enrich life makes society to progress, meaning that laziness and diversification 
of available goods are progress engines.

Since ancient times, innovative people have enjoyed the consideration of 
the community they were part of and have had material advantages in apply-
ing their own inventions. The only way to keep this advantage was to hold 
the secret on master level (“the handicraft must be stolen”), guild or secret 
society level (Masonry and Cathedrals constructions). On the other hand, so-
ciety is also interested in promoting innovation, at least for the reason that it 
can benefit of new and improved products, but also of more efficient methods 
and technologies. This way, even from early stages, the necessity of regulations 
between innovation and society appeared, in order to defend the interests of 
each side and to stimulate innovation — a sort of “contract”. In 1474, the Sen-
ate of the Republic of Venice introduced a law designed to promote innovation 
and protect the honor and interests of inventors.1 The main provisions of this 
law are: the exclusive right of the inventor or his agents to apply the invention, 
the novelty character in a region (in our case, Venice), the validity of 10 years, 
the obligation to achieve the object of the invention within one year from the 
registration date, and keeping the secret on the details. Galileo Galilei himself 
benefited from the provisions of this law, patenting his “water pump”.2 Modern 
legislation extends the patent coverage area from a region to the entire world, 
increases the validity period to 20 years and, most importantly, declassifies 
invention details (these details are published in such a manner that allows any 
specialized person to reproduce the invention).2 European or worldwide data-
bases containing the published patents have been created. Some of these data-
bases are open-access, being a very valuable source of information. Also, they 
facilitate the review of invention novelty feature, allow companies to docu-
ment before marketing a product to avoid violation of any active patent, and 
are a source of inspiration for researchers.3

A renowned example of indemnity for intellectual property infringement 
is the “instant camera” case. Kodak was sentenced to pay Polaroid the huge 
amount of 925 million euros as indemnification.
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The patent is some sort of contract between the inventor 
(applicant) and society, designed in such a manner to satisfy 
both parts and to stimulate innovation. The inventor has ex-
clusivity in using the invention. This right can be transferred 
through sale (licensing), concession, or inheritance. No one 
has the right to commercially use an invention without the 
consent of the inventor. Society is interested in encourag-
ing innovation because it brings new, better products, more 
efficient production methods and procedures. Small inno-
vative companies are protected in competition with large 
firms. Invention details publication stimulates competition 
due to free access to information from the moment of pat-
ent application publication. This way, other people can bring 
improvements or can challenge the novelty feature. The pos-
sibility of transferring the commercial application right cre-
ates the premises of a beneficial specialization. For example, 
universities generate inventions, and companies apply them.

Patent protection works only when commercially ap-
plied, when seeking profit is desired. It is not applied for 
private or academic use.4

In the European Union, human or animal treatment 
methods by surgery or therapy, and also diagnostic meth-
ods cannot be patented, but the products used for such 
purposes, for example the medicines or instruments used, 
can be patented.

Dissemination of research results by publishing ar-
ticles in specialized journals, unfortunately, often allows 

attempts of intellectual fraud by inserting unrealistic data 
that suits the promoted idea; substantial verification can-
not be totally ensured by reviewers or, in journals that re-
quire a publication fee, the article is published upon the 
responsibility of the authors.

The way the system of intellectual property protec-
tion is organized and legislated at national, European, 
and worldwide level, stimulates organically scientific 
research and professional training by providing com-
prehensive information, review and validation of patent 
proposals and possibilities of moral and material reward 
for the applicants. That is why promoting the innovation-
patenting system in universities represents a great op-
portunity.
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Correlations between Chronological 
Ages and Dental Ages on a Group 
of Children with Down Syndrome
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Romania

ABSTRACT

Background: The number of studies on oral complications in children with Down syndrome 
is substantial, but they are focused rather on the prevalence of dental caries, periodontal 
disease, and hypodontia. The relationship between Down syndrome and dental eruption 
has been rarely approached. The causes of delayed eruption in children with Down syn-
drome are incompletely elucidated due to the incomplete identification of the factors that 
intervene in the physiological process of dental eruption. Aim of the study: To evaluate 
the correlation between Down syndrome and the delayed eruption of permanent teeth, in 
relation to the chronological age, in this category of patients. Material and methods: The 
study group included 94 children with mixed dentition, of ages between 6 and 12 years: 
36 children with Down syndrome and 58 healthy children. Clinical and radiological exami-
nations were performed, focusing on the relation between dental age and chronological 
age. Results: The presence of Down syndrome in children has a significant influence (p 
<0.001) on the delayed eruption of permanent teeth, considering the chronological age, 
compared to healthy children. The weighted average of this delay in our study group was 
1.27. Conclusions: It is necessary to monitor children with Down syndrome for an extended 
period of time, in order to ensure a high quality of life and to optimize their health as much 
as possible. 

Keywords: Down syndrome, dental eruption, children 
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INTRODUCTION

Down syndrome or trisomy 21 is the most common genetic form of intellec-
tual disability, and it represents the main cause of certain medical conditions 
and problems. The incidence of the disease is of approximately 1:800 in living 
newborns, the risk of disease occurrence being in strong connection with the 
mother’s age.1

The appearance of a child with Down syndrome is typical, the diagnosis be-
ing established on the basis of associating certain modifications. The charac-
teristic morphological features are microcephaly, flat occiput, flattened facial 
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appearance, neuromuscular hypotonia, short neck, gen-
erous nuchal skin. The ears are significantly smaller, low-
set, and the lobes are hypoplastic or absent; there are epi-
canthal folds, and the child manifests hearing difficulties. 
As far as the facial features are concerned, a child with 
Down syndrome presents upward-slanting palpebral fis-
sures, flat nasal bridge, small and anteverted nares, as well 
as epicanthus.2 The most frequent oral complications in 
such children are related to mouth breathing, macroglos-
sia, open-bite, fissured tongue and lips, angular stomatitis, 
malocclusion, hypodontia, microdontia, lower prevalence 
of dental caries, and delayed eruption of both primary and 
permanent dentitions.3–5

Eruption is a parameter of morphological develop-
ment, which can be determined through clinical exami-
nation or evaluation of radiographs. Chronological age 
represents the age of an individual expressed in years, 
while dental age represents the age determined by the 
dentition, and it is determined up to the age of eighteen 
years. The causes of delayed eruption in children with 
Down syndrome are unknown, due to an incomplete un-
derstanding of the factors that intervene in the normal 
process of eruption. Nevertheless, it appears to be influ-
enced by genetic factors. There are proofs suggesting that 
the rate of eruption is influenced by the pulp vascular-
ization of conjunctive tissue. Poor peripheral circulation 
might be a contributing factor in delayed eruption. At the 
same time, it can also be due to the delayed growth and 
development of the maxilla and the mandible, aspects 
which are characteristic to this syndrome. Some authors 
correlate the low weight at birth with delayed eruption. 
Other local factors, such as traumas, carious or periapical 
lesions of deciduous teeth, can also lead to delayed dental 
eruption.6–8

Although children with Down syndrome present a 
lower prevalence of dental caries, they frequently develop 
periodontal diseases. The insufficient manual dexterity 
creates difficulties in performing a proper toothbrushing, 
which results in dense accumulations of dental plaque that 
contribute to the development of gingivitis and other peri-
odontal diseases.9

The number of studies on oral complications in children 
with Down syndrome is substantial, but they are focused 
rather on the prevalence of dental caries, periodontal dis-
ease, and hypodontia. The relationship between Down 
syndrome and dental eruption has been rarely approached.

The aim of our study is to evaluate the relation between 
Down syndrome and the delayed eruption of permanent 
teeth, in relation to the chronological age, in this category 
of patients.

MATERIAL AND METHODS

The research was carried out on a group of 94 children 
with mixed dentition, with ages between 6 and 12 years, 
divided in a study group, comprising 36 children with 
Down syndrome registered in the School for Inclusive 
Education No. 1 of Tîrgu Mureș and the Fundația Alpha 
Transilvană (Transylvanian Alpha Foundation), and a 
control group comprising 58 healthy children, without 
any general or serious disease, registered in the Inte-
grated Center of Dentistry of the University of Medicine 
and Pharmacy of Tîrgu Mureș, Romania, who had regular 
check-ups or were at various stages of dental treatment.10 
Clinical and radiological examinations were performed, 
and the succession in permanent teeth eruption in the 4 
quadrants of the oral cavity, as well as eruption disorders 
were evaluated. The data obtained were recorded in the 
dental examination sheets of the patients in both groups. 
For each patient involved in the study, we recorded the 
following: pathological and dental personal history, fam-
ily history, state of dentition, and growth indices (dental 
age and chronological age).

The study was carried out between 2015 and 2016. The 
examinations were consented by the parents, the school 
management, and the foundation management, respec-
tively. Dental age was determined by direct clinical exami-
nation, depending on the presence, absence, and number 
of permanent teeth in the oral cavity.

In order to identify the statistical relation between 
the presence of Down syndrome and the delayed age 
of tooth eruption compared to the chronological age of 
the patients, we used statistical calculus of correlations 
and regressions. Using the Stata 12 software (StataCorp 
LLC, College Station, USA), we analyzed the correla-
tion factor between the presence of the disease and the 
delay in tooth eruption. In order to ensure that this re-
lation is not affected by problems linked with multicol-
linearity, we carried out a test on the variation inflation 
factor (VIF test), which led to results that were much 
below the maximum acceptable limit of 10, and thus the 
data have been accepted without problems generated 
by multicollinearity. Secondly, in order to analyze the 
influence and the statistical significance of the adopted 
model, we used a simple ordinary least squares regres-
sion, which allows a correct measurement of the statisti-
cal relation between the independent and the dependent 
variables. The statistical model used the pattern of some 
fixed effects, which are adequate for the relation studied 
in this research. The level of statistical significance was 
set at p <0.05.
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RESULTS

After the clinical and radiological examinations of the pa-
tients belonging to the study group, we observed the fol-
lowing: of the 36 of the patients with Down syndrome, 
9 children (25%) presented a concordance between the 
dental age and the chronological age. The highest number 
of children, 18 (50%), presented a one-year difference be-
tween the two ages. The greatest discrepancy of a 4 year 
difference between the two ages appeared in 3 children 
(8%); also, 6 children (17%) presented a difference of 3 
years (n = 3) and 2 years (n = 3) respectively, between the 
dental age and the chronological age. 

The examinations carried out on the control group in-
dicated that 43 children (74.13%) presented a correspon-
dence between the dental age and the chronological age. 
In 6 children we noticed a delay in tooth eruption of 1 year, 
while 4 children presented a 2-year delay. Early eruption 
was observed in 5 children (Figure 1).

In total, 27 children (75%) from the patients with Down 
syndrome, and only 10 children (17%) from the control lot 
presented delayed eruption, the difference being statisti-
cally significant. The correlation between dental age and 
chronological age was recorded in 9 children (25%) with 
Down syndrome and in 43 children (74.13%) from the 
control lot.

Analyzing the correlation factor between the presence 
of Down syndrome and the delay in teeth eruption, we 
obtained a correlation coefficient of 0.609, which is consid-
ered an average-to-high value of the relation between the 
two variables. Through the statistical calculus of regression, 
a predilection value of R2 equal to 0.37 and a statistical cor-

respondence of the significance model at the level of 99% 
resulted. Regarding the direct relation between the pres-
ence of Down syndrome in children and the delay in tooth 
eruption, compared with the chronological age, we have 
identified a positive coefficient relation, statistically signifi-
cant at the level of 99% (p <0.001). The weighted average 
value of this discrepancy in the study group was 1.27 years.

DISCUSSION

The results of this study, significant from a statistical point 
of view, are correlated to other studies. In a study on 41 
children with Down syndrome aged between 6 and 10 
years, Asokan et al. also obtained a statistically significant 
value, which suggests a delay in tooth eruption in the study 
group (p <0.004).11

A similar study was conducted by Diz and Limeres, in 
which they evaluated the discrepancy between the chron-
ological age and the dental age in children with Down 
syndrome, and cerebral palsy and intellectual disability, 
respectively. The group of children with Down syndrome 
was composed of 37 patients, with ages between 3 and 
17 years: 3 in 10 patients presented a delay of 2 years, 2.5 
years, and 3 years, respectively , with a p value of 0.02 (95% 
level of confidence). The results refer only to female pa-
tients, since the boys included in the study did not present 
statistically significant results.12

Possible differences regarding the delay interval in 
eruption can be caused by factors such as regional differ-
ences, different structure of the study group, local and gen-
eral factors. Among the comorbidities of the study group, 
a large number of patients presented mental handicap and 

8% 9% 9%
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FIGURE 1. Delayed eruption of the permanent teeth in children with Down syndrome and 
the control group
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requested a personal assistant. The development of the 
dental-facial complex is an extremely important indica-
tor for the orthodontist and for the maxillofacial surgeon. 
Estimations regarding the stage of development of dental 
structures can help determine the optimal time for starting 
the orthodontic treatment. At the same time, these estima-
tions can help the doctor decide on the surgical removal of 
temporary teeth.12,13

A delay in eruption can affect the precision of the diag-
nosis, as well as the decision on the right treatment plan. 
Therefore, the delay in dental eruption can have a signifi-
cant impact on health.

CONCLUSIONS 

The presence of Down syndrome in children has a signifi-
cant influence on the delay in the eruption of teeth, in rela-
tion to the chronological age, compared with children who 
do not suffer from this syndrome. It is necessary to moni-
tor children with Down syndrome for an extended period 
of time, in order to identify abnormalities in their dental 
eruption, but also in order to ensure a high quality of life 
and to optimize their health as much as possible. 
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ABSTRACT

Background: Critical aortic coarctation is defined as the severe narrowing of the isthmic aortic 
lumen, representing a neonatal cardiac emergency, part of the congenital heart diseases with 
duct-dependent systemic circulation. Aim of the study: To assess the correlation between 
transthoracic echocardiography and computed tomography angiography (CTA) in the mea-
surement of aortic diameters in a group of newborns diagnosed with duct-dependent aortic 
coarctation and/or associated hypoplastic aortic arch. Material and method: We performed 
a retrospective study on neonates diagnosed with duct-dependent aortic coarctation and/or 
associated hypoplastic aortic arch between January 1, 2015 and March 1, 2017. The studied 
parameters were diameters of the aorta at the level of the aortic annulus, coronary sinuses, 
sinotubular junction, ascending aorta, proximal and distal aortic arch, and the aortic isthmus. 
Measurements were obtained by transthoracic echocardiography and thoracic CTA. Results: 
Fifteen newborns diagnosed with duct-dependent aortic coarctation and/or associated hypo-
plastic aortic arch were included in this study. There was no statistically significant difference 
between the two imaging methods, the T test highlighting differences only between the mea-
surements of the aortic annulus (p <0.016) and coronary sinuses (p <0.008). The patients in-
cluded in the study associated other cardiovascular abnormalities: persistent ductus arteriosus 
(100%), atrial septal defect (100%), aortic arch hypoplasia (80%), bicuspid aortic valve (73.3%). 
Conclusions: These methods reveal important information on the anatomy of the cardiovas-
cular malformation and its impact on the clinical and paraclinical status of the patient, being 
fundamental for establishing an optimal therapeutic approach. 
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INTRODUCTION

Aortic coarctation represents the severe narrowing of 
the isthmic aortic lumen between the ductus arteriosus 
and the left  subclavian artery, and it represents a neona-
tal cardio-surgical emergency, part of the congenital heart 
diseases with duct-dependent systemic circulation.1–3 It is 
a common malformation, occurring in about 5–7% of all 
patients with congenital heart defects, with an incidence 
of 4 out of 10,000 live births.4–7 Aortic coarctation is fre-
quently associated with hypoplastic aortic arch, bicuspid 
aortic valve, atrial septal defect, ventricular septal defect, 
persistent left  superior vena cava, mitral valve regurgita-
tion, and tricuspid valve regurgitation.2,8

Th e diagnosis of aortic coarctation is oft en omitted in 
the neonatal period or is established late, the consequence 
being the clinical and metabolic deterioration of the new-
born’s medical condition, leading to cardiogenic shock.9,10 
Th e detection of aortic coarctation in newborns is a chal-
lenge due to the presence of persistent ductus arteriosus 
(PDA), which can modify the anatomy of the aortic lumen, 
making it diffi  cult to evaluate the degree of narrowing of 
the aortic isthmus. Due to the presence of PDA fl ow, it is 
diffi  cult to obtain an accurate Doppler evaluation of the 
gradient across the isthmic aorta.11 Th us, there is a need 
for multiple echocardiographic evaluations to follow the 
echocardiographic elements that outline the diagnosis of 
aortic coarctation at neonatal age.10–13 In newborns with-
out antenatal suspicion of aortic coarctation, the prognosis 
depends on the moment of diagnosis, which is established 
based on transthoracic echocardiography. Among new-

borns who associate hypoplastic aortic arch, the investiga-
tions can be completed with other imaging methods such 
as computed tomography angiography (CTA) and mag-
netic resonance imaging (MRI). 

Echocardiography is a noninvasive diagnostic imag-
ing technique that provides real-time information about 
the aortic arch anatomy, evaluating, at the same time, the 
degree of obstruction in the aortic coarctation. Due to 
its noninvasiveness, it presents minimal risks and is per-
formed without contrast substance or exposing the patient 
to radiation, being available at the patient's bed. CTA al-
lows the assessment of the dimensions of the entire tho-
racic aorta, being essential in the diagnosis and manage-
ment of neonates with aortic coarctation and hypoplastic 
aortic arch.14,15

MATERIAL AND METHOD 

We have carried out a retrospective study in which we 
reviewed all echocardiographic images of neonates diag-
nosed with duct-dependent aortic coarctation and associ-
ated hypoplastic aortic arch between January 1, 2015 and 
March 1, 2017. Inclusion criteria: age 0–28 days, diagnosis 
of neonatal aortic coarctation and associated hypoplastic 

FIGURE 1. Measurement of the aorta at the level of aortic an-
nulus, coronary sinuses, sinotubular junction; parasternal long-axis 
view at mid-systole

FIGURE 2. A – Proximal transverse arch (T1); B – distal transverse 
arch (T2); C – aortic isthmus diameters in a suprasternal long-axis 
view

A

C

B
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aortic arch, with CTA performed as a complementary di-
agnostic method. Fifteen newborns were included in the 
study. We compared the measurements obtained using the 
two imaging methods: transthoracic echocardiography and 
thoracic CTA. The assessed parameters were: diameters of 
the aorta at the level of the aortic annulus, coronary sinus-
es, sinotubular junction, ascending aorta, proximal trans-
verse arch (T1 – measurements were performed between 
the brachiocephalic trunk and left carotid artery), distal 
aortic arch (T2 – measurements were performed between 
the left carotid artery and left subclavian artery), and aortic 
isthmus; the measurements were taken in centimeters. 

Demographics of the newborns were also analyzed: 
gender distribution of cardiac malformation, age of the 
patient at the time of diagnosis using transthoracic echo-
cardiography, age of the patient at the time of thoracic an-
giography, weight, height, body surface area (based on the 
Dubois formula). At the same time, we evaluated the fre-
quency of congenital heart defects associated with aortic 
coarctation.

Echocardiographic examinations were performed us-
ing a Philips iE33 ultrasound machine. The echocardio-
graphic planar image was obtained by stretching the aorta 
into a long axis. The aortic diameters were measured at 
the following levels: the aortic annulus, coronary sinuses, 
sinotubular junction, ascending aorta, T1, T2, and aortic 
isthmus. The evaluated parameters were obtained by re-
viewing echocardiographic images, while measurements 
were made using two-dimensional echocardiography with 
color and spectral Doppler interrogation and simultaneous 

electrocardiographic recording. Measurement of the aorta 
from the aortic annulus to the isthmic aorta was obtained 
using the parasternal long axis incidence (Figure 1) and 
suprasternal long axis (Figure 2), at the anatomical land-
marks, perpendicular to the blood stream spindle, during 
the systole and according to the guidelines of the Ameri-
can Society of Pediatric Echocardiography and Congenital 
Heart Disease. Assessing the degree of hypoplasia of the 
aortic arch by calculating the Z-score is required know-
ing that it would influence the optimal surgical manage-
ment. For quantification of the hypoplastic aortic arch 
based on transthoracic echocardiographic measurements, 
the Z-score was calculated correlating body surface, body 
weight, and the diameters of aorta using the Detroit cal-
culation formula. The hypoplastic aortic arch is assessed 
based on a diameter with a Z-score smaller than −2.0.14

CT measurements were made using thoracic CTAs car-
ried out on a 64-slice Siemens Somatom AS CT, with a free 
RadiAnt DICOM viewer. The CT image database included 
both ECG-gated and non-gated examinations extending 
from the thoracic inlet to the upper abdomen. Multipla-
nar reconstructions were used, depending on the region 
of interest. Aortic root measurements were performed in a 
coronal oblique plane through the aortic valve coaptation 
(Figure 3). Ascending aorta, aortic arch, and isthmic re-
gion measurements were performed on a double-oblique 
plane, in a “candy-cane” view (Figure 4). Proximal aortic 
arch measurements were performed between the brachio-
cephalic trunk and the left carotid artery, the distal aortic 
arch being measured between the left carotid artery and 
left subclavian artery. The aortic isthmus was measured 
following the left subclavian artery. The descending tho-
racic aorta was measured at the level of the left lower pul-
monary vein and the hiatal level. Prior ethical approval was 
not required, as this was a retrospective review of patient 
charts, and patients gave consent to use of their data.

FIGURE 3. Coronal oblique plane through the aortic root
FIGURE 4. Ascending aorta, aortic arch, and isthmic region in a 
double-oblique plane, in a “candy-cane” view
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Statistical analysis

Data obtained using the two imaging methods were in-
troduced into a Microsoft Office Excel database and ana-
lyzed MedCalc (MedCalc Software, Ostend, Belgium) and 
GraphPad Prism (GraphPad Software, San Diego, USA) 
softwares. Data was considered as nominal or quantitative 
variable. Nominal variables were assessed using the chi-
square test. Quantitative variables were tested for normal-
ity of distribution using the Kolmogorov-Smirnov test and 
were characterized by averages and percentages (25–75%) 
or by means of standard deviation (SD) – T-test, when 
appropriate. Comparison was used to verify if there was 
a statistically significant difference between the param-
eters obtained using the two imaging methods. Descrip-
tive statistics has been used to analyze the congenital heart 
disease most commonly associated with the batch. In or-
der to assess the diagnostic performance of thoracic CTA 
compared to the diagnostic method considered as gold 
standard, transthoracic echocardiography, the ROC curve 
was used to determine the areas under the curve in case of 
aortic arch hypoplasia. The performance of thoracic CTA 
in the diagnosis of aortic arch hypoplasia was assessed us-
ing sensitivity, specificity, positive predictive value, and 

negative predictive value. The Bland-Altman method was 
applied to identify any systematic difference between mea-
surements of the two imaging methods. Inter-observation-
al comparison was obtained by calculating the difference 
between the averages of the different measurements made 
by two observers for the same patient; we established 
the scope of agreement through the formula proposed by 
Bland and Altman. The level of statistical significance was 
set at p <0.05.

RESULTS 

During the period mentioned above, 36 newborns were di-
agnosed with duct-dependent aortic coarctation, of which 
only 15 patients met the criteria for inclusion in the study. 

The frequency of the disease in our group was higher 
among female newborns (66.7%). The mean age of new-
borns at the time of diagnosis by transthoracic echocar-
diography was 3.43 days compared to the mean age of 
newborns at the time of performing thoracic CTA, which 
was 9.66 days. The mean weight in the study group was 
3,026.6 g, mean height 51.53 cm, and mean body surface 
area was 0.20 m2. 

With the exception of the persistent arterial duct, the 
most frequently associated congenital heart disease among 
the newborns was an atrial septal defect (100%), aortic 
arch hypoplasia (80%), and bicuspid aortic valve (73.3%) 
(Table 1). 

There was a statistically significant difference between 
the measurements of the aortic annulus (p = 0.016) and 
the coronary sinuses (p = 0.008). We did not find statis-
tically significant differences between the other measure-
ments: the sinotubular junction (p = 0.99), the ascending 
aorta (p = 0.74), T1 (p = 0.47), T2 (p = 0.43), and the aor-
tic isthmus (p = 0.17) (Table 2).

Based on these results, we have determined that there is 
no statistically significant difference between performance 
parameters of the ROC curves regarding the performance 

TABLE 2. Average and standard deviation of each level of measurement by transthoracic 
echocardiography (TTE) and thoracic computed tomography angiography (CTA)

Measurement level TTE CTA p value

Aortic annulus, cm, mean (SD) 0.61 (0.06) 0.69 (0.09) 0.01

Coronary sinuses, cm, mean (SD) 0.78 (0.06) 0.95 (0.22) 0.008

Sinotubular junction, cm, mean (SD) 0.66 (0.07) 0.66 (0.09) 0.99

Ascending aorta, cm, mean (SD) 0.69 (0.10) 0.68 (0.09) 0.74

T1, cm, mean (SD) 0.44 (0.08) 0.47 (0.14) 0.47

T2, cm, mean (SD) 0.36 (0.07) 0.39 (0.10) 0.43

Aortic isthmus, cm, mean ( SD) 0.23 (0.07) 0.29 (0.14) 0.17

TABLE 1. Frequency of associated congenital heart lesions

Associated congenital heart disease Newborn batch

Bicuspid aortic valve 73.3 %

Atrial septal defect 100% 

Ventricular septal defect 40%

Aortic arch hypoplasia 80%

Malformed tricuspid valve 13.3%

Aortic subvalvular stenosis 6.7%

Aortic valve stenosis 6.7%

Transposition of the great vessels 6.7%

Double outlet right ventricle 6.7%

Arterial pseudotrunking 6.7%
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of CTA and transthoracic echocardiography in the diagno-
sis of aortic arch hypoplasia. Th e ROC curves are shown in 
Figures 5 and 6. 

Using the Bland-Altman method we found that the sys-
tematic diff erences between measurements made using 
the two imagistic methods were at the level of the aortic 
annulus, aortic sinuses, sinotubular junction, aortic isth-

mus, and ascending aorta, and we identifi ed a good corre-
lation between the two imaging methods (Figure 7).

DISCUSSION

Although studies in the literature reveal that coarctation 
of the aorta is more common among male patients, the 
frequency of the disease in our group was higher among 
female newborns. It is frequently associated with other 
cardiac malformations.2,8,14

Th e diff erence between the mean age of newborns at 
the time of performing the fi rst transthoracic echocardiog-
raphy and the CTA examination can be explained by the 
fact that 4 of them were transferred to our center at the age 
of 3, 5, 9, and 21 days, respectively. Also, the impact of car-
diac malformation on the newborns’ hemodynamic status 
contributed to the timing of CTA evaluation.

We consider that the diff erences between the diameters 
of the aortic annulus and aortic sinuses measured using the 
two imaging methods are due to the use of diff erent assess-
ment plans: a plane perpendicular to the blood fl ow in the 
case of transthoracic echocardiography and the use of the 
coronal oblique plan in the case of CTA.

Even though echocardiography off ers important ana-
tomical data, some cases require supplementing the inves-
tigations through complementary imaging methods.

FIGURE 5. ROC analysis for the sensitivity and specifi city of 
the two imaging methods at the level of T1 in the diagnosis of 
hypoplastic aortic arch. Echocardiography: AUC = 0.68, 95% CI 
0.39–0.89; CTA: AUC = 0.55, 95% CI 0.28–0.80; p = 0.75

FIGURE 7. Bland-Altman diff erence plots showing the average 
diff erences between echocardiography and CTA for the dimension 
of the aortic annulus

FIGURE 6. ROC analysis for the sensitivity and specifi city of 
the two imaging methods at the level of T2 in the diagnosis of 
hypoplastic aortic arch. Echocardiography: AUC = 0.58, 95% CI 
0.30–0.82; CTA: AUC =0.52, 95% CI 0.26–0.78; p = 0.79
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The purpose of using two types of imaging investiga-
tions was to evaluate their comparability. In the case of aor-
tic arch hypoplasia, based on the measurements obtained 
using the two imaging methods, the calculated Z-scores 
impacted the surgical therapeutic approach. In case of as-
sociated aortic arch hypoplasia, after resection of the co-
arctation site followed by termino-terminal anastomosis, 
the interposition of a vascular prosthesis, an aortoplasty 
with a subclavian artery flap, aorto-aortic bypass with vas-
cular prosthesis, or patch angioplasty can be performed.16 
In our study, 10 newborns associated hypoplasia of the aor-
tic arch of different degrees, but only 4 of them needed an 
aortoplasty based on the intraoperative findings. 

Due to the fact that no statistically significant differenc-
es were identified in our study, we consider initial trans-
thoracic echocardiography optimal to be used in the diag-
nosis of critical aortic coarctation associated with aortic 
arch hypoplasia.

The disadvantages of the radiological evaluation of the 
aorta include high costs, high irradiation levels, increased 
incidence of nephrotoxicity, the use of a contrast sub-
stance, the risk of developing allergic reactions, limited 
availability, and brief scanning in newborn sedation.

CONCLUSION

Using the two imaging methods in newborns with criti-
cal aortic coarctation and aortic arch hypoplasia is rec-
ommended in establishing the optimal surgical approach 
by corroborating all the data regarding the anatomical 
malformations and their impact on the clinical status of 
the patient. Combining echocardiography and CTA is a 
valuable, reliable, and noninvasive method, highly recom-
mended in the diagnosis of aortic coarctation with hypo-
plastic aortic arch. 
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ABSTRACT

Background: Epidemiological studies have reported an increasing prevalence of tooth wear, 
and general dental practitioners see a greater number of patients seeking treatment with 
worn dentition. Improper oral hygiene, unhealthy habits, occupational hazards, and potentially 
erosive processed foods seem to play a major role in the non-carious loss of dental hard tis-
sue. The aim of this study is to assess the factors and cofactors that may play a major role in 
the genesis of dental attrition, dental abrasion, and, especially, dental erosion. Material and 
methods: Seventy-nine consecutive patients, aged between 17 and 78 years, have enrolled 
in our study, completing a questionnaire regarding chronic illnesses, eating habits, and dental 
hygiene, followed by a dental clinical examination. Results: The male-female ratio was 1.4:1, 
with a mean age of 35.6 years. Forty-four (55.7%) patients presented objective signs of tooth 
wear. Regarding oral hygiene habits, the use of a hard toothbrush is linked to increased tooth 
wear, while brushing in a circular motion seems to be the least abrasive. We found a consider-
able prevalence of bruxism (19%), which led to severe generalized attrition in almost half of 
such patients. The most popular drinks with erosive potential were coffee (58.2%), soft drinks 
(57%), and tea (24.1%), and extrinsic erosion was more frequent in patients younger than 30 
years. Understandably, physiological tooth wear was more common in older patients. The 
questionnaire revealed that over 60% of patients have inaccurate knowledge of tooth wear. 
Conclusions: Tooth wear is partially a progressive physiological process. Unfortunately, we 
see it increasing in younger patients due to pathological influencing factors. These include 
improper tooth brushing technique and materials, bruxism, dental prosthesis, dietary habits. 
Primordial and primary prevention is the key to reducing morbidity, health education being an 
essential part of it. 

Keywords: tooth wear, dental erosion, dental abrasion, dental attrition
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INTRODUCTION

Tooth wear is a form of regressive alteration of teeth, 
where due to physical and/or chemical effects the hard tis-
sue of the teeth is being chronically and irreparably lost. 
The English reference literature uses the general term 
“non-carious loss of dental hard tissue” as well to describe 
this phenomenon.1–3

Relying upon the experience acquired during the re-
cent years, we may affirm that even in the general dental 
practice we encounter more and more frequently — even 
extensive and severe — the tooth wear phenomenon. 
Nowadays, dental erosion may be regarded as an actual 
civilization disease, although its prevalence is far lower 
than that of caries. Its importance is also reflected by the 
ever-growing number of publications on this subject mat-
ter during the last twenty years. However, there are lots 
of differences among age groups, and while several assess-
ments refer to the age groups of children and adolescents, 
less data are available concerning the age group of adults.

Tooth wear may be of a physical (abfractions caused by 
abrasion, attrition, and occlusal trauma) and of a chemical 
nature (erosion). Improperly performed oral hygiene ac-
tivities, bad habits, and occupational hazards are the most 
important factors that contribute to physical tooth wear.4,5 
Foods that are naturally acidic are part and parcel of a 
healthy regimen. However, everyday eating and drinking 
habits may be contrary to all what is called a balanced diet. 
Along with the spreading of the healthy lifestyle concept, 
fresh citrus fruits and 100% fruit juices are systematically 
consumed on a day-by-day basis.6,7 Some medicine taken 
frequently over long periods of time may also cause pre-
dilection to dental erosion. Moreover, non-alcoholic soft 
drinks containing acids become more and more part of 
our everyday diet, but the way they are consumed greatly 
influences the adverse effects exercised upon dentition. 
Also, acids of an intrinsic origin play an important role 
in the ever-growing number of issues due to psychiatric 
backgrounds (alcoholism, bulimia, anorexia, eating dis-
orders) as well as due to gastrointestinal diseases such as 
gastro-esophageal reflux disease (GERD).8–14 This is the 
very reason why the dental tissues should be diagnostically 
assessed from time to time (every 4–6 months) for non-
carious defects (detailed anamnesis and accurate clinical 
examination), so that we can perform the proper preven-
tive interventions as applicable and avoid thereby the ne-
cessity of an invasive treatment. Our aim is to assess the 
occurrence and frequency of tooth wear of various origin 
among the subjects of an adult population covering differ-
ent age groups, who are treated in a private dental office 

in Romania, analyzing each and every correlation between 
tooth wear and everyday activities, consumed food and 
beverages, as well as other such phenomena which pro-
voke tooth wear on a conditional basis.

MATERIAL AND METHODS

For the purposes of this research, a questionnaire planned 
at the Department of Tooth Morphology, Dental Technol-
ogy and Materials within the University of Medicine and 
Pharmacy of Tîrgu Mureş, as well as clinical examina-
tions have been used. We performed all clinical examina-
tions only after having obtained the relevant approval of 
the Research Ethics Committee within the University of 
Medicine and Pharmacy of Tîrgu Mureş and the informed 
consent provided by each adult subject who participated 
in the study. The provisions concerning the confidential-
ity of the study subjects' personal data have been met at 
all times. Before filling out the questionnaire, the subjects 
underwent a clinical examination in a private dental office 
in Braşov (Romania) under artificial illumination condi-
tions, using dental mirror and probe. We have objectively 
recorded the examination results, showing the tooth wear 
types according to etiologic factors and the erosion index 
according to Lussi referring to tooth wear due to erosion.

The questionnaire, comprising of twenty questions, 
covered the study subjects' oral hygiene habits, diet types, 
and various psychiatric issues, with a special emphasis on 
the critical factors for tooth erosion. The questionnaire has 
been filled in by 79 adults seeking dental medical care. Us-
ing the detailed anamnesis and the clinical examination, 
we wished to get an overall picture as far as dental erosion 
risk factors are concerned. We summarized the acquired 
data in a table and processed it in Microsoft Excel using 
Analysis ToolPak.

RESULTS

A total number of 79 subjects participated in our study, i.e. 
33 male and 46 female subjects, between 17 and 78 years 
of age, with an average age of 35.6 (SD 14.2) years. Tooth 
wear was present in more than half of the cases (55.7%, 
Figure 1).

The age groups where tooth wear was detected was be-
tween 23 and 78 years with an average of 38.6 years versus 
the group between 17–36 years, average 26.3 years, where 
tooth wear was not characteristic.

Specifically, we identified abrasion in 30.4% of cases, 
which can be attributed to dental prosthesis (13.9%), para-
function (3.8%), and harmful tooth brushing (12.7%). 
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Eighty per cent of this last group of patients has been using 
hard bristled toothbrushes, the rest medium type, none of 
them opting for soft toothbrushes. Around 65% of all pa-

tients prefer circular and vertical brushing which seem to 
cause less extensive damage to the enamel. In turn, only 
a small percentage (14.3%) of patients using horizontal 
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FIGURE 1. Extent of tooth wear in the study population (n = 79)
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movement had merely superficial enamel defect (Figure 
2).

17.8% of patients had dental prosthesis and in 12.7% 
tooth wear on the antagonist side could be identified. Es-
thetically, it is of an utmost importance what materials are 
used for dental prosthetics, and only 7.7% have chosen the 
less appealing, but less abrasive metal in favor of ceramic 
and metal-ceramic.

The cause of attrition falls into two groups. The first 
group covers subjects suffering from bruxism (19%, almost 
3/4 of which are known to have some kind of chronic psy-
chiatric condition), while the second group covers individ-
uals featuring physiological tooth wear (36.7%) (Figures 3 
and 4).

Relying upon the questionnaire and upon the clinical 
examination, we assessed the occurrence, etiology, and 
prevalence of dental erosion, according to age groups. The 
consumption of different beverages which cause erosion is 
shown in Figure 5. The occurrence of erosion on tooth sur-
faces is presented in Figure 6. 

Our questionnaire included the question what does 
tooth wear as a concept mean according to their opinion 
(a genetic disease, gradual loss of the hard tissue in teeth, 
a piece of enamel breaks off in worn teeth); only 60.8% of 
patients managed to answer correctly. When asked if the 
condition their teeth are in is satisfying, 21.5% answered 
no, the rest were equally divided between yes and more-
or-less.

DISCUSSION

In different international studies, the frequency of den-
tal erosion varies within wide limits, and various meth-
ods (erosion indices) are used during the assessments.15 
Between 6–10% of kindergarten children, 11–100% of 
adolescents, and 4–84% of adults seem to be affected.16 
These significant deviations are originating in population 
differences; however, an important role is played by the 
applied diagnosing criteria and different threshold values. 
In recent years, several publications dealt with the issue of 
tooth wear.7,17–19

In our study, signs of tooth wear have been found in 
more than half of the subjects. Since age groups of both 
young and elderly people have been involved in the assess-
ment, the respondents' age varied within a wide scale of 
values. Incipient enamel erosion was rarely present within 
the age group of elderly people, while the ratio of lesions 
penetrating deeply into the enamel or into the dentin was 
higher, which means that tooth wear severity increases 
with age. Although most of the reference literature shows 

that in Europe tooth wear is more frequent in young boys 
and men, in the case of our study population there was no 
significant difference between genders as far as this aspect 
is concerned.20–23 The fact that men are more affected may 
be explained by their more developed masticatory mus-
cles, their greater force of mastication, and their different 
eating habits.

According to our results, the number of worn teeth was 
higher in subjects who brushed their teeth using only the 
horizontal method compared to those who used vertical, 
horizontal, or circular movements. The clinical examina-
tion has proven that regarding tooth wear, the least ad-
verse tooth brushing is the one using circular movements, 
since only superficial enamel defect is caused, unlike using 
horizontal movements, where dentin may also be affected 
on even more than half of the tooth surface.

On the one hand, hard bristle toothbrushes cause tooth 
wear at a greater extent (80%) than medium bristle tooth-
brushes (20%); on the other hand, there are no signs of 
abrasion in the case of soft bristles. The most adverse in-
teraction is where mechanical and chemical processes are 
present at the same time. A surface that is demineralized 
due to an acidic effect becomes vulnerable subsequently 
to a mechanical effect, and it is possible to easily remove 
the softened superficial layer.24 This happens when we 
brush our teeth right after having consumed acidic food. 
This process results in an even greater loss of material if 
we perform powerful horizontal movements using a hard 
bristle toothbrush.25 Under such circumstances, abrasion 
and abfraction are present together, thus the tooth neck 
areas are weakened by the stress incurred due to occlusal 
load forces, and the said vulnerable portion is exposed to 
an external force of friction, for instance while brushing 
the teeth.

Among the questioned subjects, 17.8% had some kind 
of prosthetics and in 12.7% the prosthetics have worn out 
the occlusal surfaces of the antagonist teeth. Among the 
subjects, 19% suffer from bruxism, frequently associated 
with psychological disturbances. Attrition and abfraction 
mechanisms act together in the case of bruxism. During 
this repeated grinding and clenching of the teeth, tooth-
tooth contact stress and friction act at the same time. The 
30–59 years age group is the most affected by bruxism, and 
the less affected are those below 30 years of age. It has been 
proven that tooth wear in subjects suffering from bruxism 
is generalized, namely each and every tooth is affected, 
and the occlusal surface of the teeth is worn to the greatest 
extent. Thus, in 46.7% of the examined subjects the teeth 
were so worn that on over more than half of the tooth sur-
face dentin was also affected, in 33.3% dentin was affected 
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over less than a half of the tooth surface, while in 20% a 
superficial enamel defect was noticeable.

Physiological tooth wear was present at the greatest 
percentage in the 45–59 years age group (37.9%) and the 
30–44 years age group (34.5%), and the lowest prevalence 
(24.1%) was shown by the generation under 30 years of 
age. In this study, tooth wear manifested itself mostly in 
superficial enamel defects. 

As a general rule, one can ascertain for each age group 
that the most frequently and most severely affected teeth 
are the incisor and first molar teeth. This may be explained 
by the fact that these are the first to erupt and therefore, 
are exposed for a longer period of time to various wearing 
effects. Extrinsic acids reaching the mouth get most inten-
sively in contact with the frontal teeth.

12.7% of patients answered yes to the question whether 
they showed symptoms of GERD. It should be mentioned 
that according to the most recent assessments, GERD is 
highly spread in welfare states. A representative assess-
ment in Germany revealed that about 20% of the popu-
lation encounters reflux complaints from time to time; 
however, in over half of them these symptoms occur only 
a few times a year. Data in Hungary are similar, i.e. show-
ing a 20–40% prevalence of GERD in the adult population, 
including both the typical (esophageal) and the atypical 
(extra-esophageal) symptoms.14

Relying upon endoscopic examination and the pres-
ence of GERD symptoms, a Japanese study found a 17.9 % 
GERD prevalence in the adult population, among which 
7.1 % were diagnosed with esophagitis and 10.8% not.26

Regarding the consumption of beverages causing ero-
sion, coffee (58.2%), carbonized drinks (57%), tea (24.1%) 
and, to a lesser extent, fruit juice (13.9%), soft drinks 
(13.9%) and energy drinks (3.8%) were relevant in the pres-
ent study. The tooth surface examination has shown that in 
case of extrinsic and intrinsic acidic effects, mainly frontal 
and molar teeth featured enamel alterations, on the occlu-
sal surface, as well as on the buccal tooth neck areas, mainly 
on the mandible. Dentin wear was frequent on the incisive 
surface of the incisor teeth. Enamel lesions showed correla-
tion with drinking from the bottle in terms of buccal surface 
wear and with consuming beer and wine in terms of the in-
cisive and occlusal surfaces. Dentin wear can be attributed 
to apple, orange drinks, and fruit juice consumption. 

The percentage of those who answered incorrectly the 
question what characterizes tooth wear was relatively 
high, which lets us draw the conclusion that most of the 
patients are not aware of tooth wear as a concept. Due to 
the limitations of our study, we set the aim to increase the 
number of cases.

CONCLUSIONS

Tooth wear is of a multifactorial and irreversible process, 
which may occur equally among youngsters and elderly 
people. We found a close connection between the con-
sumption of carbonated drinks, fruit juices, fruits, and 
acidic food, the study subjects suffering from psychologi-
cal diseases, those having prosthesis, and the phenomenon 
of erosion.

We must raise awareness of the fact that it is not brushing 
the teeth itself which causes tooth wear but rather cleaning 
the teeth incorrectly, using inappropriate techniques, and 
also, too frequently, using aggressive toothbrushes that 
may expose our teeth to risk. 

Relying upon the assessed data and the screening exami-
nations, we can confirm that the number of patients pre-
senting for dental medical care showing tooth wear is sub-
stantial, thus increased attention should be given to the issue 
in everyday dental medical practice, since a detailed case 
history can identify avoidable risk factors through which 
disease progression may be slowed down or even halted.
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ABSTRACT

An uncomplicated, sensitive liquid chromatography linked to mass spectrometry (LC/MS) for 
evaluation of carbamazepine and carbamazepine-10,11-epoxide (its metabolite) in human plas-
ma, human saliva, rat plasma, and rabbit plasma was developed. Analyses were conducted 
on a Zorbax SB-C18, 100 mm × 3 mm ID, 3.5 µm column, at a column temperature of 40 ºC. 
The mobile phase was comprised of 0.1% formic acid in water and methanol in a 35 : 65 (v/v) 
ratio, with a flow rate of 0.4 mL/min. Lacosamide was utilized as internal standard. Under these 
chromatographic conditions, the retention times of lacosamide, carbamazepine-10,11-epoxide, 
and carbamazepine were 1.4 min, 1.6 min, and 2.2 min, respectively. The quantification of the 
analytes was performed using multiple reaction monitoring, with the use of a triple quadrupole 
mass spectrometer with electrospray positive ionization. The monitored ions were m/z 194 de-
rived from m/z 237 for carbamazepine, m/z 180 derived from m/z 253 for carbamazepine-10,11-
epoxide, and m/z 108 derived from m/z 251 for lacosamide. The samples were prepared by 
protein precipitation from 0.2 mL of plasma/saliva using 0.6 mL of internal standard solution in 
methanol. Calibration curves were constructed over the ranges 1.1–17.6 µg/mL and 0.23–5.47 
µg/mL for carbamazepine and carbamazepine-epoxide, respectively. The coefficients of de-
termination obtained by using a weighted (1/x) linear regression were greater than 0.994. The 
reported LC-MS/MS method was applied to preclinical pharmacokinetic studies and therapeu-
tic drug monitoring. 

Keywords: carbamazepine, metabolite, LC-MS, therapeutic drug monitoring, pharmacokinetics

INTRODUCTION

Carbamazepine (CBZ) is a first-line therapy in different types of epileptic syn-
dromes, also effective in bipolar and psychotic disorders and in neuropathic 
pain.1,2 CBZ presents hepatic metabolization through the cytochrome P450 
(CYP) pathway, into its pharmacological active form, carbamazepine-10,11-ep-
oxide (CBZ-EP), which is then metabolized to an inactive trans-carbamazepine 
diol by epoxide hydrolase.3
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Several pharmacokinetic interactions were identi-
fied between CBZ and other antiepileptic drugs (AEDs), 
due to CYP3A4 enzyme induction or inhibition, which 
leads to a decrease or increase of CBZ concentration in 
blood.4 Therapeutic drug monitoring (TDM) is strongly 
recommended for CBZ, and it is clearly defined when 
the level of CBZ rises above a specific level, which leads 
to toxic adverse reactions more frequently, especially in 
the elderly. Therapeutic levels of CBZ are 4–12 μg/mL  
(17–51 μmol/L), and above 20 μg/mL (84.6 μmol/L) it is 
considered toxic.5

Another important issue is the role of CBZ-EP in toxic 
reactions: CBZ-EP is known to contribute to the pharma-
codynamic action of CBZ, but levels higher than 8 μg/mL 
(34 μmol/L) are thought to be correlated with its own tox-
icity besides that of CBZ.6,7

Therefore, simultaneous quantification of carbamaze-
pine and CBZ-EP is demanded for studying the pharmaco-
kinetics of this AED and for the dose adjustment of treated 
patients.8–11 However, some experts questioned the rel-
evance of CBZ-EP assay for TDM.12,13

Although several attempts were made to replace the 
standard high-performance liquid chromatography 
(HPLC) methods with faster and simpler alternatives, 
there is a general consensus that TDM needs highly spe-
cific, robust, and validated methods for obtaining reliable 
results, the latter being essential in case of pharmacokinet-
ic studies.13–15

Others proposed more convenient collection methods 
of biological samples in order to increase TDM feasibil-
ity. Dried blood-spot (DBS) was an innovative surrogate 
for classic blood sample collection, as highly specific tan-
dem mass spectrometry detection enabled the determi-
nation of the analyte of interest from very small sample 
volumes.16 Where applicable, the use of saliva samples 
became a very popular TDM approach, particularly in 
pediatrics.17,18 

Recently, a simple and cost-efficient analytic technique 
was proposed for the investigation of CBZ and CBZ-EP 
levels in rat plasma, which was validated and successfully 
used in a preclinical pharmacokinetic research study.19 
However, a very similar method based on ultra perfor-
mance liquid chromatography (UPLC) with UV-detection 
(UPLC-UV) was reported earlier for the quantification of 
the analytes in humans.20

Still, there is a need to improve the turnout of the 
aforementioned methods. Thus, in the present work, 
we proposed to further simplify the sample preparation 
procedures and increase the throughput of the chromato-
graphic method by also reducing analysis time. Another 

important objective of this study was the elimination of 
the matrix effect and the application of the newly devel-
oped method to measure CBZ and CBZ-EP concentra-
tion levels in rat plasma, rabbit plasma, human plasma, 
and human saliva. To our best knowledge, this is the first 
method that involves protein precipitation as sample 
preparation method with an analytical run-time of 4 min-
utes. The procedure was successfully applied to a pre-
clinical pharmacokinetic study in rats and rabbits and to 
TDM in epileptic patients.

EXPERIMENTAL

Reagents

Carbamazepine was granted by Vim Spectrum SRL (man-
ufactured by Polpharma Pharmaceutical Works, Poland), 
carbamazepine-10,11-epoxide was purchased from Sigma-
Aldrich. The solvents used were HPLC-grade acetonitrile, 
formic acid, and HPLC-grade methanol (Merck KgaA, 
Darmstadt, Germany). Ultrapure water was obtained with 
a Millipore Direct Q5 purification system (Millipore SAS, 
Molsheim, France). The blood center in Tîrgu Mureș, Ro-
mania provided the human plasma for blank, calibrator, 
and quality control samples.

Standard solutions

Stock solutions (1.1 mg/mL) of CBZ and CBZ-EP were 
processed by dissolving a suitable quantity of reference sub-
stance (measured with a Mettler-Toledo AB54-S analytical 
scale) in methanol. Lacosamide was dissolved in ultrapure 
water, yielding the stock solution of the internal standard 
(1.1 mg/mL). Six calibration working solutions ranging 
between 5.5–88 µg/mL for CBZ and 1.14–27.36 µg/mL  
for CBZ-EP were obtained by diluting specific volumes of 
stock solution with methanol. The internal standard work-
ing solution was prepared from the stock solution with 
methanol to a final concentration of 4.6 µg/mL. Plasma 
calibration standards (N = 6) in the concentration range of 
1.1–17.6 µg/ml for CBZ and 0.23–5.47 µg/mL for CBZ-EP 
were prepared by spiking 0.12 mL of blank plasma with 40 
µL of working solutions of CBZ and CBZ-EP, respectively.

Liquid chromatography with mass 
spectrometry detection

An Agilent 1100 series (Agilent Technologies, Santa Clara, 
CA, USA) HPLC system (equipped with in-line degasser, 
quaternary pump, thermostatted column compartment, 
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and autosampler) was used for the laboratory determina-
tions. The mass spectrometric detector was a Triple Quad 
G6410A model by Agilent Technologies together with the 
MassHunter software, which served for chromatogram ac-
quisition and processing.

Positive electrospray ionization was chosen because 
of the higher intensities of the ions. The monitored ions 
were evaluated in multiple reaction monitoring (MRM) 
mode: 194 m/z derived from 237 m/z carbamazepine, 
collision energy 18; 180 m/z derived from 253 m/z car-
bamazepine epoxide, collision energy 10; and 108 m/z 
derived from 251 m/z lacosamide, collision energy 4  
(Figure 1). Other detector parameters included a dry 
heat of 350 °C, nebulizer 40 psi, voltage 4,000 V, dry gas 
(nitrogen) at a rate of 8 L/min.

Chromatographic separation was achieved at 40 °C on 
an in-line filter protected with Zorbax SB-C18 100 × 3 
mm, 3.5 µm column (Agilent Technologies).

Mobile phase

The mobile phase was obtained by dissolving 0.1% formic 
acid in pure water and methanol in a 35:65 (v/v) ratio. For 
degassing, an ultrasonic bath (Clifton 64426) was used. 
The flow rate was set to 0.4 mL/min. 

Sample preparation

Plasma and saliva samples underwent protein precipita-
tion before analysis: 0.2 mL plasma/saliva was vortexed 

for 30 seconds with 0.6 mL working solution of lacos-
amide 4.6 µg/mL in methanol, then centrifuged for 10 
minutes at 10,000 rpm. The supernatant was transferred 
into an autosampler vial and 2 µL were injected into the 
LC-MS system.

Method parameter verification

Different blank matrices: human saliva, human plasma, 
rat plasma, and rabbit plasma were used for verifying 
specificity.

The external standard calibration method was used for 
linearity, where the least squares analysis defined the cali-
bration curve model. A 1/x weighted linear calibration was 
applied: y = ax + b (x –concentration ratio, y – peak area 
ratio). The lowest calibration standard with an accuracy 
and precision of less than 20% was set to be the lower limit 
of quantification (LLOQ).

By comparing the responses of analytes in solution and 
prepared spiked plasma standards with the same concen-
tration, a relative recovery was calculated.

RESULTS AND DISCUSSION

Representative MRM chromatograms of human blank 
plasma and blank plasma spiked with CBZ (RT = 2.2 min) 
and CBZ-EP (RT = 1.6 min) at LLOQ (CBZ 1.1 µg/mL, 
CBZ-EP 0.23 µg/mL) demonstrated the selectivity of the 
method (Figure 2). The chromatograms showed that there 
was no interference at the retention times of the analytes 

FIGURE 1. Monitored ions (m/z) of carbamazepine, carbamazepine-10,11-epoxide, and internal standard, lacosamide in 
mass spectrometer
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and lacosamide (IS). Under the chromatographic condi-
tions described above, peaks were adequately separated, 
and the observed retention times were 2.2 min, 1.6 min, 
and 1.4 min for CBZ, CBZ-EP, and IS, respectively.

The selectivity of the technique was evaluated by using 
different batches of blank human plasma, human saliva, rat 
plasma, and rabbit plasma. 

As protein precipitation has the advantages of speed 
and simplicity, our initial approach during method de-
velopment was based on precipitation of plasma proteins 
with acetonitrile and methanol. The extracts gave non-
significant matrix interference and good recovery for the 
analytes (>90% for CBZ) and IS (Table 1). Thus, protein 
precipitation was adopted.

The lower limit of measurement was set at 1.1 µg/mL 
for CBZ and 0.23 µg/mL for CBZ-EP. Due to a good sensi-
tivity achieved with the triple quadrupole mass spectrom-
eter, it was possible to improve other important parame-
ters of the bioanalytical methods, obtaining better or equal 
results than in the previously published LC-MS methods 
for the simultaneous analysis of CBZ and CBZ-EP from 
any biological sample (Table 2).

The carryover was determined by injection of blank 
samples right after a standard sample corresponding to the 
upper limit of quantification. There was no observed inter-
ference at the retention time of the analytes. 

Correlation between the peak area ratios and their 
corresponding concentrations was described best with 
the mean linear regression equations y = ax + b, where y 
= 0.68 x + 0.10 (N = 6) for CBZ and y = 0.24 x – 8.10-4  
(N = 6) for CBZ-EP. The calibration curves were adequate 
in the range of 1.1–17.6 µg/mL for CBZ and 0.23–5.47 µg/
mL for CBZ-EP, with coefficient of determinations (r2) 
greater than 0.994; the residuals did not show any trend.

TABLE 1. Recovery of carbamazepine from plasma samples

Replicate Rec A Rec C

Nominal 1.32 µg/mL 11 µg/mL

Area Rec 2.95 × 103 1.90 × 104

Area QC 2.46 × 103 1.93 × 104

% recovery 83.5 101.5

Mean recovery 92.5

FIGURE 2. Multiple reaction monitoring (MRM) chromatograms of a blank (a, c) and a spiked human plasma sample at LLOQ carbamaze-
pine: 1.1 µg/mL, carbamazepine-10,11-epoxide: 0.23 µg/mL (b, d); retention times: 1.6 min CBZ-EP (c, d); 2.2 min CBZ (a, b)
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Application of the method and 
pharmacokinetic (PK) results

Preclinical PK study

A pilot PK study was performed in rabbits and rats, in or-
der to monitor the interspecies differences related to the 
metabolism of CBZ. For this purpose, the plasma concen-
trations of CBZ and CBZ-EP were determined in differ-
ent time-points, and the concentration-time curves were 
obtained. In rabbits, the tmax of CBZ was 2 h and that of 
CBZ-EP was 8 h (Figure 3), reflecting a slower biotrans-
formation of the drug in rabbits compared to rats.

Therapeutic drug monitoring

The plasma concentration of CBZ was analyzed in five 
epileptic patients in order to monitor the therapy. Blood 
samples were collected at Cmin (trough concentration) 
and Cmax (peak concentration). All patients had their 
CBZ plasma levels in the therapeutic range (Figure 4a). 
The plasma concentration of CBZ-EP ranged between 
0.65–1.79 μg/mL, far from the toxic level of 8 μg/mL 
(Figure 4b). In parallel with blood collection, saliva sam-
ples were also collected from the same patient (Figure 5).  
Salivary CBZ and CBZ-EP levels trailed the blood con-
centrations, the mean ratio of saliva-to-plasma concen-
tration was 0.25 for CBZ and 0.55 for CBZ-EP, with an 

TABLE 2. Comparison of characteristics of the present technique with reported methods for carbamazepine and its main metabolite, 
10,11-epoxide-carbamazepine, in biological fluids

Technique; analyte 
and concentration 
range (µg/ml)

Sample prepara-
tion; sample volume; 
recovery (%)

Analytical column; 
mobile phase;

Retention time (min); 
run-time

Application Reference

LC-MS/MS;
CBZ (0.4–20) 
CBZ-EP (0.2-10)

Protein precipitation 
with acetonitrile;
CBZ (94.6–105),
CBZ-EP (93.7–103)

Luna C18 column  
(100 × 2.0 mm, 3 um;
5 mM ammonium 
formate buffer (pH 7.8) 
and 90% acetonitrile
containing 5 mM 
ammonium formate 
(60 : 40, v/v).

CBZ (8.63), CBZ-EP (5.02);
12 min

TDM in plasma
CBZ (7.5-14.4)
CBZ-EP (1.3-3.0)
Several AEDs were 
quantified simultane-
ously

Kim et al., 20118

LC-MS/MS
CBZ (0.005–2)
CBZ-EP (0.005–2)

Liquid-liquid extraction; 
CBZ (90), CBZ-EP (87)

Discovery C8, 5 µm, 
150 mm × 2.1 mm; 
water/acetonitrile/ace-
tic acid (69.5 : 30 : 0.5, 
v/v/v)

CBZ (3.63), CBZ-EP (2.2); 
4.5 min

Preclinical pharmaco-
kinetic study using rat 
plasma

Comparing automated 
and manual sampling 
methods

Zhu et al., 20059

LC-MS/MS
CBZ (0.5–20)
CBZ-EP (0.1–5)

Protein precipitation 
with acetone; CBZ 
(90), CBZ-EP (98)

Zorbax eclipse XD8 
C8 column 150 mm 
× 4.6 mm; acetoni-
trile (solvent A) and 
formate buffer (2 mM, 
pH 3, solvent B) with 
gradient

CBZ (21.9), CBZ-EP (15.7); 
40 min

TDM in plasma
CBZ (0.92-16)
CBZ-EP (0.12-4.74)

Full metabolic profiling 
of CBZ and oxCBZ and 
8 metabolites

Breton et al., 
200510

LC-MS
CBZ (0.3125–25)
CBZ-EP (0.3125–25)

Solid phase extrac-
tion — Strata-X 30-mg 
(Phenomenex) SPE 
cartridges;
CBZ (87.7) CBZ-EP 
(94.4)

Shimpack XR-ODS
column (4.6 mm id 
3 50 mm, 2.2 mm 
particle size); 20-mM 
acetate buffer (pH 5.6) 
as mobile phase A
and 61.3% acetonitrile, 
32.2% methanol, and 
6.5% tetrahydrofuran
as mobile phase B

CBZ (15.8), CBZ-EP (11.1); 
18 min

TDM in plasma
No real sample data

Subramanian, Birn-
baum and Remmel, 
200811

LC-MS/MS
CBZ (1.1-17.6)
CBZ-EP (0.23-5.47)

Protein precipitation 
with methanol;
CBZ (92.5)

Zorbax SB-C18 100 x  
3 mm, 3.5 µm; 0.1% for-
mic acid and methanol 
(35 : 65 v/v)

CBZ (2.21)
CBZ-EP (1.46);  
4 min

TDM in plasma and 
saliva samples (µg/mL): 
CBZ (5.58–12.75 and 
1.08–4.66)
CBZ-EP (0.65–1.79 and 
0.29–1.54)
Preclinical PK studies 
in rat and rabbit

Present method
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FIGURE 3. Mean plasma concentration (µg/mL) versus time (hour) plot of carbamazepine (blue curve) 
and carbamazepine-10,11-epoxide (red curve) in rabbits (N = 6) after oral administration of 100 mg/kg 
carbamazepine

FIGURE 5. Representative overlaid multiple reaction monitoring (MRM) chromatograms of a human 
saliva sample. Retention times were 1.4 min, 1.6 min, and 2.2 min for IS (lacosamide), CBZ-EP, and CBZ, 
respectively.

FIGURE 4. Plasma concentration (µg/mL) versus time (hour) curves of carbamazepine (a) and 
carbamazepine-10,11-epoxide (b) in epileptic patients (N = 5) at steady state
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inter-individual coefficient of variation (CV%) larger 
than 40% (Table 3). 

The presented analytical method has high sensitivity and 
adequate reproducibility; however, the utilization of saliva 
as a surrogate for therapeutic drug monitoring should be 
carefully evaluated in relation to standardization of pre-
analytical variables such as accurate choice of sampling 
methods, direct volume quantification, and prevention of 
sample contamination with blood and food debris.21

CONCLUSIONS

The present method offers adequate sensitivity, proper ac-
curacy, and precision for simultaneous determination of 
CBZ and CBZ-EP in humans and different laboratory ani-
mal species (rat and rabbit) by using plasma and/or saliva 
samples.

The sample preparation by protein precipitation is sim-
pler, it requires smaller amounts of organic solvent and a 
small sample quantity, but provides a good recovery of 
the analytes without additional steps (extraction or de-
rivatization).

The simplicity of sample preparation, relatively short run 
time, and the selectivity of the signals used for analysis per-
mitted a specific and effective analysis of plasma and saliva 
probes, thus being a cost-effective method. The developed 
method was used for therapeutic drug monitoring of carba-
mazepine and carbamazepine-epoxide, but it is also capable 
to accurately measure their concentration in clinical or pre-
clinical pharmacokinetic studies.
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ABSTRACT

Background: Colon polyps are precursors of colorectal cancer (CRC), therefore their endo-
scopic detection is very important. A shift of in the localization of colorectal polyps toward 
the proximal colon has been recently observed in Western countries. Aim: The aim of this 
paper was to establish the most important clinical and endoscopic aspects of right colon 
polyps and to correlate them with their histopathological types, with an emphasis on sessile 
serrated adenomas/polyps (SSA/Ps). Material and method: We perfomed a retrospective 
study on a series of consecutive patients who underwent colonoscopy in the Gastroenterol-
ogy and Endoscopy Unit of the County Emergency Clinical Hospital of Tîrgu Mureș between 
January 1, 2010 – December 31, 2014, comparing the results with those of patients who 
underwent colonoscopy between January 1, 2005 – December 31, 2009. In all cases with 
abnormal aspects at endoscopy, multiple biopsies were taken for histopathological exami-
nation. Only cases where the diagnosis of colon polyp was confirmed by the Histopathology 
Department were included in the study. Results: In the 2010–2014 period there were 871 pa-
tients diagnosed with colon polyps (1,038 polyps), with a mean age of 62.28 years. The most 
frequent histopathological form was tubular adenoma in 55.97% of cases (n = 581). SSA/Ps 
were found in 66 patients (75 polyps). Considering all polyps, the most frequent localization 
was in the sigmoid colon in 32.36% of cases (n = 336), but for SSA/Ps the most common 
localization was the ascending colon in 24% of cases (n = 18), followed by the sigmoid colon 
in 21.33% of cases (n = 16). Compared with patients investigated between 2005 and 2009, 
we found an increasing localization in the right colon, from 10.43% (n = 67) in 2005–2009 
to 15.41% (n = 160) in 2010–2014. SSA/Ps were found in the right colon in 5.97% of cases  
(n = 4) in the first period compared with 11.25% of cases (n = 18) in the second period. Con-
clusions: In the last years we found an increasing localization of colon polyps in the right 
colon. These findings underscore the importance of high quality colonoscopy to maximize 
protection against colorectal cancer. 

Keywords: sessile serrated adenomas, endoscopy, right colon
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INTRODUCTION

Colon polyps can be considered a bridge to colorectal can-
cer (CRC) due to their ability to evolve into malignancy. 
Early diagnosis and endoscopic removal are essential in 
preventing CRC. 

CRC is one of the most common cancers in Western 
countries, its incidence occupying second place after lung 
cancer, with 446,000 new cases each year in Europe and 
a mortality rate for both genders of 214,000 deaths/year.1

Elevated incidence rates of CRC were recorded in Slo-
vakia, with 92 per 100,000 in males in 2012, and the lowest 
incidence rate was found in Albania, with 13 per 100,000.2

The data provided for our country shows an incidence 
of 38.3/100,000 and a mortality of 20.1/100,000.1 World-
wide, CRC is estimated to reach 1.36 million cases in males 
and 1.08 million in females by the year 2035.3 A change in 
the incidence of polyps with increased localization in the 
proximal colon has been observed in recent years in West-
ern countries, with an increasing number of sessile ser-
rated polyps (SSP).

The notion of sessile serrated polyp/adenoma was in-
troduced in 2003 in order to distinguish this type from the 
traditional serrated adenoma.4 It has been proved that SSPs 
are involved in sporadic colorectal cancer due to microsat-
ellite instability.5 The common molecular denominator of 
this type of polyps and sporadic CRC is the BRAF gene mu-
tation and gene hypermethylation. Data from the literature 
highlights the importance of early detection of colon pol-
yps in the prevention of CRC and implicitly the decrease of 
morbidity and mortality through this condition. 

The aim of this paper was to establish the most impor-
tant clinical and endoscopic aspects of right colon polyps 
and to correlate them with their histopathological types, 
with an emphasis on sessile serrated adenomas/polyps 
(SSA/Ps).

MATERIAL AND METHOD

We conducted a retrospective study on two series of con-
secutive patients who underwent colonoscopy in the Gas-
troenterology and Endoscopy Unit of the County Emer-
gency Clinical Hospital of Tîrgu Mureș between January 
1, 2005 to December 31, 2009 and January 1, 2010 to De-
cember 31, 2014. In all cases with abnormal macroscopi-
cal aspects at endoscopy, multiple biopsies were taken 
for histopathological examination. We compared the re-
sults between the two study groups in order to establish 
which among the two periods is associated with a higher 
incidence of SSPs. Only cases where the diagnosis of colon 

polyp was confirmed by the Histopathology Department 
were included in the study. 

General exclusion criteria were patients with serious as-
sociated clinical conditions (cardiac or hepatic conditions, 
respiratory failure, hemodynamic instability, serious sys-
temic illness, end-stage disease, active gastrointestinal bleed-
ing) that required therapeutic intervention and represented 
a contraindication for biopsy. We registered the endoscopy 
findings, histopathological reports, and personal pathologi-
cal history of each patient form the admission chart. The ac-
quired data was thoroughly analyzed. To determine the statis-
tical significance, the Chi square and Fisher tests were used, 
with a significance level of α = 0.05. All statistical analyses 
were performed using GraphPad Prism version 6.0 (Graph-
Pad Software Inc. San Diego, CA, USA). Prior ethical ap-
proval was not required, as this was a retrospective review of 
patient charts, and patients gave consent to use of their data.

RESULTS

Between 2010 and 2014, 871 patients with colon polyps 
(1,038 polyps) were diagnosed, with a mean age of 62.28 
years, and between 2005 and 2009, 642 polyps (502 pa-
tients) were diagnosed, with an average age of 63 years. A 
higher prevalence of colon polyps was noticed in male pa-
tients, with a male/female ratio of 1.48/1.

When we separately analyzed the patients with SSA/P, 
the mean age was similar, but we noticed a lower male/
female ratio of 1.2/1.

Regarding the polyps’ distribution by histopathological 
type in the 2010–2014 period, tubular type predominated 
with 56% of cases (n = 581), followed by tubulo-villous 
polyps in 25% (n = 260), hyperplastic type in 12% (n = 
122), and serrated adenoma in 7% of cases (n = 75).

In the 2005–2009 period, an increased percentage of tu-
bulo-villous (51%, n = 326) and tubular polyps (36%, n = 
235) was noted, followed by serrated adenoma in 6% (n = 
36), hyperplastic adenoma in 5% (n = 33), and other types 
in 2% of cases (n = 12).

Comparing the two periods, there was a statistically sig-
nificant increase (p <0.05) in the right-sided localization of 
the polyps. In the 2005–2009 period, 67 polyps were locat-
ed in the ascending colon, while in the 2010–2014 period, 
160 polyps were situated at this level. In both periods, the 
main localization of the polyps was in the sigmoid colon. 
Analyzing the distribution of SSPs according to their loca-
tion in the two periods, we noticed an increased localiza-
tion in the right colon (Figure 1).

In the 2005–2009 period, SSPs prevailed in the sigmoid 
colon, while in the 2010–2014 period their localization 
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was noted in the ascending colon in 22.66% (n = 18) of 
the total number of SSA/P cases, followed by the sigmoid 
colon in 21.33% (n = 16) of cases. Analyzing the polyps’ 
dimensions in the 2010–2014 period, we noticed a pre-
dominance of small polyps: 79% were under 1 cm, while 
large polyps (over 1 cm) were present in 21% of cases. Re-
garding SSPs between 2010 and 2014, 77% (n = 58) were 
smaller than 1 cm, and 23% (n = 17) were larger than 1 cm 
in size (Figure 2).

When studying the distribution of polyps by size and 
location, we observed the presence of small polyps in the 
right colon, with a ratio between small/large polyps of 
9.66/1, followed by transverse colon localization with a ra-
tio of 4.6/1, descending colon with 3.41/1, sigmoid colon 
with 3.22/1, and rectum with a ratio of 2.19/1 (Figure 2).

Regarding the presence and grade of dysplasia in SSPs, 
a net prevalence of non-dysplasia polyps was observed 
(92%, n = 69), compared to high-grade dysplasia in 5% (n 
= 4) and low-grade dysplasia in only 3% (n = 2) of cases.

Looking at the correlation between the size of the 
SSA/P and the presence of dysplasia, we noticed that six of 
the polyps presented dysplasia, two were with low-grade, 
and four with high-grade dysplasia. Of the polyps present-
ing dysplasia, five were smaller than 1 cm.

We also observed the presence of synchronus neopla-
sia and neoplastic history of CRC among the patients in 
our study. From the 871 patients that had been examined 
between 2010 and 2014, we registered the presence of con-
comitent neoplasia in 49 patients (5.62%) and neoplastic 
history in 32 patients (3.67%).

In the group of patients with SSA/P (75 patients) in the 
2010–2014 period, we observed the presence of colon neo-
plasia in 2 patients (2.66%) and neoplastic history in only 
2 cases (2.66%).

DISCUSSION

The present study was retrospective, comparing two 5-year 
periods, 2005–2009 and 2010–2014, showing a statistical-
ly significant increase (p <0.05) in the number of polyps 
found in the proximal colon. In the time period between 
2005 and 2009, 67 of the polyps were localized in the as-
cending colon, while between 2010 and 2014, 160 polyps 
were situated at this level. In both periods the main loca-
tion of the polyps was in the sigmoid colon. Regarding this 
location, the number of patients was relatively constant, 
with 336 polyps in the 2010–2014 period and 314 polyps in 
the 2005–2009 period.

This significant increase in the number of polyps located 
in the right colon was revealed in studies both in Western 
countries and in our country. A comparative study per-
formed in Cluj on a large number of 3,642 polyps (2,436 
colonoscopies), comparing the 1996–2003 period with 
2004–2011 showed a detection rate in the right colon of 
9.36% in the first period compared to 12.17% in the second 
period (p <0.001), demonstrating a significant increase in 
the detection rate of polyps located in the right colon.7 The 
average age of patients with colon polyps between 2010–
2014 was 62 years, a very important fact that is useful in 
establishing the optimum age for initiating CRC screening, 
which, according to current guidelines, is recommended 
at the age of 60 years.

Polyps were more common in male patients, with a 
male/female ratio of 1.48/1, which is similar to most of the 
recent data. A study published by a group of researchers in 
Austria showed that male gender was significantly associ-
ated with a higher prevalence of adenomas compared to fe-
males (24.9% vs. 14.8%, p<0.001; OR 1.9, 95% CI 1.8–2.0).8 
Regarding SSA/P, we observed a male predominance but 
a smaller gender gap, the male/female ratio being 1.2/1. 
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SSA/P-type polyps are characterized by proximal colon lo-
calization and are associated with female gender. Smoking  
is also an important risk factor for the development of 
these polyps.9

By comparing the distribution of SSA/P according to 
their localization in these two periods, we noticed an in-
crease regarding their localization in the right colon. SSPs 
were mainly localized in the sigmoid between 2005 and 
2009, while in the 2010–2014 period their location was in 
the cecum and the ascending colon in 22.66% (n = 18) of 
the total number of SSA/P cases, followed by the sigmoid 
colon in 21.33% (n = 16) of cases.

One of the aims of the present study was to analyze the 
endoscopic and histological aspects of SSA/P. In recent 
years, this type of adenomas has become increasingly im-
portant, being considered a precursor of CRC. Because 
of their particular endoscopic appearance — pink-col-
ored and flat — this type of polyp is difficult to see during 
endoscopy, or can be misinterpreted by the anatomo-
pathologist as hyperplastic polyps (Figure 3 and Figure 
4). SSA/P represented 7% of the polyps in the 2010–2014 
group, a percentage similar to that of other studies pub-
lished in the literature. Hazewinkel et al., in a screening 
study, showed that the SSA/P accounted for 7.3% of the 
polyps.10

Current data shows that SSA/Ps are much more com-
mon than previously thought. A colonoscopist with a 
high rate of polyp detection and an experienced anato-
mo-pathologist have identified a prevalence of these 
polyps of 8.1% in a screening population.11 In our group, 
SSA/Ps showed dysplasia in 8% of cases, 5% with high 
dysplasia and 3% with mild dysplasia. Of the six polyps 

with dysplasia, five were smaller than 1 cm, which again 
emphasizes the importance of endoscopic excision of all 
polyps regardless of their size. The presence of high-grade 
dysplasia in small polyps has already been described in 
the literature.12

A recent study has shown that patients with SSPs are at 
a higher risk of developing CRC, higher than that of pa-
tients with other types of polyps.13 

All this adds to the importance of a high-precision ex-
amination and the correct identification of preneoplas-
tic lesions for CRC prevention. In recent years, screen-
ing programs were implemented in Europe due to the 
major role of polyps in the development of CRC. Early 
identification of preneoplastic lesions and their excision 
can significantly decrease morbidity and the associated 
mortality. Sporadic cancer is also being discussed, and 
an important factor in its prevention is the correct iden-
tification of serrated lesions, which can be easily omit-
ted by the endoscopist due to the proximal aspect and 
location.

The highly curative potential of CRC, depending on the 
stage in which it is diagnosed, justifies screening programs 
and careful consideration of the matter. Albeit implement-
ing a screening program is not uniform across Europe, par-
ticipation in screening is essential, which is why promo-
tion strategies need to be developed to increase adherence 
to these programs. 

Finally, we would like to mention that our study had 
some limitations. It is a retrospective, endoscopic study, 
which can lead to some errors in data interpretation. Also, 
all the anamnestic data, the patients’ history, and the pres-
ence of other risk factors could not be evaluated.

FIGURE 3. Sessile serrated polyp in white light FIGURE 4. Sessile serrated polyp in narrow-band imaging (NBI)
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CONCLUSIONS

In the last years, we found an increased localization of co-
lon polyps in the right colon. These findings underscore 
the importance of high-quality colonoscopy in maximizing 
protection against colorectal cancer.

CONFLICT OF INTEREST

Nothing to declare.

REFERENCES

1. Eucan, 2013. Available at: http://eco.iarc.fr/eucan/
2. Ferlay J, Steliarova-Foucher E, Lortet-Tienlent J, et al. Cancer incidence 

and mortality patterns in Europe: estimates for 40 countries in 2012. Eur J 
Cancer. 2013;49:1374-1403.

3. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and mortality 
worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int 
J Cancer. 2015;136:E359-E386.

4. Torlakovic E, Skovlund E, Snover DC, et al. Morphologic reappraisal of 
serrated colorectal polyps. Am J Surg Pathol. 2003;27:65-81.

5. Groff RJ, Nash R, Ahnen DJ. Significance of serrated polyps of the colon. 
Curr Gastroenterol Rep. 2008;10:490-498.

6. Kambara T, Simms LA, Whitehall VL, et al. BRAF mutation is associated 
with DNA methylation in serrated polyps and cancer of the colorectum. 
Gut. 2004;53:1137-1144.

7. Visovan II, Tantau M, Ciobanu L, Pascu O, Tantau A. Increasing prevalence 
of right-sided colonic adenomas in a high-volume endoscopy department 
in Romania: implications for colorectal cancer screening. J Gastrointestin 
Liver Dis. 2014;23:147-151.

8. Ferlitsch M, Reinhart K, Pramhas S, et al. Sex-specific prevalence of 
adenomas, advanced adenomas, and colorectal cancer in individuals 
undergoing screening colonoscopy. JAMA. 2011;306:1352-1358.

9. Wallace K, Grau MV, Ahnen D, et al. The association of lifestyle and 
dietary factors with the risk for serrated polyps of the colorectum. Cancer 
Epidemiol Biomarkers Prev. 2009;18:2310-2317. 

10. Hazewinkel Y, de Wijkerslooth TR, Stoop EM, et al. Prevalence of 
serrated polyps and association with synchronous advanced neoplasia in 
screening colonoscopy. Endoscopy. 2014;46:219-224.

11. Abdeljawad K, Vemulapalli KC, Kahi CJ, et al. Sessile serrated polyp 
prevalence determined by a colonoscopist with a high lesion detection 
rate and an experienced pathologist. Gastrointest Endosc. 2015;81:517-
524.

12. Noshirwani KC, van Stolk RU, Rybicki LA, Beck GJ. Adenoma size 
and number are predictive of adenoma recurrence: implications for 
surveillance colonoscopy. Gastrointest Endosc. 2000;51:433-437.

13. Erichsen R, Baron JA, Hamilton-Dutoit SJ, et al. Increased Risk of 
Colorectal Cancer Development Among Patients With Serrated Polyps. 
Gastroenterology. 2016;150:895-902.



Journal of Interdisciplinary Medicine 2017;2(2):224-227

CORRESPONDENCE

Roxana Hodas 
Str. 22 Decembrie 1989 nr. 76
540124 Tîrgu Mureș, Romania
Tel: +40 265 217 333
E-mail: roxana.hodas@yahoo.ro

ARTICLE HISTORY

Received: June 7, 2017 
Accepted: July 25, 2017

Actual Dose-Reduction Strategies in 
Cardiac Computed Tomography
Daniel Cernica1, Roxana Hodas1, Elisabeta Himcinschi1, Elena Beganu1, Theodora Benedek1,2

1 Center of Advanced Research in Multimodality Cardiac Imaging, Cardio Med Medical Center, Tîrgu Mureș, Romania
2 University of Medicine and Pharmacy, Tîrgu Mureș, Romania

ABSTRACT

Computed tomography (CT) in cardiac examination is a powerful imaging tool that has devel-
oped rapidly during the last decade and continues to increase its potential by bringing novel 
technologies. Due to its noninvasive character, cardiac CT became a largely used method 
in detecting coronary diseases or functional issues at the expense of conventional coronary 
angiography. The accuracy of images has also increased, especially since new generation 
dual-source multi-slice detectors were developed. Although there are continuous improve-
ments that serve to gain better-quality images, thus increasing their diagnostic accuracy, there 
is an inconvenient that became a serious topic for debate in the current literature: exposure 
to higher doses of radiation during cardiac CT examinations. Fortunately, physicians and 
manufacturers are taking into consideration the need to apply new strategies for radiation 
dose-reduction. Thus, this objective can be achieved by using patient-tailored dose-reduction 
strategies and by modulating the technical features of the CT scanners in order to gather high-
quality images with minimal radiation exposure. The aim of this manuscript was to review the 
current literature data on dose-reduction strategies that are used for cardiovascular computed 
tomography scans. 

Keywords: dose-reduction strategy, cardiac computed tomography
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INTRODUCTION

Cardiac computed tomography (CT) is a very promising modern imaging 
technique, which has abruptly emerged over the last decade.1 Nowadays, it is 
known that this noninvasive technique has a high grade of accuracy, especial-
ly since manufacturers have developed 64- or more slices CT systems. Since 
then, the importance of this reliable technique has increased in indentifying 
coronary artery disease, and it is widely accepted at the moment as a powerful 
diagnostic tool, an alternative to conventional coronary angiography. Despite 
its great diagnostic value, physicians have raised important concerns over the 
adverse side of cardiac computed tomography: radiations. With continuous 
technical advances, CT scans play an important role in revealing and detail-
ing atherosclerotic plaques on coronary arteries. Alongside those significant 
improvements, multi-slice CT (MSCT) bears a considerable volume of radia-
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tions.2–5 A radiation dose of approximately 40 mSv is de-
livered by a cardiac MSCT scan during a routine exami-
nation without any dose-saving protocols.6 Due to the 
increased importance of the method and its high utiliza-
tion, its long-term side effects and especially malignant 
consequences have become a serious topic of debate in 
the current literature.7–9

Understanding how the amount of radiations influ-
ences the appearance of secondary disorders and devel-
oping strategies for lowering the emission of radiations, 
are the actual challenging milestones. The exposure to 
radiation is dependent on many factors related to CT 
scanners, such as scanner geometry, electrocardiogram-
gating (ECG-gating) applications, tube voltage levels, 
tube current levels, slice thickness, and pitch value, and 
most of these parameters are controlled by CT operators 
during procedures, according to the desired image qual-
ity. Therefore, it is necessary to develop new scanning 
and acquisition strategies in order to lower the exposure 
to radiation, without compromising the quality of the 
images.10

This clinical review discusses potential dose-reduction 
methods available at the moment for cardiovascular com-
puted tomography scanning.

At present, there are several types of strategies available 
for decreasing exposure to radiations delivered during a 
routine cardiac CT, with the condition to preserve image 
quality. These dose-reduction methods are based on the 
modulation of various parameters of the CT scanner, de-
pending on either the experience of the radiologist or on 
the scanner manufacturer settings. Hence, it is important 
to assess when is it possible to use an appropriate strategy 
to lower radiation exposure and to maintain the radiation 
dose as low as reasonably achievable (ALARA).11

Current modalities for dose reduction consist in bal-
ancing several machine-related factors such as scan range 
and geometry of scanning, post-processing filters, the 
tube current emitted and the voltage of the scanner tube, 
CT pitch, slice thickness and shielding, as well as ECG-
gating scan.

POST-PROCESSING FILTERS

The most effective modality for dose reduction consists 
in the use of post-processing filters after a scan was per-
formed. There are algorithms analyzing the scanned image 
that are capable to eliminate image noise but preserve im-
age quality. The amount of dose reduction is estimated to 
be up to 80%, and usually these filters are applied to images 
acquired using low-dose radiation protocols.12 

ECG-GATED SCANNING − 
PROSPECTIVE ACQUISITION

ECG-gated scanning represents another modality for suc-
cessfully lowering the exposure, by performing a CT scan 
based on heart rate and the phases of the cardiac cycle. An 
efficient approach is represented by the prospective ECG-
triggered acquisition, defined by recording of data during 
a determinate phase of the cardiac cycle triggered by the 
QRS signal, which will activate the gantry rotation while 
the table is fixed. This technique is repeated until the en-
tire anatomical area of interest is covered. The benefit of 
this technique in terms of radiation exposure is a reduction 
in dose of an estimated 68%, without compromising the 
quality of the recorded images. The requirement to obtain 
a satisfactory result is a regular and low heart rate, because 
the QRS signal and the R-R interval are calculated in order 
to trigger the scanning process. Although there are enor-
mous benefits associated with this method, it is used only 
to analyze anatomical areas, because the functional data 
is not delivered due to the short acquisition during a pre-
defined period of the R-R interval.13,14

ECG-GATED SCANNING – PROSPECTIVE 
ACQUISITION AND HIGH PITCH 

Another dose reduction strategy includes the prospective 
ECG-gated scan associated with a large pitch of up to 3.4 
on second-generation dual-source CT scanners. The high-
er the value of pitch level, the lower the amount of radia-
tion will be. Hence, image acquisition is made by rotating 
the gantry at larger lengths, without a lack of images due to 
the presence of gaps between successively recorded data, 
such as in past-generation CT scanners. The method is rec-
ommended in patients with a low heart rate and a stable 
rhythm and can also decrease the amount of emitted ra-
diations that could reach an estimated value of 1 mSv per 
examination.15,16

ECG-GATED SCANNING – 
RETROSPECTIVE ACQUISITION

Retrospective ECG-gated acquisition with a low pitch 
value is a frequently used mode for cardiac CT scans, de-
livering a high dose of radiation with the benefit of gain-
ing good-quality images for functional aspects of the ex-
amined heart. One possible method to decrease the high 
dose delivered with this method is the modulation of tube 
current.17 Hence, the tube current is set to be at a maxi-
mum level during a predefined single phase of the heart 
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cycle (mid-to-end of the diastole), resulting in a reduced 
exposure of up to 50% due to the overall dose of radiations 
emitted during a cardiac CT scan.18–20 The factors that 
need to be modulated are the value of the tube current and 
its duration, which need to be as low as possible during 
specific phases of the cardiac cycle, and heart rate needs to 
be regular and lowered in order to increase the recording 
time up to 75% of the corresponding cardiac phase.21,22

NON-ECG GATED SCANNING

Another option to gather CT images using a low radiation 
dose consists in non-ECG gated acquisitions. However, 
they can only be used in special cases such as analysis of 
the aorta, pulmonary veins, or the left atrium.17

The next important strategy consists in properly pre-
paring the patient before performing the scan. It includes 
filters to attenuate low energies delivered by the X-ray 
tube, which might not be necessary during certain scans 
and does not contribute to image acquisition, adding only 
an exceeding amount of radiations to the overall dose. The 
choice for the size of X-ray filters should be made rational-
ly, considering that the smaller the filter is, the higher the 
dose-reduction. The radiology engineer has to balance the 
beneficial aspects by using a small filter and the size of the 
resulting field of view, which in this case would be smaller. 
Collimators are filter-like tools, representing another op-
tion for protecting the patients from unnecessary high dos-
es during X-rays. They are positioned near the CT tube in 
order to limit the X-ray stream exposure only in the area of 
interest. Additional protective measures include the use of 
bismuth-latex shields, positioned between the X-ray beam 
and the protected area. It would be essential in the exami-
nation of female patients due to the unnecessary exposure 
of the breasts during a CT scan. It has been shown that this 
strategy would decrease the exposure up to 57%, but it is 
actually not recommended during routine scans because of 
the important degradation of images. Therefore, it would 
need further improvements in manufacturer technology in 
order to become usable during routine examinations and 
to offer high protection on certain anatomical areas, such 
as the breasts in female patients.18–20

TUBE POTENTIAL

On the other hand, there are a few options related to the 
setup of the machine, which can be adjusted in order to in-
crease the balance between benefits and side effects during 
a cardiac CT examination. Another CT scan factor, which 
can be an effective dose-reduction strategy, is tube poten-

tial modulation. Tube potential is defined as the electric 
potential that gives the tube its energy and radiation in-
tensity. 

TUBE CURRENT

Tube current represents the process of accelerating elec-
trons through the X-ray tube related to the time unit, mea-
sured as milliampers per second (mAs). It is proportional 
with the amount of emitted radiation and inversely propor-
tional with image noise. Thus, by lowering the current of 
the tube, the radiation dose would decrease, at the expense 
of image quality. However, regarding cardiovascular imag-
ing, it is possible to use low currents and obtain satisfac-
tory data. To enhance this beneficial feature of a CT scan, 
radiology engineers can also modulate other factors such 
as anatomy-based scanning or acquisition-based scanning 
on ECG-triggered scans. Given that most cardiac CT ex-
aminations are performed using retrospective ECG-gated 
acquisitions, it is crucial to modulate the tube current dur-
ing the acquisition phase. Using the ECG-gated mode, 
tube current emission is active during the whole cardiac 
cycle while being correlated to a single breath-hold. Then, 
image reconstruction will follow, with the analysis of only 
one phase of cardiac cycle. Thus, this technique could use 
less radiation by applying rational adjustments: the cur-
rent tube would be higher when a specific phase needs to 
be analyzed, using the high-quality images during the re-
construction stage, and lower dose exposure during other 
phases of the cardiac cycle that are not of interest, resulting 
in increased image noise. The amount of dose-reduction 
by performing a cardiac CT with this strategy is between 
30% to 50%.22,23 A similar technique is the anatomy-based 
tube current adaptation, where the tube current is auto-
matically adjusted to the body shape, analyzed in a three-
dimensional design. Despite its contribution in reducing 
the radiation dose with about 20%, currently this method 
has a relatively low utility due to the small angular fluctua-
tion of the attenuation of the heart.24

TUBE VOLTAGE

Tube energy, known as tube voltage, is the power gener-
ated by the X-ray tube during a CT scan. The latest genera-
tion scanners have increased the level of delivered energy, 
making the examination time shorter, alongside with in-
creasing the dose of radiation. The maximum level of the 
tube energy is 100 kW, which corresponds to an amount 
of radiations of 100 mGy.25 Current protocols use a higher 
power for low-normal weight patients due to lower attenu-
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ation of x-rays in these patients. Despite this, it has been 
recently shown that there is possibility to gather good-
quality images with a decreased tube voltage by increas-
ing iodine absorption when the heart is exposed to a lower 
voltage.26–28

CONCLUSION

Cardiac computed tomography is reliable imaging meth-
od, which has grown rapidly in the last decade and contin-
ues to develop in order to achieve what patients and clini-
cians are looking for — the best decision-making process 
in terms of diagnosis. However, these improvements also 
bring side effects, which have to be managed judiciously 
by clinicians, radiology engineers, and manufacturers. 
Currently, there are many options to overcome this in-
convenient. Dose-reduction strategies should be known 
by every clinician in order to inform patients on the ben-
eficial part of CT scans, as well as their side effects. Thus, 
strategies for lowering radiation exposure must begin by 
analyzing the patients’ features, such as the body weight to 
adapt the amount of beam potential and the heart rate and 
rhythm, and also information regarding the type of scan – 
functional or anatomical. Cardiac CT scan strategies that 
are tailored to patient characteristics, are based on ana-
tomical features, and use the latest scanner technologies 
according to dose-saving strategies should represent the 
current protocol. 
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ABSTRACT

For a better assessment of ischemic heart diseases, myocardial viability should be quantified. 
Current studies underline the importance and the evolution of several techniques and meth-
ods used in the evaluation of myocardial viability. Taking into account these considerations, 
the aim of this manuscript was to present the recent points of view regarding myocardial viabil-
ity and its clinical significance in patients with ischemic cardiomyopathies and left ventricular 
dysfunction. On the other hand, the manuscript points out the role of magnetic resonance 
imaging (MRI), one of the most useful noninvasive imaging techniques, in the assessment of 
myocardial viability. By comparing the advantages and disadvantages of cardiac MRI, its use-
fulness can be better appreciated by the clinician. In the following years, it is considered that 
MRI will be an indispensable imaging tool in the assessment of ischemic heart disease, guid-
ing interventions for revascularization and long-term risk stratification in patients with stable 
angina or myocardial infarction. 
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INTRODUCTION

Ischemic heart disease remains the main cause of death in adults in western 
countries despite recent and continuous developments in therapeutic and inter-
ventional methods.1,2 Although the prevention and treatment of ischemic heart 
disease have improved significantly, the prevalence of heart failure continues to 
rise. Ischemic heart diseases present not only an increased prevalence, but also 
their prognosis is worse compared to non-ischemic cardiomyopathies.3 One of 
the most forceful prognostic factors in patients with coronary artery disease is 
left ventricular function and its remodeling. Therefore, an early identification of 
these modifications is necessary in order to guide the treatment and follow-up 
of these patients.4,5 The myocardium is very sensitive to ischemia, thus the de-
gree of contractile damage is influenced by the severity and the duration of the 
ischemic event, from reversible myocardial tissue to necrosis. Once the myocar-
dium dies, the normal myocardium is replaced by collagenous scar tissue. The 
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remodeling process depends on the size and localization 
of the infarcted area, and it will lead to heart failure. Left 
ventricular remodeling is defined as a structural, geometri-
cal, and functional change in the infarct patch and remote 
viable myocardium.4–6 Thus, new treatment options can-
not limit ventricular remodeling. It was demonstrated that 
a coronary intervention improves left ventricular fraction 
with only 3% to 4%.7

Various factors, such as serum biomarkers (troponin, 
NT-pro-BNP) as well as angiographic or echocardio-
graphic imaging results have facilitated physicians to es-
timate the remodeling process. Most of the data can be 
confirmed by noninvasive imaging modalities, including 
echocardiography, multi-detector computed tomography 
(MDCT), magnetic resonance imaging (MRI), positron 
emission tomography (PET), or single-photon emission 
computed tomography (SPECT).5,8 Recently, cardiac MRI 
has been recognized as a powerful modality for heart im-
aging, useful in assessing myocardial structure, function, 
perfusion, or viability. Cardiac MRI is also an alternative 
method for risk stratification in patients with ischemic car-
diomyopathies (late gadolinium enhancement is correlated 
with poor prognosis and major cardiovascular events).9–11 
The assessment of myocardial viability is very important in 
the management of patients with cardiac ischemic disease. 
If the percentage of necrotic muscle is not so high, the 
myocardium can be recovered, thus the prognosis and the 
functional capacity of the patient can significantly improve 
following revascularization.12

Considering all these assumptions, the purpose of this 
article is to highlight the importance of myocardial viabil-
ity and its clinical significance in patients with coronary 
artery disease and left ventricular dysfunction. Further-
more, the manuscript aims to underline the usefulness of 
noninvasive imaging techniques in quantifying myocardial 
viability, especially the role of MRI.

MYOCARDIAL VIABILITY –  
NEW AND OLD CONCEPTS

Acute myocardial infarction occurs when a long-drawn 
reduction of blood flow in a specific heart zone leads to 
the permanent damage of the myocytes. Myocardial vi-
ability has a key role in the risk stratification of patients 
with ischemic cardiomyopathies, due to its implications 
on the ventricular remodeling process. The dysfunctional 
myocardium (viable or non-viable) is one of the most im-
portant predictive factors of cardiac function. Thus, the 
quantification of viable myocardium is of utmost impor-
tance in patients with ischemic cardiomyopathies, where 

the revascularization procedures may improve the left ven-
tricular systolic function and the patient’s quality of life. 
Myocardial viability is defined as a regional wall motion 
abnormality (hypokinesia, dyskinesia, or akinesia) with-
out the presence of necrotic myocardial tissue.4,6,12

After an acute event, the ischemic cascade is triggered, 
and myocardial viability, especially the reversibility of this 
process, can be influenced. A series of pathophysiological 
modifications appear in the damaged myocardium with 
the intent to replace the dead tissue with fibrotic scar tis-
sue, as the viable myocardium tries to compensate the dys-
functional myocardium in order to maintain a competent 
cardiac output. Myocardial contractility impairment, fol-
lowed by intracellular edema, appears within the first few 
seconds of the acute event. After 30 to 60 minutes from the 
onset of the event, an irreversible injury of the myocardial 
cells appears and, if the ischemic process continues, the vi-
able myocardium is replaced by necrotic tissue due to the 
myocytes’ death, followed by a remodeling process that af-
fects left ventricular function. This may lead to progression 
towards heart failure in years. The progression of myocar-
dial necrosis starts typically from the subendocardium to-
wards the subepicardium (3–6 hours).1,13

The myocardium at risk, also named jeopardized myo-
cardium, is one of the principal determinants of the in-
farcted area, as it forecasts the maximal territory of myo-
cardium exposed to the risk of necrosis. Despite the new 
reperfusion methods and their beneficial effects, the death 
of the myocytes can progress during the first hours after 
reperfusion, through a process named myocardial reperfu-
sion injury. The major cause for this intricate phenomenon 
is the existence of microvascular obstruction leading to a 
lack of tissue perfusion despite a successful revasculariza-
tion procedure. Myocardial territories with normal blood 
flow in resting conditions may present depressed cardiac 
function due to sustained ischemic episodes. This phe-
nomenon is called stunning myocardium, and it may be 
recovered by reperfusion (revascularization or inotropic 
agents), but it takes days or weeks until it normalizes, once 
the flow is restored. Viable myocardium with depressed 
contractility can be partially or completely recovered, due 
to an impaired coronary blood flow that is called hibernat-
ing myocardium. If in the past the hibernating myocardi-
um was thought to appear due to a constant hypoperfusion 
or mediated by fundamental modifications in myocardial 
metabolism and energetics (both of them being reduced), 
nowadays, it is considered that hibernating myocardium 
is the summation of a continuous and additive stunning, 
which leads to chronic dysfunction of the left ventricle. 
Recent studies have shown that hibernating myocardium 
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appears due to a shift from fat to glucose metabolism, 
with the reactivation of the fetal gene program. This type 
of myocardium contains not only apoptotic cells, but also 
cells with autophagosomes, vacuoles, and lysozymes.1–4,14

ASSESSMENT OF MYOCARDIAL VIABILITY 

In the last years, imaging techniques used to assess and 
quantify myocardial viability have continuously devel-
oped. Nowadays, one of the most significant and useful 
noninvasive diagnostic methods for assessing the global 
function of the left ventricle is cardiac MRI, which is able 
to provide anatomic and ischemia-related imaging with 
assessment of the consequence of myocardial ischemia, 
especially on myocardial perfusion, function, and irrevers-
ible lesions.15 Cardiac MRI also has the ability to evaluate 
the global and regional left ventricular function following 
a myocardial infarction, quantifying the infarct size, iden-
tifying microvascular obstructions, and evaluating the area 
at risk.1,16

Several MRI techniques can be used for the estimation 
of myocardial viability. Spectroscopy is used to appraise 
the cellular metabolites and the integrity of the myocytes. 
Another technique, able to differentiate between viable 
and non-viable myocardium, is sodium imaging by MRI. 
T1 and T2 images and maps are useful in evaluating myo-
cardial edema, infarction, or areas at risk. Cinemagnetic 
resonance highlights segmental and global contractility 
and wall thickness. Perrone-Filardi et al. have proved that 
significant parietal thinning may appear also in the viable 
myocardium.17

Myocardial viability can be assessed in three ways: rest-
ing MRI – to measure end-diastolic wall thickness; dobu-
tamine stress MRI (DSMR) – to appreciate the contractile 
reserve; and delayed contrast-enhanced cardiac MRI (DE-
MRI) – to assess viability.14

DSMR identifies the contractile reserve in the hiber-
nating myocardium in response to a certain dose of ino-
tropic agent. At a low dose of dobutamine, the increased 
contractility is dysfunctional, whereas at higher doses the 
contractility may decrease, reflecting inducible myocar-
dial ischemia. This “biphasic” response is correlated with 
post-operative functional recovery. Frequently, scarred 
segments of the left ventricle do not reveal functional re-
establishment in comparison to regions without scars. Do-
butamine MRI can estimate viability with enhancement in 
a dysfunctional wall segment by one grade (from akinetic 
to hypokinetic or from hypokinetic to normal). Baer et 
al. showed that an expanded wall thickening greater than 
2 mm during systole is an accurate predictive factor for 

myocardial recovery.18 Another way to quantify viability 
is dobutamine-induced systolic thickening. Segments with 
end-diastolic wall thickness less than 5.5 mm never reveal 
an improvement of function after revascularization. Even 
if the wall thickness is bigger than 5.5 mm after revascu-
larization, an improvement in contractility is not always 
revealed.3,13,19–21

DE-MRI is the most common noninvasive technique 
that can accurately identify the fibrotic myocardial tissue 
following a myocardial infarction. Gadolinium-diethyl-
enetriamine pentaacetic acid is the contrast agent used for 
MRI examinations, which is able to diffuse and accumu-
late in myocardial tissue.7 A multi-center trial assessed the 
performance of late gadolinium enhancement imaging us-
ing a contrast agent (gadolinium) to detect the presence 
of myocardial infarction. Over 280 patients with myocar-
dial infarction were enrolled in the study, randomized in 
four groups receiving 0.05, 0.10, 0.20, or 0.30 mmol/kg of 
gadolinium, respectively. The accuracy of late gadolinium 
enhancement images regarding the location and quanti-
fication of the infarct size and area after a delay of 10–30 
minutes was 91% when administering a dose of 0.20 mmol/
kg and 95% if the dose was raised to 0.30 mmol/kg. For the 
0.10 mmol/kg dose, the accuracy was 79%.22

This examination is based on the fact that in fibrotic tis-
sues the intercellular space is reduced, and the contrast 
substance (gadolinium) is accumulated in the extracellular 
space with a gradient, being excreted over time by the re-
nal system. This way, gadolinium contrast agents can de-
fine the transmural extension of the myocardial scar. Due 
to the different magnetic properties of gadolinium com-
pared to that of blood or myocardial tissue, gadolinium 
accumulation in the necrotic areas appears enhanced. In 
acute myocardial infarction, the gadolinium contrast agent 
is increased in the extracellular space due to cell membrane 
rupture. Similarly, in old myocardial infarction areas, the 
contrast agent accumulates in the interstitial space be-
cause of the fibrotic tissue that replaces the normal one.23 
Thus, the infarcted myocardium appears hyperenhanced, 
the microvascular obstruction zone is hypoenhanced (this 
phenomenon was observed in 20–50% of patients after re-
vascularization according to Ahmed et al.), and the normal 
myocardium appears black (is “nulled”), providing a high 
contrast between the viable and non-viable myocardial tis-
sue.24,25 These modifications are correlated with non-viable 
myocardium and frequently occur in dysfunctional seg-
ments. Due to the possibility to differentiate viable from 
non-viable tissue, this technique allows the classification of 
risk associated with revascularization and further compli-
cations in patients with ischemic heart disease.2,3,13,19



231Journal of Interdisciplinary Medicine 2017;2(3):228-234

As a protocol for DE-MRI, Souto et al. proposed, after 
obtaining the scout images, to perform a global and seg-
mental functional study of the heart using the cine MRI 
technique. Ten minutes after the administration of gado-
linium, the images of viability could be acquired in the 
short, long two-chamber, and outflow axes. The acquisi-
tions of delayed enhancement lasts approximately 10 sec-
onds and one apnea (the entire examination lasts about 30 
minutes).12 Usually, the analysis of the myocardium is per-
formed in the short-axis orientation with additional single-
slice long axis outlook in 4, 3, and 2 chambers.23

Furthermore, to assess and quantify myocardial fibrosis 
and global viability, MRI evaluates the possible chances of 
myocardial recovery, attempting to distinguish the 17 seg-
ments of the left ventricle. Ortiz-Perez et al. have analyzed 
the relationship between the 17 segments to identify the 
late gadolinium enhancement pattern of the culprit lesion 
on angiography following an acute myocardial infarction. 
The results of their study revealed a specificity of 100% for 
left anterior descending artery occlusion (late gadolinium 
enhancement was present in the basal anteroseptum, mid-
anterior, anteroseptal, or apical anterior wall). For right 
coronary artery or left circumflex artery occlusions, no 
segments were 100% specific.26 Lund et al. demonstrated 
that delayed enhanced MRI had a higher sensitivity com-
pared to SPECT.27

DE-MRI presents a sensitivity of 99% in measuring the 
extent of the infarction scar and 94% in measuring trans-
mural enhancement. The latter can anticipate the recovery 
of a regional function in an enhanced segment. Myocar-
dial function improves progressively with the decrease of 
the transmural scar of the infarction. If the myocardium is 
without any delayed enhancement, the probability of re-
covery is very high (around 80%). Even when the infarcted 
area is around 1–25%, and the chances of recovery de-
crease to 60%, viability is still preserved and it remains pre-
served at a percentage of delayed enhancement of around 
26–50%, but a higher percentage is strongly correlated 
with non-viable myocardial muscle.12,21,28

The transmurality of late gadolinium enhancement is 
an important prognostic factor in an acute myocardial in-
farction. Bodi et al. demonstrated that there is a meaning-
ful difference between major cardiovascular events when 
comparing patients with 5 or more segments of transmural 
infarction with those with less involved myocardium (23% 
vs. 5%, p <0.001).29 Furthermore, Wu et al. have shown 
that left ventricular remodeling is a more powerful predic-
tor of clinical events than systolic function in patients with 
acute myocardial infarction. During the 4-month MRI fol-
low-up, all patients enrolled in this study presented an im-

provement in the ejection fraction (p = 0.002). One of the 
most important conclusions of this study was that acute 
infarct size is correlated directly with the left ventricular 
remodeling process.30 Buckert et al. have confirmed that 
the presence of late gadolinium enhancement is a strong 
clinical predictor of cardiovascular events in patients with 
stable coronary artery disease.10,31,32

Rizzi et al. have demonstrated in the MESA study that 
several techniques can be used to quantify infarction di-
mension, such as: visual technique, planimetry, the stan-
dard deviation technique, full width at half maximum, and 
the correction of image noise.33 Semiautomatic analysis 
with manual correction and removal of artifacts is the first 
choice among diagnostic methods to quantify the infarc-
tion zone and fibrosis.12

The size of myocardial infarction in the acute phase dif-
fers from the one in the chronic phase due to the fact that 
in acute infarction the affected myocardial mass is up to 
25% bigger as a result of tissue edema, hemorrhage, and 
inflammation.34 According to Ingkanisorn et al., chronic 
infarct size is significantly smaller 2 months after the acute 
infarction (p <0.003). Furthermore, in a study carried out 
by Choi et al., after a period of 8 weeks from the acute 
event, the size of infarction decreased with 26%. A greater 
degree of infarct involution was present in infarcts with a 
higher degree of microvascular obstruction, possibly due 
to a more severe initial ischemic lesion.35

Microvascular obstructions should be quantified due to 
their association with the “no-reflow” phenomenon. This 
microvascular modification occurs only in acute infarc-
tion and persists for at least 9 days.36 Its existence can be 
identified using MRI techniques, appearing as a default 
of subendocardial contrast uptake in an area surrounded 
by hyperenhancement, or as early hypoenhancement ob-
served within the first few minutes after first-pass contrast 
perfusion (early enhancement imaging).37 As Rogers et al. 
have demonstrated in their study, microvascular obstruc-
tions are predictors of non-viable myocardium, because in 
the regions with microvascular obstruction there was no 
recovery of segmental left ventricular function.38 In addi-
tion, the presence of microvascular obstructions was cor-
related with a higher incidence of cardiovascular events 
and was strongly associated with left ventricular remodel-
ing.16 In this regard, Hombach et al. found that microvas-
cular obstruction is an important predictor of left ventricu-
lar remodeling, ejection fraction, and survival following an 
acute myocardial infarction.39

Recent studies proved that dobutamine-stress MRI 
better forecasts functional recovery than late gadolinium 
enhancement. In 2005, Tarantini et al. have published one 
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of the first studies that associated the time of coronary le-
sion, the degree of microvascular obstruction, and trans-
mural necrosis. In this research, the patients were strati-
fied based on TIMI grade flow obtained after myocardial 
revascularization. Regarding the related lag in reperfusion 
for both groups (group with TIMI 3 grade flow and group 
with TIMI grade flow <3), there was a greater number 
of patients with microvascular obstruction and transmu-
ral necrosis in the latter group. For every 30-minute de-
lay in a successful percutaneous coronary intervention, a 
continuum of microvascular obstruction and myocardial 
necrosis was observed on MRI in the group with a TIMI 
grade flow <3, which was correlated with a 37% higher risk 
of transmural necrosis and a 12% higher risk of microvas-
cular obstruction.40 Wu et al. argued that the presence of 
microvascular obstruction (residual myocardial perfusion 
abnormality despite revascularization of the tissue) is an 
important marker for injury severity.41 Furthermore, Ros-
es et al. established that the expansion of the microvascular 
obstruction zone is a better long-term prognostic factor 
compared to the ejection fraction and left ventricular vol-
umes.42

The MRI examination can determine the area at risk 
and the infarct size. T2-weighted MRI aids visualization of 
the risk area, which appears hyperintense compared to the 
normal myocardium. The T2 sequence is also useful in dif-
ferentiating between acute and chronic infarction.20,43 The 
quantification of areas at risk is very important, because 
they are markers for reversible injury. Another MRI se-
quence that can be used to appreciate the size of the myo-
cardial area at risk and to differentiate between acute and 
chronic myocardial infarction is T2-weighted short-tau in-
version recovery (STIR).44 Abdel-Aty et al. have compared 
patients with chronic and acute myocardial infarction, and 
the results have shown that patients with chronic infarc-
tion do not present any signal-to-noise ratio between the 
infarcted and the healthy myocardium on T2-weighted 
imaging.45 There are several studies that showed that T1-
mapping is useful in identifying more diffuse forms of fi-
brosis in the remote myocardium and the peri-infarct area 
(the acquisition time is faster and the spatial resolution is 
better).46,47

The notion of peri-infarct zone (“gray zone”) was intro-
duced by Schmidt et al. The quantification of the peri-in-
farcted zone can be made by tracing the endo- and epicar-
dial margins in the short-axis sequence and the hypersignal 
region.41 The infarct nucleus is defined as the region from 
the myocardium with a signal intensity higher than 50%. 
The gray zone is described as a zone with greater signal 
intensity than that of the remote myocardium but lower 

than 50%. This zone refers to the region of intermediate 
late gadolinium enhancement from the myocardial scar 
periphery, which is related to the possibility of inducing 
arrhythmias. Additionally, Roes et al. established that the 
presence of peri-infarct tissue heterogeneity in patients 
with myocardial infarction is a pronounced predictive fac-
tor for ventricular arrhythmia and ICD therapy compared 
to the total infarct size and left ventricular function.16

Several trials on myocardial viability in patients with 
coronary artery disease have been performed, but their re-
sults remain controversial. The recent STICH trial (Surgi-
cal Treatment for Ischemic Heart Failure) does not show 
the advantage of revascularization compared to medical 
therapy in patients with ischemic cardiomyopathies. De-
spite its limitations, the STICH trial remains one of the 
largest analyses of the influence of viability on clinical end-
points in subjects with ischemic heart diseases. Another 
large trial that was of use in the evaluation of myocardial 
viability, risk stratification, and in the identification of 
patients who could benefit from revascularization, is the 
PAAR-2 (PET and Recovery Following Revascularization) 
trial, but this study failed to prove a difference in primary 
outcomes at one year. Ottawa-FIVE (18F-FDG PET Imag-
ing of Myocardial Viability in an Experienced Center with 
Access to 18F-FDG and Integration with Clinical Manage-
ment Teams) is a PARR-2 sub-study that proved a signifi-
cant advantage in outcomes in the PET-guided group. The 
results of this sub-study revealed the prognostic impor-
tance of the FDG PET viability imaging technique in pa-
tients with ischemic heart disease.4,23

ADVANTAGES AND DISADVANTAGES 
OF CARDIAC MRI

Despite the fact that many noninvasive imaging modalities 
have been introduced in the last years for the quantifica-
tion of myocardial viability, cardiac MRI remains the gold 
standard imaging technique for diagnosing ischemic heart 
disease.

The main advantage of cardiac MRI is the fact that it 
does not present acoustic window limitations. It offers a 
higher spatial and temporal resolution than other nuclear 
methods and also a better tissue characterization. This 
technique is ionizing radiation-free, which is another im-
portant advantage compared to computed tomography or 
nuclear techniques.2

Related to echocardiography, cine MRI sequence en-
ables dynamic images of wall motion, with a superior en-
docardial border assessment. In clinical practice or as an 
endpoint in clinical trials, MRI can quantify left ventricular 
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function and ventricular mass (it can be measured in cine 
MRI sequence). There are studies that have demonstrated 
a higher accuracy of high-dose dobutamine MRI com-
pared to high-dose dobutamine stress echocardiography 
(86% vs. 72%).49,50

Using perfusion MRI, myocardium viability and critical 
coronary lesions can be detected and several perfusion in-
dices can be calculated (curve upslope, maximum signal 
intensity, and time to peak). Delayed-enhancement MRI is 
one of the finest techniques used to identify myocardial vi-
ability and to quantify the infarcted area. Furthermore, in 
the T2-weighted sequence, the area of risk or microvascu-
lar obstructions can be appreciated. Cardiac MRI examina-
tion can be a useful tool in patient follow-up before or after 
revascularization interventions.2,51

For an optimal image acquisition, several rules are nec-
essary. It is important to have a proper temporal resolution 
to image a few short axis slices for each heartbeat, in order 
to visualize the initial contrast bolus. High spatial resolu-
tion is another important factor that must be taken into 
consideration due to the necessity to discern between the 
subendocardial and subepicardial myocardium.52

The main disadvantages of this technique include the 
MRI breath-holds sequence, time examination, contrast 
agent, adverse reactions, and costs. Renal disease repre-
sents another limitation of MRI, due to the risk of systemic 
nephrogenic fibrosis (if eGFR <30 mL/min/1.73 m2).2,3

Persons with electrically, magnetically, or mechanically 
activated devices and metallic or ferromagnetic implants 
(pacemakers, insulin pumps, defibrillators, cochlear im-
plants etc.) cannot undergo MRI examinations. Recent 
studies have demonstrated that newer stents or cardiac de-
vices are compatible with MRI, but their safety must be 
checked by the physician. For a good MRI examination, 
an optimal patient cooperation is necessary, thus claustro-
phobia, obesity, or unstable patients may limit the exami-
nation.51

CONCLUSION

Ischemic heart disease remains an important health prob-
lem due to its high mortality. The healing process after an 
acute myocardial infarction is a dynamic one that can in-
fluence heart function, left ventricular remodeling, and 
disease progression. Myocardial viability is the key point 
in revascularization techniques, guiding the treatment and 
patient prognosis; therefore, it should be quantified in 
each patient with myocardial ischemia. 

Cardiac MRI represents the gold standard noninvasive 
diagnostic method in assessing myocardial viability and in 

the long-term follow-up of patients with ischemic cardiac 
disease, especially in the risk stratification of patients with 
myocardial infarction. Both in the acute and chronic phase, 
DE-MRI can quantify the size of the infarcted area and is 
able to estimate whether there is viable myocardium in that 
region. This examination can also identify microvascular 
obstructions or the area at risk, it can characterize the in-
farcted area and myocardial necrosis markers, and it may 
forecast the risk of death in patients with ischemic heart 
disease. Also, MRI provides complementary information 
about global and regional cardiac function and perfusion.

In the future, MRI will be an indispensable imaging 
tool for the quantification of ischemic heart disease, for 
guiding the revascularization intervention, and for long-
term risk stratification in patients with chest pain, stable 
angina, or myocardial infarction, due to its ability to pro-
vide high definition images of anatomical and functional 
heart characteristics in real time, without exposure to ion-
izing radiation. 
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ABSTRACT

The current practice in the field of forensic medicine imposes the use of modern investigation 
techniques. The complexity of laboratory investigation methods needed for a final result of the 
investigation in forensic medicine needed new biomarkers of higher specificity and selectivity. 
Such biomarkers are the microRNAs (miRNAs), short, non-coding RNAs composed of 19–24 
nucleotides. Their characteristics, such as high stability, selectivity, and specificity for biological 
fluids, differ from tissue to tissue and for certain pathologies, turning them into the ideal candi-
date for laboratory techniques used in forensic medicine. In this paper, we wish to highlight the 
biochemical properties and the usefulness of miRNAs in forensic medicine. 

Keywords: miRNA expression, forensic biomarkers, noninvasive detection

INTRODUCTION

In recent years, notable progress has been made regarding identification, analy-
sis, and investigation methods in forensic sciences.1,2 In order to obtain an ef-
ficient and accurate result, precise identification methods are needed for cer-
tain factors that are meant to answer a series of questions. This is the reason the 
analysis of microRNA (miRNA) expression represents a good tool for the future, 
to be introduced in the forensic laboratory.1,3,4

miRNAs are short, non-coding RNAs that contain 19–24 nucleotides. From a 
historical point of view, they were isolated and analyzed for the first time in 1990 
in Caenorhabditis elegans.5 The utility of miRNAs in medical practice is based on 
certain characteristics they encompass, such as high resistance to external factors, 
specificity for a certain fluid or tissue, specificity for a certain disease, selectiv-
ity, and, last but not least, low processing costs.6 At the same time, miRNAs are 
involved in different pathological changes for which they present high selectivity 
and specificity such as cancer, functional imbalance, infections, or traumatisms. 
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These properties make miRNAs the ideal candidate for us-
age in the routine practice of the forensic laboratory.1,7

For a more efficient analysis of miRNAs, different anal-
ysis techniques were developed. The most well-known 
identification, isolation, and characterization methods for 
miRNAs are quantitative real-time PCR (qPCR), miRNA 
arrays, RNA sequencing, or multiplex miRNA profiling.8–12

In the following paper, we wish to present the biologi-
cal and biochemical characteristics of miRNAs and their 
utility in the forensic laboratory, in accordance with their 
specificity and selectivity for certain biological fluids, tis-
sues, or diseases. 

BIOGENESIS OF MIRNAS

The first stage in the biogenesis of miRNAs is represented 
by the transcription of RNA sequences by RNA polymerase 
II.13 This process leads to the formation of the first miR-
NAs, the so-called pri-miRNAs. The factors responsible 
for the transcriptional modulation of these precursors are 
represented by members of the TP53 family such as TFD, 
p53, p63, and p73.14,15 pri-miRNAs are RNA sequences 
composed of approximately 70 nucleotides. They are sub-
ject to the action of two proteins with nuclear activity, i.e. 
nuclear RNA-binding protein DiGeorge Syndrome Criti-
cal Region 8 (DGCR8) and ribonuclease III-type protein 
Drosha. The molecular reactions modulated by these two 
proteins lead to the formation of pre-miRNAs, the precur-
sors of miRNAs, followed by their export from the nucleus 
into the cytoplasm through a nuclear transport protein 
called Exportin 5.16,17 In the cytoplasm, the pre-miRNAs 
are transformed into the miRNA/miRNA* duplex through 
the action of a Dicer protein. A fragment of this duplex 
forms a complex with the RNA-induced silencing complex 
(RISC), this being the last stage in the biogenesis of ma-
ture miRNAs, composed of 19–24 nucleotides.18,19

Some of the miRNAs are exported from the cell in dif-
ferent ways. There are two release mechanisms discussed 
in the literature, active and passive. In the case of active re-
lease mechanisms, miRNAs are attached to cellular secre-
tions such as lipoproteins, micro-vesicles, exosomes, and 
ectosomes, while in the case of passive release mechanisms 
they end up in the extracellular environment in the form of 
apoptotic bodies20–22 (Figure 1).

SPECIFICITY OF miRNAS FOR 
BIOLOGICAL FLUIDS AND TISSUES

Because the cell is capable to release miRNAs in the extra-
cellular space, their impact on different areas and lines of 

work such as medicine, criminalistics, and diagnostic labo-
ratories has been discussed in a series of specialty papers 
in the literature. Moreover, the utility of miRNAs in analy-
sis and diagnosis methods took wings in recent years due 
to their specificity for certain types of tissues and fluids.6 
Recent studies report a series of specific miRNAs, either 
for certain tissues, or for certain biological fluids. Wang et 
al. isolated and identified miRNA expressions in different 
biological fluids such as venous blood, vaginal discharge, 
menstrual blood, sperm, saliva, and buccal swabs, using 
the TaqMan RT-qPCR technique. Their studies showed 
a high specificity of miRNA-16 for venous blood, in com-
parison to other fluids, turning it into an important tool for 
forensic medicine and criminalistics.4

Weber et al. conducted a similar study, analyzing 12 
biological fluids – amniotic fluid, breast milk, bronchial 
lavage, cerebrospinal fluid, colostrum, peritoneal fluid, sa-
liva, seminal fluid, tears, and urine – in order to obtain a 
profile of constitutive miRNA expression.23 They reported 
hundreds of identified miRNAs for each fluid type, and in 
order to determine miRNA specificity for each fluid type, 
they performed further validation tests for these certain 
species. By using the validation methods for miRNA, they 
reported a series of miRNAs with high specificity for a cer-
tain type of biological fluid. They identified miRNA-224, 
miRNA-483-3p, miRNA-518f*, miRNA-508-3p, miRNA-
551b, miRNA-182, miRNA-135a*, miRNA-139-3p, miR-
NA-801, miRNA-369-3p, miRNA-801, miRNA-369-3p, 
miRNA-519d, miRNA-229-5p, miRNA-373, miRNA-
330-5p; for breast milk miRNA-193b, miRNA-10a, miR-
NA-28-5p, miRNA-924, miRNA-150*, miRNA-518c*, 
miRNA-217; for saliva miRNA-182*, miRNA-450b-5p, 
miRNA-622, miRNA-141, miRNA-26a, miRNA-145*, 
miRNA-135b*, miRNA-381, miRNA-96*, miRNA-1228, 
miRNA-431*; for peritoneal fluid miRNA-129*, miR-
NA-583, miRNA-223, miRNA-627, miRNA-29b-1*; for 
amniotic fluid miRNA-636, miRNA-92a-1*, miRNA-
376b, miRNA-26b, miRNA-556-5p, miRNA-593*; for 
seminal fluid miRNA-508-5p, miRNA-644, miRNA-17, 
miRNA-380*, miRNA-29b-2*, miRNA-340; and for tears 
miRNA-637. They also identified miRNAs species in colos-
trum such as miRNA-18a*, miRNA-513-5p, miRNA-10b*, 
miRNA-192*, miRNA-193b*, miRNA-130a*, while in the 
cerebrospinal fluid miRNA-577.23

Petersen et al. also studied miRNA expression in blood 
samples, saliva, and sperm. After several determinations, 
they identified a series of miRNAs such as miRNA-4301, 
miRNA-451, miRNA-486-5p, miRNA-223, miRNA-29c, 
miRNA-4286, miRNA-16, miRNA-205, miRNA-1246, and 
miRNA-1274a.3 Hanson et al. conducted a similar study in 
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which they analyzed the expression of miRNAs in diff er-
ent biological fl uids, underlining the specifi city for each 
type of fl uid, which is of utmost importance for their us-
age in forensic medicine. Th ey identifi ed a series of spe-
cies with high specifi city for certain fl uids like blood with 
miRNA-16 and miRNA-451, semen with miRNA-135b 
and miRNA-10b, saliva with miRNA-205 and miRNA-658, 
vaginal secretion miRNA-124a and miRNA-372, and men-
strual blood with miRNA-451 and miRNA-412.24

With regard to miRNA specifi city for certain tissues, a 
series of miRNA expressions were reported in the litera-
ture, which can be used in forensic medicine and crimi-
nal investigations. Guo et al. studied miRNA expression 
presenting specifi city for a range of tissues, identifying 
miRNAs with high specifi city for certain organs and sys-
tems.25–29 For the heart they identifi ed miRNA-1, miR-
NA-126, miRNA-208, miRNA-302a, miRNA-302b, miR-
NA-302c, miRNA-302d, miRNA-367, miRNA-133a, and 
miRNA-133b; for the kidney they reported expression of 

miRNA-200a, miRNA-196a, miRNA-196b, miRNA-10a, 
miRNA-10b, miRNA-146a, miRNA-30c, and miRNA- 
204; for the liver miRNA-122, miRNA-483, miRNA-92a, 
and miRNA-192. In the neural tissue they identifi ed a 
variety of miRNAs, as follows: miRNA-199a, miRNA-
199b, miRNA-214, miRNA-153, miRNA-137, miRNA-7, 
miRNA-143, miRNA-99b, miRNA-125a, miRNA-125b, 
miRNA-31, miRNA-124, miRNA-129, miRNA-138, miR-
NA-218, miRNA-708, miRNA-8, miRNA-128a, miRNA-
128b, miRNA-186, miRNA-95, miRNA-149, miRNA-323, 
miRNA-330, miRNA-33a, miRNA-346, miRNA-93, and 
miRNA-212. Also, there were certain miRNA expres-
sions identifi ed for the spleen – miRNA-223 and miR-
NA-146a; for the thymus – miRNA-96, miRNA-182, and 
miRNA-205; for bones – miRNA-482, miRNA-377, and 
miRNA-92a; or for the pancreas – miRNA-216a, miRNA-
216b, and miRNA-217.30 Sood et al. have studied miRNA 
expression in body tissues, reporting the existence of cor-
relations between a certain tissue type and miRNA expres-

FIGURE 1. Schematic representation of miRNAs biogenesis. Reproduced after Dumache et al.22
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sion in certain species.30 For the liver they have identified 
the expression of miRNA-122a, for the heart miRNA-1 
and miRNA-133a, for the brain miRNA-9, for the pancre-
as miRNA-216, for the lungs miRNA-223, for testis miR-
NA-204, for bone marrow miRNA-223, and for skeletal 
muscle miRNA-1 and miRNA-133°.30–35

miRNAS IN TOXICOLOGY

A high number of investigations in forensic medicine and 
criminalistics have as main aim the identification of poten-
tial toxic substances. While most toxic substances act at 
cellular level, they also have an influence on the molecular 
mechanisms involved in the biogenesis of miRNAs. This 
led to the identification of a series of miRNAs with high 
specificity for certain toxic substances. 

Yang et al. have studied the modifications induced by ac-
etaminophen in children. Their studies reported a signifi-
cant increase in plasma miRNAs such as miRNA-122, miR-
NA-375, miRNA-423-5p, miRNA-30d-50, miRNA-125b-5p, 
miRNA-4732-5p, miRNA-204-5p, miRNA-574-3p, as well 
as urine miRNAs such as miRNA-375, miRNA-940, miR-
NA-9-3p, and miRNA-302a.36 Wang et al. have studied the 
toxic effects induced by four volatile agents, formaldehyde, 
benzene, toluene, and xylene, on miRNA expression. Their 
studies underline significant changes in miRNA-1187, 
miRNA-125a-3p, miRNA-125b-5p, miRNA-466c-5p, miR-
NA-5105, and miRNA-3472 expressions.37 A similar study 
was conducted by Bollati et al. regarding the influence of 
cadmium on miRNA-146a expression.38,39

Bisphenol A is a compound that plays an essential role 
in the production of plastic masses used in the fast-food in-
dustry. Awissar-Whiting et al. have reported changes in the 
expression of miRNA-21, miRNA-335, and miRNA-153 af-
ter interactions with this compound.40

Another compound with toxic actions is 2,3,7,8-tetra-
chlorodibenzo-p-dioxin, found in tobacco leafs. Singh et 
al. have studied the effects this compound has on miRNA 
expression, reporting important changes in the expression 
of miRNA-122, miRNA-181a, miRNA-23a, miRNA-18b, 
miRNA-31, and miRNA-182.41

THE USE OF miRNAS IN AUTOPSY 

The use of miRNA expression can bring a variety of im-
provements to the analysis methods used in the forensic 
autopsy. Whereas, in the literature, miRNA expression it 
associated with a series of pathologies and pathophysio-
logical dysfunctions, it can be a good indicator in clarifying 
the cause of death.

USING miRNAS AS A BIOMARKER FOR CANCER

Identifying miRNA expression has lately gained momen-
tum especially due to research conducted in neoplastic 
diseases. Because cancer patients need fast, cheap, and 
precise diagnostic methods, miRNA expression and their 
correlations with a series of clinical aspects have been 
studied extensively in these patients. Recent studies have 
shown that there are significant correlations between 
specific modifications of miRNA expressions and certain 
types of cancer. 

Gastric cancer is one of the most common types of can-
cer, being responsible for a high number of deaths around 
the world. Liu et al. have identified an increase in miRNA-1 
expression in case of gastric cancer patients.42 Zhang et al. 
have also studied miRNA expression in gastric cancer, 
showing a significant decrease in miRNA-421 expression 
in this disease.43 Song et al. have reported an increase in 
miRNA-221 expression in gastric cancer patients.44 An-
other frequent type of cancer is colorectal cancer. Huang 
et al. have reported an increase in miRNA-29a expression 
in case of patients suffering from this disease.45

Lung cancer kills a large number of subjects every year. 
It is triggered either by a genetic predisposition, or exoge-
nous factors.46 Wang et al. have studied miRNA expression 
in pulmonary cancer patients and showed a modification 
of miRNA-125a-5-, miRNA-25, and miRNA-126 in sick in-
dividuals, in comparison to healthy ones. Moreover, their 
study underlined a higher than 80% specificity and sensi-
tivity for these miRNAs in pulmonary cancer.47

Rehbein et al. have also conducted research regarding 
miRNA expression in bronchial lavage, identifying a series 
of changes in miRNA-19b-1, miRNA-1285, miRNA-1289, 
miRNA-1303, miRNA-217, miRNA-29a-5p, miRNA-
548-3p, and miRNA-650 expressions.48 Powrozek et al. 
also identified significant changes in miRNA-944 and miR-
NA-3662 expressions in lung cancer.49

If we were to have a global view on the molecular 
changes induced by oncological diseases, we can say that 
for each type of cancer there is – or should be – a specific 
type of miRNA or a certain miRNA with higher specific-
ity. Clearly, there has been extensive research on specific 
miRNAs in different types of cancer, more than what we 
have mentioned so far. Thus, Zhou et al. identified chang-
es in miRNA-21, miRNA-26a, miRNA-27a, miRNA-122, 
miRNA-192, miRNA-223, and miRNA-801 in case of he-
patocellular cancer.50 Vincent et al. report changes for 
miRNA-16 and miRNA-25 in case of multiple myeloma.51 
Mitchell et al. have studied miRNA expression in case of 
prostate cancer patients and have shown significant chang-
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es in miRNA-141 expressions.52 In a similar study, Redova 
et al. acknowledge miRNA-141 modifications in case of 
prostate cancer.53 

USE OF miRNAS AS A BIOMARKER FOR 
CERTAIN CLINICAL DISORDERS

There are a series of lethal clinical disorders. Using miR-
NAs for their diagnosis can be useful in establishing the 
cause of death during the autopsy. Moreover, highlighting 
specific miRNAs for each type of affection can facilitate the 
work of the forensic pathologist, being of utmost help in 
forensic medicine. 

Cardiovascular diseases are a leading cause of death 
worldwide,54 and coronary artery disease and its com-
plication, acute myocardial infarction, are the most fre-
quently discussed diseases in the literature. Recent stud-
ies report a series of modifications at the miRNA level in 
case of coronary artery disease. Fictlscherer et al. have 
studied the modifications of miRNA expressions in case of 
cardiovascular diseases and especially coronary diseases.55 
Their study shows a significant decrease in miRNA-126, 
miRNA-17, miRNA-92a, miRNA-145, and miRNA-155 
and an increase in miRNA-133 and miRNA-208a expres-
sions.55 In a similar study, Weber et al. identified an impor-
tant decrease of miRNA-19a, miRNA-484, miRNA-155, 
miRNA-222, miRNA-29a, miRNA-378, miRNA-342, miR-
NA-181a, miRNA-145, miRNA-150, and miRNA-20e-5p in 
case of patients suffering of coronary artery disease.56

Acute myocardial infarction is also one of the lead-
ing causes of death. Cheng et al. identified an increase in 
miRNA-1 expression in these patients,57 their findings 
being confirmed by Ai et al.58 Similar studies have been 
conducted by Olivieri et al., reporting an increase in miR-
NA-1, miRNA-133a, miRNA-423-5p, miRNA-499-5p, and 
miRNA-21 expressions in myocardial infarction.59

miRNAs can also be used in the diagnosis of a variety 
of other diseases such as Alzheimer’s. Cogswell et al. have 
studied changes in miRNA expressions in this disease, 
reporting a decrease in miRNA-127, miRNA-181c, miR-
NA-9, and miRNA-29a/b expressions.60 Another common 
affection is diabetes mellitus. Karoline et al. have identified 
an increase in miRNA-144 expression in these patients.

USING miRNAS AS A BIOMARKER 
FOR MULTIPLE TRAUMA

Multiple trauma can occur either after car or domestic ac-
cidents, or after physical aggression. In order to facilitate 
tissue, organ, or system diagnosis, several studies regard-

ing miRNA expression in case of trauma have been con-
ducted.61 

Traumatic brain injury is one of the most common trau-
matisms, being responsible for severe disability. Wang 
et al. have analyzed the expression of miRNAs in case of 
cerebral injuries, highlighting an increase in miRNA-155 
and miRNA-223 expression.62 In a similar study conducted 
by Sun et al., a significant increase in miRNA-142-3p and 
miRNA-221 expression in case of severe brain injuries has 
been reported.63

Spinal cord injury is of similar severity.64 Liu et al. have 
shown a decrease in miRNA-137, miRNA-181a, miRNA-
219-2-3p, and miRNA-7a expression and an increase in mi-
croRNA-21 expression in case of laboratory models with 
induced spinal cord injuries.65

In case of a multiple trauma, the thoracic injuries are 
most common, leading indirectly to respiratory failure. 
This condition appears due to direct or secondary injuries, 
including severe inflammation, infections, or acute respi-
ratory distress syndrome (ARDS). Huang et al. have ana-
lyzed miRNA expression in case of laboratory animals with 
ARDS and have shown an increase in miRNA-99a, miR-
NA-344, miRNA-127, miRNA-346, miRNA-128b, miRNA-
135b, miRNA-30a, and miRNA-30b expression. They have 
also identified a decreased expression of miRNA-26a, miR-
NA-126, and miRNA-24.66 

USING miRNAS AS A BIOMARKER 
IN SEVERE INFECTIONS

A large number of subjects die every year because of se-
vere infections.67 In current medical practice, there are a 
number of diagnostic techniques to identify the pathogen. 
Nevertheless, there are situations in which patients are in a 
critical stage because of pathophysiological and biochemi-
cal dysfunctions, severe inflammation, immunodepres-
sion, and multiple injuries, and these patients eventually 
develop sepsis. Because of infections caused by multiple 
germs, but also because of the constant decrease in the 
body’s immune capacity, septic shock will appear, leading 
to multiple organ dysfunction syndrome (MODS). Unfor-
tunately, a high percentage of patients die every year be-
cause of severe infections and MODS.

Lately, there have been a series of modifications in-
duced by pathogens on miRNA expression, representing 
a real challenge for forensic medicine. Wang et al. have 
shown a decrease in miRNA-223 and miRNA-146 expres-
sion in case of septic patients.68 Vasilescu et al. have made 
a statistically significant correlation between miRNA-150 
and an increase in the concentration of pro-inflammatory 



240 Journal of Interdisciplinary Medicine 2017;2(3):235-241

cytokines such as interleukin 18 (IL-18).69 Schmidt et al. 
analyzed the influence of Escherichia coli on miRNA ex-
pression, showing changes in miRNA-146b, miRNA-150, 
miRNA-143, miRNA-342, and miRNA-143 expression.70 

CONCLUSIONS 

In forensic sciences, the identification of the type and ori-
gin of body fluids (saliva, whole blood, menstrual blood, 
semen, vaginal secretions, and urine) found at the crime 
scene represents an important tool for the identification of 
the biological source. At present, conventional serologi-
cal and biochemical methods used for the identification of 
body fluids have certain limitations such as low sensitivity 
and specificity, time and sample consumption, and labora-
tory work. In the last 20 years, DNA molecular analysis has 
become an important tool in forensic investigations. Cur-
rently, it is possible to genotype all types of biological trac-
es or micro-traces containing nucleated cells if they are not 
entirely destroyed chemically or by bacteria. DNA profil-
ing is based on short tandem repeats (STR) and aids in the 
identification of biological samples, but due to the recent 
advances in molecular genetics over the past 10 years, new 
methods have been developed and introduced, and other 
biomarkers, such as miRNAs, have been proposed to be 
used in forensic identifications.

Introducing miRNAs in the current forensic laboratory 
practice represents a golden goal regarding investigation, 
monitoring, and diagnostic methods. Their high specific-
ity, as well as their compatibility with DNA analysis, makes 
them ‘ideal’ biomarkers for forensic medicine use. At the 
same time, research needs to be continued in order to as-
sess the performance of microRNAs as biomarkers in de-
terminations from degraded samples or degraded biologi-
cal fluids.

In conclusion, we can state that miRNAs can be used 
as biomarkers in the diagnosis of a variety of pathophysi-
ological dysfunctions or as indicators in forensic medicine 
procedures. Nevertheless, more studies are needed regard-
ing the specificity and selectivity of miRNAs for biological 
fluids, tissues, or a series of pathophysiological disorders.
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ABSTRACT

Vulnerable coronary plaques are associated with a significant risk for rupture, and the abil-
ity to detect their characteristic features is of extreme importance, as timely detection of 
rupture-prone plaques could lead to the appropriate initiation of adequate therapeutic mea-
sures and prevent the evolution to an acute coronary event. The most common features of 
vulnerability in coronary plaques are represented by the presence of low density atheroma, 
a thin fibrous cap, spotty calcifications, and positive remodeling. However, there is still a 
huge amount of information to be learned about the role of local forces, represented by 
the shear stress, on the plaque vulnerability. This clinical update aims to present the most 
recent advances in the field of knowledge regarding the relation between shear stress and 
plaque vulnerability, starting from the hypothesis that shear stress significantly correlates 
with the CT features of plaque vulnerability and can represent a new marker of vulnerability 
in coronary artery plaques. 

Keywords: shear stress, computed tomography angiography, plaque vulnerability

Recently, noninvasive diagnostic methods, especially the computed tomography 
(CT) angiography, have received an increasingly important role in the preven-
tion of cardiac diseases. The role of CT is even more crucial in the determination 
of CT-based plaque-vulnerability factors. The most important CT vulnerability 
markers at this time are the volume of low density atheroma, the plaque burden, 
the thin fibrous cap, and the positive remodeling.1–4

So the main question today remains: is it possible to define a new vulnerabil-
ity marker based on the CT images, and, more importantly, would it be possible 
for shear stress to become that new vulnerability marker? 

It is known that shear stress plays an important role in the development of 
atherosclerosis,5–7 through complex processes that are more and more better 
known with the help of computer fluid dynamics.8–12

There were also several successful attempts of finding the correlation between 
shear stress and other vulnerability factors, defined by the use of invasive imag-
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ing devices, such as optical coherence tomography (OCT), 
intravascular ultrasound (IVUS), and angiography.13–16

However, to our best knowledge, no study has demon-
strated so far a correlation between CT reconstruction-
based shear stress values and plaque vulnerability. 

SHEAR STRESS DETERMINATION USING 
COMPUTATIONAL MODELING

After the visual assessment, which represents the basis 
of the classification, the first step is the CT image-based 
plaque analysis, resulting in determination of the percent-
age of the different plaque components, which can be: 
dense calcium, fibrous, fibrous fatty, necrotic core volume, 
and undefined volume. 

The next step is the 3D reconstruction, based on the 
data provided by the post-processing software (the di-
ameter values of the manually selected vascular segment, 
which, besides the lesion itself, also included a few cm of 
the proximal and distal parts), being mainly limited on the 
affected region of the coronary artery, which represents 
one of the main limitations of this technique.17,18

Another limitation of the technique is that it is based on 
a less realistic approach of the reconstruction of only part 
of the affected coronary artery (basically, circle-shaped 
forms put on top of each other), thus the fluid dynamics 
simulation being also less realistic. 

SHEAR STRESS AND PLAQUE VULNERABILITY 

It has been demonstrated that vulnerable plaques are as-
sociated with a lower shear stress at the site of the le-
sion, a high shear stress being considered rather a pro-
tective factor against plaque development. However, 
plaque rupture occurs at the site of the plaque which 
exhibits an increased shear stress. This proves that high 
shear stress acting on the thin fibrous cap of the vulner-
able plaque could determine the rupture of the plaque 
at this level. Therefore, a careful interpretation of data 
related to shear stress should take into consideration not 
only the value of shear stress, but also the location of its 
action. Vulnerability markers easily identified with the 
help of current imaging techniques include the presence 
of a necrotic core or a low density atheroma, positive 
remodeling (which actually results from exposure and 
adaptation to modifications of the shear stress and pari-
etal stress acting at the site of the plaque), the presence 
of spotty calcifications, and the plaque volume or plaque 
burden. All these features have been proved to be associ-
ated with modifications in shear stress; however, the ex-

act interrelation between them has not been elucidated 
so far. It is not clear in this moment if a decreased shear 
stress leads directly to an increased expression of local 
vulnerability markers, or both of them are the result of 
an exacerbation of systemic inflammation in a vulner-
able patient. 

Limitations of the computational determination of 
shear stress

The most important limitation of this technique is 
represented by the reconstruction method. A more real-
istic approach — the 3D reconstruction of the coronary 
artery tree — would most probably give better shear 
stress results, especially proximally from the plaque, the 
fluid dynamics simulation also being more accurate in 
that case. 

The other setback is that, generally, in the case of hemo-
dynamic simulations, the blood is considered a Newtonian 
fluid, which is, obviously, not the case in reality. Being a 
non-Newtonian fluid also implies that its viscosity values 
are affected by a number of different factors, such as blood 
flow velocity and the hematocrit value, which are not in-
cluded in the simulation. 

On the other hand, when the reconstruction is limited 
to the plaque-affected region of the artery, it is obvious 
that the proximal values of the shear stress are less reliable; 
however, the distal values are more suggestive and signifi-
cant. A 3D reconstruction method would significantly im-
prove the reliability of this technique for shear stress cal-
culation.

FUTURE DEVELOPMENTS OF 
COMPUTATIONAL FLUID DYNAMICS 
FOR SHEAR STRESS ASSESSMENT

The next step for advancing this technique is planned to 
be the more realistic 3D reconstruction of the coronary 
tree, which will enable a better approximation of the shear 
stress values along the plaque, and also proximally and dis-
tally from it. In our team, we will also try to use the vis-
cosity-modifying factors in the hemodynamic simulations, 
most importantly the hematocrit value and the blood flow 
velocity. 

Another further development could be the fusion of 
CT images with other images (angiography, OCT, IVUS), 
which would allow a more accurate reconstruction of the 
coronary tree.
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ABSTRACT

Colorectal cancer is an important health issue, both in terms of the number of people affected 
and the associated costs. Colonoscopy is an important screening method that has a positive 
impact on the survival of patients with colorectal cancer. The association of colonoscopy with 
computer-aided diagnostic tools is currently under researchers’ focus, as various methods 
have already been proposed and show great potential for a better management of this dis-
ease. We performed a review of the literature and present a series of aspects, such as the 
basics of machine learning algorithms, different computational models as well as their bench-
marks expressed through measurements such as positive prediction value and accuracy of 
detection, and the classification of colorectal polyps. Introducing computer-aided diagnostic 
tools can help clinicians obtain results with a high degree of confidence when performing 
colonoscopies. The growing field of machine learning in medicine will have a big impact on 
patient management in the future. 
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INTRODUCTION

As of 2012, the estimated incidence of colorectal cancer (CRC) is 1.36 million, 
marginally higher in men than women, making it the third most frequent cancer 
worldwide. In terms of mortality, in which colorectal cancer ranks fourth, there 
are approximately 700,000 deaths every year.1 The estimated costs for CRC, 
including medical costs, non-medical costs, and income losses, were approxi-
mately 32 billion USD in 2010, and these costs are expected to rise by 2030.2 The 
introduction of screening for CRC by means of colonoscopy has led to improved 
survival compared to patients who presented with symptoms initially, since the 
disease was primarily more advanced in the latter category of patients.3 Im-
proved diagnosis and medical economic burden are currently being addressed, 
since researchers have been focusing on developing computer-aided diagnosis 
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(CAD) tools based on the concept of machine learning.4 
Given that the use of CAD tools in medicine could have a 
big positive impact in the near future, we aim to present 
the current level of development of these systems, point-
ing out several directions for implementation, as well as 
their drawbacks. 

THE BASICS OF MACHINE 
LEARNING ALGORITHMS 

Regarding the management of CRC, a number of methods 
using machine learning algorithms have been proposed 
and are currently under research. Among them are the 
training of algorithms, such as artificial neural networks 
(ANNs), to predict colorectal cancer survival based on a 
number of variables, or the analysis of the colon from en-
doscopic images, distinguishing between neoplastic le-
sions subtypes based on complementary DNA microarray 
data.5–7 Our focus is on machine learning methods that are 
related to the endoscopic approach of colorectal cancer 
management.

In order to be of use in the endoscopic approach of 
colorectal cancer, machine learning algorithms need to be 
trained on certain datasets of preprocessed images. The 
video frames and images retrieved from colonoscopy need 
to go through a process called visual feature extraction and 
description. Common feature extraction methods make 
use of color, shape, and texture, and in order to achieve ef-
fective recognition, regions of interest need to be extracted 
from an image. Descriptors that derive from the process 
are then used for image representation, indexing, and rec-
ognition. Classification algorithms such as ANNs and sup-
port vector machines (SVMs) are trained on these descrip-
tors and used for the classification and detection of colon 
lesions (polyps).8,9

ANNs were inspired by the design of the human brain 
and are models for computation consisting in processing 
elements (neurons), organized into successively connect-
ed layers. Usually there are input layers, where different 
types of data are presented, and output layers that give the 
response of the network. Between them are hidden layers 
that are used for processing data. This is the basic design 
of a feedforward network, one of the main architectures 
of neural networks that need to be trained in order to be 
able to solve complex problems. Training is achieved by 
the use of a backpropagation algorithm, a feedback pro-
cess in which the output of a network is compared to a 
certain desired output, and the difference between the 
two outputs is then used to adjust the network. With rep-
etition, the difference gets smaller, and the output of the 

network can be identical to the desired output, thus being 
able to give a solution to a problem. Training can be done 
in multiple ways, for instance by supervised learning, in 
which the desired output is known by the network and 
adapts from it, and by unsupervised learning, in which 
the network learns based on observation of responses to 
inputs. The former method is the most frequently used in 
ANNs for cancer research.10,11 SVMs are supervised ma-
chine learning algorithms associated with learning algo-
rithms that analyze data and recognize specific patterns 
and are mainly used for classification, as well as for regres-
sion analysis.12 

CLINICAL APPLICATIONS OF ARTIFICIAL 
NEURAL NETWORKS IN COLORECTAL DISEASE

Maroulis et al. (2003) developed an ANN for the recogni-
tion of premalignant lesions (polyps) from video frame 
sequences and single images. To describe the images, tex-
ture-based features were extracted. The study reported a 
success rate of over 95%, without retraining required for 
matching types of lesions, even when applied to differ-
ent patients, and stated that the incorporation of distinct 
classifiers and feature extraction tools could supply even 
higher detection success rates.13 Oliva et al. (2016) created 
a prototype system with the purpose of aiding in the study 
and analysis of colon tissue images. Texture-based feature 
extraction was employed, along with the building of dif-
ferent types of classification algorithms to evaluate image 
fragments. One classifier, namely the naïve Bayes classifier, 
obtained the best results in terms of positive predictive 
value (PPV) – 90.2% and specificity – 92.54%. The study 
concluded that the system can assist medical profession-
als in carrying out a better evaluation of medical images, 
by pointing out patterns related to diseases such as CRC.14 
Tjoa et al. (2003) proposed a hybrid method to classify the 
status of the colon by combining texture- and color-based 
feature extraction that relies on colonoscopy images. The 
assessment was made using a backpropagation neural net-
work associated with principal component analysis (PCA) 
and reportedly had a classification accuracy of 97.72 % of 
the images retrieved from colonoscopy. PCA is an impor-
tant step, since it reduces the dimensions of images while 
retaining all the valuable information about them.15 In a 
study by Biswas et al. (2016), 1,185 images of normal co-
lon aspect, as well as colon polyps, Crohn’s disease, colon 
ulcer, and sigmoid colon cancer images were used to train 
and test the classifier, a multiclass SVM, whereas feature 
extraction was realized by the application of cross-wavelet 
transform (CWT), and image reduction was done by PCA. 
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The results were promising, as classification accuracy was 
98.46% for all diseases and 98.83% for sigmoid colon can-
cer alone, ultimately being able to save time for the colo-
noscopy procedure.16

HYBRID METHODS IN DIAGNOSING 
COLORECTAL CANCER

Ribeiro et al. (2016) made use of a database consisting of 
two classes that contained 25 healthy images from 18 pa-
tients and 75 abnormal images from 56 patients for the 
training of a convolutional neural network (CNN).17 Data 
augmentation was performed, thus 800 images resulted, 
while only 75 subimages from each healthy image and 25 
subimages from the abnormal images were used to train 
the classifier. The classification accuracy of colon polyps 
was 90.96% and the sensitivity was 95.16%, thus report-
ing a good score for false negatives, while the false positive 
rate was high, the specificity being only 74.19 %.17 

Throughout various endoscopy sessions, the distance, 
zoom, and perspective towards the walls are not always 
the same. A study by Uhl el al. (2014) emphasized the 
importance of texture descriptors that are invariant to 
scale and viewpoint conditions and proposed a novel 
descriptor that had 84.6% accuracy in classifying images 
into two classes compared to other methods. The first 
class was comprised of normal mucosa and hyperplastic 
polyps, while in the second class there were neoplastic, 
adenomatous or carcinomatous structures. The images 
were obtained with the aid of a high-definition (HD) 
endoscope without magnification in combination with 
virtual chromo-endoscopy technology and conventional 
chromoscopy.18 The method proposed by Kominami for 
the CAD of colorectal polyp histology was a real-time 
image recognition system combined with narrow-band 
imaging (NBI) magnifying colonoscopy. Images contain-
ing 188 lesions were obtained from 41 patients who un-
derwent endoscopic submucosal resection and biopsy, 
and a descriptor that was invariant to image translation, 
scaling, and rotation, and partially invariant to illumina-
tion changes was used. The accuracy of evaluating concor-
dance between diagnosis by the image recognition system 
and the histologic findings was 94.9%, with the sensitiv-
ity being 95.9% and the specificity 93.3%.19 A similar ap-
proach was researched in a 2011 study which developed a 
recognition system for classifying NBI images of colorec-
tal tumors into three types of structures of microvessels 
on the colorectal surface, according to the Hiroshima clas-
sification system.20 The 907 images used were collected by 
physicians during NBI colonoscopy examinations with 

similar lighting conditions and image zooming, and the 
maximum recognition rate was 94.1%, while the recall 
rate specific for C3-type polyps was only 73.6%.21

In a study by Tajbakhsh et al. (2016), another hybrid 
technique was proposed for the detection of colon pol-
yps.22 A combination of both context- and shape-based 
approach was considered due to the fact that a shape-
based approach alone may falsely identify other polyp-like 
structures such as fecal content, and that a context-based 
approach may not be able to extract the discriminative 
geometric information of the polyps. A powerful descrip-
tor that is invariant to rotation and robust against light 
setting changes was used along with a two-stage classifica-
tion scheme, which greatly improved the detection per-
formance in colonoscopy videos. The CAD was evaluated 
both on a public polyp database containing 300 colonos-
copy images with 300 polyp instances and on a personal 
database containing 19,400 frames and a total of 5,200 
polyp instances and reported different results: at 0.1 false 
positives per frame, the sensitivity was 88.0% for the pub-
lic database, while a sensitivity of only 48% was reported 
for the personal database. The difference was due to the 
fact that there were fewer images in the public database, 
with no images that had no polyps inside.22

MACHINE LEARNING ALGORITHMS

Recently, a 2016 study proposed a number of novel ap-
proaches in terms of automated detection of polyps from 
colonoscopy videos, suggesting that temporal informa-
tion also plays a big role in detection methods. An offline 
method that evaluates both spatial and temporal features 
was implemented, combined with an online learning 
scheme that deals with limited training data. This novel 
integrated framework was evaluated on another public 
database, namely the Asu-Mayo Clinic Polyp Database 
and had a precision of 88.1%, while the offline method 
alone scored 78.5% on the same database. The combined 
method managed to detect fewer false positives, but had 
a longer processing time due to online method’s need to 
update.23

A different approach was investigated in a study in 
which a machine learning algorithm was constructed 
to diagnose colorectal cancer by transferring features 
learned from two online databases that are non-medical. 
Then, an algorithm was used to detect images with polyps, 
and another was used for their classification. The images 
were taken under either white light (WL) or NBI endos-
copy and were taken under random lighting conditions, 
zooming, and optical magnification. The results obtained 
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with this method were compared with the ones provided 
by endoscopists, and although the precision for the clas-
sification of the polyps was similar (87.3% vs. 86.4% by hu-
man), the proposed method showed a higher recall rate 
(87.6% vs. 77.0%) and higher accuracy (85.9% vs. 74.3%). 
The method utilized the background of an image for polyp 
classification, being consonant with the NICE recommen-
dation which states that comparing colors between the 
polyp and its surrounding area should be one of the crite-
ria in polyp type classification.24 Another study published 
in 2014 reported superior results compared to endosco-
pists when classifying polyps. A SVM was used to clas-
sify colorectal polyps by type and reached 96% accuracy, 
while human visual inspection was of only 85%, although 
the proposed method was only able to classify polyps that 
were either adenomatous or hyperplastic.25

LIMITATIONS OF THE PROPOSED METHODS

A commonly reported problem by the research commu-
nity is the presence of artifacts such as air bubbles, reflec-
tions, or fecal content, which make the detection system 
to classify them as polyps, thus increasing the false posi-
tive rate and decreasing the overall performance of the 
system. The process of creating algorithms that will cor-
rectly deal with artifacts or removing them from the im-
ages imposes additional difficulties.24,26,27 Another issue 
arises in the classification phase of the medical images. Yu 
et al. (2016) and Zhang et al. (2016) have noted the fact 
that there is a high inter-class similarity and intra-class 
variation regarding colon polyps, rendering it difficult 
for machine learning algorithms to correctly classify the 
polyps.23,24 Finally, small datasets used to train algorithms 
were considered impediments in obtaining better results, 
while trial and error is still currently used to determine 
the best classification method for a certain dataset.28

CONCLUSION

Machine learning in medical imaging is a very promising 
and quickly growing field. By training a CAD system based 
on a certain set of images, the achievement of results with 
a high degree of confidence for the clinician is possible. 
Although in terms of accuracy and detection rates some 
methods have been close to 100% and performing better 
than humans, currently these methods have not been im-
plemented in the daily clinical practice. Given the fact that 
this field has been on an ascending trend, it is likely that 
computer-aided diagnosis will have a big impact on medi-
cal imaging, possibly more than a reliable second observer. 
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ABSTRACT

Given the higher amount of detail it offers, the use of magnetic resonance (MR) in the field 
of cardiology has increased, thus leading to a decrease in the use of invasive and irradiating 
methods for diagnosing various cardiovascular disorders. The only precautions for MR imag-
ing are metallic implants and advanced-stage chronic kidney disease. For the acquisition of 
clear and dynamic myocardial images, methods such as spin echo imaging for anatomical 
description, steady-state free precession imaging for the assessment of ventricular cavity size 
and function, flow velocity encoding for blood flow measurements, radiofrequency tagging for 
dynamics, and even spectroscopy for metabolism evaluation are used. Cardiac magnetic reso-
nance (CMR) is considered the gold standard imaging method for the anatomical characteriza-
tion of the heart and obtaining information related to myocardial dynamics. In case of ischemic 
events, CMR is used for a detailed description of the necrotic area and the complications, and 
for tracking the ventricular remodeling. By administrating a contrast agent (gadolinium), the 
difference between sub-endothelial and transmural infarctions can be distinguished, highlight-
ing even microvascular lesions responsible for the extension of the necrosis. The assessment 
of the dynamics of ventricular remodeling and viability through late gadolinium enhancement 
(LGE) technology highlights the area of fibrosis and the occurrence of late complications. 

Keywords: cardiac magnetic resonance, ischemic events, myocardial viability, ventricular re-
modeling, fibrosis

INTRODUCTION

Initial medical usage of magnetic resonance imaging (MRI) was for the imaging 
of stationary organs within the body (e.g., the brain). However, the latest tech-
nical advances, such as sophisticated ECG- and respiratory gating (motion sup-
pression methods) and faster acquisition rates, have facilitated the acquisition of 
high-quality cross-sectional images of the heart and blood vessels, developing 
into a new field called cardiovascular magnetic resonance (CMR).1

CARDIAC MAGNETIC RESONANCE TECHNIQUES

Although many techniques are used in MRI studies, CMR is peculiar due to 
the rapid movements of the cardiac walls and a high-speed blood flow, which 
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produces artifacts during image acquisition. On the con-
trary, real-time CMR methods have a fast acquisition time 
(the entire image is acquired in <100 msec), but are severe-
ly limited by spatial and temporal resolution. Widely used 
methods in this setting include spin echo imaging, steady-
state free precession (SSFP) imaging, flow velocity encod-
ing, and radiofrequency (RF) tagging. 

Spin echo imaging, also described as “black blood ap-
proach” because of the contrast between the bright cardiac 
walls and the hyposignal of the blood, is used for obtaining 
an anatomical description, especially in suspicion of fatty 
infiltration of the right ventricular wall, seen in arrhythmo-
genic right ventricular cardiomyopathy (ARVC).2

SSFP imaging is comprised of images in which the 
blood is hyperintense, and the cardiac wall is viewed as 
a hyposignal. This technique has the advantages of pre-
senting high temporal (<30 msec) and spatial (2 mm in 
plane) resolution cine images, obtained during a single 
breath-hold, but over several cardiac cycles. The method 
is used for the assessment of ventricular cavity sizes and 
function, ventricular mass, intracardiac shunts, as well 
as for the evaluation of valve function and intracardiac 
masses.1

The flow velocity encoding method, also known as 
“phase contrast”, is used for measuring blood flow in 
pathological settings such as valvular diseases, intracardiac 
shunts, or arterial stenosis.3

RF tagging is used for the precise assessment of myocar-
dial dynamics.4

Other complementary CMR techniques use contrast 
agents (such as gadolinium) and MRI spectroscopy for 
evaluating myocardial metabolism. The ECG gating tech-
nique optimizes the spatial resolution for a better anatomi-
cal description during data acquisition and superposition 
during several cardiac cycles, and additional respiratory 
gating enables longer image acquisitions by monitoring 
the patients’ breaths (diaphragm muscle movement or 
thorax movement).5

CLINICAL APPLICATIONS OF CMR

CMR presents an increased diagnostic accuracy in case of 
aortic diseases but is limited to hemodynamically stable 
patients.6 Also, MR angiography is of peculiar importance 
as a noninvasive non-radiating tool for the identification 
and evaluation of coronary artery anomalies or coronary 
aneurysms.7 On the other hand, CMR is the test of choice 
for certain pericardial diseases, such as non-calcified con-
strictive pericarditis, tumor invasion of the pericardium, 
and congenital absence of the pericardium. However, 

echocardiography provides comparable diagnostic rates 
and a more increased availability.8–11

CMR is considered the gold standard method for the 
anatomical characterization of the myocardium and cardi-
ac chambers and the functional assessment of motion wall 
abnormalities, while the use of gadolinium facilitates the 
assessment of myocardial scars and fibrosis.12

Late gadolinium enhancement (LGE) has been shown 
to be a good predictor of major acute cardiovascular events 
(acute or chronic myocardial infarction). LGE (with image 
acquisition in 10–20 minutes after contrast injection) can 
be used for a precise description of the infarct size, with 
minimal inter- and intraobserver variability. A multicenter, 
double-blinded, randomized trial showed a contrast dose-
dependent rise of sensitivity and accuracy up to 94% and 
99% respectively, compared with 11% in cases where no 
contrast was used.13 

A study that compared CMR with LGE to single photon 
emission computed tomography (SPECT) in patients with 
coronary artery disease showed a superiority of the former 
in quantifying the size of the infarction (92% vs. 28% for 
subendothelial myocardial infarction and similar detection 
rates for transmural MI).14 Another study showed better 
results for small infarcts (92% vs. 69%) and non-anterior 
infarcts (98% vs. 84%).15 

Also, subendocardial and transmural LGE is significant 
in ischemic cardiomyopathy, while isolated mid-wall or 
epicardial enhancement suggests non-ischemic etiolo-
gies.16 Electrocardiography and echocardiography for the 
detection of right ventricular infarction in inferior wall 
MI were shown to have lower sensitivities compared to 
CMR.17

For prognostic purposes, CMR with LGE detects mi-
crovascular obstructions related to the extension of an 
acute myocardial infarction in the risk assessment of re-
peated cardiovascular events and impaired left ventricu-
lar systolic remodeling.16 CMR showed similar findings 
to positron emission tomography (PET) regarding the 
assessment of myocardial viability. CMR with LGE has 
been shown to be an effective tool in identifying fibrotic 
nonviable ventricular myocardium.18 A survival study on 
144 patients with documented coronary artery disease, 
with a median follow-up period of 2.4 years, performed a 
computer-assisted, semiautomatic CMR with LGE evalu-
ation of the peri-infarct zone (2–3 standard deviations 
from remote regions) compared to the total infarct zone 
(core + peri-infarct zone) and found the ratio predictive of 
post-MI mortality (adjusted hazard ratio of 1.42 per 10% 
increase, p = 0.03). The study also showed that the high 
spatial resolution of CMR may permit a noninvasive evalu-
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ation of the peri-infarct region, where the scarred myocar-
dium is interwoven with isolated bundles of surviving my-
ocytes, which might favor ventricular arrhythmias because 
of electrical remodeling and newly-formed three-dimen-
sional reentry circuits.19 While CMR with LGE identifies 
focal fibrosis, it remains less useful for diffuse fibrosis. A 
new technique, equilibrium-contrast CMR, was clinically 
tested in a small cohort and showed a good correlation to 
histological fibrosis (r = 0.80) but a low intrastudy repro-
ducibility (as low as 1%).20

Myocardial viability is a current issue because of the 
information it can offer on prognosis, on the risk of cer-
tain complications that depend on infarction extension, 
and the subsequent fibrotic remodeling. Kim et al. ques-
tioned whether there is a correlation between delayed 
contrast enhancement and the age of myocardial infarc-
tion, as well as the use of CMR to detect viability and 
irreversible lesions and evaluate the contractile function 
of the myocardium.21–24 The theory was tested on ca-
nine models, and their results revealed that in the first 
24 hours from the infarction, hyperenhancement occurs 
both in the necrosis zone and at the borderline that in-
cludes the hibernating myocardium. In terms of chronic 
infarction, the contrast agent has a strict affinity for the 
fibrosis area, and the imaging delineation of the hiber-
nated myocardium from the necrosis area is a real chal-
lenge. Their study has come to the conclusion that in the 
acute phase, the contrast area is much larger than the in-
farct, and therefore it is overestimated; at the same time, 
it comprises the two areas of interest and even surpasses 
them, without the possibility of delineation. Therefore, a 
repeated CMR evaluation at 3 days and at 8 weeks follow-
ing the acute event shows a net decrease in the necrotic 
area, with an affinity of the contrast agent only for the 
fibrotic area. However, the conclusion of the study was 
that the contrast affinity area only reveals necrosis, ex-
plained by the fibrosis shrinking process, except for the 
first 24 hours, when reperfusion and activation of the hi-
bernating myocardium occurs.21

CMR may also play a role in the management of patients 
with acute chest pain and positive but non-significant cor-
onary obstruction, such as acute myocarditis. 

Another utility of CMR is the pharmacological stress us-
ing dobutamine. A small study on 51 patients with Chagas 
disease who underwent CMR with LGE found good corre-
lations between the degree of fibrosis and the clinical stage 
of the disease.25

In patients without a known heart disease who present 
with ventricular tachycardia or left bundle branch block, 
the differential diagnosis should include ARVC, and con-

firmation may be obtained using noninvasive imaging such 
as CMR with LGE, which reaches a specificity of 98% ac-
cording to the latest Task Force criteria for the diagnosis 
of ARVC (2010).26 Although according to the 1994 Task 
Force criteria the method had a 100% sensitivity, it only 
had a 50% specificity for diagnosis, which was explained by 
substantial interobserver variability due to limited experi-
ence; some CMR parameters are considered highly specif-
ic (almost 100%): right ventricle (RV) dilatation, RV sys-
tolic movement impairment, RV late enhancement with 
gadolinium (suggestive for fibrous-fatty tissue), severe 
modification of RV (segmental dilatation/aneurysms/re-
gional wall motion abnormalities).26,27 Regarding ARVC, 
CMR with LGE is considered a complementary method 
besides surface ECG and echocardiography. 

CMR might have a role in mapping the atrial walls in 
atrial fibrillation patients. Long-standing continuous AF 
promotes remodeling processes that lead to electrical and 
structural changes in the atrium geometry. CMR with LGE 
may show morphological changes such as heterogeneous 
fibrosis distribution and/or hypertrophy.28

CMR SAFETY

Compared to computed tomography studies, native MRI 
produces three-dimensional images, it has intrinsic high 
contrast (thus, there is a limited use of contrast agent), 
no ionizing radiation, no interference with bone tissue or 
lungs. CMR is limited in case of patients with ferromagnet-
ic metallic implants such as aneurysm clips or pacemakers, 
claustrophobia, or acutely ill patients because the ECG 
tracing is distorted by the magnetic field, it has a longer 
acquisition time, and the gadolinium contrast agent is not 
recommended in case of patients with moderate to severe 
kidney disease (with an estimated glomerular filtration 
rate <30 mL/min).1

CONCLUSIONS

The use of MRI in the field of cardiology is highlighted 
by the fact that it is a noninvasive imaging method that 
provides detailed images of the anatomy and functional 
parameters of the heart, and it is a safe method, with few 
medical contraindications or precautions to be taken into 
consideration. In case of ischemic events, CMR is used for 
a detailed description of the necrotic area and the compli-
cations, as well as for tracking the ventricular remodeling. 
The assessment of the dynamics of ventricular remodeling 
and viability through LGE highlights the area of fibrosis 
and the occurrence of late complications.
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ABSTRACT

Usually, the diagnosis of myocardial infarction based on patient symptoms, electrocardiogram 
(ECG) changes, and cardiac enzymes, is not a challenge for cardiologists. The correlation 
between coronary anatomy and the ECG territories that present ischemic changes can help 
the clinician to estimate which coronary artery presents lesions upon performing a coronary 
angiogram. In certain situations, the diagnosis of myocardial infarction can be difficult due to 
the lack of correlations between the clinical and paraclinical examinations and the coronary 
angiogram. In some cases, patients with chest pain and ST-segment elevation on the ECG 
tracing present with a normal coronary angiography. In other cases, patients without impor-
tant changes on the ECG can present critical lesions or even occlusions upon angiographic 
examination. The aim of this article is to highlight the role of noninvasive coronary magnetic 
resonance and multi-slice computed tomography in patients with ST-segment elevation myo-
cardial infarction and normal coronary angiography. 

Keywords: myocardial infarction, CMR, MSCT, normal coronary angiography 

INTRODUCTION

The most common symptoms of myocardial infarction (MI) include chest pain 
and mandibular, upper extremity, or epigastric pain or discomfort that lasts 
more than 20 minutes; myocardial infarction is usually associated with dyspnea, 
fatigue, palpitations, or diaphoresis.1 In some cases these symptoms can be non-
specific and can be a challenge for clinicians.

In patients with MI, the level of cardiac troponin is usually raised. In addi-
tion, the levels of other cardiac biomarkers, such as creatine kinase (CK), glu-
tamic-oxaloacetic transaminase (GOT), glutamic-pyruvic transaminase (GPT), 
and lactate dehydrogenase (LDH), may also be raised above reference values. 
Typical ECG changes found in patients with MI include ST-segment elevation 
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in at least two contiguous leads, different morphology of 
T waves (hyperacute, inverted, biphasic T waves), new-
onset left bundle branch block (LBBB), and Q waves.2 
The European Society of Cardiology (ESC) guidelines 
on myocardial revascularization established that invasive 
coronary angiography should be performed in the first 12 
hours in patients with ST-segment elevation and elevated 
cardiac troponin levels.

A normal coronary angiography in a patient with ST-
segment elevation on the ECG can be an important chal-
lenge for clinicians. The questions to be answered in these 
clinical situations are whether the coronary angiogram is 
falsely negative and what alternative diagnostic methods 
should be used. 

Also, it is very important that the clinician makes a prop-
er differential diagnosis with other causes of ST-segment 
elevation such as Printzmetal’s disease, acute pericarditis, 
left bundle branch block, left ventricular hypertrophy or 
ventricular aneurysm, Brugada syndrome, pacemaker 
rhythm, raised intracranial pressure, cocaine use, acute 
myocarditis, aortic dissection, autoimmune vasculitis, or 
carbon monoxide poisoning.3

The prevalence of MI associated with normal coronary 
arteries, which may present diffuse atherosclerotic lesions 
but a level of stenosis below 30%, is between 1% and 12%.4

CLINICAL SITUATIONS WITH FALSE 
NEGATIVE CORONARY ANGIOGRAPHY 

A normal coronary angiography does not exclude an 
acute MI. For example, a coronary artery plaque or 
coronary atherosclerosis may not reveal significant ste-
nosis on the coronary angiogram. Because multi-slice 
computed tomography (MSCT) coronary angiography 
can provide three-dimensional images of the coronary 
plaques, in contrast with cardiac catheterization that 
provides only two-dimensional images, more accurate 
information on coronary plaques can be obtained by us-
ing the noninvasive imaging method. Moreover, MSCT 
can offer important information on the composition of 
the plaque and the extent of the vascular remodeling 
process.5

A retrospective study carried out in Australia, which in-
cluded 714 patients presenting with ST-elevation myocar-
dial infarction (STEMI) between 1995 and 2005, identified 
41 patients with normal coronary angiographies. Specific 
diagnoses were established in 13 (32%) of the 41 patients 
and included perimyocarditis (11/41) and Takotsubo car-
diomyopathy (2/41). The rest (68%) were considered to 
have a cryptogenic cause.6

Pasupathy et al. conducted a study in which they found 
a one-year mortality rate of 4.7% in patients with STEMI 
and normal coronary angiography.7 

Another study by DaCosta et al. revealed that other 
causes of MI with normal coronary arteries (MINOCA) 
may include vascular spasm, microvascular dysfunction, 
and thrombophilic states. The same study reported that a 
third of patients with MINOCA had evidence of coronary 
spasm or thrombotic disorders.8

THE ROLE OF CORONARY COMPUTED 
TOMOGRAPHY ANGIOGRAPHY IN PATIENTS 
WITH NORMAL CORONARY ANGIOGRAPHY 

Coronary computed tomography angiography (CCTA) 
has a high accuracy for detecting coronary atherosclero-
sis. CCTA is able to detect plaques according to their com-
position based on their densities, which can be calcified 
plaque, mixed plaque, and non-calcified plaques. 

Panayi et al. conducted a descriptive study in which they 
included 30 patients diagnosed with MI who underwent 
invasive coronary angiography (ICA).9 The study included 
three hospitals in southeast Sweden, between 2008–2011. 
The coronary angiography examination revealed normal 
coronary arteries. All patients were evaluated with CCTA 
three days after ICA. In total, 24 patients presented normal 
coronary arteries and only six subjects had atherosclerotic 
lesions. In the group of patients with atherosclerosis, nine 
regions with non-obstructive plaques were found.9

THE ROLE OF CARDIAC MAGNETIC 
RESONANCE IN PATIENTS WITH NORMAL 
CORONARY ANGIOGRAPHY

The role of cardiac magnetic resonance (CMR) in deter-
mining the presence of ischemia in patients with MI im-
proved in the last years. It is very important for clinicians 
to have an accurate diagnosis in order to administer an op-
timal medical treatment. For example, the diagnosis of a 
non-ischemic etiology may not require antiplatelet thera-
pies.6 CMR is a very useful tool in highlighting the myo-
cardial edema or inflammation and in diagnosing acute 
myocarditis.10

The most accurate and validated function of CMR for 
the diagnosis of MI is delayed enhancement CMR (DE-
CMR), which can measure the infarction size in associa-
tion with the levels of serum cardiac enzymes. Also, DE-
CMR is superior to single-photon emission computed 
tomography (SPECT) in detecting subendocardial infarc-
tions and can also accurately diagnose microinfarctions by 
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using the high spatial resolution function, even in 1 g of 
myocardial tissue.9

It also seems that gender may be an important risk fac-
tor for STEMI with normal coronary angiography, women 
being more affected than men. In a study reported by Sed-
lak et al., 10.2% of patients with MINOCA were females, 
compared to 6.8% males.11

A prospective study conducted by Reynolds et al. in-
vestigated the mechanisms involved in the occurrence of 
MINOCA in 42 female patients.12 After one week from the 
acute event, the patients underwent CMR imaging, which 
revealed that 39% had late gadolinium enhancement of 
CMR — the most common sign of myocardial ischemia — 
and 53% presented myocardial edema upon T2 sequence 
examination, which appears as a hyperintensity in the af-
fected area.12 

CMR VERSUS MSCT CORONARY 
ANGIOGRAPHY

A meta-analysis by Schuijf et al. showed that MSCT has 
higher accuracy compared to MRI in identifying coronary 
stenoses, possessing a sensitivity of 85% and a specificity 
of 95% compared to CMR, which presents a specificity of 
72% and a sensitivity of 87%.13

In a single-center trial that enrolled 108 subjects with 
suspected coronary artery disease, Dewey et al. showed 
that MSCT was more specific in viewing the coronary 
lesions compared to MRI; however, due to latest devel-
opments in CMR, its diagnostic precision has gradually 
improved in the last years.14 The ability of CMR to detect 
information on ischemia induced by stress and myocardial 
viability are extremely important in making the best pos-
sible therapeutic decision and to improve the outcome of 
subjects with MI.15 The role of CMR in assessing cardiac 
function, myocardial perfusion and viability, as well as cor-
onary imaging, is a major force in the field of noninvasive 
cardiovascular imaging.16

One of the most important advantages of CCTA is the 
imaging of the coronary artery anatomy and a short exami-
nation time, during a single breath-hold.17

CCTA examination in patients with MI can provide a 
highly accurate visualization of the coronary anatomy and 
arterial lumen. In addition, CCTA can detect severe ste-
noses or occlusions that are responsible for the MI.17 This 
modern medical technique provides the ability of assessing 
the coronary artery wall, atherosclerotic plaques, and the 
presence or absence of coronary artery disease (CAD).18 
One of the most important roles of CCTA is that it can pro-
vide information on atherosclerotic plaque morphology 

and composition. Plaques can be classified in three groups: 
calcified, non-calcified, and mixed (partially calcified).19 
CCTA underestimates the size of the non-calcified plaques 
and overestimates the size of calcified ones. For example, a 
plaque that contains a high percentage of fibrosis has high 
attenuation on CCTA; on the other hand, necrotic areas in 
the myocardium are characterized by a low attenuation.20 
The determination of plaque composition with the use of 
CCTA can be challenging due to the influence of various 
factors, including the size of the necrotic area, the lumen 
thickness, the density of the intraluminal contrast medi-
um, slice thickness, and reconstruction filters.21

One of the most important advantages of coronary MR 
angiography over cardiac CT is that it does not expose the 
examined subject to radiations. A study proved that CCTA 
is not very accurate in diagnosing heavily calcified plaques. 
Coronary MR angiography can have better diagnostic ac-
curacy in detecting CAD in subjects with increased cal-
cium scores. Another important advantage of CMR is the 
lack of using contrast agents.21,22

CONCLUSIONS 

Even if invasive coronary angiography is one of the most 
accurate methods for the diagnosis and treatment of myo-
cardial infarction, in some occasions it cannot provide 
complete information to sustain the diagnosis. In these sit-
uations, the role of modern noninvasive techniques, such 
as CCTA and CMR, is highly important. CMR is more ac-
curate than CCTA in evaluating the perfusion and viability 
of the myocardium and cardiac function. Also, CMR may 
provide better diagnostic performance compared to CCTA 
in detecting coronary artery disease in patients with high 
calcium scores. CCTA can provide a detailed visualization 
of the coronary anatomy and also provide information on 
plaque morphology and composition. The important ad-
vantage of CMR over CCTA is that CMR does not expose 
the subject to radiations.
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ABSTRACT

Background: Pelvic exenteration is an ultra-radical surgical procedure described by 
Brunschwig in 1948, which attempts to surgically cure patients with recurrent pelvic cancer 
after radiotherapy. Several variants of pelvic exenteration are described that allow a more 
limited or extensive resection, depending on the stage of the disease. Case report: We re-
port the case of a 54-year-old woman, who was diagnosed with a tumoral rectovaginal fistula 
after a recurrent cervical cancer that had been treated with a total hysterectomy with bilat-
eral adnexectomy and a left percutaneous nephrostomy, as well as interaortocaval lymph 
node resection. The patient had undergone a supralevator total pelvic exenteration with 
pelvic and interaortocaval lymphadenectomy. The reconstruction process included right 
ureterostomy, left nephrostomy, and colocutaneous anal anastomosis (Parks procedure). 
Conclusions: Supralevator total pelvic exenteration provides hope for cure in patients with 
pelvic malignancies that reappear after radiotherapy. The restoration of the digestive tract 
and avoiding colostomy with a colocutaneous anastomosis increases the quality of life in 
these cases. 

Keywords: supralevator pelvic exenteration, colocutaneous anastomosis, cervical cancer 
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INTRODUCTION

Pelvic exenteration was first introduced by Alexander Brunschwig in 1948 as 
“the most radical surgical attack so far described for pelvic cancer”.1 His surgi-
cal method comprises a one-staged abdominal-perineal operation with a total 
en masse resection of the pelvic organs, placement of an end-colostomy, and 
bilateral ureteral implantation above the colostomy. Brunschwig introduced the 
method as a way for symptomatic palliative care in subjects with advanced gyne-
cological malignancies that do not respond to radiation therapy, who experience 
subsequent complications including fistula, infection, or pain. He performed 
these operations with a high perioperative mortality rate of 23%.1

Considerable progress has been made in the management of these patients as 
the method underwent substantial advances, and it was reported that the physi-
cal and psychological morbidity of exenterative surgery has decreased from 23% 
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to 3–5%.2 Heriot et al. reported morbidity and mortality 
rates of 27% and 0.6% respectively.3 These improvements 
can also be credited to developments in intraoperative and 
perioperative treatments, including a better patient selec-
tion, the routine use of prophylactic antibiotherapies, ve-
nous thromboembolism prevention, anesthesia monitor-
ing, and the use of surgical devices such as the LigaSureTM 
vessel sealer and divider (ImpactTM and Small JawTM), 
which facilitates the dissection, reduces the blood loss, and 
shortens the surgical time.4

Pelvic exenteration is an ultra-radical procedure charac-
terized by en bloc resection of the pelvic organs and can be 
described on the three axes of the pelvis: antero-posterior, 
transversal and vertical.5–8 The antero-posterior axis in-
cludes an anterior pelvic exenteration of the upper rectum; 
the reproductive organs and the bladder are also removed, 
but the lower rectum may be spared, or a perineal exci-
sion may be performed. The posterior pelvic exenteration 
includes the removal of the rectum and reproductive sys-
tem; the bladder may be saved, but removal of the sacrum 
or coccyx may be performed. Total pelvic exenteration 
involves the excision of the rectum, distal colon, genito-
urinary viscera-draining lymph nodes, pelvic peritoneum, 
and internal genital organs, and sacrectomy may be per-
formed. The vertical method includes a supralevator exen-
teration (abdominal exenteration), infralevator exentera-
tion (abdominoperineal exenteration or abdominosacral 
exenteration), exenteration with vulvectomy, or extended 
exenteration that adds the removal of an abdominal viscus.

The transverse approach includes exenteration outside 
the hypogastric vessels, which is the standard exenteration 
procedure; exenteration inside the pelvic plexus with the 
preservation of the innervation of the internal sphincter; 
exenteration extended to the lateral pelvic walls, with or 
without the removal of the sacral plexus; exenteration at 
the level of the hypogastric vessel, with or without lymph 
node dissection or the preservation of sphincter function.

The indications for this procedure include centrally re-
current cervical malignancies in patients who had under-
gone definitive radiotherapy, recurrent pelvic tumors if 
there is a chance to cure, and for control of local advanced 
cancers as a palliative procedure.9–12

Absolute contraindications for pelvic exenteration in-
clude the presence of remote metastases, tumor involve-
ment of the common and external iliac arteries, para-aortic 
lymph node metastases, involvement of the sacrum or tu-
mor extension within the sciatic foramen, as well as tumor 
extension to the pelvic sidewall.9–13 The relative contrain-
dications of the procedure are ureteral barriers, associated 
disease that makes the patient a poor candidate for the op-

eration, or patients that are unable to care for stomas or 
present senility.9–13

Supralevator exenterations can be performed if the tu-
mor does not involve the lower, posterior third of the va-
gina, and if the distance between the tumor and levator 
muscles is 2 cm or greater.14

CASE REPORT

We report the case of a 54-year-old woman who presented 
in our department for pain in the lower abdominal floor, 
weight loss, nausea, and vomiting. From the personal med-
ical history we found out that she had been diagnosed with 
cervical cancer stage IIB, for which she had been operated 
in 2015 with total hysterectomy with bilateral adnexec-
tomy, followed by radio- and chemotherapy. She also suf-
fered from a rectovaginal fistula diagnosed in March 2017, 
left ureteral lithiasis, left ureteral obstruction, and anemia.

Digital rectal and vaginal examination revealed a tumor-
al mass that was extending to the osseous walls on both 
sides. Sphincter function appreciated by the Wexner score 
was 8–9.

Computed tomography scan showed a recurrent cer-
vical cancer invading the bladder and the rectum and left 
ureteral obstruction.

The cystoscopy revealed an extended fistula between the 
bladder and vagina, which included both ureteral orifices.

Due to left ureteral lithiasis and left ureteral obstruc-
tion, the patient was admitted to the Clinic of Urology of 
Tîrgu Mureș, where she underwent percutaneous nephro-
lithotomy followed by a left nephrostomy. After surgery, 
she presented a favorable evolution and was discharged. 
A month later the patient was admitted, under emergency 
conditions, to the Clinic of Urology with lumbar pain and 
dislocation of the nephrostoma. During hospitalization, 
the patient presented intense abdominal pain located in 
the lower abdominal quadrant, nausea, and vomiting, and 
after the repositioning of the left nephrostoma, she was 
transferred to the Surgical Clinic I of the County Emer-
gency Clinical Hospital of Tîrgu Mureș.

After a preoperative preparation, a supralevator total 
pelvic exenteration was performed (Figure 1) with inter-
aortocaval and pelvic lymphadenectomy, pelvic ureter 
resection on the right side with cutaneous ureterostomy, 
and total resection of the left ureter with remnant nephros-
toma. The tumoral mass was removed “en bloc”, including 
the rectum, bladder, and vagina, with a double tumoral fis-
tula (recto-vaginal-bladder).

The reconstruction procedure included right ureteros-
tomy, remnant left nephrostomy, vulvoplasty after total 
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colpectomy, and colocutaneous per-anal anastomosis us-
ing the Parks procedure (Figure 2).

The postoperative evolution was favorable, without sur-
gical complications, with acceptable fecal and flatus conti-
nence (Wexner score 8), and good urinary function. The 
oncological treatment and outpatient follow-up was favor-
able, as the PET-CT results showed negative residual or 
metastatic neoplasia, and the biomarkers for cancer were 
also negative at 3 months following surgery. The patient 
agreed to the publication of her data and the institution 
where the patient had been admitted, approved the pub-
lication of the case.

DISCUSSION

Exenterations are complex surgeries that require a multi-
disciplinary team with participants from gynecology, urol-
ogy, colorectal surgery, oncology, plastic surgery, and an-
esthesia. Our surgery team was formed by gynecologists, 
colorectal surgeons, and urology surgeons.

During the surgery, vessel sealer and divider instru-
ments such as the LigaSureTM (ImpactTM and Small JawTM) 
were used, which facilitated the dissection, reduced the 
blood loss, and shortened the surgery time.

The presence of digestive and urinary stomas is the main 
factor that affects the quality of life of patients with pelvic 
exenterations. Supralevator exenterations can be conclud-
ed with low colorectal anastomosis in most of patients. 
Almost all authors recommend a protective colostomy for 
irradiated patients and when pelvic infections occur. By 
restoring the anal transit by a Parks colocutaneous anas-
tomosis, both the protective stoma and the risk for anasto-
motic fistulas were avoided. In fact, a “perineal sphincter 
stoma” was achieved, with a good contractile function.

CONCLUSION

Supralevator exenteration provides hope for cure in pa-
tients with pelvic cancers that recur after radiation thera-
py. The restoration of the anal transit using a Parks colocu-
taneous anastomosis increases the quality of life in patients 
with pelvic exenteration by avoiding the colostomy. The 
selection of patients for these sphincter-saving procedures 
is highly important in providing the best results in such 
cases. 
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FIGURE 1. Supralevator total pelvic exenteration

FIGURE 2. Colocutaneous anastomosis 
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ABSTRACT

Coronary fistulas are rare, not gender-specific congenital conditions, consisting of communica-
tions between the coronary arteries and either another coronary vessel or a cardiac chamber. 
In contrast to large fistulas, small fistulas, named “minimae cordis veneae” or the Thebesius 
venous system, are draining into heart chambers and form a vascular network in the cardiac 
lumen. In this article, we present the case of a 72-year-old female with a significant history 
of cardiovascular disease, admitted to our clinic because of rest dyspnea, fatigue, and mini-
mal chest pain. The 12-lead electrocardiogram showed a trifascicular block (a second-degree 
atrioventricular block Mobitz II, associated with a right bundle branch block and left anterior 
fascicle block) and negative T waves in DII, DIII, aVF, V4–V6 leads. An invasive coronary an-
giography was performed, which revealed no significant atherosclerotic lesions. However, a 
persistent capillary blush was present at the apex site of the left ventricular chamber, draining 
from the distal segments of both the anterior descending coronary artery and the posterior 
interventricular coronary artery. The intramural vascular network generating a left ventricle 
angiogram image of this kind was suggestive for persistent Thebesian vessels connecting the 
two coronaries with the left ventricular chamber. 

Keywords: coronary-cameral fistula, Thebesian vessels, congenital fistula 
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INTRODUCTION

Coronary fistulas are congenital anomalous communications between the epi-
cardial coronary arteries and either another coronary vessel or a cardiac cham-
ber. The incidence of coronary-to-cardiac chamber drainage (coronary-cam-
eral fistula, CCF) was reported in 0.08–0.3% of patients who had undergone 
either elective or emergency diagnostic coronary angiography.1,2 Most common 
anomalous fistulas were described as a drainage from the right coronary artery 
to the right heart chambers, while only a small percentage are linked to the 
drainage in the left ventricle.3,4 In contrast to large CCF fistulae, which may have 
a noticeable communication, small fistulas, named “minimae cordis veneae” or 
the Thebesius venous system, drain into the heart chambers, forming a vascu-
lar network in the cardiac lumen. The origin of CCF microfistulas is associated 
with the fusion failure of the intertrabecular gaps, resulting in the persistence of 
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embryonic sinusoids that link the endothelial protrusions 
and epicardial layer to the coronary arteries.3 The clinical 
consequences may vary from asymptomatic patients to 
ischemic syndrome-like symptoms, congestive heart fail-
ure, arrhythmias, or syncope.5,6 The pathophysiology of 
these clinical frames could be explained by low resistance 
through the fistula trajectory, associated with a lower dia-
stolic perfusion pressure within the coronary lumen. How-
ever, their impact from a hemodynamic point of view is 
not significant due to the small amount of blood shunted 
through the microfistulas, which can vary from 0.12% to 
0.43% of the total circulating blood flow, as reported by 
Ravin et al.7 Additionally, the presence of several diffuse 
microfistulas can induce a steal phenomenon, revealed by 
worsening of the clinical condition, most commonly caus-
ing symptoms such as chest pain, shortness of breath, and 
fatigue.8 In case of large fistulas, the current treatment op-
tion is represented by surgical embolization. Microfistu-
las on the other hand have no curative treatment option, 
neither surgical nor noninvasive. Thus, conservative treat-
ment is the only available choice, which should be initiated 
based on the clinical status of the patient.9 However, vaso-
dilator agents should be avoided, as they can worsen the 
steal phenomenon.

CASE REPORT

In this article, we present the case of a 72-year-old female 
with a significant history of cardiovascular disease and 
several cardiovascular comorbidities, including chronic 
congestive heart failure, arterial hypertension, chronic 
ischemic heart disease, and type 2 diabetes mellitus. Her 
medical family history for cardiovascular disease was nega-
tive. Neither alcohol abuse nor other vicious behavior was 
admitted. She was hospitalized due to rest dyspnea, diz-
ziness, and fatigue, which had worsened during the week 
before admission. 

A 12-lead ECG was recorded in the emergency room, 
revealing a trifascicular block (a second-degree atrioven-
tricular block Mobitz II, associated with a right bundle 
branch block and left anterior fascicular block) and inter-
mittent third-degree block. The ECG also showed nega-
tive T waves in DII, DIII, aVF, V4-V6 leads. The heart 
rate was 37 beats per minute and the arterial pressure was  
126/70 mmHg. Laboratory analysis showed increased val-
ues of serum triglycerides (201 mg/dL). The value of tropo-
nin I was 0.009 ng/dL upon admission and did not modify 
throughout hospital admission. The transthoracic echo-
cardiographic examination showed a normal ejection frac-
tion, a slight left ventricular hypertrophy, an enlarged left 

atrium (51 mm), and a mitral valve calcification associated 
with a mild regurgitation, without any signs of ventricular 
wall motion abnormalities. The E/E’ ratio measurement, 
performed in order to assess the filling pressures, was 5.4 
cm/s, within the normal range (cut-off <8 cm/s).10 

The patient complained of chest pain and shortness of 
breath at admission and showed ischemic modifications 
on the electrocardiogram, with inversion of T waves in the 
inferior and lateral leads. In order to assess a possible myo-
cardial ischemia, a coronary angiography was performed. 
Upon contrast injection, at a glance, the left coronary tree 
was free of significant atherosclerotic lesions, and so was 
the right coronary artery tree, which was dominant. A per-
sistent capillary blush was present at the apex site, within 
the left ventricular chamber, draining from the distal seg-
ments of both the anterior descending artery and the right 
coronary artery (Figure 1). The aspect of the apical blush 
was similar to a ventriculography. The intramural vessel 
network generating a left ventricle angiogram image of 
this kind was suggestive for persistent Thebesian vessels 
connecting the two coronary arteries and the one cardiac 
chamber. 

Given that this condition has no curative treatment, a 
drug therapy based on beta-blockers and angiotensin-
converting enzyme inhibitors was initiated. However, the 
patient’s electrocardiogram still showed trifascicular block 
with intermittent third degree block. Given that her condi-
tion has a class IC indication for permanent cardiostimula-
tion according to the guidelines of the European Society 
of Cardiology for cardiac pacing,11 a Medtronik Relia DDD 
pacemaker was implanted. Her clinical status improved, 
and her heart rhythm was stable. Afterwards, her clini-
cal status improved, without complaints of ischemia-like 
symptoms. She was discharged in a stable condition with 
the therapeutic plan deployed during hospitalization. 

The patient gave her informed consent allowing the 
publication of her data, and the Ethics Committee of the 
Clinic of Cardiology approved the publication of the case.

DISCUSSION

Coronary artery fistulas and microfistulas or persistent 
Thebesian vessels are a rare congenital condition with 
an incidence up to 0.2% in adult patients.1 The condi-
tion was first described in 1708 by the German anato-
mist Adam Christian Thebesius, in his graduating thesis 
named “De circulosanguinis in cord”.12 Being detected in 
adult patients, they are considered a failure of closure of 
the embryonic sinusoids, which served as communica-
tion between the epicardial vessels and cardiac cavities 
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with the purpose to provide nutrients to the heart dur-
ing the intrauterine life. The most common communica-
tions are found between an epicardial artery and the right 
ventricle, as Ansari et al. and Wearn et al. reported.13–15 
In the case reported in this article, the communication 
was found between both coronary arteries and the left 
ventricular chamber, which is a very rare condition. The 
clinical status of patients diagnosed with this disorder 
may vary according to the multiplicity of the communica-
tions and their size, their length, as well as their origin. 
Rarely, they produce clinical symptoms such as ischemia-
like symptoms, syncope, or arrhythmias. Otherwise, they 
are discovered incidentally while performing an elective 
coronary angiography. Although microfistulas are consid-
ered to cause a blood steal phenomenon in patients with 

no significant lesions on the coronary arteries, in patients 
with important atherosclerotic plaques or stenoses, espe-
cially in the ostial lesion of the right coronary artery, the 
fistulas appear to be beneficial by providing blood supply 
in a retrograde fashion.16

CONCLUSION

The persistence of Thebesian vessels is a rare congenital 
condition, often discovered incidentally during elective 
coronary angiography. Usually their hemodynamic signifi-
cance is limited due to small shunt volume. Therefore, clin-
ical presentation could be poor in symptoms or could lead 
to an ischemia-like syndrome, syncope, or rhythm distur-
bances. Hence, diagnosis is made by performing coronary 

FIGURE 1. Angiographic image: A, B – Left anterior descending artery (LAD) – communication through a 
network of arterio-sinusoidal microfistulas between the LAD and the left ventricle (white arrows); C, D –  
Right coronary artery (RCA) – communication through a network of arterio-sinusoidal microfistulas  be-
tween the RCA and left ventricle (white arrows) 
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angiography, unveiling an extended and diffuse network of 
small communications between the epicardial arteries and 
the cardiac chambers, especially to the right ventricle, but 
in very rare cases, it could link more than one coronary 
artery with the left ventricle, similar to the case reported in 
this article. Thebesian vessels are very small, therefore sur-
gical and minimal-invasive methods of treatment are not 
routinely used. In spite of this major inconvenience, medi-
cal treatment based on beta-blockers and angiotensin-con-
verting enzyme inhibitors was reported to be successful as 
in the case presented in this article. 
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ABSTRACT

Patients with coronary artery anomalies are more susceptible to develop acute thrombotic 
coronary occlusions due to the abnormal anatomy of these arteries and the disturbance of 
the pathophysiological mechanisms that lead to an accelerated atherosclerosis development. 
The following article presents the case of a 64-year-old female patient diagnosed with ante-
rior ST-segment elevation myocardial infarction. The patient underwent primary percutaneous 
coronary intervention, which revealed the absence of the right coronary artery and separated 
origins of the left anterior descending artery and the left circumflex artery from the aorta. 

Keywords: coronary artery anomalies, acute thrombotic occlusion, STEMI, PCI

INTRODUCTION

It is difficult to define what is the normal anatomy of the coronary arteries.1 In 
most individuals they originate as the right and left main coronary arteries, from 
the coronary ostia in the ascending aorta, just above the aortic valve.2 Variations 
in coronary anatomy are often discovered in association with structural congeni-
tal cardiac disease. Coronary artery anomalies (CAAs) are a group of congenital 
disorders whose pathophysiological mechanisms and clinical signs are highly vari-
able. CAAs are classified as major, severe, or important, with varying hemody-
namic significance, according to the clinical impact on the patient.3 Anomalies of 
the coronary arteries are rare, the incidence varying from 0.3% in necropsy studies 
to 1.6% in patients undergoing invasive coronary catheterization.4 The most com-
mon coronary artery anomaly is a separate origin of the left anterior descending 
(LAD) and the left circumflex (LCX) artery, with an incidence of 0.41%.1 Although 
these anomalies are rare, they may be seen with myocardial perfusion abnormali-
ties and an accelerated atherosclerosis. Because of these abnormal mechanisms, 
these patients are highly exposed to myocardial infarction and ischemia.

Invasive coronary angiography is a highly specific method for evaluating the 
presence and characteristics of CAAs; however, it has the important disadvan-
tage of being an invasive method. Today, CAAs can be evaluated using mod-
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ern, noninvasive imaging techniques. Coronary magnetic 
resonance (CMR) and multi-slice computed tomography 
(MSCT) broadened the clinical information by enabling 
visualization of the coronary anatomy.5 The main disad-
vantage of these methods, compared to invasive coronary 
angiography, is that they are only diagnostic methods, 
while during the invasive procedure, an interventional 
treatment can also be applied.

The management of ST-elevation myocardial infarction 
(STEMI) depends on the time from the onset of symp-
toms, which should be less than 12 hours, although percu-
taneous coronary intervention (PCI) has better benefits if 
it is performed within the first 2–3 hours from the onset of 
symptoms.6

CASE PRESENTATION

A 64-year-old female patient, with known arterial hyper-
tension controlled with anti-hypertensive treatment, pre-
sented in the emergency department complaining of the 
following symptoms: angina, dyspnea, and diaphoresis. 

The angina debuted in the last 12 hours. The patient de-
clared that she was never a smoker, and she had no fam-
ily history of cardiovascular disease. It was the first time in 
her life when she had a chest pain. The clinical examination 
did not reveal any particularity. The blood pressure upon 
presentation was 120/70 mmHg, and the heart rate was 80 
beats per minute and regular. The patient’s symptoms were 
suggestive for an acute coronary syndrome, and the elec-
trocardiographic tracing (Figure 1) showed ST-segment 
elevation in the anterior leads. 

Laboratory testing detected a major rise in troponin 
I levels, with a value of 23 ng/ml. Other enzymes that ex-
press myocardial cell necrosis (Table 1) were also highly in-
creased, suggesting a massive cytolysis in the myocardium.6

The elevated levels of cardiac biomarkers, together with 
the ischemic symptoms and the ST-segment changes, 
confirmed the diagnosis of anterior ST-segment elevation 
myocardial infarction, Killip I class, for which the patient 
underwent emergency invasive coronary angiography.

After the administration of dual antiplatelet therapy (As-
pirin and Clopidogrel) and unfractionated heparin, the inva-

FIGURE 1. ECG-tracing in the Emergency Department showing sinus rhythm, heart rate of 100 beats per 
minute, ST segment elevation in leads V1–V3 and aVL, ST segment depression in leads V4–V6, DII, DIII, 
aVF — suggestive for acute myocardial infarction

TABLE 1. Laboratory tests in the Emergency Department

Analysis Value Reference Value

Troponin I (ng/mL) 23.8 0.000

Creatine kinase (IU/L) 5,051 192

Glutamic-oxaloacetic transaminase (IU/L) 636 0–40

Glutamic-pyruvic transaminase (IU/L) 100 10–50

Lactate dehydrogenase (IU/L) 1,199 220–460
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sive coronary angiography was performed; this showed the 
absence of the right coronary artery and separated origins 
of the LCX and LAD coronary arteries. The LCX presented 
an acute thrombotic occlusion at the origin (Figure 2), and 
the LAD presented a 90% stenosis in the third segment. 

The interventional treatment included thrombectomy with 
thrombus aspiration (Figure 3) in the LCX, revealing the 
culprit lesion (Figure 4) for which a percutaneous coronary 
transluminal angioplasty with drug eluting stent was per-
formed, with an optimum post-procedural result, TIMI III 
flow grade. Following primary PCI, the LAD lesion was ap-
proached with a guidewire, followed by a bare metal stent 
implantation, with a TIMI III flow grade (Figure 5).

FIGURE 2. Total occlusion of the LCX in the proximal segment

FIGURE 4. The culprit lesion in the LCX after the thrombectomy 
was performed

FIGURE 5. The final angiographic aspect after PCI

FIGURE 3. Thrombectomy with thrombus aspiration 
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After the procedure, the patient presented improvement 
of the symptoms and >50% resolution of the ST-segment 
elevation. The patient received pharmacological treatment 
with heparin, dual antiplatelet therapy, beta-blockers, and 
statins and was discharged after 7 days of hospitalization.

The patient agreed to the publication of his data and the 
institution where the patient had been admitted, approved 
the publication of the case. 

DISCUSSIONS

In a patient with a unique coronary artery anomaly, the im-
pact of myocardial infarction by acute coronary thrombotic 
occlusion and the risk of sudden death are higher than in the 
general population. The management of a patient with cor-
onary artery anomalies and myocardial infarction depends 
on the time from the onset of symptoms, which has to be as 
small as possible.7 In this case, the time between symptom 
onset and PCI was less than 12 hours. The objectives of an 
invasive coronary angiography are to locate the culprit le-
sions that determined the myocardial infarction or ischemia 
and to treat these lesions by PCI with stent implantation 
or balloon angioplasty. In case of chronic total occlusion, a 
non-emergency high-risk PCI procedure — preferably on-
site cardiovascular surgery — is required.7

Almost 20% of coronary artery anomalies are found while 
performing diagnostic procedures for a myocardial infarc-
tion, malignant arrhythmia, or Adam Stokes syncope, while 
80% are benign and usually do not determine symptoms.8

CONCLUSIONS

Although the patient did not have major cardiovascular 
risk factors except for the high blood pressure (which 

was controlled with medication) and her gender, she 
presented a myocardial infarction by total coronary oc-
clusion. Although coronary artery anomalies are a very 
rare group of disorders, such patients are highly exposed 
to a risk of extensive myocardial infarction with a higher 
rate of acute complications or sudden death. It is impor-
tant for these patients that the anomalies are diagnosed 
when they are asymptomatic for a better therapeutic 
management.
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ABSTRACT

The association of multiple autoimmune diseases may represent the main focus of physi-
cians treating patients with such pathology presenting no comorbidities of different etiology.  
However, autoimmune diseases and side effects of drugs may lead to development of silent 
health-threatening diseases that should be identified promptly. We present the case of an el-
derly, obese, Caucasian female patient suffering of autoimmune thyroiditis, rheumatoid arthri-
tis, and psoriasis, who developed arterial hypertension and insulin-treated secondary diabetes 
mellitus (due to long-term oral corticotherapy) with microvascular end-organ changes. Retinal 
imaging for capillary anomalies identified mild non-proliferative diabetic retinopathy with ap-
parent diabetic macular edema and hypertensive retinopathy. Laboratory investigations look-
ing for further vascular risk factors revealed zinc deficiency, elevated serum homocysteine 
levels, and constantly high C-reactive protein concentration. Attention should be payed to 
the proper investigation of patients with autoimmune diseases, targeting the early diagnosis 
of microvasculopathies due to autoimmune diseases or possible medication side effects, in 
order to prevent end-organ damage. 

Keywords: autoimmune disease, diabetic retinopathy, laboratory investigations, microvascular 
complications, secondary diabetes mellitus

INTRODUCTION

Autoimmune diseases present a growing incidence worldwide. Data in the medi-
cal literature shows that autoimmune diseases often coexist in patients and their 
relatives. Statistics revealed that approximately half of the patients with autoim-
mune thyroid diseases report family members with thyroid disorders. One of the 
largest multi-centric studies that included over 3,000 Caucasian patients in the 
United Kingdom showed that patients with autoimmune thyroid diseases have a 
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significantly increased relative risk for developing other au-
toimmune disorders, and this risk can be quantified.1 

Psoriasis is a chronic skin disease associated with in-
creased risk for type 2 diabetes mellitus, obesity, dyslipi-
demia, hypertension, and other cardiovascular diseases. 
Psoriatic arthritis occurs in 11–30% of the patients diag-
nosed with psoriasis. Rheumatoid arthritis (RA) is an au-
toimmune inflammatory disease of the joints; this condi-
tion is also associated with increased cardiovascular risk.2

Oral corticosteroids can be used for the management of 
several inflammatory and immunologic diseases, but their 
administration has serious negative consequences on the 
patient’s state of health, especially on long-term usage and 
in high doses. The most important side effects of systemic 
corticotherapy include elevated serum glucose levels, ad-
renal suppression, dyslipidemia, weight gain, Cushing’s 
syndrome, osteoporosis, cardiovascular disease, psychiat-
ric diseases, and immunosuppression.3 

Obesity induces a chronic inflammatory state and rep-
resents a major risk factor for the development of type 2 
diabetes and ostheoarthritis.4

Tumor necrosis factor (TNF) inhibitors are modern 
therapeutic options for the treatment of chronic inflam-
mation. Several recent studies focused on the effect of 
treatment on the development of comorbidities, such as 
impaired glucose tolerance and cardiovascular pathology 
in subjects with psoriasis and RA. Some studies revealed 
that TNF inhibitor therapy significantly decreased the risk 
for myocardial infarction and carbohydrate metabolic dis-
order in patients with psoriasis, psoriatic arthritis, and RA, 
but this effect is controversial according to other research 
data.2

The aim of this case report is to present the develop-
ment and assessment of microvascular complications in a 
patient with secondary diabetes mellitus due to cortico-
therapy treatment of multiple autoimmune diseases.

CASE PRESENTATION

We present the case of a 61-year-old obese Caucasian fe-
male patient admitted to the Procardia medical outpatient 
unit, where she was followed for five years. The patient was 
diagnosed after a stressful period in 2000 with RA, arterial 
hypertension, and tachycardia. Treatment with metho-
trexate for RA was initiated, but the therapy was later sus-
pended because of skin rush and elevated serum transami-
nase activity revealing hepatic side effects. She received 
oral corticotherapy (prednisone), which led to secondary 
diabetes after three years. She is currently on insulin treat-
ment ever since. In 2008, she was diagnosed with autoim-

mune thyroiditis and in 2010 with psoriasis and psoriatic 
arthritis. According to her medical records, she has mul-
tiple allergies to different chemical substances. 

CLINICAL FINDINGS

Our patient is hyperstenic, with grade 2 obesity (BMI 
36.33 kg/m2), and hypertensive, with a heart rate of 98 
beats/min and a blood pressure of 140/95 mmHg. She cur-
rently presents pain at the level of several joints (radiocar-
pal, left metacarpophalangeal, and humeral joint, bilateral 
knees and ankles) and also psoriatic modifications of the 
skin, mostly at the level of the knees and elbows (Figure 1).

She developed neuropathy as a complication of type 2 
diabetes, with the alteration of sensory perception at the 
level of the feet, and retinopathy due to hypertensive and 
diabetic microvascular complications.

LABORATORY INVESTIGATIONS

According to the latest laboratory results, our patient has 
a good carbohydrate metabolic balance, based on the gly-
cated hemoglobin (HbA1c) value (6.8%) obtained by re-
flectometry using a Nycocard Reader equipment, and the 
intensity of oxidative stress was in normal range, based on 
serum malondialdehyde (MDA) measurement using the 
thiobarbituric acid reactive substances (TBARS) method on 
high pressure liquid chromatography (HPLC): 7.13 ng/mL  
(normal under 8.2 ng/mL). Signs of chronic inflamma-
tion can be observed, based on her constantly high C-re-
active protein values (2.21–1,400 mg/dL, normal below  
0.33 mg/dL) and sometimes elevated blood sedimenta-
tion rate (BSR), up to 33 mm/h. Her transaminase values 
(GOT/GPT) were episodically slightly elevated, up to 
64/115 U/L (normal under 37/40 U/L), and also gamma-
GT and alkaline phosphatase were sometimes discretely 
high (64 IU/L and 294 IU/L, normal up to 32 IU/L and  
279 IU/L, respectively). 

The patient's serum cholesterol value was slightly in-
creased (228 mg/dL), serum creatinine was repeatedly in 
the normal range (1–1.05 mg/dL). Her kidney function 
was also investigated based on cystatin C measurement, an 
early marker of nephropathy, which was also in the nor-
mal range (1.19 mg/L, normal range 0.63–1.44 mg/L). All 
these biochemical analyses were performed on a Konelab 
20Xti analyzer.

She presented increased values of serum homocysteine 
(20.6 µmol/L, normal under 10 µmol/L), and zinc defi-
ciency (6.99 µmol/L, normal range 10.4–16.4 µmol/L). 
She had an increased serum chromium concentration of 
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2.72 µg/L (normal range 0.31–2.44 µg/L) and an elevated 
serum vitamin B12 concentration (1,200 pg/mL, normal 
range 191–663 pg/mL). Immulite One equipment was 
used for homocysteine and vitamin B12 measurement by 
chemiluminescence methodology.

Under levothyroxine sodium treatment, her serum thy-
roid stimulating hormone (TSH) level is currently normal 
(3.48 µIU/mL, reference range 0.39–6.13 µIU/mL) and 
her free thyroxine (FT4) is close to the lower limit, but 
still normal (0.87 ng/dL, reference range 0.80–2.00 ng/
dL). Her anti thyroid peroxidase antibody (ATPO) level 
showed repeatedly very high values, up to 485.93 IU/L 
(normal under 35 IU/L). 

RETINAL IMAGING

The patient was referred to the Ophthalmology Depart-
ment of the Mureș County Clinical Hospital for complaints 
including eye redness and scratchy sensation in both eyes. A 
complete eye examination was performed. Carl Zeiss Visu-
cam 500 fundus camera was used for retinal photography in 
the context of diabetic retinopathy screening and follow-up. 

The patient’s uncorrected visual acuity measured with 
the Early Treatment Diabetic Retinopathy Study (ETDRS) 
chart was 0.8 in both eyes (decimal scale), correctable to 1.0 
best corrected visual acuity. No related history or clinical 
evidence for uveitis was identified. Schirmer’s test revealed 
5 mm (right eye) and 7 mm (left eye) of tear production on 
the filter paper in 5 minutes, identifying dry eyes respon-
sible for the scratchy sensation described by the patient. 
Dilated ophthalmoscopy and retinal imaging revealed 

vascular caliber changes, nipping, micro-aneurysms, focal 
leakage of capillaries, and hard exudates in the macular re-
gion and peripheral retina in both eyes (Figure 2). Consid-
ering the ETDRS classification, the patient was diagnosed 
with mild non-proliferative diabetic retinopathy with dia-
betic macular edema (DMO) apparently present. Ocular 
coherence tomography for the macular regions of both 
eyes was suggested for an accurate evaluation of DMO, but 
the patient preferred to temporize any further investiga-
tion. Grade II hypertensive retinopathy was also identified 
(Keith-Wagner-Barker classification). In this context, the 
patient was explained the importance of targeting normal 
values of blood glucose level and blood pressure and the ne-
cessity of a follow-up fundus examination in 6 months, and 
natural tears were prescribed for daily instillation.

THERAPEUTIC CHALLENGES

After a few years of methotrexate given for her rheumatoid 
arthritis, which was not tolerated because of hepatotoxi-
city, our patient received oral prednisone treatment, then 
etanercept between 2008–2012, a TNF receptor inhibitor 
recommended in RA and also in psoriasis, which also had 
several side effects. Etanercept increases the risk for cer-

FIGURE 1. Psoriatic skin manifestations of the right elbow (A) and 
left knee (B)

FIGURE 2. Mild non-proliferative diabetic retinopathy with macu-
lopathy and grade II hypertensive retinopathy: leaking capillaries 
contribute to the formation of exudates in the perifovea and para-
fovea (arrowheads) and across the mid-peripheral retina (asterisk), 
as seen on the 45-degree angle fundus photography of the left 
eye. Vascular nipping due to chronic arterial hypertension is also 
present at arterio-venous crossing sites (triangle).

A B
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tain types of cancer and weakens the immune system. Our 
patient’s condition was notably improved, so the treat-
ment was stopped to avoid side effects. Her current treat-
ment, from April 2016, is with golimumab 50 mg/month 
(another TNF inhibitor with less side effects) and leflu-
nomide (tablets of 20 mg, 1/day), an immunosuppressive 
antirheumatic drug. In case of acute pain, local non-steroid 
anti-inflammatory creams and diclofenac sodium supposi-
tory (100 mg, 2 × 1/day) or aceclofenac tablets of 100 mg 
(2 × 1 tablets/day) were prescribed together with gastric 
protector (omeprazole 2 × 20 mg/day). 

The management of patients with multiple pathologies 
is very difficult. Physicians need to apply special, individu-
al therapy schemes, taking into consideration the adverse 
effects of the medication. Our patient could not receive 
oral antidiabetic drugs because of their potential side ef-
fects, so she was given insulin injections to control her type 
2 diabetes mellitus. Her antidiabetic treatment consists of a 
basal bolus regimen with detemir insulin 0–0–58 units/day  
and glulisine insulin 0–8–0 units/day for her secondary 
diabetes diagnosed in 2008, which was not responsive to 2 
months of diet and phytotherapeutic products. 

The patient’s cardiovascular problems (including grade 
II hypertension with very high risk, tachycardia, and vari-
cose veins) are treated with oral therapy using angioten-
sin-converting enzyme-inhibitors (enalapril 2 × 20 mg/
day), diuretics (indapamid 1.5 mg/day, spironolactone 
100 mg, and furosemide 20 mg every two days), antiplate-
let (acetylsalicylic acid 75 mg/day), non-dihydropyridine 
calcium channel blocker (diltiazem 2 × 90 mg/day), vaso-
protective medication (diosminum 2 × 500 mg/day). The 
hypercholesterolemia was treated with rosuvastatin 10 mg 
once a day. She also received 50 micrograms of levothy-
roxine sodium each day for her thyroid disorder, as well 
as benfotiamine and pyridoxine hydrochloride twice a day 
for her diabetic neuropathy.

The patient received nutritional counselling for obesity, 
diabetes, and arterial hypertension. 

For the protection of liver cells, in order to counteract 
the hepatotoxicity of her current treatment, she received 
essential phospholipids and a dietary supplement with a 
complex hepatoprotective formula twice a day.

The patient agreed to the publication of her data and the 
institution where the patient had been admitted, approved 
the publication of the case.

DISCUSSION

Immune-related dry eye syndrome (IRDE) and ocular 
surface inflammation have been previously characterized 

and described in the context of rheumatoid arthritis, high-
lighting the necessity of targeted diagnostic investigations. 
Moreover, the progression of the disease was closely rela-
ted to the ocular surface signs and symptoms.5 Our pa-
tient’s positive Schirmer’s test and subjective complaints 
helped to identify dry eye syndrome in accordance with 
the International Dry Eye Workshop classification, and 
proper treatment was initiated. 

Although uveitis or vasculitis affecting the retinal vas-
culature are common in patients suffering of autoimmune 
diseases such as psoriasis or rheumatoid arthritis, our pa-
tient was unaffected.6

Vasculature integrity and pathology may be easily visu-
alized and followed on retinal microvasculature during 
fundus examination. Yen et al. showed in a population-
based cohort study the association between psoriasis and 
an increased risk of developing retinal vein occlusion, and 
autoimmune thyroiditis was identified as a risk factor for 
stroke.7,8 Psoriasis and psoriatic arthritis have also been 
shown to represent an increased risk for developing dia-
betes, hypertension, obesity, and hyperlipidemia.9 Subse-
quently, screening for microvascular changes may be of 
high importance, preventing irreversible tissue damage in 
retinopathy, neuropathy, or nephropathy. The coexis-
tence of diabetes mellitus, arterial hypertension, obesity, 
and dyslipidemia may worsen the vascular end-organ 
damage.10

Laboratory investigations identified multiple vascular 
risk factors such as serum zinc deficiency, elevated serum 
homocysteine levels, and constantly high C-reactive pro-
tein concentration. Hyper-homocysteinemia was associ-
ated with the development of thrombotic and atheroscle-
rotic diseases and vascular leakage.11 Zinc was suggested 
to act on vascular permeability and is involved in the co-
agulation cascade, being also responsible for thrombotic 
events.12 C-reactive protein, homocysteine, and other in-
flammatory factors regulate endothelial cell response and 
consequently adhesion molecules, contributing to vas-
cular leakage. These circulating inflammatory factors are 
also involved in the atherosclerotic pathology underlying 
inflammatory rheumatic diseases.10

We observed some particular features in case of the pre-
sented patient, probably in relationship with her diet (rich 
in nuts, peanuts, herbal teas) and dietary supplements: in-
creased serum chromium and vitamin B12 concentration. 
Flavonoids and p-methoxybenzoic acid, contained in the 
composition of the herbal product Caper bush (Capparis 
L.) taken by the patient, attenuate oxidative stress and pre-
vent the elevation of malondialdehyde. Other chemicals 
present in its composition include rutin, quercetin, and 
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also steroids together with other antioxidant liposoluble 
compounds (tocopherols, carotenoids).13 

Predisposition for autoimmune disorders is running in 
the family. Our patient’s sister is currently treated with se-
vere psoriasis, and her daughter had repeatedly high serum 
ATPO levels (between 300–400 IU/L), so far with normal 
TSH and FT4 concentrations. 

CONCLUSIONS

Autoimmune diseases can be diagnosed in an early phase 
based on a wide range of laboratory tests recommended 
to be performed in the patient and family members. Early 
diagnosis increases the chance of proper treatment imple-
mented in time and thus, the prevention of complications. 
However, microvascular changes may develop unnoticed, 
leading to irreversible tissue damage. Attention should be 
payed to the proper investigation of patients with autoim-
mune diseases, targeting the early diagnosis of microvas-
culopathies due to autoimmune diseases or possible medi-
cation side effects, in order to prevent end-organ damage.
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ABSTRACT

Plasma cell leukemia (PCL) is one of the most aggressive monoclonal gammopathies, be-
ing characterized by the presence of more than 20% of plasma cells in the peripheral blood 
and an absolute number of these cells of more than 2×109, with different morphology, from 
young elements to mature cells. The incidence of PCL varies between 2–4% among multiple 
myeloma (MM) patients. In comparison with MM, PCL appears more often in younger patients. 
The following article describes the case of a 49-year-old female patient diagnosed with PCL 
which needed urgent control of the clinical manifestations due to its irreversible complications. 
Urgent autologous stem cell transplantation is recommended in this group of patients. 

Keywords: plasma cell leukemia, multiple myeloma, autologous stem cell transplantation

INTRODUCTION

Plasma cell leukemia (PCL) is one of the most aggressive monoclonal gammo-
pathies, being characterized by the presence of more than 20% of plasma cells in 
the peripheral blood and an absolute number of these cells of more than 2×109, 
with different morphology, from young elements to mature cells.1 The disease 
can be accompanied by either the presence or the lack of immunoglobulin secre-
tion, with or without bone lesions.

The incidence of PCL varies between 2–4% among multiple myeloma (MM) 
patients. In comparison with MM, PCL appears more often in younger patients.2 
The median age of patients diagnosed with PCL is 55 years, ten years lower than 
the median age of MM patients at diagnosis.

PCL can appear as a primary, “de novo” disease in patients who have not 
been in hematological evidence with multiple myeloma before, or as a second-
ary affection — the leukemic transformation of a formerly known relapsed or 
refractory MM.3

The clinical presentation of PCL at the beginning can be similar to MM, with 
the presence of anemic syndrome, which is more frequent at the start of the 
disease and is usually more severe.4 The presence of hemorrhagic syndrome, 
because of thrombocytopenia, is more frequent in PCL patients. Renal dysfunc-
tion can be observed in approximately 50% of MM patients, 20% of them de-
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veloping renal failure. Up to 50% of the newly diagnosed 
patients present decreased creatinine clearance, and ap-
proximately 9% need dialysis due to the severe deteriora-
tion of renal function.5

Laboratory findings are similar to those in MM pa-
tients, with a couple of exceptions: higher frequency of 
thrombocytopenia and anemia, and the peripheral smear 
contains more than 20% of plasmocytes, an essential ele-
ment for the diagnosis of the disease. Hypercalcemia and 
renal dysfunction appear frequently; while osteolytic le-
sions are less expressed and extended as in MM, lactate 
dehydrogenase and beta-2 microglobulin levels are high-
ly elevated.6,7

PCL needs urgent control of its clinical manifestations 
in order to prevent early mortality due to its irreversible 
complications. Urgent autologous stem cell transplanta-
tion is recommended in this group of patients.8

CASE PRESENTATION

We present the case of a 49-year-old female patient, with 
urban provenience, known from her personal pathological 
history with operated right renal lithiasis, who presented 
at the doctor’s office in September 2016 with the follow-
ing symptoms: altered general status, physical asthenia, 
fatigue, predominantly inspiratory dyspnea, diffuse bone 
pain, and oligoanuria. The clinical examination revealed 
pale skin and mucous membranes, abolished bilateral 
basal vesicular sound, tachycardia (116 beats/minute), ho-
losystolic murmur caused by tricuspid insufficiency with 
regurgitation, abdomen increased in volume, liver 3 cm 
under the right costal margin and impalpable spleen. The 
patient needed erythrocyte mass transfusion for the cor-
rection of the anemia.

The bone marrow aspirate showed: rich cellularity, 
diffuse infiltration with atypical plasmocytes with my-
elomatous character, relative frequency of plasmoblasts 
(plasmocytes with visible nucleus) in proportion of ap-
proximately 60%. There were plasmocytes with 2–3 nu-
clei with cytoplasmic vacuolation, cytoplasmic extensions 
associated with a lymphoplasmacytic population with 
reniform nucleus and cytoplasmic extensions (similar to 
hairy-cell leukemia cells). Slightly reduced cellular lines, 
E/G ratio: 1/2. Relatively well represented erythroid and 
granulocytic series with normal aspect and good matura-
tion, as well as rare megakaryocytes with the presence of 
nucleus were described.

The peripheral smear revealed the presence of plasmo-
cytes in a proportion of 25%, some of them presenting cy-
toplasmic extensions, anisocytosis, and poikilocytosis.

In January 2017, peripheral blood immunophenotyping 
showed 25% of plasmocytes with the following antigenic 
profile: CD45−, CD19−, CD38+ dim, CD20−, CD117−, 
CD56+, CD81+, ic Kappa−, ic Lambda+.

Abdominal ultrasound was performed with the follow-
ing results: liver with homogeneous echotexture, preserved 
echogenicity, right lobe 160 mm, inferior cava vein 26 mm, 
without inspiratory collapse, with visible suprahepatic 
veins until the periphery; partially contracted gall bladder 
with edematous walls and transonic content; portal vein 
13 mm, splenic vein 15 mm, principle bile duct 4.8 mm, 
non-expanded intrahepatic bile ducts; echogenic pancreas 
of normal dimension; right kidney 98 mm, parenchymal 
index (PI) approximately 10 mm, with some cysts and an 
8 mm hyperechogenic formation in the medial calyx (sug-
gestive for renal calculus); left kidney 110 mm, PI 14 mm,  
without image of calculus, without hydronephrosis; ho-
mogeneous spleen of 104/40 mm; evacuated bladder, ap-
parently normal uterus of normal dimensions; a layer of 
liquid accumulation in the costodiaphragmatic sinuses; a 
layer of liquid accumulation around the liver, gallbladder, 
and kidney in small/medium quantity. Conclusions: minor 
portal hypertension, right renal calculus, medium quantity 
ascites, bilateral pleurisy. 

Native computed tomography: multiple secondary os-
teolytic determinations of the skeleton, on costal levels 
several osteolytic zones extended into the underlying and 
overlying soft tissues.

Based on the examinations presented above, we es-
tablished the diagnosis of acute plasma cell leukemia as a 
transformation of multiple myeloma, and chemotherapy 
treatment has been initiated. Until present, the patient ben-
efited of five chemotherapy courses with vincristine, epi-
rubicine, cyclophosphamide, melphalan, and dexametha-
sone, in association with bortezomib and bisphosphonate 
remineralizing treatment, followed by establishing an ap-
pointment for stem cell mobilization and harvesting.

The patient needed to continue hemodialysis courses 
for three weeks, followed by the normalization of creati-
nine, urea, and glomerular filtration rate values.

After the fifth chemotherapy treatment, the patient pre-
sented an acute pyelonephritis with multidrug-resistant 
Staphylococcus aureus, with highly increased C-reactive 
protein (497 mg/L) and procalcitonin (10 mg/L), which 
needed a wide-spectrum antibiotic, antifungal and, antivi-
ral treatment (meropenem, colistin, linezolid, tigecycline, 
voriconazole, acyclovir).

Due to the patient’s septic status the stem cell mobili-
zation was postponed. At present the patient is admitted 
to our bone marrow transplant (BMT) unit for stem cell 
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mobilization and harvesting with cyclophosphamide and 
granulocyte colony-stimulating factor (G-CSF). 

The patient agreed to the publication of her data, and 
the institution where the patient had been admitted, ap-
proved the publication of the case.

DISCUSSION

In the case presented above we decided to stabilize the sta-
tus of our patient by initiating chemotherapy treatment, 
followed by stem cell mobilization and harvesting. In this 
way the autologous stem cell transplantation will be per-
formed after a previous treatment of the disease. 

In cases similar to ours, a multidisciplinary approach is 
necessary. The possible presence of spontaneous fractures 
on pathological bone, due to secondary osteoporosis in 
some cases, needs prompt orthopedic treatment. On the 
other hand, renal disorders, frequently present in case of 
MM & PLC patients, need nephrologic treatment and he-
modialysis.

PARTICULARITY OF THE CASE

One of the most important particularities of our case is the 
sudden and atypical onset of the PCL with the appearance 
of acute renal failure, with the necessity of hemodialysis. 

The polyserositis revealed at diagnosis (bilateral pleurisy, 
minor pericarditis, average amount of ascites) was a medi-
cal challenge in establishing a correct and early diagnosis.

The concomitant presence of osteolytic lesions and 
spontaneous pathological bone fractures in association 
with acute renal failure should raise each doctor’s suspi-
cion of possible myelomatous pathology.
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A 66-year-old man presented at the emergency room with severe pain, dyspnea, 
dizziness, and a significant medical history for cardiovascular disease including 
multiple episodes of constrictive chest pain that started 3 weeks before admission, 
ischemic heart disease, three previous ischemic strokes, arterial hypertension, as 
well as prostate adenocarcinoma treated with radio- and chemotherapy. 

The clinical examination revealed hypotension (70/40 mmHg), tachycardia 
(134 beats per minute), and right body motor deficit; vesicular breath sounds with 
wet pulmonary crackles in the lower region of the pulmonary projections, bilater-
ally, and a systolic murmur in the mitral auscultation point. 

The electrocardiogram was interpreted as sinus rhythm with a heart rate of 134 
beats per minute, right bundle branch block, and qS waves with negative T waves 
in the inferior leads. The laboratory analyses showed mild anemia, hypertriglyc-
eridemia, myocardial necrosis enzymes at the upper limit values — NT-proBNP 
6,748 pg/mL, D-dimer >5.00 µg/mL. The echocardiographic examination found a 
systolic depressed function of the left ventricle with lateral wall hypokinesia, a peri-
cardial collection with concentric distribution of 34 mm, partial right atrium and 
mid/end-diastolic right ventricle collapse, a pseudoaneurysm of the posterior wall 
of the left ventricle with a thrombus of 50 mm, as well as stage III ischemic mitral 
regurgitation (Panel A). The computed tomography angiography and cardiac com-
puted tomography scan revealed the left ventricle pseudoaneurysm and thrombus 
mass (Panel B), as well as new findings such as a dissected aneurysm at the level of 
the ascending aorta (82.4 mm) with a circulating lumen of 45 mm (Panel C).

The patient was diagnosed with recurrent inferior myocardial infarction, re-
cently complicated with a ruptured inferior-wall pseudoaneurysm of the left ven-
tricle, hemorrhagic pericardial effusion, a hemodynamically significant ischemic 
mitral regurgitation, and aortic dissection. 

In post-myocardial infarction patients, with complications such as left ventricu-
lar pseudoaneurysm, cardiovascular surgery recommendations include a delayed 
surgical correction that should follow a complete stabilization of the vital para- 
meters of the patient and diagnostic coronary angiography.1,2 Noninvasive im-
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aging methods can be used for accurately diagnosing and 
assessing myocardial infarction complications, including 
transthoracic and transesophageal echocardiography and 
cardiac computed tomography.3 The rupture of a left ven-
tricular pseudoaneurysm is a rare and fatal complication of 
myocardial infarction.4,5

The patient agreed to the publication of her data, and 
the institution where the patient had been admitted, ap-
proved the publication of the case.
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We present the case of a 34-year-old male patient, hypertensive, smoker, and 
diabetic, who was admitted from the Emergency Unit where he presented for 
typical angina pectoris with several days onset, heightened on the day of admis-
sion. In the context of typical signs and symptoms for acute coronary syndrome, 
the physical examination revealed arterial hypertension (blood pressure value 
of 140/70 mmHg) with high additional cardiovascular risk. The laboratory tests 
revealed elevated levels of serum biomarkers characterizing renal function (urea 
58 mg/dL, creatinine 1.15 mg/dL), mild anemia (hemoglobin 9.6–11 g/dL),  
and a positive troponin level, while all other cardiac enzyme levels were in nor-
mal ranges. An electrocardiogram was performed, which revealed normal sinus 
rhythm, with a frequency of 65 beats per minute, left axis deviation, hyperacute 
T waves in leads V1 to V4, and right bundle branch block (Panel A). In order 
to assess the presence of possible coronary artery lesions in this patient with 
a high cardiovascular risk due to multiple comorbidities, an invasive coronary 
angiography was performed. The examination was well-tolerated, without any 
complications. Upon coronary angiography, no thrombotic lesion was revealed, 
and one non-significant lesion was described on the anterior descending artery 
(40%), without indication for revascularization. However, at this level, an unusu-
al persistence of the iodinated contrast agent was revealed (Panel B). In order to 
certify the real origin of the chest pain that appeared recently in a young patient 
with multiple comorbidities (type 2 diabetes mellitus, high blood pressure, obe-
sity, dyslipidemia), an optical coherence tomography (OCT) examination was 
performed to evaluate in detail the coronary system and to detect a possible vul-
nerable plaque responsible for the symptoms. The OCT examination described 
a 2 cm long vulnerable plaque with inflammatory cells and spontaneous dissec-
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PANEL A. Electrocardiogram showing normal sinus rhythm, with a frequency of 65 beats 
per minute, left axis deviation, hyperacute T waves in V1–V4, right bundle branch block

PANEL B. Coronary angiography showing no thrombotic lesion and one non-significant 
lesion on the anterior descending artery (40%), without any revascularization indication
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tion that most likely occurred through an intravascular 
vasa vasorum rupture within the first segment of the ante-
rior descending artery (Panel C). During hospitalization, 
the patient had received a conservative pharmacological 
treatment with dual antiplatelet therapy (Aspirin 75 mg 
per day, Ticagrelor 90 mg, two times per day), statins (Ro-
suvastatine 20 mg daily), beta-blocker (Carvedilol 6.25 mg,  
two times per day), angiotensin-converting enzyme in-
hibitor (Ramipril 5 mg, two times per day), which led to a 
significant improvement in his symptoms.

The patient agreed to the publication of his data, and the 
institution where the patient had been admitted, approved 
the publication of the case.

Acute myocardial infarction is an exceptional diagnostic 
entity in young adults. Generally, young coronary artery 
disease patients have risk factors such as chronic smoking, 

hypertension, and diabetes, and a significant percentage 
of these patients present with angiographically normal or 
near-normal coronary arteries.1 Acute myocardial infarc-
tion may be caused by spontaneous coronary artery dis-
section (SCAD). SCAD is defined by non-traumatic or 
non-iatrogenic separation of the coronary artery wall as-
sociated with intramural hematoma, which appears mostly 
in young and middle-aged patients, especially in women. 
The diagnosis can be difficult, and in many cases it starts 
from a clinical suspicion. Coronary angiography has some 
limitations in identifying the modifications that affect the 
artery wall. Advanced new imaging techniques, such as 
OCT and intravascular ultrasound (IVUS), are useful in 
visualizing the intimal disruption, intramural hematoma, 
or the false lumen, three important elements for the diag-
nosis of SCAD. Most frequently, SCAD occurs in the left 
coronary artery and its branches (45–61%), followed by 
the circumflex artery (15–45%), the right coronary artery 
(10–39%), and the left main artery (0–4%). Recent guide-
lines do not recommend stent implantation due to the risk 
of stent malposition, and revascularization is only recom-
mended to patients with recurrent angina. Conservative 
therapy might be useful because SCAD tends to present 
spontaneous vessel healing. Prognosis in an acute coro-
nary syndrome with SCAD is better compared with cases 
without SCAD, but there is a high risk of recurrence in 
these patients.2–4 
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We present the case of a 61-year-old female patient, who was admitted in 
the Clinic of Surgery I of the County Emergency Clinical Hospital of Tîrgu 
Mureș in May 2017, presenting with the following complaints: intermittent 
abdominal pain located in the right upper quadrant, nausea, and vomiting, 
which started approximately one year before. Until hospital admission, several 
ultrasounds were performed in outpatient conditions, in a gastroenterology 
clinic, showing uncertain diagnoses such as asymptomatic gallbladder with 
serous hepatic cyst compressing the cystic duct; serous hepatic cyst with split 
gallbladder; double gallbladder or gallbladder diverticulum. The clinical ex-
amination revealed a positive Murphy sign. The liver function and biological 
laboratory tests were normal. Abdominal computed tomography revealed a 
normal liver with a cystic lesion apparently developed in intimate contact with 
the gallbladder, with an elongated shape, having dimensions of 65 × 64 × 48 
mm and cholelithiasis. After a short biological and anesthesiology preopera-
tive preparation, we performed a laparoscopic “monobloc” cholecystectomy 
with ideal cystectomy, using an electrothermal bipolar sealing device (LigaS-
ure MarylandTM) for the lithiasic gallbladder, which was inserted directly in 
a serous hepatic cyst (Panel A). During the preparation of the Calot triangle, 
we found only one cystic duct (Panel B) and one cystic artery (Panel C). The 
gallbladder and the cyst were extracted “en bloc” (Panel D). Upon visual ex-
amination, we noticed two united cavities filled with different liquids: bile in 
the anterior cavity (gallbladder) and serous liquid in the posterior one (serous 
hepatic cyst). Apparently, these entities had no communication which each 
other; this was confirmed by the anatomopathological examination (chronic 
gallbladder lithiasis with extensive fibrosis in the fibromuscular layer, which 
comes into intimate contact with the serous hepatic cyst). The postoperative 
evolution of the patient was favorable, and she was discharged in the second 
day after surgery.

The treatment options of serous hepatic cyst include percutaneous drainage 
with sclerotherapy, surgical cystectomy, or marsupialization.1–4 In this case, the 
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surgical approach was for a monobloc removal of both the 
cyst and the gallbladder for an ideal treatment.

The patient agreed to the publication of her data, and 
the institution where the patient had been admitted, ap-
proved the publication of the case. 
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To enhance the natural white color of the teeth, the application of a bleaching 
agent is used. It is a common technique in cosmetic dentistry, representing one of 
the most demanded procedures in the dental office.1

 Dentistry professionals use several bleaching techniques, including bleach-
ing strips, pens, specific gels, and laser tooth-whitening methods. Teeth whiten-
ing techniques commonly utilize carbamide peroxide- or hydrogen peroxide-
based solutions.2–4

Our objective was to assess the change in color following the action of various 
extrinsic substances (methylene blue-based oral antiseptic, black coffee, Coca-
Cola, black tea, red wine, and blueberry jam) and the teeth’s ability to return to 
their initial shade after bleaching.

We carried out an in vitro study using 34 teeth of various shades identified 
with the VITA Shade Key (Panels A, D, G, and J). The teeth were immersed into 
the extrinsic substances for 24 hours (Panels B, E, H, and K). We can notice that 
every tooth became darker than its initial shade. The last step was to bleach the 
colored teeth using 14% hydrogen peroxide for 30 minutes.5,6 After application 
of the whitening agent, the teeth gained a whiter shade, but they could not reach 
the initial one (Panels C, F, I, and L). The images show that the most spectacular 
changes occurred while using blueberry jam (Panels A, B, and C), Coca-Cola 
(Panels D, E, and F), red wine (Panels G, H, and I), and methylene blue-based 
oral antiseptic (Panels J, K, and L).

We can conclude that Coca-Cola, blueberry jam, red wine, and black tea had 
the strongest effect. Most teeth had a satisfactory shade after the bleaching, but 
none of them returned to the initial aspect. The methylene blue-based oral an-
tiseptic turned out to be the least aggressive agent, the final shade being coinci-
dent with the initial one (Panels J, K, and L). Aggressive bleaching can lead to 
deterioration of the tooth by dehydration and demineralization, even if it tem-
porarily looks whiter for a certain period. 
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