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Coronary angioplasty (PCI) is probably the 
most important invasive therapeutic tool deve-
loped in cardiology in the last 30-40 years. As we 
know, it addresses to obtain reperfusion in is-
chemic heart disease and especially in acute 
myocardial infarction (AMI). Reperfusion in large 
coronaries is obtained in almost all cases. But – 
here comes the drama – reperfusion in the myo-
cardium is less. Some authors believe that 
no-reflow (NR) is common in about 10% of in-
terventions in AMI, others suggest a proportion 
of 60% (!) (1), while the solid study published a 
few years ago by Rezkalla (2) reports that 32% of 
coronary angioplasties in AMI are followed by 
the no-reflow phenomenon. These figures may 
be influenced by the diagnostic method used 
and we will make further comments on this sub-
ject.

No-reflow phenomenon is a serious problem 
which is caused by many reasons. Firstly, the prog-
nostic impact of no-reflow is great and counter-
balances the immense advantage of getting reper-
fusion in large coronaries. Secondly, we do not 
know the exact mechanism. Thirdly, current the-
rapies are more or less disappointing  (1, 3, 4).

The prognostic implications are important. 
Firstly, it is clearly demonstrated that the ejection 
fraction is lower, remodelling of the left ventricle 
is worth, consecutive heart failure is more severe 
and cardiac rupture more common after PCI in 
AMI in patients with NR comparatively to those 
without NR (1, 3). One simple explanation is 
that, if there is NR, repairing cells and humoral 
factors cannot enter in that area to promote 
healing. What is the most important, the pro-
gnostic importance of NR is huge. In patients 
with NR, the one-year and five-year risk of death 
is three and two times higher, respectively, than 
in those without NR (3).

The main diagnostic tools come from coro-
narography. TIMI Grade less than 3, Myocardial 
Blush Grade less than 3 or higher TIMI frame 
count are currently used to diagnose and try to 
quantify the no-reflow (1, 3). However, all these 
three methods are not perfect, because the com-
plexity of the NR phenomenon develops after 
performance of coronarography in the acute 
phase. For this reason, magnetic nuclear reso-
nance (MRI) is the best method to diagnose NR. 
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It is demonstrated that up to 60% of patients 
with a TIMI or Blush score of 3 (means normal 
perfusion) have actally elements of no-reflow at 
MRI (3). Contrast echocardiography or scintigra-
phy may also be taken into account, but they do 
not have the diagnostic value of MRI.

The physiopatholgy of NR is complicated. 
The main mechanisms involved include myocar-
dial edema developed during acute ischemia 
prior to reperfusion, which compresses the intra-
myocardial vessels, and reperfusion injury 
caused by the free radicals developed during 
ischemia and which damages the myocardium 
and microvessels once they are spread when re-
perfusion is restored or distal embolization of 
atheroma debris or platelet rich microthrombi 
are displaced by the baloon during the proce-
dure (1, 3). If so different mechanisms are sup-
posed to act, it is clear that a single therapy 
cannot be imagined.

Indeed, therapies for every of the imagined 
mechanisms were applied and unfortunately, 
not a single one succeeded in being significantly 
effective. Some benefit is obtained, however.

Non-pharmacological approaches:
• Thrombus aspiration is a logical ap-
proach, in order to block supposed microem-
boli during baloon inflation. Aspiration of 
thrombi before PCI and stenting as well as 
using devices distal to the baloon to catch the 
microemboli showed no reduction of NR and 
no clinical benefit (1, 3, 4).
• Mechanical ischaemic postconditioning 
is based on experimental data showing that 
brief and repeated ischaemia provoked by 
baloon inflation immediately after reflow 
may significantly reduce the infarct size. Ini-
tial data on few patients suggested such a re-
duction by 40-50%. However, consecutive 
studies on large population of reperfused 
AMI showed no clinical benefit (3).
Pharmacological therapies were addressed to 

different supposed mechanisms.
• Adenosine is a potent arteriolodilator. It 
had initially good results in small trials, but 
later on, serious trials such AMISTAD II 
showed no clinical benefits. Adenosine was 
even injected in coronaries, with no effect. 
Only some late small trials suggested reduced 
short term mortality (3).
• Glycoprotein IIb/IIIa inhibitors were 
supposed to act on microemboli produced 

by the distruction of the occluding thrombus 
of the large coronary. Small benefits were 
noted by using intracoronaru abciximab (2).
• Various calcium channel blockers were 
tried, including verapamil, diltiazem and ni-
cardipine. The clinical benefit was small, but 
it was foud repeatedly (1-3).
• Sodium nitroprusside administered by 
intracoronary repeated small bolus injections 
showed benefit on major adverse events. To-
day it is considered the main pharmacologic 
adjunct, but hypotension should be drasti-
cally monitored (2, 3).
• Metoprolol has been also tested, with 
some promising results (3).
• Other pharmacologic therapies such as 
epinephrine, nicorandil, imatinib, cyclospo-
rine A or liraglutide were tested on small 
groups of patients (1-3).
The most promising approach to reduce the 

no-reflow phenomenon seems to be the combi-
nation of mechanical and some pharmacological 
approaches adjunctive to the large coronary re-
perfusion procedure (1).

From all these, the only therapy able to fight 
no-reflow which is mentioned in the 2017 ESC 
STEMI Guidelines involves the use of abciximab 
as a bailout procedure in the postinterventional 
moments. But this is only a IIa C recommenda-
tion (5). The ACCF/AHA Guidelines for STEMI 
date back to 2013 (6). In the text it is mentioned 
that ”No-reflow is associated with a reduced sur-
vival rate”, thrombus aspiration and some phar-
macological approachs for NR are mentioned in 
two phrases, both finishing with the assumptions 
”without consistent effect” or ”not all studies 
have shown positive results” (6). In an American 
comment on the 2017 ESC Guidelines on STEMI, 
there are 10 points of observations. From these, 
the first seven make reference to PCI reperfu-
sion, which may be a main therapeutic tool (7). 
No mention of no-reflow in these comments. All 
the other European or American Guidelines on 
AMI in the last decade do not comment on the 
no-reflow phenomenon.

We may say that:
• PCI reperfusion is the main non-phar-
macological tool in AMI (and probably the 
main therapy overall)
• In all cases, no-reflow appears (proba-
bly) during the procedure 

oK-flow, no-reflow
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• No-reflow consistently produces a worth 
prognosis and increased mortality
• Many possible mechanisms are sup-
posed for NR, but no one is considered to be 
the main
• From the more than 10 therapies which 
have been tested, only one – abciximab – is 

mentioned as a IIaC bailout procedure in 
only one of the many European and Ameri-
can Guidelines on AMI in the last decade.
Interventional revascularization in AMI is the 

main therapeutic tool in AMI. The accompany-
ing no-reflow is the main unconquered for-
tress. q
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ABSTRACT
10-Hydroxy-2-decenoic acid (10-HDA) as the main component of royal jelly has pharmacological 

characteristics. But the influence of 10-HDA on skin photoaging and photo damage is poorly understood. In 
the present study, we used 10-HAD immediately after UVA exposure and tested the effects on the attenuation 
of LMNAΔ150 expression in cultured human dermal fibroblasts.

Human dermal fibroblasts (cultured cells) were exposed to UVA irradiation. The mRNA level of LMNAΔ150 
was determined by Taqman Real-Time PCR Assay.

Real-time PCR analysis of LMNAΔ150 transcripts indicated that the level of LMNAΔ150 transcripts was 
higher in the UVA exposed group than the group treated with 10-HAD after UVA exposure (>8.22-fold). The 
LMNAΔ150 expression is down-regulated in human dermal fibroblasts after treatment with 10-HDA.

 It can be concluded that treatment with 10-HDA suppresses the UVA-induced gene expression of 
LMNAΔ150 and protects skin from UVA-induced photoaging and photo damage.

Keywords: 10-HAD, UVA, LMNAΔ150, photoaging.

2019; 14(4): 327-331

INTRODUCTION

Photo-damage and photoageing is un-
der the control of several genetic and 
environmental risk factors such as UV 
index (1). The sun is the main source 
of environmental UV. The UVR con-

sists of three bands of different wavelengths: one 
of 320-400 nm (UVA), an average wave length of 
290-320 nm (UVB) and a wave length of 

200-290 nm (UVC) (2). The UVC does not usu-
ally reach the surface of the Earth and is absorbed 
almost entirely in the upper stratosphere and 
only slightly passes through that ozone layer. 
About 95% of the solar radiation is UVA and 
~ 5% is UVB (3). Intrinsic aging changes have 
been observed in areas permanently protected 
from sunlight, while additional exposure to sun-
light is chronic as a result of aging of the skin. The 
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main factor in the evolution of the extracellular 
matrix of the dermal layer in the skin is mainly 
due to UVA light. However, UVB rays reach the 
top of the dermal layer and can induce dermal 
changes through epidermal signaling to the der-
mis (4). In fact, exposure to sunlight induces cell 
damage and therefore accelerates the process of 
inherent aging (5). 

Royal jelly is a yellow matter and a honeybee 
product. The specific components of royal jelly 
are fatty acids, 10-hydroxy-2-decenoic acid 
(10-HDA) and 10-hydroxy decanoic acid (HDAA). 
Royal jelly is well identified on behalf of its protec-
tive properties on reproductive health, neurode-
generative disorders, wound healing, and aging 
(6). Royal jelly decreases melanin synthesis and 
inhibits the expression of melanogensis-associa-
ted proteins and genes. 10-HAD 
(10-hydroxy-2E-decenoic acid) is the major lipid 
component of royal jelly, which is widely taken by 
human as a health food could be used to delay 
aging and onset of age-related diseases (7). 
10-HDA is an unsaturated fatty acid produced 
from honeybees (8). 10-HDA has longevity-pro-
moting properties in C. elegans (9). It down-regu-
lates matrix metalloproteinases and inhibits 
VEGF-induced angiogenesis (10). 10-HDA pro-
motes collagen construction in skin fibroblasts 
(11). Therefore, it may be a useful tool for the 
management and treatment of skin photoageing 
(12). Zheng et al (2013) indicated that 10-HDA 
could stop UVA-induced damage and reduce 
MMP-1 and MMP-3 genes transcriptional activity 
(13). Several literature data indicate the role of 
progerin in skin aging (14-16). Point mutation of 
cytosine to thymine at position 1824 in exon 11 
of LMNA gene causes a truncated form of lamin A, 
which is defined as progerin. In humans, the 
A-type, lamin A (74 kDa) is encoded by a gene 
located on the chromosome 1q21.2-q21.3. 
Lamins A and C as intermediate filenames are en-
coded by LMNA gene. These nucleophilic pro-
teins are isoforms and created by altered splicing 
of exon 10 of LMNA gene. To date, more than 
40 mutations, mainly missense, have been repor-
ted in the LMNA gene, which results in variable 
phenotypes (17). Approximately 90% of cases 
with Hutchinson-Gilford progeria syndrome 
(HGPS) are caused by a de novo mutation within 
exon 11 of the LMNA gene (1824C→T) (18). The 
alternate splicing in exon 11 of the LMNA gene 
leads to low production of wild-type pre-lamin A 

transcripts but high production of mutant 
pre-lamin A transcript missing the latest 150 nu-
cleotides (a truncated prelamin A). The mutated 
transcript encodes a mutant pre-lamin A protein 
with 50 amino acid deletion that is called proge -
rin (19). The normal lamin A protein plays a major 
role in determining the form of the nucleus in 
cells. Alterations that cause the HGPS generate an 
unusual lamin A protein that causes instability of 
the nuclear coating and permanently damages 
the nucleus and DNA. Progerin accumulation not 
only causes the abnormal shape of the nucleus, 
but also disrupts the function of the nucleus, in-
cluding altering histone modification patterns, ab-
normal chromatin regeneration, impaired nuclear 
transfer, delay in DNA repair response, shortening 
the length of the nucleus telomeres and increased 
activation of p53, which will ultimately lead to a 
reduction in cell lifetime due to early cellular 
aging (20). The disruption of laminar gene pro-
cessing, which results in progerin production, is 
considered an aging cell biomarker (21). Pro ge -
rin-associated nuclear envelope is involved in cel-
lular aging associated with DNA damage repair (21). 

The most of Iranian cities have a desert cli-
mate. It is essential to evaluate the risk of UV-asso-
ciated health problems. In this study, we used 
10-HAD immediately after UVA exposure and 
tested the effects on the attenuation of lamin 
AΔ150 expression in cultured human dermal fi-
broblasts. q

MATERIALS AND METHODS

Cell culture

Human dermal fibroblasts were used in this inves-
tigation. The cells were cultured in Dulbecco’s 
modified Eagle’s media (DMEM; Gibco, Grand 
Island, NY, USA) supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin/streptomy-
cin antibiotics (Gibco, Scotland) at 37 °C in 5% 
CO2 atmosphere under 90-95% humidity. The 
cells were trypsinized after reaching 80% conflu-
ence using 0.25% trypsin-EDTA solution (Gibco, 
USA). The study was approved by the Clinical Re-
search Ethics Committee of Urmia University of 
Medical Sciences, Urmia, Iran.

Ultraviolet irradiation and 10-HDA treatment

The cells were seeded into wells and were washed 
with PBS before radiation; a culture plate of cells 
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was irradiated with Philips UVA lamp with a spec-
trum between 320 and 400 nm at room tempera-
ture. After irradiation, the cells were treated with 
DMEM with or without 10-HDA medium con-
taining 10% FBS to escape from stress and reco-
very. 10-HDA was dissolved in PBS. The control 
cells followed the same medium change proce-
dure. 

Acridine orange/propidium iodide (AO/PI) 
assay

AO/PI assay were used for determination of cell 
viability.

RNA extraction and cDNA synthesis 

Total RNA was isolated from cultured cells using 
the RNX Plus Solution Kit (SinaClon) (Catalog 
Number: RN7713C) with minor modifications. 
RNA pellets were dissolved in 50 microliters of 
nuclease-free water, quantified via a BioPhotom-
eter (Eppendorf AG, Hamburg, Germany). Two 
microliters RNA was reverse transcribed with ran-
dom hexamers using the revertaid first standard 
synthesis kit (Fermentas, Lithuania) according to 
the manufacturer’s instruction at 65 °C for 5 min, 
25 °C for five minutes, 42 °C for 60 minutes and 
70 °C for five minutes.

Taqman quantitative real-time PCR

Taqman quantitative real-time PCR method was 
performed for determining the progerin mRNA 
level in tested samples. Real-time PCR was carried 
out via Premix Ex Taq Probe qPCR (TaqMan) 
(TaKaRa), primer pairs (5’-actgcagcagctcgggg-3’ 
and 5’-tctgggggctctgggc-3’ for LMNAΔ150 in 
exon 11) (22), with glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) as internal control. The 
real-time PCR settings were as follows: initial 
denatu ration at 95 °C for 15 minutes, followed by 
40 cycles of 95°C for 15 seconds and 58°C for 
60 seconds. Reactions were performed in dupli-
cate. 

Statistical analysis

Analysis of relative gene expression data was per-
formed using the 2-ΔΔCt Method (23). All parame-
ters were reported as means±standard error (SE). 
Relative amounts of mRNA expression were com-
pared between two groups using the independent 
sample t test. Statistical analyses were done by 

means of SPSS software for Windows (version 16, 
SPSS Inc. Chicago, IL, USA). Differences were 
considered to be significant at P-value < 0.05. q

RESULTS 

Cell viability/non-viability results are depicted 
in Figure 1.

RNA was extracted from cultured cells in tes-
ted groups. Taqman assay used for quantification 
of lamin AΔ150 transcripts in the tested samples. 
Real-time PCR analysis of lamin AΔ150 transcripts 
indicated that lamin AΔ150 was the most highly 
expressed in the UVA exposed group. The levels 
of AΔ150 transcripts in the UVA exposed group 
were higher, >8.22-fold, than the levels of AΔ150 
transcripts in the group treated with 10-HAD after 
UVA exposure. It can be found that 10-HAD has 
protective role against the UVA irradiation, re-
garding to high expression of lamin AΔ150 tran-
scripts in the exposed group. This may indicate 
that the lamin AΔ150 expression is up regulated 
after UVA irradiation in cultured human dermal 
fibroblasts. And also, the lamin AΔ150 expression 
is down-regulated after treatment with 10-HAD. q 

10-HDA Prevents UvA-InDUceD exPressIon of LAmIn AΔ150 In HUmAn DermAL fIbrobLAsts

FIGURE 1. a) Control group, healthy cells without change in nucleus 
of the cells, indicating that cells are viable (healthy cells show a green 
nucleus with intact structure); b-d) cells receiving UVA exposure show 
DNA fragmentation in cells undergoing apoptosis and condensation 
of the nucleus as dense orange areas. AO/PI assay were used for 
determination of cell viability.
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DISCUSSION

UV energy divided in three components in-
cluding UV-A, -B and -C. UV-A having the high-
est energy that influence a variety of cells and 
tissues. UV-A is proficient at production of reac-
tive oxygen species to facilitate DNA damage. 
So, this leads to generation of mutations and any 
other modifications that have been associated 
with a variety of skin diseases including inflam-
mation, aging and cancer (23). Progerin (prela-
min AΔ150) is caused due to a point mutation 
within exon 11 of the LMNA gene (1824C→T) 
that alternate splice donor site. The splicing re-
duces wild-type prelamin A expression but in-
creases the expression of a truncated prelamin A 
(progerin) (24). It has been demonstrated that 
expression of progerin is a biomarker for normal 
aging in human skin (25). Fong et al. reported 
that prelamin A was toxic to cells and its accu-
mulation was responsible for the disease pheno-
types in vivo. Also, reducing of prelamin A levels 
by as little as 50% runs a remarkable protection 
from disease (26). Progerin expression results in 
accumulation of ROS-mediated oxidative da-
mage and consequently, protein oxidation and 
accumulation, that could not be resolved by cel-
lular repair systems. Theses process results in ac-
cumulation of damaged cells and donate consi-

derably to aging (27, 28). Large bodies of studies 
have been conducted to evaluate the influence 
of 10-HDA on skin photoageing and its potential 
molecular mechanisms. Some studies indicated 
the protective influence of 10-HDA on UVA-in-
duced aging in human dermal fibroblasts (29-31). 

In this study, our findings implied that 10-HDA 
could down-regulate UVA-induced aging in cul-
tured human dermal fibroblasts and are in agree-
ment with those from other reports (29-32). The 
molecular mechanisms of aging have not been 
completely identified. In this regard, the expres-
sion of the other transcripts at LMNA locus might 
be evaluated. In this study, there is no data on 
expression of lamins A and C. Future investiga-
tions with larger control groups considering more 
details from older cells might confirm our findings 
in aging models. q 

CONCLUSION

It can be concluded that 10-HDA may poten-
tially protect the skin from UVA induced photo-

aging. q
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ABSTRACT
We investigated the beta rhythm in 10 children with autism disorders (six boys and four girls) aged 

5-12 (mean± SD: 8.3± 2.1) before and after the application of pico Tesla transcranial magnetic stimulation 
(pT-TMS) using magnetoencephalography (MEG). The MEG was car-ried out in a magnetically shielded 
room with a whole-head 122-channel gradiometer. After applying pT-TMS, we observed a beta rhythm 
increase towards the frequency range of 18-26 Hz in seven out of 10 patients (70%). We created a score 
that rated the level of improvement for each patient: 1=some change; 2=minor change; and 3=major change. 
All patients had an improvement in their clinical symptoms after the application of pT-TMS. There was 
a correlation between the clinical score and the increase of channels in the frequency range 18-26 Hz after 
pT-TMS. We concluded that the application of pT-TMS affected the beta rhythm in children with autism 
disorder. Therefore, more studies need to be further conducted.

Keywords: MEG, Fourier transform, autism disorder, beta rhythm.

2019; 14(4): 332-342



333Maedica   A Journal of Clinical Medicine, Volume 14, No. 4, 2019

INTRODUCTION

Autism disorder is a persistent deve-
lopmental disorder characte rized by 
deficits in public communication, 
language, stereotyped behaviors, 
and limited range of interests. Low 

am plitude beta waves with multiple and varying 
frequencies are often associated with active, 
busy or anxious thinking and active concentra-
tion (1-3).

Leuchter et al (4) examined the tolerability of 
low field magnetic stimulation synchronized to 
an individual’s alpha frequency for treatment of 
Major Depressive Disorder and suggested that 
synchronized transcranial magnetic stimulation 
(TMS) may be an effective, safe, and well tole-
rated method. In a pilot study (5), Jin and Phillips 
have also suggested that synchronized TMS 
might be an effective treatment for Major De-
pressive Disorder.

In a previous study (6) we used a pT-TMS 
electronic device for the therapeutic treatment 
of children suffering from autism. In the present 
study, we used our pT-TMS electronic device for 
the therapeutic treatment of children with au-
tism because the higher level of TMS might have 
side effects on pediatric population. This device 
is a modified helmet containing up to 122 coils 
arranged in five array groups, so as to cover the 
main seven brain regions (frontal, vertex, right 
and left temporal, right and left parietal and oc-
cipital regions) of the subject. It is designed to 
create pT-TMS range modulations of magnetic 
flux in the alpha frequency range of 8-13 Hz for 
each patient. We used the a-rhythm because it is 
the individual physiological rhythm. We have 
also tested other frequencies as well as other 
forms of oscillations before, but there were no 
effects. The pT-TMS device was configured for 
each individual patient to generate a square 
wave, so as to resemble the firing activity of neu-
rons in the brain (7-14).

This research is a continuation of our previ-
ously published work investigating the delta and 
theta rhythm after the application of pT-TMS in 
children with autism disorder using a double 
blind experimental design (8). In the current 
study we investigate the beta rhythm in children 
with autism disorder after the application of 
pT-TMS. q

METHOD

Biomagnetic measurements were performed 
using a whole-head 122-channel magneto-

encephalograpy (MEG) system (Neuromag-122, 
Neuromag Ltd. Helsinki, Finland) (7-14) in an 
electromagnetically shielded room. Ten children 
with autism (six boys and four girls, aged 5-12 
(mean± SD: 8.3± 2.1) were included in the 
study. The Investigational Review Board of our 
University approved the research. For all chil-
dren, informed consent for the study me thodo-
logy and aim was obtained by their parents prior 
to procedure.

All children were under similar conditions (at 
rest with eyes closed in order to avoid artifacts) 
during the MEG. All MEG data tracings were vi-
sually inspected off-line for movement artifacts 
and periods contaminated with artifacts were cut 
off. The time taken for each recording was three 
minutes in order to ensure alertness for each 
child. 

Each child was comfortably seated on a 
non-magnetic chair in a magnetically shielded 
room covered by the helmet-shaped Dewar. The 
resting state MEG recordings were obtained with 
a sampling frequency of 256 Hz and filtered with 
cut-off frequencies between 0.3 and 40 Hz. Our 
laboratory developed a software program identi-
fying the amplitude of the primary dominant fre-
quency of MEG power spectra after the applica-
tion of Fast Fourier Transform (FFT) (7-10). We 
used the FFT algorithm to obtain maps of power 
spectra. Different colors in the maps correspond 
to different dominant frequencies. The numbers 
in the map squares represent the 122 MEG chan-
nels. q

RESULTS

Table 1 shows the clinical characteristics of 
each child that have already been described 

previously (8). We created a score that rates the 
level of improvement for each patient: 1=some 
change; 2=minor change; and 3=major change. 
All patients had an improvement in their clinical 
symptoms after the application of pT-TMS, so 
they had clinical score 1-3. Figures 1-10 repre-
sent the maps and overlapping of the power 
spectra in the frequency range of 14-26 Hz (beta 
rhythm) before and after pT-TMS application for 

betA rHytHm In AUtIstIc PAtIents AnD tms 
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each child. Patients 4, 6 and 7 had no increase in 
channels in the frequency range 18-26 Hz after 
pT-TMS.

Figure 11 shows the correlation between the 
clinical score and increase of channels in the 
range of 18-26 Hz after pT-TMS. In the diagram, 
the number of channels for each patient is the 
difference before and after pT-TMS. If the diffe-
rence was positive, we put the corresponding 
number, whereas if it was negative (in patients 4, 
6, and 7) we put zero, meaning that we have not 
seen any increase of channels in the frequency 
range 18-26 Hz after the application of 
pT-TMS. q

DISCUSSION

In our study we found a correlation between the 
number of channels that increased in the range 

of 18-26 Hz with the clinical score after pT-TMS. 
The mechanism by which the application of the 
pT-TMS has some beneficial effects in the autistic 
patients is unidentified. The mechanism of ac-
tion is different from the traditional TMS because 
of the extremely small magnetic field. However, 
one possible cause is that these magnetic fields 
(pT-TMS) have been shown to influence the ac-
tion of the pineal gland (PG), which regulates the 
endogenous opioid functions, dopaminergic 

betA rHytHm In AUtIstIc PAtIents AnD tms 
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FIGURE 1. The maps and overlapping 
of power spectra before and after pT-TMS 
for patient 1. The patient expressed a small 
improvement in the list of disorders.

FIGURE 2. The maps and overlapping 
of power spectra before and after pT-TMS 
for patient 2. The patient expressed a small 
improvement in the list of disorders.
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FIGURE 3. The maps and overlapping 
of power spectra before and after pT-TMS 
for patient 3. The patient expressed major 
changes.

FIGURE 4. The maps and overlapping 
of power spectra before and after pT-TMS 
for patient 4. The patient expressed mixed 
changes.
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FIGURE 5. The maps and overlapping 
of power spectra before and after pT-TMS 
for patient 5. The patient expressed major 
changes.

FIGURE 6. The maps and overlapping 
of power spectra before and after pT-TMS 
for patient 6. The patient expressed minor 
changes.
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FIGURE 7. The maps and overlapping 
of power spectra before and after pT-TMS 
for patient 7. The patient expressed minor 
changes.

FIGURE 8. The maps and overlapping 
of power spectra before and after pT-TMS 
for patient 8. The patient expressed major 
changes.
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FIGURE 9. The maps and overlapping of 
power spectra before and after  
pT-TMS for patient 9. The patient expressed 
major changes.

FIGURE 10. The maps and overlapping 
of power spectra before and after pT-TMS 
for patient 10. The patient expressed minor 
changes.
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modulation and GABA. Two patents established 
the role of PG after pT-TMS (7, 14). Anninou and 
Tsagas’s patent (15) revealed the strengthening of 
the immune system which is controlled by the 
PG. Anninos et al’s patent (6) demonstrated the 
decalcification of epiphysis by means of magne-
tic fields with characteristics determined by MEG 
and our pT-TMS device. 

Another point which is related to PG is the 
alpha rhythm. Since the full expression of alpha 
rhythm has been known to occur with puberty, it 
is possible that the establishment of alpha rhythm 
is subject to neuroendocrine influences. 
Nocturnal plasma melatonin levels have been 
shown to decline gradually during childhood, 
reaching a lower point at puberty. This progressive 
decline in melatonin secretion throughout 
childhood facilitates the maturation of alpha 
rhythm. So, the change of alpha rhythm could be 
used as a neurophysiological indicator for the 
action of PG and for the disorders associated 
with missing or delayed maturation of the alpha 

rhythm such as autism, dyslexia, epilepsy, 
Parkinson disease, etc, which might be related to 
disturbances of PG melatonin functions in early 
life (16). q

CONCLUSION

The pT-TMS has the potential to non-invasively 
improve symptoms in autism patients. Addi-

tional investigations with a larger number of pa-
tients and replication of results provided by the 
pilot study by other research centers are re-
quired. q 
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ABSTRACT
Introduction: An effective pain control significantly contributes to an optimal dental treatment in 

pediatric dentistry. This study was conducted to compare children’s pain perception and behavioral feedback 
during local anesthetic injection accompanied with counter-irritation, refrigerant, ice precooling or topical 
benzocaine. 

Methods: This study was conducted on 99 children who needed dental treatment in bilateral maxillary 
primary molars by local anesthesia. Subjects were randomly assigned to three groups, in which the injection 
site was prepared using counter-irritation in group I, ice precooling in group II, and refrigerant spray 
precooling in group III. In all three groups, 20% benzocaine gel was used in the injection site of opposite 
quadrant as a control. The perceived pain and behavioral feedback of children during injection were 
evaluated using the visual analogue scale (VAS) and sound, eye, and motor (SEM) indexes. Sign and 
Kruskal-Wallis tests were used to analyze data at a significance level of P < 0.05.
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INTRODUCTION

An effective pain control significantly 
contributes to an optimal dental 
treatment in pediatric dentistry (1). 
Proper pain prevention may enhance 
the child’s cooperation by building 

dentist-child trust and alleviating fear and/or 
anxiety during the current or future visit(s) (2). In 
children, dental anxiety or fear can be an impor-
tant barrier to accepting and tolerating treat-
ment, being also a major underlying factor of 
behavior management problems (3, 4). Impro-
per pain control will also prolong the duration of 
dental treatment due to the child’s uncoopera-
tive behavior (5). Therefore, local anesthesia and 
pain control form the backbone of pleasant den-
tal treatment for children. 

On the other hand, local anesthesia admini-
stration is an anxiety-provoking procedure for 
children because of its pain (3, 6). Several tech-
niques have been suggested to reduce pain 
caused by the administration of local anesthesia 
including topical anesthesia, distraction method, 
warming the anesthetic solution, regulation of 
the injection rate, buffering anesthetic agent, 
counter-irritation and local precooling with re-
frigerant spray (7-12). Topical anesthesia has 
been widely encouraged as a method for redu-
cing pain associated with needle insertion (11). 
Distraction during injection is suggested as an-
other favorable method to decrease children’s 
distress and pain perception during local anes-
thesia injection (1). Counter-irritation is per-
formed as a vibrational stimulation by the cot-
ton-roll or dental mirror and causes the 
obstruction of pain signal due to the local anes-

thetic injection resulting in a less painful injec-
tion (12, 13). 

Behavioral feedback of the child during den-
tal injection and treatment can be affected by 
many factors, including self-concept and pre-
vious experience, pain caused by injection and 
anxiety of unfamiliar tools such as syringe (3, 8, 
14, 15). The more familiar tools and pain control 
methods are used for injection, the less do chil-
dren experience fear and anxiety, which would 
provide a better behavioral feedback (8). 

The aim of this study was to compare the ef-
fect of counter-irritation, refrigerant and ice-pre-
cooling techniques with topical benzocaine on 
children’s pain perception and behavioral feed-
back during local anesthetic injection. 

MATERIALS AND METHODS

This randomized controlled clinical trial was 
approved by the Ethical Committee of Dental 

School (Ethical Code: TBZMED.REC.13960100) 
and was registered in the national Registry of 
Clinical Trials (IRCT2017020831608N2). Guide-
lines of the Consort Statement were followed. 
Prior to inclusion, parents of the selected chil-
dren received both written and verbal informa-
tion about the study procedure as well as poten-
tial treatment risks and benefits, and a written 
consent was obtained (16). Children agreed to 
participate.

Participants  

Considering a=0.05, power=80% (17), and a 
mean difference of 1.5 units in children’s beha-
vior feedback score between precooling and 
benzocaine gel methods, with SD of 2.18 and 

cHILDren’s PAIn PercePtIon AnD beHAvIorAL feeDbAck DUrIng LocAL AnestHetIc InjectIon 

Results: The perceived pain was significantly lower when using benzocaine compared to the other 
three methods (P < 0.05). Behavioral feedback of children when using benzocaine was not significantly 
different from the counter-irritation method (P=1.00). However, behavioral feedback with counter-irritation 
was significantly better than precooling (P < 0.05). Counter-irritation was significantly more effective 
than precooling methods in reduction of pain perception and improvement of behavioral feedback  
(P < 0.05).

Conclusions: The perceived pain was significantly lower when the benzocaine method was used. 
Behavioral feedback was significantly better with benzocaine and counter-irritation methods compared to 
precooling procedures.

Keywords: behavioral feedback, counter-irritation, pain perception, precooling.
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2.13, according to the 
study of Lathwal et al 
(7), 33 patients were 
needed in each group. 
Between October 2017 
and March 2018, 
99 children from pa-
tients referred to the de-
partment of Pediatric 
Dentistry at the School 
of Dental Medicine 
were included in the 
current study. 

Children aged 6-10 
with no previous dental 
treatment history and 
bilateral maxillary pri-
mary molars, who required local anesthesia in-
jection for restorative treatment, met the esta-
blished inclusion criteria. Patients with a history 
of systemic or psychological diseases, allergic re-
action to local analgesics, any abscess or fistula in 
the buccal or palatal regions adjacent to injec-
tion area, or dental behavior management pro-
blems were excluded.

Study procedure

The study comprised two consecutive sessions. 
In the first session, the Tell Show Do method was 
employed for all children to allow them become 
more familiar with the dental environment, in-
struments and procedures. Thereafter, subjects 
received prophylaxis followed by a professional 
topical fluoride therapy (18). The included pa-
tients were randomly allocated to three groups 
(33 patients per each group) for the second ses-
sion. Randomization software (RandList, 
ver  sion 1.2; DatInf GmbH, Tubingen, Germany) 
was used to generate random allocation list (19). 

Treatment modality of each injection site in 
each patient was determined by toss of a coin 
prior to treatment administration. The injection 
sites were wiped off the mucosa and saliva, and 
isolation was maintained using cotton rolls and 
suction tips. In group I, one injection site was 
treated by counter-irritation prior to local anes-
thesia using the tip of the dental mirror for thirty 
seconds. In group II, one injection site was pre-
pared by ice-precooling over the buccal mucosal 
surface for one minute. In group III, one injec-
tion site was prepared by pre-cooling with refri-

gerant spray (Coltene Whaledent, NJ, USA) be-
fore the local injection for five seconds. In all 
patients, a thin layer of 20% benzocaine gel 
(Dentonics, Inc., Monroe, NC, USA) was applied 
topically to the injection site on the opposite side 
for one minute as a control (7). Then, an expe-
rienced pediatric dentist performed a local anes-
thesia injection (2% lidocaine and 1/80,000 epi-
nephrine) on both sides with buccal infiltration 
technique, using a 25 mm gauge needle (Tech-
nophar s.p.a., Delebio, Italy). 

Patients’ behavioral feedback during injec-
tion was evaluated by another pediatric dentist 
who had been previously calibrated (κ=0.82) 
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TABLE 1. SEM (sound, eye and motor) index for child behavior analysis

FIGURE 1. Visual Analogue Scale (VAS) index
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and not involved in the study, using the sound, 
eye, and motor (SEM) index (Table 1). Patients 
graded the pain caused by injection using a vi-
sual analog scale (VAS) (Figure 1) (7).

Statistical analysis

Data were tested for normality and the sign test 
was used to analyze children’s pain perception 
and behavioral feedback with the three test 
techniques (counter-irritation, ice- or spray re-

frigerant-precooling) compared to benzocaine 
group. Kruskal-Wallis test was used to compare 
the three test techniques to each other. Statistical 
analysis was performed using SPSS statistical soft-
ware version 17 (Chicago, Illinois, USA) at a sig-
nificance level of 0.05. 

RESULTS

Pain perception during injection was signifi-
cantly lower in the benzocaine group com-

pared to the other three techniques, as indicated 
by VAS score. Means, SDs and exact p-values are 
shown in Figure 2. The minimum, median and 
maximum values of VAS scores are summarized 
in Table 2. The comparison among counter-irri-
tation, refrigerant and ice precooling techniques 
showed that the mean difference in pain percep-
tion in the counter-irritation group was signifi-
cantly lower than the other two techniques. 
However, there was no significant difference be-
tween the refrigerant and ice precooling tech-
niques in terms of pain perception. Mean diffe-
rences, SDs and exact p-values are shown in 
Figure 2.

TABLE 2. The minimum, median and maximum values of VAS score

FIGURE 2. Means, SDs and exact p-values of VAS score for pain perception of children during injection
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Behavioral feedback of children during injec-
tion showed no significant difference between 
the benzocaine group and counter-irritation 
technique, as indicated by SEM scale. However, 
behavioral feedback was significantly better in 
the benzocaine group compared to refrigerant 
and ice precooling techniques. Means, SDs and 
exact p-values are shown in Figure 3. The mini-
mum, median and maximum values of SEM scores 
are summarized in Table 3. Counter-irritation 

technique significantly improved comfort and 
behavioral feedback in comparison to ice pre-
cooling and refrigerant spray technique. The Ice 
precooling group showed a significantly better 
behavioral feedback than the refrigerant spray 
group. Mean differences, SDs and exact p-values 
are shown in Figure 3.

DISCUSSION

Local anesthesia is an integral part of pediatric 
dentistry and child’s behavior guidance. Fear 

of pain and discomfort from injection may lead 
to behavior management problems, lack of com-
pliance, avoidance of dental treatment as well as 
systemic complications such as tachycardia 
(3, 8, 20, 21). Therefore, many efforts have been 
made to identify tools for painless administration 
of local anesthesia.

In the present study, SEM scale was used to 
evaluate patients’ behavior. This scale enables 
the assessment of patients’ eyes, bodily move-
ments, and verbal expressions of discomfort as a 
component response to pain, as well as the de-
gree of intensity of pain sensation (20). Pain was 
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TABLE 3. The minimum, median and maximum values of SEM scores

FIGURE 3. Means, SDs and exact p-values of SEM scale for children’s behavioral feedback during injection
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evaluated based on children’s’ self-report using 
VAS, which was appropriate for school-aged 
children in the stage of concrete operations (20).

Our findings suggested that application of 
topical benzocaine had a significant effect on re-
duction of perceived pain compared to counter-
irritation, refrigerant and ice precooling tech-
niques. This could be elucidated by a superficial 
anesthesia of the neurons induced by benzo-
caine (22). Also, the level of perceived pain in 
the counter-irritation method was significantly 
lower than that observed in the other two me-
thods. Interestingly, among the evaluated the 
methods, topical anesthesia and counter-irrita-
tion have significantly improved children’s be-
havioral feedback comparatively with the other 
two methods. This can be explained by less per-
ceived pain in the benzocaine method, and no 
increased fear of a newer intervention in the 
counter-irritation method, since the dental mir-
ror was a familiar tool to the child before injec-
tion (11, 22). 

Our results are in agreement with those of 
several other studies which showed that topical 
application of 20% benzocaine before injection 
significantly reduced the pain induced by anes-
thetic injection (22-25). On the other hand, 
Shilpapriya et al. demonstrated that counter-irri-
tation had a significantly stronger effect on pain 
relief compared to topical anesthesia cause by 
injection in 6-12-year-old children (11). Also, 
Nanitsos et al showed that counter-irritation has 
significantly reduced the pain caused by injec-
tion compared to no pretreatment prior to injec-
tion (26). The instrument used for counter-irrita-
tion may explain this discrepancy. Shilpapriya 
et al used DentalVibe instrument, which might 
be more effective than the dental mirror in re-
lieving pain during insertion of the injection nee-
dle (11). However, Hutchins et al (27) compared 
counter-irritation through vibration to 20% ben-
zocaine topical anesthesia and reported that the 
latter was more effective in reducing pain. 

Precooling by ice or refrigerant spray is ano-
ther method for reducing pain perception, this 
method having been shown to be more or equal-
ly effective comparatively to topical anesthesia 
with benzocaine on controlling injection associ-
ated pain (20, 28). Kosaraju et al reported that 
pre-cooling by refrigerant was more effective 
than topical benzocaine (28). This finding is not 
in agreement with our study and it may be at-

tributed to the difference in site of the injection 
(palatal mucosa vs. buccal mucosa). The mecha-
nism of action of precooling, called cryoanesthe-
sia, is affecting all cells in the injection area, de-
spite topical anesthetics which affect 
pain-transmitting neurons (7, 20). The mucosa in 
the palatal area has a strong attachment to the 
bone than in the buccal area, and injection in 
the palatal area causes severe pain resulting from 
the pressure due to the volume of anesthetic in-
jection. Therefore, injection in the palatal area 
preceded by precooling might prove less painful 
than the benzocaine method. However, when 
injecting in buccal mucosa, needle insertion ac-
counts for much of injection pain, and benzo-
caine induces more anesthetic effect in pain-
transferring nerve cells than precooling. This 
would explain the less pain associated with in-
jection in the buccal mucosa when using benzo-
caine compared to the pre-cooling method (7, 28). 
On the other hand, Lathwal et al showed that 
precooling using ice or refrigerant and topical 
anesthesia have not significantly differed in their 
pain relieving effect (7). Inconsistency of findings 
could be attributed to the differences in injection 
site, materials and/or instruments and operator’s 
experience, therefore requiring further investiga-
tion.

In the present study, patients had a better be-
havioral feedback with the counter-irritation 
method compared to other methods of injection 
site preparation, which could be attributed to 
both lesser pain induced by injection and no 
need for extra tools, except for the dental mirror  
(27, 29). Behavioral feedback of children in the 
ice precooling group was better than that ob-
tained in the refrigerant spray group, since ice 
was more tangible for the child than an applica-
tor impregnated with an unfamiliar substance. 
Therefore, the child accepts ice easier than the 
applicator during the explanation (tell, show, 
do). This may cause a decline in child’s anxiety 
and induce a better behavioral feedback.

The present study had also several limitations. 
Thus, anesthesia procedures did not allow for a 
double-blind study. We did not consider other 
factors such as tissue temperature in cooling 
groups, rate of injection and needle contact 
depth. Also, we included neither negative con-
trols such as a placebo spray, nor other available 
materials and techniques for pre-injection anes-
thesia.
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CONCLUSION

In conclusion, pain perception associated with 
anesthetic injections was significantly lower 

using benzocaine compared to counter-irrita-
tion, ice-, and spray- refrigerant methods. Chil-

dren’s behavior was significantly better when 
u sing benzocaine and counter-irritation methods 
than the ice and refrigerant spray techniques. q
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ABSTRACT
Context: Phytoconstituents of medicinal plants have been playing a key role in treating various 

diseases all over the world since ancient times. The present study was focused on preliminary analysis 
of phytoconstituents and evaluation of anthelmintic property (in vitro) of different extracts of 
Cayratia auriculata (Family: Vitaceae) against earthworms (Pheretima posthuma). 

Materials and methods: Four different hexane, chloroform, ethyl acetate and methanol extracts of 
Cayratia auriculata were screened for their phytoconstituents. Cayratia auriculata has been shown 
to have various phytoconstituents such as flavonoids, phenolic compounds, tannins, alkaloids, saponins, 
glycosides and steroids. Hexane, chloroform, ethyl acetate and methanol extracts of Cayratia auriculata 
were analyzed for their anthelmintic property on earthworms (Pheretima posthuma). Each extract at 
three different concentrations (20 mg/mL, 40 mg/mL and 80 mg/mL) was analysed to evaluate the time 
taken for paralysis (P) and death (D) of adult earthworms. Albendazole was used as standard and 2% 
Tween 80 in distilled water as control at a concentration of 10 mg/mL. 

Results: Our study found that the methanolic extract of Cayratia auriculata at a concentration of 
80 mg/mL [21.98±0.88 (P), 79.06±0.87(D)] expressed a stronger anthelmintic property than the standard 
albendazole (10 mg/mL) [26.73±0.56 (P), 87.70±0.91 (D)]. 

Conclusion: All extracts expressed a dose dependent anthelmintic activity, with an increasing pattern in 
the following order: hexane, chloroform, ethyl acetate and methanol. 
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PreLImInAry AnALysIs of PHytoconstItUents AnD evALUAtIon of AntHeLmIntHIc ProPerty of cAyrAtIA AUrIcULAtA (In VItro)

INTRODUCTION

Natural products derived from me-
dicinal plants with potent bioactive 
principles are the chief elements of 
phytomedicine. They have versatile 
applications in treating chronic as 

well as infectious diseases affec ting mankind, 
which shows the immense potential of medicinal 
plants for use in various conventional systems (1). 
In modern medicine, highly marketed drugs such 
as   artemisinin, quinine, and emetine are the best 
examples of pharmaceuticals derived from me-
dicinal plants (2). Most of the drugs used in mo-
dern practice are very expensive for people living 
in developing countries, which gives a valuable 
tool for researchers to search for cheaper antibac-
terial substances from natural sources. Plants are 
the best natural sources for new safe, environ-
ment friendly and renewable drugs. Given the 
lack of scientific explanations for the therapeutic 
uses of medicinal plants by primitive peoples, a 
careful and well conducted investigation should 
explore plants as medicinal tools (3). 

Helminths are known to be a big problem in 
livestock production along the tropics. The nature 
of helminthic diseases is persistent and debilita-
ting, and it is likely to result in morbidity and sig-
nificant economic and community distress in both 
humans and animals. Weakness, anorexia, de-
creased food capability, weight loss and decreased 
productivity are the characteristic features of pa-
rasitic gastroenteritis, which was caused by mixed 
infection of various species of intestinal worms. As 
no effective anthelminthic vaccines were deve-
loped yet, chemotherapy remains the only treat-
ment and effective tool to control and cure hel-
minthic infections. The use of synthetic 
anthelmintics unsystematically can results in para-
sitic resistance. Herbal medicine has been in use 
to prevent development of parasitic resistance 
since ancient times (4). The importance of phyto-
chemicals such as tannins, terpenoids, flavonoids, 
alkaloids and glycosides with anthelmintic activity 
was reported by other investigators (5, 6).

Cayratia auriculata belongs to native species of 
Southern India. Cayratia auriculata (Roxb.) gam-
ble is a synonym of Cyphostemma auriculatum 
(Roxb), a climber that is well grown in dry ever-
green to dry deciduous forests and well distribu-
ted in Andhra Pradesh (7, 8), Tamilnadu (9), Ma-
harashtra (10), Madhya Pradesh (11), Orissa (12), 

Gujarat, Goa, Karnataka, Kerala, Bihar, West Ben-
gal, Bangladesh, Myanmar and Rajasthan (13). An 
ethnomedicinal survey on Cayaratia auriculata 
shows that this plant is used as a folklore medicine 
and blood purifier, in cardiac disorders (7), intesti-
nal worm diseases (11), earache, wound abscess, 
dog bite, rheumatism, purulent wounds, wound 
healing, tumors, cough, colds and hydrocele, but 
also as a tonic (15) and an astringent. This plant 
has been also used in veterinary medicine to treat 
animal bloody dysentery and diarrhea (16). Phy-
tochemical studies of Vitaceae family species su-
ggest the presence of alkaloids, flavonoids, sapo-
nins, steroids, terpenoids, stilbenoids and 
tannins (17).

Given that various phytoconstituents of me-
dicinal plants are known for their anthelmintic 
properties and substantial literature review did 
not report anything about the anthelmintic activi-
ty of Cayratia auriculata, the present study has 
been carried out to perform a preliminary analysis 
on the phytoconstituents of this plant and to as-
sess their anthelmintic properties (in vitro). 

MATERIALS AND METHODS

Plant collection and authentication 
The plant was collected in and around forest 

areas of Araku valley, Visakhapatnam district, 
Andhra Pradesh, and it was identified and au-
thenticated by Associate Professor, Department of 
Botany, Andhra University, Visakhapatnam-530 003, 
Andhra Pradesh, India. The voucher herbarium 
specimen number 22228 was deposited in 
Andhra University Herbarium (AUH), Botany De-
partment, Visakhapatnam.

Extraction of plant material
Fresh plant material of Cayratia auriculata was 
washed under running tap water to ensure the ab-
sence of any foreign organic matter, solid debris, 
organisms, fungi, etc, and then dried in the shade 
for seven days. About 1200 g of shade dried plant 
material was grinded with the help of grinder to 
make powder and preserved in an air-tight con-
tainer. Successive solvent extractions were then 
performed by using a Soxhlet apparatus. About 
120 g of Cayratia auriculata powdered material 
was packed into a thimble and extraction conti-
nued until the solvent in the extractor siphon tube 
became colourless by using various solvents in the 
order of increasing polarity: hexane, chloroform, 
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ethyl acetate, and methanol, respectively. What-
man No. 1 filter paper (42) was used for extract 
filtration. The filtered extracts were concentrated 
by using a vacuum oven at 400 C and were pre-
served in a cool and dark place until further use 
(17, 18). Afterwards, extracts were subjected to a 
preliminary analysis of their phytoconstituents 
and in vitro evaluation of their anthelmintic pro-
perties.

Phytoconstituent analysis
Preliminary analysis of extracts was carried out to 
identify the presence of various phytoconstituents 

by employing standard protocols (20, 21). The re-
sults were summarized in Table 1 after conducting 
the following chemical tests.

Tests for alkaloids 
(a) Dragendorff ’s test. By adding 1 mL of 
Dragendorff”s reagent to 2 mL of extract, an 
o range red precipitate was formed, indicating the 
presence of alkaloids.

(b) Mayer’s test. Few drops of Mayer’s reagent 
were added to 1 mL of extract. A yellowish or 
white precipitate was formed, indicating the pre-
sence of alkaloids.

PreLImInAry AnALysIs of PHytoconstItUents AnD evALUAtIon of AntHeLmIntHIc ProPerty of cAyrAtIA AUrIcULAtA (In VItro)

TABLE 1. Preliminary phyto analysis of the methanol, ethyl acetate, chloroform and hexane extracts of 
Cayratia auriculata
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(c) Hager’s test. Two milliliters of extract were 
treated with few drops of Hager’s reagent. A yel-
low precipitate was formed, indicating the pre-
sence of alkaloids.

Tests for flavonoids
(a) Alkaline reagent test. Two to three drops of so-
dium hydroxide were added to 2 mL of extract. 
Initially, a deep yellow colour appeared but it 
gradually became colourless by adding few drops 
of dilute HCL, indicating that flavonoids were 
present.

(b) Shinod’s test. Ten drops of dilute HCL and 
a piece of magnesium were added to 1 mL of ex-
tract, the resulting deep pink colour indicating the 
presence of flavonoids.

Test for phenolic compounds and tannins 
(a) Ferric chloride test. Two milliliters of 5% neutral 
ferric chloride solution were added to 1 mL of 
extract, the dark blue colouring indicating the 
presence of phenolic compounds and tannins.

(b) Lead tetra acetic acid test. One milliliter of 
lead tetra acetate solution was treated with 0.5 mL 
of extract, precipitate formation indicating the 
presence of phenolic compounds and tannins.

 
Tests for proteins 
(a) Biuret test. Two drops of 3% copper sulphate 
and few drops of 10% sodium hydroxide were 
added to 1 mL of extract, violet or red colour for-
mation indicating that proteins are present.

(b) Ninhydrin test. Two drops of 0.2% freshly 
prepared ninhydrin solution added to 1 mL of ex-
tract. Production of purple colour shows the pre-
sence of proteins.

Test for carbohydrates 
(a) Molish test. Few drops of alcoholic a-naphthol 
solution were added to 2 mL of extract. Later, few 
drops of concentrated H2SO4 were added along 
the walls of test tube. At the junction of two li-
quids, a violet colour ring appeared, indicating 
that carbohydrates were present.

(b) Benedict’s test. To 5 mL of Benedict’s 
reagent, 8-10 drops extract were added, then 
heated for five minutes; the resulting dark red 
precipitate indicated the presence of carbohy-
drates.

(c) Fehling’s test. To 2 mL of extract, an equal 
volume of Fehling’s (A & B) solution was added 
and heated for five minutes, the resulting red/dark 

red precipitate indicating the presence of carbo-
hydrates.

 
Tests for glycosides 
Keller Killiani test. A solution of 0.5 mL, containing 
glacial acetic acid and 2-3 drops of ferric chloride, 
was mixed with 2 mL of extract. Later, 1 mL of 
concentrated H2SO4, was added along the walls 
of the test tube. The appearance of deep blue co-
lour at the junction of two liquids indicated the 
presence of cardiac glycosides.

Tests for saponins 
A drop of Na2CO3 solution was added to 5 mL of 
extract in a test tube. After vigorous shaking, it 
was left to rest for five minutes. Foam formation 
indicated the presence of saponins.

Test for triterpenoids
Horizon test. Two milliliters of trichloroacetic acid 
was added to 1 mL of extract. The presence of 
terpenoids was confirmed by the formation of a 
red precipitate.

Test for steroids
Salkowski test. The test extract was shaken with 
chloroform and concentrated H2SO4 was added 
along the walls of a test tube; a red colour ap-
peared, indicating the presence of steroids.

 
Test for starch 
Iodine test. Two milliliters of iodine solution with 
potassium iodine were added to 2 mL of test ex-
tract, and the appearance of a blue colour indi-
cated that presence of starch.

Anthelmintic property 
Adult Indian earth worm, Pheretima posthuma 
(Annelida) was used to evaluate the anthelmintic 
property of different extracts of Cayratia auricula-
ta, due to its anatomical and physiological simila-
rity with round worm parasite occurring in the ali-
mentary tract of human beings. The method of 
Ajaiyeoba et al and Kaur et al with slight modifica-
tions was used to evaluate anthelmintic activity 
(22, 23). An average size of 4-6 cm of adult earth 
worms were collected from water logged soil are-
as of GSL Medical College and General Hospital 
campus, and all faecal matters were removed by 
proper washing in normal saline. Extracts at con-
centrations of 20 mg/mL, 40 mg/mL and 80 mg/mL 
were used to identify the time of paralysis and 

PreLImInAry AnALysIs of PHytoconstItUents AnD evALUAtIon of AntHeLmIntHIc ProPerty of cAyrAtIA AUrIcULAtA (In VItro)
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death of earth worms. Albendazole at a concen-
tration of 10 mg/mL was taken as standard and 
2% Tween 80 in distilled water was used as con-
trol. Freshly prepared test solutions and standard 
drug solutions were used for the entire expe-
rimental protocol. Six earth worms in each group 
of approximately similar size were placed into 
10 mL of different test solutions. The time taken 
for the paralysis and death of individual earth 
worms was noted. No movement of worms, ex-
cept when they were vigorously shaken, was not-
ed as time of paralysis. No motility and fading of 
worm body color was deemed as death of 
worms. q

RESULTS

Preliminary phytoconstituent analysis
Successive extraction of Cayratia auriculata 

was done in the order of increasing polarity of the 
solvent, and hexane > chloroform > ethyl ace-
tate > methanol extracts were prepared. Qualita-
tive preliminary phytoconstituents screening of 

the various extracts of Cayratia auriculata showed 
the presence of various phytoconstituents. The 
methanolic extract was found to have a high con-
tent of flavonoids, saponins, tannins and phenolic 
compounds, moderate amounts of proteins, tri-
terpenoids and steroids, and only traces of alka-
loid carbohydrates and glycosides. The ethyl ace-
tate extract was found to have moderate amounts 
of proteins, tannins and phenolic compounds, 
and traces of carbohydrates, glycosides, steroids, 
alkaloids. The chloroform extract had only traces 
of proteins, carbohydrates, tannins and phenolic 
compounds. The hexane extract had carbohy-
drate steroids, tannins and phenolic compounds. 
This shows that high polar phytoconstituents were 
extracted with methanol when compared to other 
solvents such as ethyl acetate, chloroform and 
hexane (Table 1). 

Evaluation of anthelmintic property
Table 2 shows the mean paralysis and death time 
produced by the various extracts of Cayratia au-
riculata against adult earth worms. For the metha-

PreLImInAry AnALysIs of PHytoconstItUents AnD evALUAtIon of AntHeLmIntHIc ProPerty of cAyrAtIA AUrIcULAtA (In VItro)

TABLE 2. Anthelminthic property of hexane, chloroform, ethyl acetate and methanolic extracts of  
Cayratia auriculata 
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nolic extract at a concentration of 80 mg/mL and 
albendazole at a concentration of 10 mg/mL, 
used as positive control, the mean paralysis time 
and death time were (P)21.98±0.88, 
(D)79.06±0.87 and (P)26.73±0.56, 
(D)87.70±0.91, respectively. The paralysis time 
and death time of all four extracts at 20 mg/mL 
was too long when compared to the standard 
drug and methanolic extract at a concentration of 
40 mg/mL and 80 mg/mL. Chloroform and ethyl 
acetate extracts at 80 mg/mL showed a better pa-
ralysis time, but the death time was moderately 
long when compared to the standard drug. For 
the ethyl acetate extract at 80 mg/mL concentra-
tion, the paralysis time was closer to the standard 
drug but the death time was moderately high. All 
extracts expressed a dose dependent anthelmintic 
activity, with an increasing pattern in the following 
order: hexane, chloroform, ethyl acetate and 
methanol. The anthelmintic property of the 
Cayratia auriculata methanolic extract at a con-
centration of 80 mg/mL was found to be stronger 
than that of the standard albendazole at a con-
centration of 10 mg/mL. q

DISCUSSION

Phytochemicals found in Cayratia auriculata 
during the preliminary phytoconstituent 

screening (Table 1) would be responsible for the 
evaluated anthelmintic activity (Table 2) and may 
optimistically deemed as a substitutive approach 
to control helminth infections (24, 25). All extracts 
of Cayratia auriculata exhibited concentration de-
pendent anthelmintic properties on earthworms, 
probably due to the presence of alkaloids, glyco-
sides, flavonoids, saponins, triterpenoids, tannins 
and phenolic compounds. Among all extracts, the 
methanolic one exhibited the most effective an-
thelmintic activity, most likely due to the involve-
ment of glycosides, flavonoids, tannins and phe-
nolic compounds; hence, it may be considered as 
a potent anthelmintic agent. The decreasing pat-
tern of anthelmintic properties of the four diffe-
rent extracts was as follows: methanolic > ethyl 
acetate > chloroform> hexane extracts. At 
40 mg/mL and 80 mg/mL, the methanolic extract 
of Cayratia auriculata exhibited a good anthelmin-
tic property when compared to the standard at a 
concentration of 10 mg/mL. The methanolic ex-
tract of Cayratia auriculata expressed anthelmintic 
pro perty in concentration dependent order with 

shortened time of paralysis (P) and death (D) at 
40 mg/mL and 80 mg/mL when compared to the 
ethyl acetate, chloroform, and hexane extracts at 
the same concentrations. The methanolic extract 
of Cayratia auriculata at 80 mg/mL caused paraly-
sis and death of Pheretima posthuma at 
21.98±0.88 and 79.06±0.87 minutes, respec-
tively, while when the standard drug, albenda-
zole, was used at concentration of 10 mg/mL, pa-
ralysis occurred at 26.73±0.56 minutes and 
death at 87.70±0.91 minutes. Uptake of glucose 
by the larval and adult stages of the susceptible 
parasites is impaired by albendazole, resulting in 
depletion of their glycogen stores. Helminths’ 
metabolic pathways are disrupted by high con-
centrations of albendazole by inhibiting metabolic 
enzymes such as malate dehydrogenase and fu-
marate reductase, resulting in decreased energy 
produced by the Krebs cycle. Due to inadequate 
ATP production, the parasite is immobilized and 
ultimately dies (26).

Velebny GHS and Sirama et al reported that 
alkaloids exhibit neurotoxic properties by inhibi-
ting acetylcholine esterase, resulting in acetylcho-
line induced body wall muscle spasms, flaccid 
paralysis and death of gastrointestinal parasites. 
On the other hand, plant glycosides at low con-
centrations, when ingested by human beings, kill 
intestinal parasites due to their neurotoxic proper-
ties (27, 28). Tannins are polyphenolic com-
pounds with a highly effective action against inter-
nal nematodes in ruminants. Their great 
effectiveness as anthelmintic substances is thought 
to be related to their direct vermicidal activity. 
Tannins also play a role in increasing host resis-
tance against intestinal parasites (29). Drugs such 
as oxyclosamide, bithinol and niclosamide are 
chemically belonging to synthetic phenolic com-
pounds that exhibit their anthelmintic activity by 
uncoupling oxidative phosphorylation, which 
leads to a decreased ATP production, and as a 
result, the parasite is paralyzed and eventually 
dies. It was assumed that tannins present in the 
extracts produced similar results. Moreover, tan-
nins bind to free proteins in the alimentary tract of 
host animals or glycoprotein in cuticle of the para-
site produce anthelmintic activity (30). The cur-
rent study showed that all extracts of Cayratia au-
riculata had an anthelmintic activity and the 
methanolic one could be a promising tool for an 
alternative approach to treat helminthic infec-
tions. q

PreLImInAry AnALysIs of PHytoconstItUents AnD evALUAtIon of AntHeLmIntHIc ProPerty of cAyrAtIA AUrIcULAtA (In VItro)
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CONCLUSIONS

The present study aimed to perform a prelimi-
nary phytochemical analysis and evaluation of 

the anthelmintic activity (in-vitro) of various ex-
tracts of Cayratia auriculata (Family: Vitaceae) 
against earthworms (Pheretima posthuma). The 
phytochemical tests for various constituents re-
vealed that the plant extracts contained alkaloids, 
flavonoids phenolic compounds, tannins, glyco-

sides, saponins, and steroids. Our findings high-
lighted that the methanolic extract of Cayratia au-
riculata had a significant anthelmintic activity. 
Further studies are needed to determine the ac-
tual phytoconstituents and underlying mecha-
nisms responsible for the anthelminthic property. q
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ABSTRACT
Using laser treatments and calcium and phosphate compounds to enhance remineralization has been 

investigated in this study. Seventy two premolar teeth were divided into four groups of 18: 1) control group; 
2) laser therapy group; 3) CPP-ACP paste group; and 4) laser therapy and CPP-ACP group. Mineralization 
and remineralization of samples were investigated by Diagnodent. Data were reported using descriptive 
statistics (mean, standard deviation) and One Way ANOVA; they were analyzed using SPSS.16 statistical 
software. Statistical analysis showed that groups 3 and 4 had the highest rate of remineralization compared 
to groups 1 and 2. According to the results of this study, mineralization ranged decreasingly from group 4 
to groups 3, 2, and 1, respectively. The antibacterial effect of laser therapy, leading to remineralization of 
calcium and phosphorus compounds, was the most effective on controlling root decay.

Keywords: photodynamic therapy, CPP-ACP, root caries, tooth remineralization. 
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INTRODUCTION

One of the problems faced by pa-
tients with gingival recession is 
root exposure, which causes root 
decay due to low resistance of 
semen to demineralization. Ca-

ries are caused by the replacement of a number 
of bacteria capable of demi neralization. In neu-
tral conditions, hydroxyapatite is in equilibrium 
with calcium and phospho  rusrich saliva, but 
when the pH is reduced below 5.5, hydrogen 
ions produced by bacteria react with the phos-
phate group of enamel crystals and convert PO4

-2 
into HPO4

-2 that cannot further form the crysta-
lline net properly. Nevertheless, caries can be 
reversed in neutral pH and pre sence of calcium 
and phosphorus during a process called remine-
ralization (1).

Root caries induce sensitivity to sweets and 
cold and disturb patients (2). Also, due to expo-
sure of cement during brushing, it may be ero-
ded due to the softness of the cement (3).

One of the methods to increase remineraliza-
tion is CPP-ACP (Casein Phosphopeptide-Amor-
phous Calcium Phosphate), which results from 
decomposition of milk proteins and their combi-
nation with calcium and phosphorus. Casein 
phosphopeptide consists of ser (p)_ser (p)_ser (p) 
Glu_Glu phosphoseryl segments, by which cal-
cium is bound to ACP. In the oral area, ACP is 
separated from CPP, enters the denture plaque 
and buffers the activity of calcium ions, provi-
ding an environment saturated by calcium and 
phosphorus, and reforms hydroxyapatite that in-
creases remineralization and decreases demine-
ralization (1, 4). Also, CPP-ACP reduces tooth 
sensitivity and erosion (3, 5), and its use has been 
proven to stop caries in both in vivo and in vitro 
studies (6). 

Photo-activated disinfection (PAD) is another 
new increasingly used method nowadays, in 
which free oxygen radicals that are produced by 
Yer laser radiation on a photo sensitizer selec-
tively destroy the target cells (here, bacterial 
cells) and decay-inducing bacteria (7, 8).

Jayarajan et al investigated the effect of CPP-ACP 
and CPP-ACPF (combination of CPP-ACP and 
fluoride) on enamel remineralization in vitro and 
concluded that both materials increased re-
mineralization of dental caries, with CPP-ACPF 
being more effective than CPP-ACP (4).

Bonstein et al examined the effect of PAD use 
in reducing the number of Streptococcus inter-
mediosis in dentinal samples in vitro and con-
cluded that PAD was effective in reducing the 
number of bacteria in these samples (9).

J. P. Rolim and colleagues investigated the ef-
fect of PAD and CPP-ACP on root remineraliza-
tion in a case study and found that the two me-
thods were more effective in increasing root 
canal remineralization when used simulta-
neously than separately (7).

Considering that a comprehensive study to 
explore the simultaneous effect of PAD and 
CPP-ACP on root canal remineralization has not 
been done yet, and because the studies of 
Jayarajan et al and Rolim, who simultaneously 
examined the two substances, were case reports, 
we decided to investigate the effect of simulta-
neous use of the two methods in non-cavitated 
root in addition to that of separate tretment with 
PAD and ACP-CPP. q

MATERIALS AND METHODS

According to the study by Vlacic et al (2), the 
mean number of Diagnodents was consi-

dered 5.31 in evaluation intervals for the 
CPP-ACP group, taking into account a 10% Dia-
gnodent value in different groups and a standard 
deviation of 1.5 units in Diagnodent number, 
and considering a=0.05 and a power of 80%, a 
sample size of 72 was estimated. All samples 
were selected by convenient sampling from a 
number of mandibular premolar teeth that had 
no white spots, caries and cracks on physical and 
microscopic examination (Nikon, Japon). After 
asses sing the amount of demineralization avai-
lable by Diognodent, they were randomly divi-
ded into four groups: control (1), PAD (2), 
CPP-ACP (3), and simultaneously used CPP-ACP 
and PAD (4). In all groups, the amount of remine-
ralization was measured by Diognodent. 

Seventy two mandibular premolar teeth were 
selected by convenient sampling and debris, 
plaque, and soft tissue were removed and placed 
in 0.5% chloramine solution. After separating the 
crown and roots of all samples to evaluate the 
process of demineralization, coronal Diagnodent 
1.3 with buccal root (Kavo Dental NC, Germany) 
was used. For this purpose, Diagnodent (fissural), 
which had been initially calibrated according to 
the manufacturer and based on each tooth, was 

PDt anD CPP-aCP effeCt on remIneralIzatIon rate
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used to measure the amount of demineralization 
at three or more points near the tooth surface. 
Afterwards, means of the values were recorded, 
and teeth showing numbers 3-7 (which indica-
ted intactness of the enamel) were selected 
(Figure 1). A 4*4 mm paper was attached to the 
coronal part of the buccal root of each sample 
(to limit the study field) and put in Acid Resis-
tance Nail Varnish. After paper removal, samples 
were washed with deionized water (4) and kept 
in a caries-inducing medium containing Heart-
Brain Infusion broth with 107 CFU/mL of Strep-
tococcus mutans (IBRC-M 10682) and Lactoba-
cillus acidophilus IBRC-M NO = 10815) (from 
the National Center for Genetic and Biochemi-
cal Reserves) and artificial saliva (20 mmol/L 
NaHCO3 mmol/L NaH2PO4 and 1 mmol/L CaCl2) 
and incubated at 37°C; the amount of demine-
ralization was measured by Diagnodent for each 
sample. When the 72 samples showed the num-
ber of 9, incubation was stopped. Then, samples 
were washed and dried with deionized water 
and dried and kept in an artificial saliva contai-
ning 107 CFU/mL of Streptococcus mutans and 
Lactobacillus acidophilus (at room temperature, 
neutral pH, and stable air flow) (4). Afterwards, 
samples were divided into four groups of 18. The 
first group (control) was kept only in artificial sa-
liva, and no substance was used. 

In the second group, PAD Reimers Janssen and 
GmbH Germany (RJ-LASER) was used; for this 
purpose, 12.7 mg/L tolonium chloride was ap-
plied to the desired location with an applicator 
and radiated for 1 min with a laser of 670-690 nm 
wavelength, 8-10 μm/cm2 intensity and 0.5 watts 
power. Then, samples were washed with deio-
nized water daily for seven days and the amount 

of remineralization was evaluated at the end of 
each day with Diagnodent. 

In the third group, CPP-ACP (GC TOOTH-
MOUTH 76-1 Hasunuma-cho, Itabashi-ku, To-
kyo 174-8585, Japan) was used. The CPP-ACP 
substance was applied to the studied area for 
four minutes every 24 hours and continued for 
seven days, then it was rinsed with deionized 
water and returned to the artificial saliva. At the 
end of each day, the amount of existing remine-
ralization was measured (4).

In the fourth group, PAD and CPP-ACP were 
concomitantly used. For this purpose, PAD was 
first used in the same way as for group 2. Then, 
samples were washed and CPP-ACP was used at 
the desired site similarly to group 3, and this si-
multaneous use of PAD and CPP-ACP was per-
formed every 24 hours for seven days. At the 
end of each day, the amount of existing remine-
ralization was measured. 

PDt anD CPP-aCP effeCt on remIneralIzatIon rate

FIGURE 1. A) Measurement of caries in samples by the Diagnodent device; B) Laser therapy in one of the 
study groups 

FIGURE 2. Comparison of mean demineralization between study 
groups 
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Finally, data were entered into SPSS 16 soft-
ware and analyzed. Results were reported as 
mean ± SD. To test the normal distribution of 
variables, Kolmogorov-Smirnov test was used. In 
order to compare the difference among the four 
groups, one way ANOVA, and subsequently  
Tukey post hoc test were used. P <0.05 was 
considered as significant level. q 

RESULTS

The descriptive statistics of the studied groups 
are shown in Table 1 and Figures 1 and 2. 

There was a significant difference between the 
groups based on one way ANOVA test. Tukey 
post hoc test showed that there was a significant 
diffe rence among the four groups: between 
CPP-ACP paste and laser (p < 0.0001), CPP-ACP 
laser and paste-laser (p <0.0001), CPP-ACP paste 
and CPP-ACP laser-paste (p < 0.0001), control 
and CPP-ACP paste (p < 0.0001), and control 
and CPP-ACP laser-paste (p < 0.0001). This test 
showed that there was no significant difference 
between control and laser groups (p = 0.99). q 

DISCUSSION

In the oral environment, the tooth structure is 
placed under demineralization and reminera-

lization conditions. If this equilibrium collapses 
and demineralization progresses, tooth structure 
is destroyed due to bacterial activity and acid 
production (10, 11). Different studies have 
sugges ted different methods for disturbing this 
equilibrium. The use of fluoride compounds and 
compounds containing calcium and phosphate 
groups is one of the most commonly used mate-
rials (12).

Today, remineralization is an important re-
search topic, but it is still difficult to pinpoint the 
effectiveness of various methods of remineraliza-
tion. In this study, the effect of several methods 
to stop the smooth lesions of root surfaces has 
been investigated; lesions were created using 
Streptococcus mutans and Lactobacillus acido-
philus bacteria in order to simulate the clinical 
conditions as much as possible and to investigate 
the processes more precisely. Borisova et al stu-
died the enhancing effect of autofluorescence of 
caries using laser and induced decay by 
bacteria (13). 

In this study, the decay activity was moni-
tored and evaluated by Diagnodent, a laser de-
vice showing decay activity numerically at a 
wavelength of about 500 nm. In a study by 
De Queiroz et al, the impact of fluoride and diet 
on remineralization a was studied and deminera-
lization of dental tissues around orthodontic 
brackets and Diagnodent was used for measure-
ment of demineralization (15).

In this study, photodynamic therapy was em-
ployed to remove acid bacteria in active root de-
cay. The reason for using a wavelength of 
670-690 nm was the absorption ability in tolo-
nium chloride photo sensitizer, an available ma-
terial that is not toxic to the tissues. 

In groups 2 and 4, that received laser 
treatment, TBO (Toluidine Bloworta) was used as 
a photo sensitizer. Rolim et al reported that TBO 
had the strongest effect on reduction of 
Streptococcus mutans compared to other photo 
sensitizers, most likely due to the TBO absorp-
tion range of about 630 nm, very close to the 
absorption wavelength of 660 nm used by re-
searchers (7). 

In the present experimental study, which in-
vestigated the effect of photodynamic therapy 
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and CPP-ACP on the rate of non-cavitated root 
canal remineralization, results showed that the 
use of photodynamic therapy and CPP-ACP had 
a significantly higher impact on enhancement of 
remineralization comparatively to controls and 
other methods; also, CPP-ACP had the highest 
remineralization rate. There was also no signifi-
cant difference between the control group and 
the photodynamic therapy group in terms of 
remineralization rate. 

In this study, there was a significant difference 
between group 3 (CPP-ACP paste) and the con-
trol group. Jayarajan et al showed that the use of 
CPP-ACP paste increased teeth remineralization 
due to the mineral supply required for teeth. In 
the oral environment, ACP is separated from 
CPP and enters the dental plaque, which buffers 
the activity of calcium and phosphate, causing 
remineralization (4).

Comparison showed a significant difference 
between CPP-ACP paste and laser groups (pho-
todynamic therapy) (groups 3 and 2), but not 
also between control and laser groups (groups 1 
and 2, respectively); however, in the study of 
Rolim et al, the use of TBO and MG was more 
effective in reducing Streptococcus mutans than 
control group (7). This can be due to the fact that 
laser use reduces the number of Streptococcus 
mutans and stops demineralization. However, in 
this method, minerals required for remineraliza-
tion were not available to the teeth, explaining 
why there was no significant remineralization. 
This can justify the important difference between 
groups 3 and 4, where laser provides the remi-
neralization material. 

When compared to group 3, group 4 showed 
a statistically significant difference and a higher 
remineralization rate than the other groups. La-
ser use reduces the number of Streptococcus 
mutans (15), limiting the loss of mineral material, 
and CPP-ACP paste also increases the rate of 
remineralization by supplying minerals to the 

tooth (2). In the study of Vlacic et al., the simul-
taneous use of laser and paste of CPP-ACP in-
creased teeth remineralization significantly com-
pared to the primary state of the teeth (2). 
Fekrazad et al reported that the simultaneous 
use of Radachlorin and laser was more effective 
in reducing Streptococcus mutans than laser 
alone (16). According to Poggio et al, the anti-
bacterial properties of PAD were enhanced by 
using 5% NaOCl (17). These findings suggest that 
laser may have synergistic effects by reducing 
bacterial activity and CPP-ACP by providing cal-
cium and phosphorus sources. 

The results of this study were similar to those 
using CPP-ACP to increase remineralization but 
so far, no original study has evaluated the effect 
of laser and CPP-ACP paste; also, only case stu-
dies have been published, and their results were 
consistent with ours. q 

CONCLUSION

According to the results of this study, it can be 
concluded that the simultaneous use of pho-

todynamic therapy and CPP-ACP can increase 
remineralization compared to controls and other 
remineralization methods. Also, there was no 
significant difference between control group and 
photodynamic therapy group in terms of remi-
neralization. q
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ABSTRACT
Aim: Infertility is defined as failure to achieve a clinical pregnancy after 12 months or more of regular 

unprotected sexual intercourse. It is a major crisis, triggering psychological stress for most people, and can 
cause many negative psychological reactions. This study aimed to explore the effects of group counseling 
sessions by a cognitive approach on infertile women’s stress.

Materials and methods: In this study, 50 infertile women who were referred to an infertility center 
were selected using convenient sampling. The selected participants were randomly assigned to two groups: 
experimental and control. First, the Newton Infertility Stress questionnaire was filled as a pre-test by both 
groups. The control group had no counseling, while the experimental group received 10 sessions of group 
counseling in the field of stress management and controlling irrational thoughts about infertility during a 
two-week period. After this time, both groups completed the same questionnaire again and the obtained data 
were analyzed.

Results: In this study, a significant difference in the mean score of all five aspects of the infertility 
specific total stress questionnaire and that of total stress after counseling (P = 0.002) was found between the 
experimental and control groups.

Conclusion: The study showed the effects of group counseling by a participatory approach on infertility 
specific stress

Keywords: group counseling, infertility, infertility specific distress,  
reproductive health collaborative model.  
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INTRODUCTION

Infertility is defined as failure to achieve a 
clinical pregnancy after 12 months or more 
of regular unprotected sexual intercourse 
(without using any contraceptive method) 
(1). The literature reports that about 50 to 

80 million people worldwide suffer from some 
form of infertility, with one in every six couples 
facing this problem globally (2). Infertility is ob-
served in 15 percent of spouses who desire to 
have children (3). According to recent research 
studies of Avicenna Research Institute (ARI), which 
is affiliated to ACECR, the prevalence of infertility 
is 20.2% in Iran (4).

For many, infertility is a major crisis and a psy-
chological stress factor that can cause emotional 
stress and various negative psychological reac-
tions, including depression, mixed anxiety-de-
pressive disorder, worry, anger, shame, jealousy, 
loneliness, despair, low self-esteem, emotional 
instability, feelings of sexual inadequacy, sexual 
dysfunction and reduced sexual satisfaction (5, 6).

According to studies, infertility can have many 
psychological consequences. The fact that a per-
son cannot follow the reproduction process and 
have a child naturally like other normal people is 
one of the most bitter experiences of life, and the 
psychological and social context can enhance its 
importance and make it a psychological crisis. The 
sense of inability in reproduction and common 
social reaction towards this group of people in so-
ciety underlie a major part of mental pressure for 
this group (7). Infertility diagnosis challenges the 
infertile couples’ expectations of life, because in-
fertility is an unwanted and unplanned stress fac-
tor and many couples do not have the knowledge 
and skills for its proper management (8, 9).

Abbey et al believe that infertility leads to low 
self-esteem and self-control and increased inter-
personal conflicts in infertile couples; besides, the 
stress of infertility has detrimental effects on the 
quality of life, which are stronger in women than 
men (10).

Despite the fact that both men and women 
are equally involved in the cause of infertility, due 
to social prejudices, infertility is considered a male 
problem and hence, women are usually faced 
with more familial and social problems than men 
(11). This may have different reasons, including 
the fact that becoming a mother holds a special 
position in women’s definition of their identity 

and meaning of life, and they are even ready to 
become a mother at the expense of giving in the 
most privileged positions as well as their own suc-
cess. Women take greater responsibility for infer-
tility and their husbands also consider their wives 
to be responsible for infertility. Even when the 
husband is solely responsible for infertility, wo-
men are blamed. Thus, women’s suffering against 
infertility will be greater and more severe than 
men (12).

Infertility stress includes the interaction be-
tween the physical conditions causing infertility 
and medical interventions, other people’s reac-
tions, and the individual’s psychological charac-
teristics, and it may remain for years and relapse 
with any diagnostic or therapeutic intervention 
(5). According to a research by Malsted et al, 80% 
of infertile couples who had experienced a di-
vorce described infertility stress higher and more 
severe than that of divorce (13).

The intervention is based on a stress manage-
ment technique and its main objective is to in-
crease the person’s ability to cope with stress, fos-
tering appropriate coping strategies among clients. 
This means that the person rehabilitates and 
strengthens both psychologically and in terms of 
psychological mechanisms. There are multiple 
stress control intervention techniques, including 
relaxation, abdominal breathing, biofeedback, 
medication, counseling, meditation, behavior 
therapy, sleeping, exercise, etc (14).

There are several ways to cope with the psy-
chological reactions of infertility. Myers and Wark 
suggest a cognitive-behavioral approach is the 
most appropriate way to treat these couples, 
being tailored to their needs (15). Miller also be-
lieves that cognitive and behavioral therapies 
should always be the first step in the treatment of 
infertile couples (16).

According to the cognitive approach, what 
upsets people are not these events, but the per-
son’s mindset, resulting from his/her beliefs, sche-
mas and attitude, which affects the way informa-
tion is processed and results in excitements and 
individual responses. Therefore, it appears that 
the individual’s beliefs and mindset about the 
problem of infertility forms the type and severity 
of the concerns. So, it is reasonable to be able to 
improve the disturbing mindset and beliefs of an 
individual by taking advantage of the principles 
and techniques of cognitive-behavioral approa-
ches (17).

coUnseLIng on InfertILe Women’s stress
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A century ago, group counseling was founded 
on principles of assisting patients to improve their 
health and well-being when struggling with seri-
ous medical conditions, which has come full circle 
to assisting infertility patients. Research has shown 
that infertility group treatment was both effective 
and cost-efficient. Despite differences in ap-
proach, setting, leadership, treatment disorders or 
focus, group counseling helps people adapt, ad-
just, and/or modify their behavior to improve 
well-being.  The theoretical framework of Yalom’s 
curative factors applies to a variety of infertility 
counseling groups, especially instillation of hope, 
universality, cohesion, information sharing, and 
catharsis. Mental health professionals running in-
fertility counseling groups need to be aware of 
clinical issues, including group structure, develop-
ment, membership, confidentiality, and common 
themes. Therapeutic interventions in infertility 
group counseling include cognitive-behavioral, 
emotive-interactional, psycho-educational, tech-
nology-mediated, and staff groups (8).

Considering the importance of infertile cou-
ples’ mental health, further research studies 
should emphasize the need for consultation du-
ring infertility treatment. To this end, the present 
study has used a counseling centered intervention 
and cognitive approach to plan group counseling 
sessions for infertile women, measuring its impact 
on infertile women’s specific stress.

METHODOLOGY

In this study, 50 infertile women aged 20 to 45, 
with at least one year of infertility, referred to 

Kosar Infertility Center in Urmia during the fall of 
2017 and met the study requirements, were se-
lected using a convenient sampling method. More 
than 100 of the referred women were evaluated 
by interview, but only 50 of them met the neces-
sary requirements and were included in the study. 
Subsequently, the study goals were explained to 
all participants and their informed consent was 
obtained. Then, subjects were randomly divided 
into two equal groups, with 25 participants each, 
an all were given an envelope numbered 1 or 2. 
Women who received a number 1 envelope were 
assigned to the intervention group and those who 
received a number 2 envelope, to the control 
group.

Inclusion criteria were as follows: Iranian na-
tionality, residence in Urmia, primary infertility, 

not having an adopted child, not having medical 
diseases, not having mental-neurological diseases, 
not using any psychiatric medications, having not 
experienced any traumatic events such as death 
of a close relative, not having a family quarrel in 
the last month, not being employed or having re-
ceived any education in the field of medical sci-
ences and psychology. Exclusion criteria included 
unwillingness to cooperate, pregnancy, having ex-
perienced a traumatic event such as death of a 
loved one.

Instruments included general research infor-
mation form, Newton’s infertility stress question-
naire, record forms for participation in counseling 
sessions and home practicing of relaxation tech-
niques. 

The general research information form con-
sisted of three parts: A) demographic data (age, 
education, spouse’s education, employment sta-
tus, marriage duration, family composition); 
B) infertility information (duration of infertility, 
cause of infertility, duration of treatment, types of 
treatments used, attempt to cure, hope for suc-
cessful treatment, the cost of treatment); and 
C) psychological information (the individual’s 
feeling towards the problem of infertility). 

The 46-item Newton’s infertility stress ques-
tionnaire is a tool designed in 1999 by Newton, 
which is used to measure the perceived stress of 
infertility in infertile individuals. It consists of five 
subtests, including social concerns, sexual con-
cerns, relationship concerns, the need to become 
parents, and rejection of life without children.

Newton used Cronbach’s alpha coefficient to 
check the reliability of the test and each subtest 
was reported as follows: 0.87 for social issues, 
0.77 for sexual issues, 0.82 for communication, 
0.80 for rejection of childless lifestyle, 0.84 for 
need to be a parent, and 0.93 for total stress. Va-
lidity and reliability of the questionnaire in Iran 
has been checked by Alizadeh (2004). Cronbach’s 
alpha coefficient has been estimated 0.78 for so-
cial issues, 0.77 for sexual issues, 0.78 for com-
munication, 0.75 for rejection of childless lifestyle, 
0.84 for need to be a parent, and 0.91 for total 
stress (18).

Once the Ethics Committee of the University 
approved the study and the letter of introduction 
of Nursing and Midwifery (UMSU.REC.1393.185) 
was provided to the Kosar Infertility Center, sam-
pling was done based on inclusion criteria. Due to 
the long duration of treatment (approximately 
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2.5 months) and because the control group could 
communicate with the experimental group, the 
intervention period was divided into two parts in 
order to prevent any potential information sprea-
ding among participants.

Firstly, Newton’s infertility stress questionnaire 
has been completed by the control group once as 
a pre-test and then again after two weeks. The 
control group was reduced to 23 subjects because 
two of the 25 participants did not cooperate in 
the post-test. Then, treatment was administered 
to the experimental group. The control group had 
not received any counseling.

Knowing that the standard number of people 
in group counseling should be between 3 to 
15 people to ensure intervention effectiveness, 
the group was divided into two groups of 12 and 
13 people, respectively. 

The experimental group received 10 sessions 
of group counseling in Kosar hospital, in the phy-
siological childbirth class. The procedures were as 
follows: two sessions of sterility counseling on in-
fertility, changing and correcting misconceptions 
and offering the required solutions by a fellowship 
of infertility and the researcher, six sessions of 
group counseling on stress management, and 
problem solving skill and controlling irrational 
thoughts about infertility, which were held in 
three sessions with one week interval and con-
ducted by a PhD in psychology and the study re-
searcher, as described below. 

The first session was dedicated to welcome the 
clients and introduce the treatment. In the second 
and third sessions, participants were trained to 
identify their automatic thoughts; the impact of 
exercise performed by patients on their body 
expre ssions, thoughts and feelings, the effects of 
psychological treatment on disease, and the role 
of psychological factors on emotions and sensory 
experiences were discussed. Afterwards, identi-
fying negative thoughts was taught and homework 
was assigned. In the fourth session, evaluation of 
automatic thoughts and alternative responses 
were discussed. Also, the previous session was re-
viewed before performing muscle relaxation and 
deep breathing which lasted for 10 minutes. Sub-
sequently, replacing rational thoughts with irratio-
nal thoughts was practiced and patients were 
asked about the effects of positive and negative 
thoughts on their feelings and they were encou-
raged to discuss about them. At the end of the 
session, homework was assigned. The researcher 

dedicated the fifth and sixth sessions to coping 
self-talk, written emotional disclosure, assertive 
communication and two sessions of reproductive 
health on menstrual cycle, pregnancy diagnosis, 
pregnancy, and sexual health. The duration of 
each session was 90 minutes and all sessions were 
held with one-week intervals.

At the end of each session, the researcher ad-
ministered a 15-minute relaxation exercise, using 
Jacobson relaxation technique (including discon-
tinuous tightening and relaxing movements of 
body muscles from lower limbs towards upper 
limbs). Participants have been also trained and 
provided with the educational pamphlet and a 
CD of relaxation and its home practice record 
form, so that they could perform it at home and 
record the required information.

Two weeks after the intervention, Newton’s in-
fertility stress questionnaire was filled by the expe-
rimental group again. The collected data were 
explored using SPSS software version 16 in two 
parts, descriptive and inferential statistics, which 
were analyzed using descriptive statistics and in-
dependent t-test, respectively.

RESULTS

The participants in both groups were homoge-
neous in terms of overall study profile. Inde-

pendent samples t-test and chi-square were used 
to analyze quantitative and qualitative variables. 
Results did not show any significant difference in 
demographic and familial variables (age, duration 
of marriage, individual’s education, spouse’s edu-
cation, employment status, combining life) be-
tween the two groups. Both groups were homo-
genous in terms of demographic and familial 
variables before the study.

Independent samples t-test and chi-square 
were used to analyze quantitative and qualitative 
variables of characteristics related to infertility (in-
formation on infertility, for diagnosis and treat-
ment of infertility time, number of IUI and IVF, 
cause and treatment of infertility, hope for suc-
cessful treatment, economic costs). The results did 
not show any significant difference between the 
two groups. Both groups were homogenous in 
terms of characteristics related to infertility before 
the study.

Regarding the main goals of the study, results 
showed that before treatment, mean scores of 
stress in the experimental and control groups 
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were 170.52±30.71 and 156.13±30.43, respec-
tively, which was not statistically significant 
(p=0.12). Both groups were homogeneous in 
terms of overall stress levels at the beginning of 
the study. However, the mean post-treatment 
scores in the experimental and control groups 
were 137.86±34.76 and 168.65±28.11, respec-
tively. The results of independent samples t-test 
showed that there was a significant difference be-
tween the experimental and control groups after 
treatment (P = 0.002), which highlighted that 
counseling centered treatment had an impact on 
reducing the total stress of infertile women in the 
experimental group (Table 1).

In this study, the mean scores of all five aspects 
of the infertility specific total stress questionnaire 
in the experimental and control groups were 
compared, showing a significant difference be-
tween the two groups in social concerns, sexual 
concerns, relationship concerns, rejection of life 
without children, and need for being a parent 
(Table 2).

According to our findings, the mean post-
treatment scores of “social concerns” in the expe-
rimental and control groups were 28.24±7.75 
and 36.61±9.39, respectively. The results of in-
dependent samples t-test showed a significant dif-

ference between the two groups after treatment 
(P = 0.01). 

The average differences in “sexual concerns” 
between the experimental and control groups 
were 20.67±6.20 and 25.78±7.45, respectively. 
The results of independent samples t-test revealed 
a significant post-treatment difference between 
the experimental and control groups (P = 0.01). 

The average score in “communication con-
cerns” was 26.81±8.41 in the experimental 
group and 96.32±8.76 in the control group. In-
dependent samples t-test showed a significant dif-
ference between the two groups in terms of 
“communication concerns”, indicating a reduced 
stress in communication issues in the experimen-
tal group (P = 0.02). 

The average scores in “rejection of life without 
children” was 30.05±8.38 in the experimental 
group and 36.39±4.78 in the control group. The 
results of independent samples t-test showed a 
significant difference between the two groups in 
“rejection of life without children”, indicating a 
decline in stress of life without children in the ex-
perimental group (P = 0.003). 

The average scores of “need to become a pa-
rent” in the experimental and control groups were 
32.1±10.32 and 38.91±7.14, respectively. The 
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results of independent samples t-test showed that 
there was a significant post-treatment difference 
between the two groups (P = 0.01).

DISCUSSION

The results of the present study showed that 
group counseling with a participatory ap-

proach had been effective on reducing infertility 
specific stress in various aspects such as social 
concerns, sexual concerns, relationship concerns, 
worries and fears of rejection of life without chil-
dren, and concerns related to the need for be-
coming a parent.

In this study, the difference in average scores of 
“social concerns” before and after treatment had 
a significant difference (P = 0.01). Thus, treat-
ment was effective in reducing community con-
cerns of participants in the experimental group. In 
a study conducted by Casino (19), it was found 
that the group receiving online psychological 
treatment showed a significant reduction in the 
score related to the social aspect of Newton infer-
tility stress questionnaire in comparison to the 
control group, which is in line with the results of 
our study. In the study of Latifnejad et al (20), 
treatment was given as an individual counseling to 
women undergoing IVF treatment, and a statisti-
cally significant difference was observed in social 
concerns between the control group and experi-
mental group, which is in accordance with our 
findings. Also, in the Latifnejad et al, the mean 
difference of scores for “community concerns” 
was 8.2, while in our research it was 2; a possible 
explanation for this higher reduction obtained by 
us may be the influence of the collaborative ap-
proach to counseling. Given that group counse-
ling is an interpersonal dynamic process that fo-
cuses on conscious thoughts and behavior, 
therapeutic function, desire to reality, abreaction 
and mutual trust, care, understanding, accep-
tance and support functions, collaboration allows 
participants to share their own capabilities and 
benefit from each other’s skills.

Also, group counseling enables participants to 
form a social network with other members that 
act as a basis for changing the environment; thus, 
group provides the safest place for talking about 
things they cannot say to others and abreaction. 
This was one of the influential factors in this study. 

According to the findings of current study, 
there was a significant difference in the scores of 

“sexual concerns” before and after treatment, the 
intervention leading to an improvement in sexual 
concerns of the experimental group. The study of 
Peterson et al (2007) reported a high sexual stress 
in infertile women before treatment and showed 
that men and women who reported a greater sub-
jective and autonomic anxiety at the onset of 
treatment may have increased levels of sexual in-
fertility stress. For couples whose treatments are 
unsuccessful, increases in anxiety and sexual in-
fertility stress may be exacerbated (21), which is 
consistent with the results of this study. Although 
there are few studies which specifically examine 
the link between relationship factors and sexual 
infertility stress, a prospective longitudinal study 
found that six months after unsuccessful IVF treat-
ments, men and women showed greater dissatis-
faction in their sexual relationship than couples 
who achieved a pregnancy (22). In another study 
by Rpocary (23), both fertile and infertile groups 
were compared during the pregnancy period, 
happening naturally in fertile women and by help 
of assisted reproductive technology in infertile 
women. Women who had used assisted repro-
ductive technology experienced lower sexual sa-
tisfaction when faced with stressful situations. The 
probable reason for the difference between the 
results of Rpocary’s study and those of our study is 
the participants’ pregnancy, since pregnancy itself 
is one of the factors affecting sexual satisfaction 
and in women who have become pregnant with 
assisted reproductive technology, fear of harm to 
the fetus and miscarriage is higher than in those 
who get pregnant naturally. However, participants 
in the present study were only infertile women.

According to our results, the average scores of 
communication concerns in the experimental 
group were reduced by treatment, which has led 
to an improved communication among partici-
pants. 

In a study published in 2003, Lee investigated 
the impact of treatment on the psychological re-
sponses of infertile women undergoing IVF treat-
ment and noticed that poor interpersonal rela-
tionships in the experimental group had improved, 
which was also found by us in the present study (5). 

In the study conducted by Latifnejad et al, no 
significant difference was observed between the 
mean scores of “social concerns” before and after 
treatment (20), which is not consistent with our 
results. This difference may be due to cognitive-
beha vioral group therapy present in this experi-
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ment. Diagnosis of infertility challenges infertile 
couples’ expectations of life because infertility is 
an unwanted and unplanned stressful factor and 
many couples do not have enough knowledge 
and skills to properly manage it. In our study as 
well as in other studies, infertile women using 
cognitive-behavioral techniques actually use 
some sorts of behavior to cognitively reconstruct 
the problem in stressful situations and thus enjoy 
better mental health; there was a significant diffe-
rence between the two study groups in depres-
sion and anxiety after the final session of interven-
tion. Cognitive behavioral stress management 
significantly decreased the rate of depression and 
anxiety in the experimental group (24).

In the present study, there was a significant dif-
ference between the mean scores of “concerns of 
acceptance of lifestyle without children” and 
“need to become a parent” before and after treat-
ment, the intervention leading to a reduction of 
participants’ concerns. In Latifnejad’s study (20) 
there was a significant difference in the “need to 
become a parent” between the experimental and 
control groups, but not also in the “rejection of 
lifestyle without children”, which may be due to 
the uncooperative approach used in that research, 
while in the present study, cooperative and cogni-
tive-behavioral approaches have been also taken 
into account besides the participatory approach. 

Lymns et al. reported that the body-mind 
group, almost similarly to cognitive and behavio-
ral approaches, can reduce the tension and desire 
to have children in infertile couples (25). Accor-
ding to the cognitive approach, it is not these 
events that upset people but the individuals’ 
mindset, which is the result of personal beliefs, 
schema and attitude, affecting the way the infor-
mation is processed and causing individual re-
sponses and excitements. Therefore, it appears 
that individuals’ beliefs and way of thinking about 
the problem of infertility forms the type and inten-
sity of the concerns (26).

Another important point that should be men-
tioned in justifying treatment effectiveness in the 
present study is the effect of psychological support 
in a “Group”. Considering the fact that infertile 
people feel alone and consider their problem to 
be unique, being also unable to express their fe-
elings and talk about personal problems to most 
people, group therapy develops a sense of empa-
thy among them and they realize that their pro-
blem is not unique to them. In addition, meeting 

people in these groups provides infertile couples 
with the opportunity to share their experiences 
and expand their own coping strategies.

According to the findings, there was a signifi-
cant difference between the mean differences in 
infertility specific total stress scores between the 
two groups (P=0.002). The findings of Silvia Ma-
yumi et al. (2011) and Alizadeh (2004) indicate 
that the total infertility stress in infertile women 
was high before treatment (18, 27). In the study 
conducted by Latifnejad, the total infertility stress 
had dropped at the end of the research (20), 
which is consistent with our findings. The results 
of the studies carried out by Sexton (2010) and 
Casino (2008) suggest that online treatment for 
coping with infertility stress decreased general 
stress symptoms in infertile women, but there was 
no significant difference between the two groups 
in terms of perceived infertility stress (19, 28). 
Since we used a face to face treatment, it appears 
that the confounding factors in our study were less 
than in studies carried out by Sexton and Casino, 
which were performed online. Besides, counse ling 
was provided by a team composed of a master of 
counseling in gynecology, a PhD in Educational 
Psychology, and an infertility fellowship, and it 
seems that the participatory approach to counse-
ling, on one hand, and group counseling, on the 
other hand, affected the results of the study.

The present study investigated the effects of 
group counseling with a participatory approach 
on infertility specific stress. As indicated by our 
findings, psychological disorders exacerbate the 
problems with their vicious cycle. With the help 
of group counseling sessions, infertile individuals 
can strengthen their family bonds by taking the 
advantage of desired marital satisfaction and a life 
without stress and worries. Obviously, the exis-
tence of resources and cooperation between gy-
necologists, midwifery counselors and psycholo-
gists in infertility clinics plays an important role in 
reducing the problems of infertile people.

CONCLUSION

The results of this study showed that group 
counseling was effective in reducing stress in 

infertile women. q
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ABSTRACT
Increased troponin levels in HF are a frequent and significant finding, as it strongly correlates with the 

underlying pathogenic mechanisms, diagnosis and prognosis. The advent of hs-cTn testing, as opposed to 
conventional troponin testing, led to additional difficulties in result interpretation. 

Most frequently, though not exclusively, increased cTn levels in acute or chronic failure is correlated, 
with myocardial necrosis (AMI); the diagnosis of AMI is confirmed if other criteria are fulfilled, as described 
in the fourth Universal Definition of Myocardial Infarction. Increased cTn levels below the cut-off for AMI 
suggest acute or chronic injury, depending on the ascending and/or descending trend curve or stable levels 
of cTn on serial testing. 

In acute or chronic HF with reduced or preserved EF, increased cTn levels carry prognostic value for 
adverse outcomes. 

Acute and chronic HF, as well as other ischemic or non-ischemic conditions, may lead to a transient 
increase in cTn levels: hypertensive crises, tachyarrhythmias, valvular regurgitation, myocarditis, stroke, 
mandating differential diagnosis with ACS. 

There are multiple mechanisms that explain increased levels of cTn: myocardial necrosis or coronary 
thrombosis (type I MI), supply-demand mismatch with subendocardial ischemia/injury, cardiomyocyte 
apoptosis, inflammatory cytokines, neurohomonal changes. 

Screening for cTn levels in the population at high cardiovascular risk yields prognostic information on 
development of de novo HF or other cardiovascular adverse events.

Keywords: heart failure, troponins.

2019; 14(4): 371-377

INTRODUCTION

Acute and chronic heart failure (HF) 
represent a significant clinical entity 
within the cardiovascular and general 
pathology. There has been great 
progress in the diagnosis, evolution, 

prognosis and therapy of HF, concurrent with the 
study of cardiac biomarkers. Among these, car-
diac troponins (cTnT and cTnI) are a central fo-
cus when discussing heart failure. 

The troponin complex (Tn) consists of three 
structural proteins (TnC, TnT and TnI), localized 
on the fine filaments of the myocardial contrac-
tile apparatus. Within the myocardium, cTnI (in-
hibitor) and cTnT (tropomyosin binding) are the 
most important, as they mediate the interaction 
between actin and myosin and have an essential 
role in cardiac contraction (1). 

When disruption of the myocyte membrane 
ensues due to ischemic (in the majority of cases) 
or non-ischemic causes, the troponins in the cy-
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tosol, followed by the structural troponins – in-
cluding troponin fragments – pass into the extra-
cellular space and bloodstream. Increased 
troponin levels correlate with the extent of cel-
lular injury, reaching itspeak when ischemic 
myocardial necrosis occurs. As a consequence, 
an increase in serum troponin levels are a key 
diagnostic element in acute myocardial infarc-
tion (STEMI and NSTEMI) (2, 3). 

Data from studies conducted in the past 
10-15 years revealed that serum troponins levels 
can be increased in several conditions such as 
acute coronary syndromes (ACS), non-ischemic 
myocardial injury (e.g., myocarditis, cardiotoxi-
city) or in other conditions with multifactorial 
injury (e.g., heart failure, pulmonary embolism, 
stress cardiomyopathy). High levels of hs-cTn 
above the detection limit can also be found in 
healthy subjects (4). 

As such, increased cTn levels are demonstra-
ted in various clinical scenarios; however, when 
associated chronic and acute heart failure, they 
pose a difficult challenge in terms of diagnosis 
(infarction or other type of myocardial injury), 
evaluation methods (hs-cTn or conventional tro-
ponin), clinical and pathogenic significance. In-
creased cTn levels in patients with HF and in the 
absence of defining criteria for ACS makes the 
interpretation difficult for a marker otherwise in-
dicative for MI (5). 

In this review some of the issues regarding 
acute and chronic HF with increased levels of 
cTn above the detection limit or reference limit 
will be discussed, the most important being 
prevalence, the dynamics of cTn levels in various 
clinical scenarios; distinguishing myocardial in-
farction from acute or chronic injury in HF; pro-
gnostic value in HF with increased cTn; troponin 
and other biomarkers in HF; pathogenic mecha-
nisms leading to cTn increase in HF; increased 
troponins as predictive factors in de novo HF. 

Furthermore, for an easier understanding, a 
few definitions should be presented, in their cu-
rrent form (6):

- Reference value for cTn is the maximum 
value found in 99% of the general population; 
the 95th percentile in the general population; 
for conventional evaluation cTnT = 0.01 ng/L; 
- Myocardial injury is defined as increased 
cTnabove the 99th percentile of the upper re-
ference limit (URL); myocardial injury can be 
acute or chronic; 

- Acute myocardial infarction is defined 
as acute myocardial injury, associated with in-
crease and/or decrease in cTn levels, with at 
least one value above the 99th percentile of the 
URL.
Currently, there is no standardized method to 

define the reference value for hs-cTnT; depen-
ding on the assay type, hs-cTnT levels suggestive 
for AMI should be at least > 90 ng/L or >14 ng/L 
in the first three hours. For AMI, hs-cTnt levels 
can reach >1000 ng/L at 3-6 h from onset (7). q 

CARDIAC TROPONINS IN ACUTE HF

Acute heart failure (acute HF) is one of the 
most frequent causes of hospitalization, re-

quiring timely diagnosis and urgent treatment. It 
can present as a primary cardiovascular event 
(de novo) or, more frequently, as an acute de-
compensation of chronic heart failure. Acute 
coronary syndromes (ACS) are a relatively fre-
quent primary cause of acute HF (e.g., STEMI) or 
represent a trigger leading to rapid deterioration 
of cardiac function. Current guidelines recom-
mend ruling out AMI (type I) on index evaluation 
of patients with suspected or demonstrated 
acute HF. 

In clinical practice, cTn (currently hs-CTn) is 
the biomarker of choice to test in emergency set-
tings, corroborated with clinical, electrocardio-
graphic and imaging data, in order to diagnose 
ischemia or myocardial necrosis, as well as the 
cause(s) of acute HF. 

In acute HF, cTn levels can be either increased 
above the 99th percentile of URL on index tes ting 
or moderately increased above the detection 
limit, or they remain negative. If hs-cTnI le vels 
are high or very high, with an ascending and/or 
descending curve trend, STEMI or NSTEMI is an 
evident diagnosis, if other criteria such as clinical 
presentation, EKG and/or ima ging suggestive of 
AMI are also fulfilled (6). 

If cTn levels remain negative (beyond 3-6 h 
from clinical onset of acute heart failure), then 
AMI can be ruled out and pursue other causes of 
acute HF (8). 

In scenarios where cTn levels are increased, 
but below the cut-off for MI, then the differential 
diagnosis becomes challenging. 

Firstly, the most frequent scenario is repre-
sented by acute cardiac decompensation in pre-
existent chronic heart failure (approximately 
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2/3 of HF are of ischemic cause). Under these 
conditions, the moderate increase in cTn levels 
represent acute ischemic myocardial injury – de-
pending on increasing and/or decreasing trends 
of cTn (acute injury) or chronic injury (chronic 
HF with stable cTn levels). Subendocardial is-
chemia, strain (parietal tension) increase, sympa-
thetic overdrive and the effects of inflammatory 
cytokines can explain increases in cTn levels 
above the reference limit. In this case, acute 
ischemic myocardial injury would be the cause 
of progressive reduction in cardiac function and 
development of advanced heart failure (9). 

Secondly, other pathological conditions that 
determine acute HF can be associated with in-
creases in cTn levels – besides AMI – through 
ischemic or non-ischemic myocardial injury, e.g., 
hypertensive crises, atrial/ventricular tachyar-
rhythmias or severe conduction disturbances, 
acute valvular regurgitation, acute myocarditis, 
pulmonary embolism, stroke (10). In these situa-
tions, cTn levels can rapidly increase, and, on se-
rial testing, can decrease rapidly, remain stable 
or become undetectable. In several cases, is-
chemic or non-ischemic acute myocardial injury 
can develop in HF associated with other patho-
logical conditions (persistent atrial fibrillation, 
left ventricular hypertrophy, renal dysfunction, 
diabetes mellitus) and can therefore influence 
cTn levels, in addition to MI (2). 

Moreover, several studies have focused on 
the prevalence of increased levels of cTn in acute 
heart failure and its prognostic significance in 
heart failure in the short- and medium-term. 

The ADHERE trial remains a benchmark study 
(11). It enrolled 61397 patients who had con-
ventional cTn levels taken on admission; 6.2% of 
these had positive troponin tests. A positive cTn test 
was defined as cTnT equal to,, or above 0.1 ng/L. 
Patients who had increased levels of cTnT had 
higher rates of adverse events and mortality du-
ring hospitalization compared to the negative 
tro ponin group (8% vs 2.7%, respectively, 
p = 0.0001). 

For risk stratification in acute HF, index low 
blood pressure, renal function and troponin le-
vels were important elements. 

The advent of a more sensitive method to de-
tect lower levels of cTn (hs-cTnT and hs-cTnI) 
offered additional information concerning the 
diagnostic and prognostic value of cTn in pa-
tients with acute HF. 

In the ASCEND-HF study, with sensitive tro-
ponin level testing (s-cTnT) (VITROS-TOP) on 
808 patients with acute HF, positive troponin 
levels (cTn 0.034 ng/mL) were demonstrated in 
50% of patients. Patients with cTnT levels ex-
ceeding the 99th percentile of URL had HF 
worsening during hospitalization (p = 0.01). In 
addition, they were older, had higher NT-proBNP 
and worse renal function. The study did under-
line that increased levels of s-cTnT exceeding the 
99th percentile URL did not represent an inde-
pendent predictor of worse outcomes at 90 days 
and one year, respectively (12). 

Moreover, with regards to its prognostic sig-
nificance, similar results were seen in a study 
conducted by Arenja N et al (13). Out of 
667 patients with acute dyspnea examined in 
the Emergency Department, 357 (57%) had 
acute HF, the majority of whom were presenting 
for acute decompensation of chronic HF (46.5%); 
41% of patients with acute HF had increased le-
vels of s-cTn and 58% normal values or unde-
tectable troponin. The threshold for increased 
cTnI levels was established at 0.028 ng/L, and 
the reference range was between 0.1 and 
0.27 ng/L, respectively. The highest levels of 
s-cTnI were registered in patients with acute HF 
and ACS or shock, compared to acutely decom-
pensated chronic HF. Patients enrolled in this 
study were followed for 371 days. In patients 
with acute HF, mortality at 30 days and one year 
increased, correlating with s-cTnI levels (2%, 5% 
and 14%, respectively; p <0.0001 for mortality 
at 30 days and 21%, 33% and 47%, respectively, 
p <0.002 at one year). 

Consequently, this study demonstrates that 
s-cTnI levels are a short- and long-term strong 
prognostic predictor in acute HF and, therefore, 
cTn levels help in stratifying patients according to 
their mortality risk.

In conclusion, various studies have explored 
the significance of increased cTn levels on both 
index and serial testing in acute HF, with results 
demonstrating the association with adverse out-
comes in the short-term and, most likely, in the 
long-term as well. q 

CARDIAC TROPONINS IN CHRONIC HF

CTn levels above the detection limit have 
been observed in chronic HF with reduced 

(HFrEF) and preserved EF (HFpEF). The majority 



374 Maedica   A Journal of Clinical Medicine, Volume 14, No. 4, 2019

troPonIns In Heart faIlure

of studies have been conducted in patients with 
chronic HF of ischemic and non-ischemic cause. 

The Val-HeFT study (Valsartan in Heart Fai-
lure Trial) studied patients with chronic heart fai-
lure. The detection limit for cTnI was 0.01 ng/mL, 
with 10.4% of patients having increased cTn le-
vels (14). Increased troponin levels correlated 
with NYHA heart failure functional class and 
mortality rate at two years. For hs-TnT, the detec-
tion limit was established at 0.001 ng/mL, thus 
measuring troponin levels 10 times lower than 
the conventional inferior limit of TnT. The preva-
lence of detectable troponin was found in 92% 
of patients. In a systematic review of troponins 
in HF, the incidence of increased levels of hs-TnT 
was 63% and 31%, respectively, when troponin 
testing was done by conventional methods. 

In patients with chronic HF, increased levels 
of troponin generally correlate with HF severity 
and particularly with acutely decompensated 
chronic HF. 

For a pertinent interpretation of increased 
troponin levels in HF, serial testing should be per-
formed over a longer timespan, as opposed to 
single testing on admission. In chronic HF, in-
creased troponin levels on serial testing follow a 
relatively flat line, with little variations, and are 
more stable over time, compared with the ra-
pidly ascending and descending curve over a 
few days in myocardial necrosis – ACS. 

The correct interpretation of increased cTn in 
HF depends on the diagnosis – myocardial ne-
crosis or (acute or chronic) myocardial injury, as 
well as on the prognostic significance of in-
creased troponin levels on serial testing. 

Acute MI (STEMI, NSTEMI) is diagnosed if cri-
teria according to the fourt Universal Definition 
of Myocardial Infarction are fulfilled; the criteri-
on for cTn is increasing and/or decreasing levels 
of cTn or hs-cTNT with at least one value above 
the 99th percentile URL (6). The absence of clini-
cal or other criteria suggestive of MI make the 
diagnosis unlikely (8). In patients with history of 
coronary heart disease, diagnostic work-up 
should involve other methods (coronary angio-
graphy, CT angiography, cardiac MRI) to esta-
blish recent MI in patients with chronic HF. 

When cTn or hs-cTnT levels are below the 
cut-off for AMI, increased troponin levels are 
suggestive of acute myocardial injury (if a pattern 
of increasing and/or decreasing levels is present) 
or chronic (if there are stable levels on serial tes-

ting). However, moderate transient troponin in-
creases can be found in acutely decompensated 
chronic HF, though they are not suggestive of MI, 
in the absence of additional criteria. 

The clinical significance of increased tropo-
nin levels in chronic HF should also be regarded 
in correlation with the outcome and prognosis of 
the study groups. 

Various studies (with a small-to-moderate 
number of patients) have analyzed the prognos-
tic significance of increased cTnI and 
hs-cTnT levels in patients with chronic HF. The 
results of the two studies are concordant: in-
creased levels of troponin was associated with a 
two-fold increase in mortality at five years and 
re-admission, all cause and cardiovascular mor-
tality (15, 16). 

These results have been confirmed in two 
meta-analyses regarding outcomes and progno-
sis in patients with chronic HF and increased tro-
ponin levels. One of the meta-analyses com-
pared prognosis in correlation with increased 
levels of cTn and hs-cTn or hs-cTnI, respectively, 
concluding that there was no difference between 
the two methods of troponin measurement on 
outcomes in patients with chronic HF (7). 

Furthermore, another recent meta-analysis 
focused on the prognostic value of hs-TnT as a 
predictive factor of all cause mortality, cardiovas-
cular mortality and admission due to cardiovas-
cular causes (9289 patients with chronic HF, 
60% of ischemic cause). The analysis correlated 
other main prognostic factors in HF, including 
NT-proBNP. In a 2.4 year-follow-up, hs-cTnT has 
been independently associated with all cause 
mortality (HR 1.48, CI 95%), cardiovascular mor-
tality (HR 1.42, CI 95%). In conclusion, troponin 
is an important additional prognostic factor in 
chronic HF (18). 

Moreover, increased cTn levels also correlate 
with adverse clinical outcomes in both HFrEF 
and HFpEF. Between 26% and 50% of patients 
with decompensated HF have increased tropo-
nin levels. In the GWTG (Get with the Guidelines) 
Registry analysis, which included 34 233 patients 
with HFpEF, 21.4% of these had increased levels 
of hs-cTnI and hs-cTnT, respectively. 

Increased levels of cTn (in the absence of MI 
or chest pain) is associated with increased in-
hospital mortality (OR > 1.9), as well as morta-
lity at 30 days (HR 1.59) and at one year 
(HR 1.31) (19). 
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Serial troponin testing helps in identifying po-
tential adverse outcomes in patients with HFpEF. 
The correlation with the dynamics of other car-
diac biomarkers (NT-proBNP, GAL-3 and sT2) 
increases negative prediction of (moderately) in-
creased cTn levels in HFpEF and HFrEF. 

In conclusion, in chronic HF troponin levels 
can be moderately or severely increased, above 
the detection limit in almost all patients, if using 
hs-cTnT. Increased troponin levels, however be-
low the cut-off for AMI, suggests ongoing myo-
cardial injury with an underlying ischemic or 
non-ischemic mechanism. 

Troponin levels above the 99th percentile as-
sociates with adverse outcomes in HF – progres-
sive reduction in cardiac function, increased 
mortality. q 

TROPONINS AND MULTIMARKER TESTING 
IN HF

Troponin testing in HF is one of several op-
tions of biomarker testing. Additional cardiac 

biomarkers may aid in a more comprehensive 
definition of current or ongoing pathological 
processes, following myocardial necrosis or in-
jury in the context of HF. Natriuretic peptides, 
soluble ST1, ST2, galactin-3 and C reactive pro-
tein are among the more frequently used. 

Serial testing of NT-proBNP is a fundamental 
step in the workup for acute or chronic HF. In-
creased NT-proBNP levels associate with longitu-
dinal and circumferential strain, with left ven-
tricular end-diastolic pressures and ejection 
fraction. NT-proBNPyields data regarding dia-
gnosis and severity of cardiac dysfunction, as 
well as prognosis. NT-proBNP is considered an 
independent marker of prognosis in acute and 
chronic HF (20). 

Increased troponin levels and increased 
NT-proBNP levels can reveal the underlying 
cause (myocardial injury, myocardial necrosis). 
In addition, testing for both biomarkers offers 
prognostic information regarding short- and 
long-term outcomes (21). 

Soluble ST2 (sST2) is a cardiac biomarker as-
sociated with left ventricular hypertrophy (LVH), 
fibrosis and cardiac remodeling. It is used in the 
multimarker evaluation of acute and chronic HF, 
and increased sST2 levels are found in HF; how-
ever, results are age-dependent, influenced by 
the presence of DM, LVH, but not renal dysfunc-

tion (22). The lower reference limit is standar-
dized incompletely. In a recent study, where 
NT-proBNP, hs-TnT and sST2 have been tested in 
6268 HF patients (EF ≤ 40%), sST2 le-
vels ≥ 28 ng/L were independently predictive of 
all cause and cardiovascular mortality as well as 
hospitalization for chronic HF. Patients were 
studied over a 2.4-year period. Other data sug-
gest that serum sST2 levels above 35 ng/L are in 
particular associated with rather acute HF than 
chronic HF (24). 

Concomitant testing for sST2, NT-proBNP 
and hs-cTn offers valuable additional prognostic 
information. Patients with all three biomarkers 
above the optimal cut-off have a two-fold higher 
risk of death in acute HF (24). q 

UNDERLYING MECHANISMS OF  
INCREASED TROPONIN LEVELS IN HF

The underlying mechanisms that determine 
increases in cTn in acute and chronic HF are 

either partly demonstrated or presumed. There 
are multiple pathophysiological mechanisms, 
similar in both acute and chronic HF, with mini-
mal differences. 

Acute MI takes the forefront as the main 
cause of increased troponin levels in acute and 
chronic HF. Prolonged ischemia leads to myocar-
dial necrosis, cell membrane disruption with 
consequent release of structural and cytosol tro-
ponins. Hs-cTnT levels increase rapidly, within 
hours, reaching high and very high levels and, on 
serial testing, form an ascending and/or descen-
ding curve within hours or days. 

The diagnosis of AMI in preexistent HF entails 
not only an increase/decrease in cTn levels, but 
also mandatory fulfillment of other criteria (clini-
cal, EKG, imaging criteria) defined in the fourth 
Universal Definition of MI (6). In practice, there 
are other pathological conditions leading to in-
creased troponin levels, e.g., pulmonary embo-
lism, acute myocarditis or sepsis (2, 10). Acute 
MI in the context of plaque erosion or intimal 
rupture or thrombosis is relatively frequently as-
sociated with acute decompensation of stable 
chronic HF or development of acute HF. 

More frequently than AMI, an increase in tro-
ponin levels in the context of HF is found through 
a demand ischemia mechanism, also known as 
supply-demand mismatch, particularly in the 
case of chronic HF (25). 

troPonIns In Heart faIlure
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Myocardial ischemia and injury can occur 
due to either an increase in oxygen demand or a  
decreased supply, in the absence of an acute pri-
mary coronary thromboembolic event. The main 
mechanism consists of subendocardial ischemia, 
determined by excessive parietal strain and fol-
lowed by myofibrillar alteration. Increase in pari-
etal stress leads to subendocardial ischemia, re-
gardless of preexistent coronary heart disease. 
Decreased myocardial oxygen supply can be 
mediated by increased filling pressures, tachyar-
rhythmias or bradyarrhythmias, arterial hypoten-
sion, anemia, endothelial dysfunction. 

In myocardial injury, the myocyte cell mem-
brane becomes permeable, allowing for cytosol 
troponin and troponin fragments with low mo-
lecular weight to pass into the interstitium and 
bloodstream (26, 27). 

Other possible mechanisms leading to an in-
crease in troponin levels have also been described 
– increased parietal stress induces cardiomyocyte 
apoptosis, autophagia and alteration of the con-
tractile apparatus, with consequent cTn release 
(28). Inflammatory cytokines, neurohormonal 
changes in HF and cardiomyocyte turnover have 
a direct effect on cardiomyocytes. In addition, ad-
vanced age and renal dysfunction or other comor-
bidities (DM) may contribute to increased levels 
of cTn in patients with chronic HF (28). 

Januzzi T et al created an illustration to sum-
marize causes of troponin release in HF syn-
dromes (7): 

- coronary ischemia due to epicardial co-
ronary disease or endothelial dysfunction; 
- subendocardial ischemia in conditions 
of supply-demand mismatch due to de-
creased oxygen supply or/and increased 
myocardial oxygen demand; 
- myocardial apoptosis or autophagia;
- proteolysis or myocardial contractile 
protein turnover; 
- direct toxicity of inflammatory neuro-
hormones, infiltrative processes. 
In conclusion, subendocardial ischemia due 

to increased parietal stress (volume-pressure ra-
tio), increased cell membrane permeability and 
exocytosis of cytosol troponin, sympathetic and 
renin-angiotensin-aldosteron system overdrive 
are the main pathogenic processes that lead to 
variable increases in troponin levels in heart fai-
lure as well as worsening cardiac function and 
HF progression (2). Of note, in acute and chro-

nic HF, increase and/or decrease or relatively 
stable troponin levels, the underlying mecha-
nisms are both ischemic and non-ischemic. q 

TROPONIN AS A PREDICTOR OF 
CARDIOVASCULAR EVENTS AND DE NOVO HF

Cardiac biomarkers are useful for diagnosis 
and risk stratification in various cardiovascu-

lar conditions, particularly in coronary heart di-
sease and HF. Earlier studies have shown that 
natriuretic peptides, along with clinical risk fac-
tors, may predict future cardiovascular events 
(4). Extensive use of cTn in the population, in-
cluding subjects with no apparent heart disease, 
has demonstrated the importance of troponin as 
a predictor for future cardiovascular adverse 
events, particularly for HF. 

A longitudinal cohort study has shown that 
hs-cTnT was a predictor of de novo HF and car-
diovascular death (29). Approximately 60% out 
of 4221 people over 65 and with no history of 
HF had detectable hs-cTnT levels. At the two-year 
follow-up visit, index levels and consequent in-
crease >50% correlated with an increased risk of 
HF development (HR 1.61) and cardiovascular 
death (HR 1.61). In a similar analysis, an ARIC 
(Atherosclerotic Risk in Community) substudy, 
an association between cTnT levels and hospita-
lization for HF has been observed (30). 

Another two-population study have confirmed 
the role of hs-cTnT in predicting cardiovascular 
events. Consequently, 1089 men aged approxi-
mately 70 were followed-up for nine years and it 
was shown that cTn levels above baseline on re-
peat testing were an independent predictor of 
hospitalization for HF, after ruling out for MI 
(cTn > 0.01 ng/L) (31). 

Furthermore, a meta-analysis studying the 
data from 16 studies conducted in the general 
population and six studies in high-risk popula-
tion (stable coronary disease, DM, CKD) re-
vealed a strong correlation between hs-cTn and 
the risk of primary HF event (32). 

In conclusion, serial hs-cTn testing in appa-
rently healthy subjects or with cardiovascular risk, 
with results above the detection limit, may predict 
de novo HF or other cardiovascular adverse 
events. q
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ABSTRACT
The major cause of death in patients with chronic kidney disease is represented by cardiovascular events. 

Atherosclerosis is usually initiated by the association of traditional and non-traditional risk factors, and 
the acute thrombotic complications are more frequent in subjects with reduced glomerular filtration rate. 
The diagnosis of acute coronary syndromes is challenging due to the increased values of cardiac necrosis 
enzymes correlated with reduced renal function. 

Keywords: acute coronary syndromes, chronic kidney disease, proteinuria. 

INTRODUCTION

Chronic kidney disease (CKD) represents 
a major public health issue. Cardiovas-
cular events are the leading causes of 
death in patients with CKD. The preva-
lence of coronary arteries disease 

(CAD) and heart failure in patients with CKD was 
34% in the United States and 25.6% in a Japanese 
cohort study (1). The association of traditional and 
non-traditional risk factors specific for chronic kid-
ney disease patients promotes an accelerated athe-
rosclerosis process, thus increasing the incidence of 
CAD. There is strong evidence that a decreased 
glomerular filtration rate (eGFR) – below 
60 mL/min/1.73 m2 –  is an independent predictor 

of cardiovascular mortality even in patients who 
were not previously at high risk for cardiovascular 
events (2). This certifies the fact that CKD may be 
considered a risk factor regarding CAD risk. The ra-
tio between urine albumin and creatinine > 30 mg/g 
was related to a high cardiovascular risk in subjects 
with eGFR > 60 mL/min/1.73 m2; thus, albumi n-
uria may be considered a cardiovascular risk factor 
in the general population (1).

Particularities of the accelerated atherosclerosis 
process in chronic kidney disease
Atherosclerosis process is an inflammatory disor-
der and has specific features in chronic kidney di-
sease. The SMART trial illustrated the fact that a 
decrease in the renal diameters and the elevation 
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of the creatinine level is usually related to 
non-obstructive atherosclerosis. Atherogenic trig-
gers include both modifiable and non-modifiable 
components like advanced age, diabetes mellitus, 
hypertension, obesity, smoker status and family 
history of premature cardiovascular disease (2).

There was an important cross-sectional study 
from our country, which included 3124 subjects 
aged 18-85 from eight regions (Bucharest, Munte-
nia, Oltenia, Banat, Crisana, Transilvania, Moldo-
va and Dobrogea), and revealed that the preva-
lence of cardiovascular risk factors is high in our 
country and the optimal control are not suitable, 
explaining also the increasing incidence of cardio-
vascular disease in the general population (3).

The threshold for development of accelerated 
atherosclerosis and several complications like acute 
coronary syndromes, heart failure and cardiovascu-
lar mortality is represented by a glomerular filtra-
tion rate below 60 mL/min/1.73 m², which corres-
ponds to a serum creatinine of 1.5 mg/dL (4).

Initial cardiovascular change found in patients 
with CKD is arteriosclerosis described as narro-
wing of the small arteries and loss of cushioning 
function. Arteriosclerosis promotes oscillatory pat-
terns of shear stress and a high pulse pressure. 

Animal studies revealed that mice with mode-
rate chronic kidney failure express an increase 
aortic stiffness, leading to left ventricle hypertro-
phy and diastolic dysfunction. These particulari-
ties were related to some adhesion molecules and 
chronic kidney failure nontraditional factors, ex-
cluding other potential causes such as cardiovas-
cular calcification, morphological vascular chan-
ges or hypercholesterolemia induced by 
apolipoprotein E deletion. The study design in-
cluded two mouse models, apolipoprotein E gene 
knockout mice and C57 black wild- type mice, 
divided into four groups based on the presence or 
absence of chronic kidney disease. The study lot 
was evaluated using biochemical parameters, 
echocardiography measurements and histological 
examination performed after nephrectomy in a 
specific subgroup. Even if most preexisting trials 
emphasized that vascular calcification, especially 
medial calcification is responsible for increased 
aortic stiffness, the study illustrated that there is 
not a certain connection between them in the 
early stages of CKD, so there was no correlation 
regarding aortic calcification and pulse-wave ve-
locity or the systolic expansion rate of the aorta. 
The vascular stiffness quantified by the assessment 

of the aortic pulse wave velocity is augmented 
once the renal function deteriorates (5).

,,Atherosclerosis” and ,,arteriosclerosis” are 
distinct vascular lesions (Table 1). Arteriosclerosis 
expresses the narrowing of the arteries due to the 
decline of elastin production, while atherosclero-
sis is determined by cardiovascular factors that 
promote the lipids peroxidation and appearance 
of atherosclerotic lesions initially in medium-sized 
and large arteries.

In subjects with CKD there is a special charac-
teristic of atherosclerosis consisting in the pre-
sence of extended vascular calcifications. Schwartz 
et al. demonstrated that in patients with end stage 
renal disease there is an important calcification of 
the media, in contrast with the control lot that had 
mostly fibro-atheromatous plaques. Surprisingly, 
the intimal layer was not involved in the thickness 
process, but the arterial lumen was more reduced 
in uremic patients. In fact, there is not a matter of 
the plaques size but the consistence makes them 
more prone to develop acute complications (6).

The hypotheses that the elevated level of cho-
lesterol was not the principal element involved in 
atherosclerosis in CKD was revealed by AURORA 
and 4D studies. Lowering cholesterol and 
LDL-cholesterol did not improve the cardiovascu-
lar outcome in subjects with chronic hemodialy-
sis. Statin therapy should be initiated in CKD pa-
tients before they develop ESRD (end stage renal 
disease – CKD requiring dialysis) (7).

Traditional and non-traditional risk factors 
involved in atherosclerosis in subjects  
with CKD
The uremic-enhanced risk factors such as malnu-
trition, anemia, calcium and phosphates metabo-
lism disorders, coagulation disorders are influen-
cing the progression of the atherosclerotic plaque. 
The volume of the myocytes is enlarged in 
CKD subjects, resulting in a mismatch between 
myocytes and capillaries and an imbalance be-
tween the coronary blood blow offer and demand 
(8).

There are two different categories of athero-
sclerotic lesions that may lead to acute coronary 
syndrome development. The plaque erosion is 
characterized by an intact fibrous cap and a white 
non-occlusive thrombus containing platelets. In 
contrast, the plaque rupture involves a rupture in 
the fibrous cap and red thrombus formed mostly 
by fibrin, which will produce the artery occlusion. 
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For the moment, the mechanism responsible for 
the initiation of both two lesions by CKD is not 
clearly explained (9). 

Diagnosis of acute coronary syndromes in 
patients with CKD
The decline of renal function interferes with ex-
cretion of the cardiac necrosis enzymes represen-
ted by troponin I and T. This aspect illustrates the 
fact that elevated values of these biomarkers are 
characteristic in patients with CKD and only serial 
determinations of these compounds may clarify 
whether there is a certain suspicion of myocardial 

necrosis or an elevated baseline value of tropo-
nins due to renal damage.

Trials revealed that there was a correlation be-
tween the cardiac troponins values and the mor-
tality rate, even in patients without symptoms and 
signs of myocardial infarction. Elevated values of 
troponin T were detected in patients with deterio-
rated renal function and normal coronary arteries. 
The mortality rate in subjects with high concentra-
tions of troponin T was 47% in one trial, com-
pared with 8.4% recorded in patients with cardiac 
troponin T less than 0.01 μg/L (10).

Electrocardiography represents another dia-
gnostic tool used in revealing myocardial infarc-
tion, but the presence of left ventricular hypertro-
phy, pathologic Q waves and ST segment 
depression during hemodialysis sessions, is de-
tected in subjects with chronic kidney disease 
without signification of myocardial ischemia (11).

Improvements in assay sensitivity lead to the 
development of new biomarkers such as high sen-
sitive troponin, which are more specific for the 
diagnosis of the ACS because the decrease of the 
eGFR will not affect their renal excretion (12).

Besides its role in revealing the presence of 
myocardial necrosis, high sensitive troponin is 
correlated with the incidence of heart failure, left 
ventricular mass and a left ventricular ejection 
fraction less than 50%. The incidence of heart fai-
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TABLE 1. Differences between atherosclerosis and arteriosclerosis and 
pathophysiological aspects of the two lesions

FIGURE 1. Traditional and 
non-traditional risk factors involved 
in atherosclerotic process in 
subjects with CKD disease. There 
are two particular complications 
of the accelerated atherosclerosis 
consisting in the white thrombus, 
which is mainly formed by platelets 
and the red thrombus, rich in 
fibrin. HBP= High blood pressure; 
CVD= cardiovascular disease.
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lure was 52.8 per 100 subjects in the group with a 
high sensitive troponin value greater than 5 ng/L 
(12).

The APACE trial suggested important conclu-
sions regarding the diagnosis of acute coronary 
syndromes in CKD subjects. First of all, using just 
one value of hs-cTn is not indicated and serial 
measures should reveal an increasing tendency of 
the cardiac enzyme. The 1 and 3 hour-diagnosis 
algorithm regarding high sensitive troponin, which 
was included in the third universal definition of 
the myocardial infarction released by the Euro-
pean Society of Cardiology, represents an option 
for CKD patients (13).

 
Therapeutic options in acute coronary 
syndromes and chronic kidney disease
The major phenomena observed in patients with 
CKD is called ,,renal nihilism” and illustrates the 
physicians’ predisposition for choosing the con-
servative treatment of acute coronary syndrome, 
leading to a underutilization of interventional cor-
onary angioplasty. 

Specific features of the dyslipidemia characte-
ristic in patients with impaired renal function con-
sist in increased VLDL (very low density lipopro-
teins) cholesterol and decreased HDL (high 
density lipoproteins) cholesterol. In advanced 
CKD, HDL-cholesterol has an altered function 
(14).

Lipid-lowering therapy has a different impact 
in these patients depending of the CKD stage. The 
Heart Protection Study, ASCOT-LLA trial and 
Pravastatin Pooling Project outlined the fact that 
therapy with simvastatin, atorvastatin and prava-
statin, strongly reduces the MACE (major adverse 
cardiac events) in patients with early CKD. CARD 
analyses reflected that using atorvastatin reduced 
the incidence of MACE by 42%, with a decline of 
64% in stroke for subjects with type 2 diabetes 
and CKD stage 3 (15).

The 4D study outlines that 20 mg of atorvas-
tatin in patients with impaired kidney function 
reduced the LDL-cholesterol with 40%, but the 
impact on cardiovascular mortality, myocardial in-
farction and nonfatal stroke was not statistically 
important (15).

Aurora study reflected that using 10 mg of ro-
suvastatin in dialyzed patients decreased the LDL 
cholesterol and C reactive protein, but had a 
modest effect in primary endpoint composite of 
only 4% (15).

These conclusions were predictable because 
LDL cholesterol levels are normal in CKD subjects 
and statins therapy works only for those patients 
with increased values. The HMG-CoA (b-Hydroxy 
b-methylglutaryl-CoA) reductase activity is 
down-regulated in chronic kidney failure (14).

The Sharp trial had a different perspective and 
a significant reduction in cardiovascular death 
was suggested by dividing the patients into two 
groups depending on the dialyzed status, so the 
risk decline was of 20% in non-dialyzed subjects 
and 9% in the dialyzed group (15).

Lipid lowering treatment may have reno-pro-
tective effects and it was demonstrated that they 
reduce albuminuria and proteinuria (15).

The Evidence-based Clinical Practice Guide-
lines for treatment of CDK 2009 recommends an 
LDL-cholesterol target of 130 mg/dL in subjects 
with impaired renal function and values below 
100 mg/dL are more indicated if it is possible. In 
dialyzed patients, LDL-cholesterol should be 
maintained below 130 mg/dL in primary preven-
tion and less than 100 mg/dL in secondary pre-
vention. Also, non-HDL recommendations in-
clude values below 150 mg/dL and 130 mg/dL, 
respectively (15).

European Society of Cardiology (ESC) and Eu-
ropean Atherosclerosis Society have different 
opinions regarding the LDL-cholesterol target. 
The achievable value for LDL is below 1.8 mmol/L, 
70 mg/dL, respectively (15).

Indications for management of coronary artery 
disease including the superiority of myocardial re-
vascularization over optimal treatment are still in 
discussion because the subjects with chronic kid-
ney disease are usually excluded from the clinical 
trials, so strong evidences are lacking. Also, revas-
cularization guidelines included evidences from 
the general population, the CKD subjects were 
underrepresented and the randomized trials re-
garding the outcome of the patients who benefi-
ted of myocardial revascularization are lacking.

COURAGE (Optimal Medical Therapy with or 
without PCI for Stable Coronary Disease) and 
Bypass Angioplasty Revascularization Investigation 
2 Diabetes (BARI 2D) trials reflected that PCI and 
CABG did not show a significant superiority over 
optimal medical treatment in all-cause mortality in 
patients with myocardial infarction. COURAGE 
excluded the subjects with CKD and Bari 2D en-
countered only 16 patients with glomerular filtra-
tion rate below 30 mL/min/1.73 m2 (16, 17).
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The accepted conclusion is that DES 
(drug-eluting stents) are indicated in CKD patients 
over BMS (bare-metal stents). In addition, for 
CAD involving less than three coronary arteries, 
the results of PCI compared with CABG are simi-
lar, but in cases with more than three vessels the 
surgical myocardial revascularization is more 
suita ble (18).

One trial which included real-world, unselec-
ted subjects, and evaluated the in-hospital and 
one year outcomes in 642 patients with CKD who 
benefited of PCI. The major finding is that kidney 
function represents an independent predictor re-
garding the evaluation of ischemic and bleeding 
events in patients with decreased eGFR and DES 
(19).

The Syntax study reunited 1800 patients who 
underwent either PCI with first-generation pacli-
taxel-eluting stent or CABG (20). Follow-up con-
sisted in a five years period and revealed the inci-
dence of the MACE, including all-cause mortality, 
myocardial infarction and the necessity to repeat 
the revascularization procedure (21).

On the short term there were no significant re-
sults between PCI versus CABG regarding the pri-
mary composite: MACE (6.3% versus 4.0%), 
all-cause death (2.5% versus 0.7%) and repeated 
revascularization (1.9% versus 1.3%) (21).

After five years, the analysis reflected that, in 
subjects with CKD, MACE had a higher incidence 
in PCI (42.1%) versus CABG (31.5%) groups, 
whereas the reported death/myocardial infarc-
tion/stroke was 31.9% in the PCI group and 25.5% 
in the CABG group. This aspect outlines that out-
comes on the long term are superior for CABG, 
especially for diabetic subjects with a complex 
three vessels or left main involvement (21).

Retrospective data illustrates different hypo-
thesis. For instance, Bangalore and co-authors 
found that CABG was inferior to PCI regarding 
short-term mortality, stroke and repeated revascu-
larization (22).

The limits of the Syntax study are represented 
by the usage of first-generation DES, so new 
proofs and observations regarding the second-ge-
neration DES are required.

ESC guidelines referring to myocardial revas-
cularization released in 2014 have a special rec-
ommendation on CKD patients. There is a class II 
b, level B of evidence, indication favoring CABG 
over PCI in patients with multivessel CAD, with 
ischemic symptoms whose surgical risk profile is 

acceptable and life expectancy is beyond one 
year. On the other hand, for patients with life ex-
pectancy less than one year, who develop symp-
toms or ischemic signs, PCI represent the treat-
ment of choice (23).

The optimal treatment for chronic kidney di-
sease patients who develop ACS should be care-
fully weighted, and the overall risk should be 
identified according to the comorbidities, proce-
dural aspects including mortality risk and long-
term outcomes.

Peri-interventional management of anticoagu-
lation in CKD subjects represents another contro-
versy. Unfractionated heparin (UNH), bivalirudin 
and fractionated heparin (enoxaparin) is consi-
dered a viable option and it should be adminis-
tered considering the ischemic and the bleeding 
risks (23). Dose adjustments in subjects with eGFR 
less than 30 mL/min/1.73m2 of enoxaparin are in-
dicated (24). A meta-analysis reflected that usage 
of bivalirudin instead of UNH decrease the blee-
ding risk, with the inconvenience of increased 
stents thrombosis events (23). Matrix trials re-
vealed that bivalirudin administration versus UNH 
did not improve the major outcomes including 
death, risk of myocardial infarction and stroke, in 
7213 subjects diagnosed with ACS (23). A meta-
analysis including six trials revealed that bivaliru-
din was superior over heparin in 6405 subjects 
with CKD and ACS regarding the 30-days blee-
ding risk with no demonstrated benefits in reduc-
ing the ischemic risk (25).

An observational study including two cohorts 
revealed that acute kidney injury (AKI), a common 
complication of the CKD subjects, represents a 
major short-term adverse event. Surgical myocar-
dial revascularization is correlated with a 1.5 to 
three-fold higher odds of acute kidney injury inci-
dence compared with PCI. Also, in the Acute 
Catheterization and Urgent Intervention Strategy 
about 31.7% of the participants who received 
CABG developed AKI, in contrast with only 14.2% 
of the subjects who were in the PCI group and 
experienced contrast nephropathy, with a 
p<0.0001 (26).

The rate of AKI has decreased using the inter-
ventional strategy due to the third-generation 
iso-osmolar non-ionic contrast substances, proper 
hydration and N-acetylcysteine infusions (26).

Another important aspect is that chronic kid-
ney disease patients are exposed to a high ble-
eding risk, so the balance between the ischemic 
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and bleeding risk is very fragile. The explication 
resides in the special reactivity of the platelets in 
the uremic milieu. These cells become more 
prone to aggregation due to an intense ADP acti-
vity, becoming less responsive to P2Y12 inhibitors 
like clopidogrel. q

CONCLUSIONS

The final idea is that chronic kidney disease re-
presents a CAD risk equivalent. The subjects 

experience an atherosclerotic process with in-
tense media calcification, so they are prone to de-
velop acute coronary syndromes. A corroboration 

of both traditional and non-traditional risk factors, 
specific for uremic patients, accelerates the evolu-
tion of the atherosclerosis plaque.

The management of this specific population 
expresses the improper attitude of the physicians 
who are not confident in using all therapeutic op-
tions, illustrating the therapeutic renal nihilism. An 
optimal attitude should balance between the is-
chemic and bleeding risk, the incidence of acute 
kidney injury and MACE, the mortality risk and 
finally the long-term prognosis. q
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ABSTRACT
Background: The association between chronic periodontitis and cardiovascular disease is still controversial, 

despite the plethora of research on this topic.
Objectives: The objective of this systematic review is to update the level of evidence on connection between 

periodontal and cardiovascular disease. The review question is: could a link between periodontal disease and 
ischemic cardiac disease be established? 

Method: A PubMed, Science Direct and Scopus systematic search was performed, which was restricted only 
to articles published in English or French during the last five years. This study followed PRISMA statement 
guidelines.

Results: A significant relationship between the periodontal and cardiovascular pathology in 17 selected 
studies was observed, although there was a huge methodological heterogeneity and no randomized study was 
found.

Conclusions: It can be concluded that there is a connection between periodontal and cardiovascular disease, 
but the link mechanism is still not strongly proved. The scientific evidence level of the future research must 
be improved.
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INTRODUCTION

The etiology of periodontal disease can 
be assigned to an uncontrolled process 
of inflammation, microbial factors in-
ducing a series of host defense respon-
ses. Along with cholesterol associated 

mechanisms, the crucial role of inflammation in 
the mechanisms of systemic cardiac disease on-
set, in all stages of atherosclerotic lesion deve-
lopment, is scientifically accepted. Within this 
“inflammatory hypothesis”, periodontal disease 
could contribute to systemic inflammation and 
therefore, to atherogenesis. Within interventio-
nal studies, the causal relationship between the 
oral inflammatory processes and the concentra-
tion of compounds in the peripheral blood was 
demonstrated (1). Because periodontal diseases 
are infectious diseases/inflammatory diseases, 
mechanisms mediated by oral microorganisms 
and inflammation triggered by them have been 
brought in to explain their involvement in athe-
rogenesis.

The first study that reported an association 
between cardiovascular diseases and dental in-
fections was conducted by Mattila et al (2), the 
interest aroused by their hypothesis materializing 
in the literature through a series of research exa-
mining the power of this association and its bio-
logical validity. Ziebolz’ s study (1) does not 
demonstrate a direct connection between myo-
cardial inflammation and periodontitis, but pro-
vides some of the earliest documented evidence 
(2). Specifically, the DNA of periodontal patho-
gens has been revealed in the myocardium; also, 
the distribution of pathogenic species was 
somewhat similar between the myocardium and 
the corresponding patients’ oral samples.

Some investigators believe that the treatment 
for gum disease, which eradicates bacteria and 
infection, and controls inflammation, might pre-
vent the occurrence or recurrence of cardiac di-
sease (3-6).

In order to have a correct perspective over 
these results, we should mention the JUPITER 
(Rationale for the use of statins in prevention: an 
intervention study in the evaluation of rosuvas-
tatin treatment) study performed by Ridker in 
2008 (7), a randomized placebo-controlled trial 
on 18,000 patients, which showed that statin 
therapy reduced the risk of myocardial infarction 
and stroke by more than 40% in people with low 

cholesterol who had high levels of C-reactive 
protein (CRP).

A recent report by the European Common 
Federation of Periodontics/American Academy 
of Periodontics (EFP/AAP) has shown consistent 
evidence of longitudinal studies regarding the in-
dependent role of periodontitis as a risk factor in 
cardiovascular disease. Regarding the effects of 
periodontal therapy on the improvement of cli-
nical and surrogate markers of endothelial dys-
functions and the decrease of systemic inflam-
mation, limited evidence has been supported. 
No beneficial effect of periodontal treatment on 
lipid profile was observed. Until now, limited 
evidence has emerged regarding the improve-
ment of blood pressure and subclinical athero-
sclerosis after the treatment of periodontal di-
sease (5). 

The present review aims to answer the fol-
lowing question: is it possible to establish a link 
between periodontal disease and ischemic car-
diac disease? q 

 MATERIALS AND METHOD

This study followed the PRISMA statement 
guidelines (8).

Search strategies
A PubMed, Science Direct and Scopus literature 
search was made, using the following keywords: 
periodontal disease, relationship, ischemic car-
diovascular disease. Furthermore, the above 
terms were combined with each other. Google 
Scholar has been also explored. A manual search 
of all related oral pathology, maxillofacial and 
specialist dental and oral journals was per-
formed. The reference list of all identified studies 
and the relevant reviews have been also checked 
to find possible additional studies.

Inclusion and exclusion criteria
Randomized controlled trials (RCTs), cohort and 
cross-sectional case–control in vivo studies that 
analyze the relationship between periodontal 
disease and cardiovascular disease were consi-
dered eligible. We excluded articles that, al-
though dealing with periodontal disease, micro-
biology, oral health or loss of teeth in general, did 
not address the calculus, caries, and root canal 
therapy, the number of remaining teeth, oral hy-
giene or in vitro studies. Searches were restricted 
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only to articles written in English or French and 
published in the last five years.

Study selection criteria
Two review authors carried out the study identi-
fication. The titles and abstracts of all reports 
identified by electronic searches have been in-
dependently read by the authors of this review. 
For studies appearing to meet the inclusion crite-
ria or for which there were insufficient data in 
the title and abstract to make a clear decision, 
the full text was obtained. Disagreements were 
solved by discussion between the authors of the 
present review.

Data extraction
The authors of this review have independently 
extracted data using a data extraction form. For 
each of the identified studies that were included, 
the following data were then extracted on a stan-
dard form, when available: type and aim of 
study, size of the sample and control group, age 
and sex of participants, evaluation period, crite-
ria for diagnosis and evaluation of periodontal 
disease, criteria for diagnosis and evaluation of 
ischemic heart disease, statistical p-value, study 
conclusions. q

RESULTS

Literature search
A total of 890 entries related to periodontal 

and cardio vascular disease relationship in the 
last five years were found in the three databases. 
After filter application and language restriction, 
elimination of double registrations and full text 
reading, we obtained 17 references which ful-
filled the inclusion criteria (Figure 1). There were 
three case-control studies (9-11), four cross-sec-
tional studies (1, 12-14), six prospective cohort 
studies (13, 15-19), and four retrospective co-
hort studies (20-23). All these studies are placed 
in the middle of the value of scientific evidence 
according to the evidence pyramid in evi-
dence-based dentistry. We found no rando mized 
studies published in the last five years; however, 
we identified 28 systematic syntheses and 
meta-analyzes looking for answers related to the 
correlations between periodontal disease and 
cardiovascular disease.

Description of studies and analyses
Composition of study samples
The composition of the study groups varied from 
samples under 100 persons (1, 10-13, 15, 19), 
which form the majority in our study selection, 
to samples over 10,000 people (21, 23). Data 
concerning age and sex are inconsistently speci-
fied, and when stated, the number of 
women/men is random. Only two of the studies 
particularize race-related information of partici-
pants – Korean Asian (9) and multiethnic (white, 
African-American, Hispanic and Asian) (24); 
therefore, the results must be interpreted taking 
into account these limits. 

Reporting the results to a control group was pre-
sent only in 40% of studies (9, 11, 15, 17, 20-22), 
the follow-up period within the study ranging 
between a minimum of one year to a maximum 
of 33 years, with an average of 12.33 years.

Cardiac diagnosis
In the explored studies, several systems were 
used to diagnose heart disease such as current 
guidelines based on symptoms and typical signs 
(10), international statistical classification of di-
seases and related health problems ICD-8 codes 
410-414 (20, 22), ICD-9 (23),and  ICD-10 (22). 
Also, the following criteria disease were used for 
coronary: without coronary heart disease (steno-
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sis <50%, n = 152), stable coronary heart di-
sease (stenosis 50%, n = 184), acute coronary 
syndrome (ACS) (50% stenosis), a typical episode 
of chest pain and elevated levels of cardiac bio-
markers (n = 169) (17). The diagnosis has been 
consecutively established for carrying out or/and 
measuring the following investigations: ultra-
sound doppler analysis (15), coronary artery an-
giography (14), polymerase chain reaction 
(PCR) (1, 19), observation sheets (12), Echo-Dop-
pler examination of the internal diameter (13), 
blood flow velocity  in the right and left common 
carotid artery and brachial artery (13), trans-
esophageal echocardiography (18), coronary 
ECG-CTA using 64-MDCT (19), biopsy samples 
from the atrium and ventricular myocardium 
during surgery of the aortic valve (1), thickness of 
left and right carotid intima, evaluated through 
ultrasound, diastolic blood pressure (11), ave-
rage thickness of the intima (13). 

Periodontal diagnosis 
Periodontal diagnosis in the analyzed studies was 
made based on the international statistical clas-
sification of diseases and related health problems 
ICD-8 codes 523.39 and 523.49, acute and chro-
nic periodontitis (1), ICD-10 code K 05.2-05.3 (15) 
or Current Dental Terminology (CDT)-5 codes 
(23). However, periodontal disease was either 
categorized directly into early, medium and se-
vere periodontitis (9) or considered active when 
a loss of bone support ≥4 mm was seen in at 
least 10% from the examined places (16). 

In the periodontal analysis for the diagnosis 
or the testing there were used: gingival in-
dex (9, 13, 18), plaque index (9, 13, 18) alveolar 
bone loss on panoramic x-ray (15), periodontal 
screening index (1), Schei Score >2 (1), assess-
ment of average bone loss (2),  number of deep 
pockets (1, 12, 13, 18), bleeding rate (12, 18, 22), 
percentage of surface with clinical attachment 
level (CAL) >3 mm (1%t-32%¼ average; 
33%-66% ¼ moderate; and 67%t-100% ¼ se-
vere) (1, 11-13), periapical x-rays and bitewing 
(22), CPI (community periodontal index) (12), 
short questionnaire (24), collecting microbiologi-
cal samples (1),  DMF-T – Decayed (D) Missing (M) 
Filled (F) teeth (T) – or surfaces (S) index (1).

Studied hypothesis
In an attempt to elucidate whether there are 
links between periodontal disease and ischemic 

cardiac disease and at what levels they occur, the 
selected studies aimed to investigate the links 
between periodontal disease and vascular di-
sease (9, 11), endothelial function (15), chronic 
heart failure (10, 14, 16), myocardial infarction, 
stroke, and heart failure, which has not been 
previously studied (22). Also, some studies have 
sought to highlight periodontal disease as an in-
dependent risk factor for either cardiovascular 
disease (21, 24) or atherosclerosis (11, 18) as a 
predictor of coronary heart disease and mortality 
in the group of patients with type 1 diabetes 
(16). They have also monitored the effects of 
periodontal therapy on the medical costs and 
hospitalizations in persons with diagnosed type 2 
diabetes associated with coronary artery disease, 
cardiovascular disease, rheumatoid arthritis and 
pregnancy (1). Other studies have investigated 
how serum antibodies against seven periodontal 
pathogens and their subgingival levels are associ-
ated with periodontitis and coronary artery di-
sease (17), the relationship between myocardial 
infarction in heredocollateral history, the severity 
of periodontal disease and the level of serum an-
tibody titer against Porphyromonas gingivalis (12), 
incidence of oral infection with Porphyromonas 
gingivalis in patients with coronary tomography 
and angiography (1), deep hemodynamic study 
in patients with periodontal disease (13) and de-
tection of periodontal pathological DNA in atrial, 
myocardial and periodontal tissue with an em-
phasis on their influence on cardiac tissue. Only 
one study investigated the potential role of bias 
in estimating the evolution of a prevalent and 
progressive periodontitis and the role of incident 
periodontitis in the final reported results (20).

Factors that have been recorded in order to 
find links between periodontal disease and is-
chemic heart disease are summarized in Figure 2.
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FIGURE 2. The variation factors analyzed in the selected studies
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Significantly statistical associations between 
periodontal disease and heart diseases
In the studies included in this review, severe 
periodontitis was statistically significantly associ-
ated with:

• subclinical atherosclerosis OR 1.55; 
(1.07-2.24), P=0,021 in non-smoker women 
over 65 who are alcohol users (9) 
• peripheral arterial disease OR 2,03 
(1,05-3,93), P=0,036, in non-smoker pa-
tients under 65 suffering from metabolic syn-
drome (9)
• vascular dilatation at 60 s measured at 
the level of the brachial artery or absence of 
dilatation, without differences in sex, age and 
metabolic risk (15)
• increasing the thickness of aortic athero-
ma plaque and its calcification (18)
• diagnosis of ischemic heart disease 
(P=0.03) (10)
It was also reported that, after periodontal 

treatment, there were statistically significant re-
ductions (p<0.05) in the cost of medicines and 
hospitalizations for patients with diabetes, car-
diovascular disease and pregnancy, with costs 
considerably decreasing (23).

There was a significant correlation between 
periodontal disease and CD14 (lipopolysaccha-
ride-binding protein receptor) (p=0,008 and 
p=0,086) and CD68 (p=0,01) in the atrium and 
myocardium, respectively (1).

The number of teeth and deep pockets, but 
not the bleeding rate, were significantly related 
to future cardio-vascular disease (p = 0,0003 for 
teeth number and p = 0,007 for number of 
deep pockets). The number of teeth was signifi-
cantly related to myocardial infarction, with an 
incidence rate (IRR) of 0,90 (95% CI 0,82-0,99) 
and with heart failure, with an IRR of 0,87 
(95% CI 0,77-0,99) (22).

Independent predictors
For severe periodontitis, the evaluation of 
walking for six minutes was shown as an inde-
pendent predictor [OR]=1.008; 95% confi-
dence interval [CI] 1–1.02; P=0.05) (10). For 
systemic heart disease, statin analysis was shown 
as an independent predictor (OR=0.4; 95% CI 
0.005–0.33; P <0.01) (10). At the same time, 
periodontitis is a significant predictor of acute 
coronary heart disease (HR = 1,12, CI = 1,01-1,23) 

and critical acute coronary heart disease 
(HR = 1,30, CI = 1,11-1,51) (16).

Risk factors for heart disease
Periodontal disease has been associated with an 
increased risk of heart disease (HR = 1,25, 
CI = 1,03- 1,50) and acute heart disease 
(HR = 1,85, CI = 1,17-2,93) only among smo-
kers (16). Severe periodontitis was proven to be 
a significantly increased risk factor for death due 
to cardiac cause IRRs of 2.02 (95% CI 1.87 to 
2.18) (21), all cause mortality 2.70 (95% CI 2.60 
to 2.81 (21), recurrent strokes (HR 2.8; 95% 
CI 1.3-6.0) (18), vascular atherosclerotic disease 
in the Korean population (9, 15, 21).

Growth of average bone loss has been associ-
ated with an increased risk of ischemic heart di-
sease in early periodontitis (20).

There was an increased probability of myo-
cardial infarction in patients with a bleeding on 
probing index (BOP) of 20–50% and BOP > 50% 
[four times higher (OR = 4.56; 95% CI 
2.03–10.27)], in those with a CPI code of 4 
(three times higher) (OR = 3.18, 95% CI 
1.01–10.06), in subjects with a periodontal at-
tachment level CAL ≥ 6 (OR = 1.28, 95% CI 
1.11–1.49), and in those with moderate amounts 
of antibodies (three times) (OR = 2.82, 95% CI 
1.02–7.84) (12). The values of carotid intima 
thickness and internal carotid diameter were 
more elevated in patients with cardiovascular 
disease and periodontitis compared than those 
suffering only from cardiovascular disease, show-
ing the additional effect caused by the pre sence 
of periodontal disease (13). 

Association of antibody levels with periodontal 
disease and heart disease
Patients with active periodontitis have been 
characterized by higher levels of subgingival bac-
teria and corresponding IgA/IgG (immunoglobu-
lin A/C) response. Quartiles 2-4 of serum IgA/IgG 
indicated a higher risk for acute coronary syn-
drome (OR 1.84, 95% CI 1.01-3.35 for IgA; 
OR 1.87, 95% CI 1.01-3.46 for IgG), indepen-
dent of the established cardiovascular risk fac-
tors, body mass index, number of teeth, subgin-
gival bacterial levels and periodontal diagnosis 
(17). Immunoglobulin A (IgA) against Aggregati-
bacter actinomycetemcomitans, Tannerella for-
sythia and Prevotella intermedia were inversely 
associated with the extent of lesion remodeling 
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(OR 0.55, 95% CI 0.35-0.88, p= 0.012; 0.53, 
95% CI 0.32-0.87, p = 0.012; and 0.64, 
95% CI 0.40-1.02, p = 0.061, respectively). In 
patients with diabetes, IgG against Porphyromo-
nas gingivalis tends to be associated with athero-
ma plaque loading (p=0.080), while IgA against 
Porphyromonas gingivalis tends to be associated 
with major adverse cardiac event; incidence 
(p = 0.060) (15).

Porphyromonas gingivalis has been identified 
by sensitive detection in patients with cardiovas-
cular disease who were diagnosed with coronary 
artery disease. Its presence in oral saliva may be 
a potential marker that it is associated with clini-
cal outcomes in patients with cardiovascular di-
sease (19).

Other associations
Porphyromonas gingivalis infection (p = 0.047), 
obesity (p = 0.037), diabetes (p = 0.005), hy-
perlipidemia (p = 0.005), cardiac disease history 
(p= 0.036) and kidney disease (p = 0.031) were 
significantly correlated with chronic heart di-
sease (19). q

DISCUSSIONS

In our analysis we found that the diagnosis and 
evaluation of cardiac disease was heteroge-

neously realized in the selected studies, so that 
nozological classification in one type of cardio-
vascular pathology may differ from one study to 
another. Also, the periodontal diagnosis respec-
ted different codes, sometimes using patient 
self-reporting of periodontal disease information, 
the results being strongly influenced by educa-
tion, status and other socio-economic characte-
ristics. In this context, self-reported periodontal 
disease does not influence the risk of cardiovas-
cular disease when it is evaluated using ques-
tionnaires (24). 

Significantly statistical differences between 
carotid intima thickness values and diastolic 
pressure values suggest the independent role of 
periodontal disease in subclinical atherosclerosis 
(11).

Periodontal disease is strongly prevalent in 
chronic heart disease, regardless of its cause. The 
severity of periodontal disease does not correlate 
with the extent of cardiac symptoms or the cause 
of heart disease, and the prevalence and severity 
of periodontal disease is higher in patients with 

chronic heart disease compared to the general 
population in the case of cardiac ischemic di sease 
and dilated cardiomyopathy (10). Periodontal di-
sease could be used as an early clinical predictor 
of acute coronary heart disease complications in 
patients with diabetes who use to smoke. In addi-
tion, they should receive coordinated care from 
both specialties to ensure optimal treatment for 
both diseases and reduce the risk of acute coro-
nary heart disease (16). Simple, non-invasive peri-
odontal therapy can improve health during preg-
nancy, diabetes and other systemic conditions 
(23). Oral health, mainly represented by the num-
ber of teeth, was linked to episodes of myocardial 
infarction and heart failure (22).

The hypothesis that the association between 
periodontal disease and cardiovascular disease is 
partially mediated by the immunological res-
ponse to periodontal pathogens is demonstrated 
in several studies (17). 

The association between periodontal disease 
and myocardial infarction, independent of the 
classic risk factors for cardiovascular disease, was 
confirmed by an association between previous 
myocardial infarction and the immunological re-
action against Porphyromonas gingivalis (12). 
Porphyromonas gingivalis has been identified in 
patients with cardiovascular disease diagnosed 
by coronary angiography. Porphyromonas gingi-
valis in oral saliva may be a potential marker that 
is associated with clinical outcomes in patients 
with cardiovascular disease (19). There is evi-
dence for the appearance of DNA from oral bac-
teria in cardiac tissue, with different impact on 
atrial inflammation and myocardial tissue, but 
their relevance is not yet well defined (1). Other 
results show, however, that plasma IgG and IgA 
against major periodontal pathogens were not 
associated with coronary atherosclerosis (with 
the exception of a tendency in diabetics). IgA 
against periodontal pathogens has been inverse-
ly associated with the extent of coronary remo-
deling. Altogether, these results do not add evi-
dence to a substantial role of exposure to 
periodontal pathogens in the onset of coronary 
heart disease (14).

Periodontal disease may be associated with 
endothelial dysfunction leading to atherosclero-
sis or hardening of the arteries, indicating in-
creased cardiovascular risk (13). In patients with 
stroke or transient ischemic stroke, associated 
with severe periodontal disease, the thickness of 
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aortic atheroma plaque increased, which is a risk 
factor for recurrent events (18).

After analyzing all relevant studies carried out 
over the last five years, we believe that future 
research should follow several directions so that 
the results should be uniformly quantified: 
choosing large enough study groups to compen-
sate for the covariates, preparing appropriate 
treatment groups to test the impact of periodon-
tal infection on the measured outcome (e.g., sys-
temic antibiotic adjuvant treatment vs. mechani-
cal therapy), longitudinal monitoring to examine 
the duration of therapeutic effect on systemic 
biomarkers system, selection of subjects with 
moderate to severe periodontal disease as well, 
and elevated systemic levels (> 3.0 mg/L) of CRP, 

it may be necessary to clarify whether periodon-
tal therapy has a real impact on cardiovascular 
risk, uniform classification of periodontal severity 
and heart disease, specifying the type of popu-
lation that was analyzed. q

CONCLUSION

The prevalence of periodontal disease in pa-
tients with ischemic cardiac disease is high, 

the existence of a correlation between the two 
pathogens being most often established in stu-
dies, although the mechanism has not been elu-
cidated yet. q
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ABSTRACT
Background: Total pancreatectomy is an obligatory surgical procedure in locally advanced or centrally 

located pancreatic neoplasms to achieve complete tumour clearance. Owing to sound understanding of tumour 
biology and evolution in intervention technique and improved postoperative care, nowadays the indications of 
total pancreatectomy have taken a significant change. 

Aim: To review the indications of total pancreatectomy and its advantages and disadvantages under current 
perspectives. 

Methods: Major databases, including PubMed, EMBASE, Science Citation Index Expanded, Scopus and 
the Cochrane Library, were searched for studies of total pancreatectomy and the results reported by various 
authors were summarized. 

Results: The indications of total pancreatectomy in subjects diagnosed with chronic pancreatitis were 
classified into four subgroups, including “Tumour”, “Trouble”, “Technical difficulties” and “Therapy-refractory 
pain”. Today, total pancreatectomy has more specific and different indications than before. Currently, IPMN 
(intraductal papillary mucinous neoplasm) seems to have the most essential indication quantitatively. 
Morbidity and mortality related to total pancreatectomy are more profoundly decreased than before due to 
improvements in the operative techniques and post-operative managements. Some of the metabolic disorders 
are reported as major disadvantages of total pancreatectomy. 

Conclusion: Despite the disadvantages of total pancreatectomy, it remains an inevitable procedure for 
subjects with chronic pancreatitis, improvements in operative techniques and postoperative management 
ensuring long-term survival, a better quality of life, and diminished mortality and morbidity rates. 

Keywords: total pancreatectomy, chronic pancreatitis, indications,  
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2019; 14(4): 391-396



392 Maedica   A Journal of Clinical Medicine, Volume 14, No. 4, 2019

INTRODUCTION

Chronic pancreatitis is a progressive 
inflammatory process, which affects 
the pancreatic gland and leads to 
damage and decrease in glandular 
tissue (1). Based on changes in pan-

creatic histopathology, it is classified into three 
types: a) chronic obstructive pancreatitis; 
b) chronic calcifying pancreatitis (the commonest 
type, which includes alcoholic chronic pancre-
atitis); and c) chronic inflammatory pancreatitis, 
including chronic pancreatitis resulting from the 
chronic inflammation of the biliary tract and ste-
nosis induced by scar formation (2, 3).

With only 1-5% long term survival rate cha-
racterising poor prognosis of this tumour entity, 
pancreatic cancer management is still an inter-
disciplinary challenge (4). From the perspective 
of oncology, the fourth main reason for mortality 
due to cancer in the Western world is represen-
ted by pancreatic cancer, with > 100,000 deaths 
per year in the USA and Europe (5). Early detec-
tion is a chief problem, since at the time of dia-
gnosis, 80 to 90% of pancreatic cancers are lo-
cally or systemically advanced. Nevertheless, 
25% five-year survival rates are possible in sub-
jects who are suitable for resection, which points 
to surgery being the only chance of cure and sur-
vival in the long term. Yet, as an adjuvant treat-
ment, the surgical remedy has to be entrenched 
in a concept of oncology as postoperative che-
motherapy is a vital aspect to further improve 
survival (6-8). To attain a better result in subjects 
with pancreatic cancer in the future, several on-
going studies on new therapeutic agents such as 
supportive agents, antibodies and antimetabo-
lites reflect the present clinical and scientific 
struggle (9). On the basis of an initial tumour re-
section, long term survival needs can be achieved 
despite new chemotherapeutical or targeted 
substances (6, 10). 

Ever since surgeons realized that the com-
plete removal of the pancreas was feasible, this 
treatment has been a topic of contentious deli-
berations. The sporadic total pancreatectomy 
reports from 1940s and 1950s grew to a frank 
interest about the possible benefits of the tech-
nique, with accumulation of surgical experience 
in the 1970s, but they were about to disappear 
later due to the negative metabolic consequen-
ces of the operation. In treating locally advanced 

pancreatic cancer, multifocal or recurrent exo-
crine and endocrine tumours, complete removal 
of the gland has been recognized as a potential 
treatment option (11-14). In an emergency, 
complete removal of the remaining organ may 
be required during difficult times such as perio-
perative complications arising from pancreatic 
anastomotic leakage with or without bleeding or 
apoplexy of the pancreatic remnant (15, 16). To 
improve survival of pancreatic cancer subjects, 
total pancreatectomy was attempted with the 
justification to avoid anastomosis-related mor-
bidity and mortality and to reduce recurrence 
rates of tumour (17-19).  

Chronic pancreatitis can be treated by opting 
for surgery if conservative treatment is ineffec-
tive. However, reports on current indications for 
total pancreatectomy and its outcomes in the li-
te rature remain sparse as well as data published 
on postprocedural quality of life remains limited, 
despite a growing demand for total pancreatec-
tomy and its increasing rate of performance at 
large pancreas centres recently (20-23). 

More recently, the indications of total pancre-
atectomy have considerable changed due to a 
better understanding of tumour biology and im-
provements in the intervention method and 
post-operative care. Hence, the current assess-
ment aims to summarize on the indications of 
total pancreatectomy and its advantages and dis-
advantages. 

Indications
In 2010, Janot MS et al (19) classified the indica-
tions for total pancreatectomy in chronic pancre-
atitis subjects in “Four T’s”: Tumour; Trouble; 
Technical diffculties; and Therapy-refractory 
pain.

Tumour group
The commonest indication for total pancreatec-
tomy is the locally advanced or multifocal pancre-
atic tumours. Recurrent pancreatic carcinoma, 
multicentric cancer, intraductal papillary muci-
nous neoplasia (IPMN) with invasive disease or 
diffuse involvement of the gland, and extensive 
neuroendocrine tumours are other examples for 
indications related to tumour (13, 14, 24-26). 

Trouble group
In the “trouble group” subjects, total pancreatec-
tomy was moreover a procedure of emergency 
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or an ultima ratio in ICU cases, i.e., pancreatic 
anastomosis insufficiency, insuffciency of pan-
creatic stump complicated by acute bleeding, 
pancreatic remnant necrosis followed by sepsis, 
where no success was seen by using conservative 
therapy. After the initial operation, acute ble-
eding occurred in five to 14 days in subjects who 
developed vessel arrosion owing to pancreatic 
anastomosis insuffciency. A permanent high in-
flammation parameters with > 100 mg/L values 
of CRP may be an early signal warning for im-
minent vessel arrosion (27-29).

Technical difficulties
In the technical difficulties group, it was not pos-
sible to carry out a safe pancreatic anastomosis, 
sometimes in a friable and soft pancreatic rem-
nant that was not able to hold sutures. In such 
cases, a life-threatening haemorrhage and sepsis 
can occur in 15% of all pancreatic fistula, wherein 
elective total pancreatectomy must be a pre-
ferred option. In this group the goal of total pan-
createctomy was to avoid an emergency 
completion pancreatectomy that is associated 
with a high mortality rate. 

Therapy-refractory pain
Therapy-refractory pain is another sign for total 
pancreatectomy. Predominantly, in chronic pan-
creatitis subjects, symptoms of not responding to 
medical treatment can persist or develop again 
after resection surgery or drainage, indicating ei-
ther disease progression or failure of primary 
ope rative procedures, respectively. As shown by 
numerous studies, a significant pain relief after 
resection surgery was experienced by 30–60% of 
chronic pancreatitis subjects. Sometimes, total 
pancreatectomy is inevitable in these subjects 
(14, 30-34). 

Owing to the better quality of results, there 
are different and more specific indications for to-
tal pancreatectomy today than in the past. The 
understanding tumour biology and pathophysi-
ological complications is clearer than ever even 
in adenocarcinoma cases: 

• malignant tumours growing from the pan-
creatic head into the left pancreas; 

• pancreatic head cancer where it is not 
possible to secure a tumour-free resection 
margin with extended resection or with 
dubious changes in the pancreatic main 
duct at frozen section; 

• recurrent malignancy in the pancreatic 
remnant; 

• at cancer surgery with resection of the ce-
liac trunk; 

• rescue pancreatectomy after a leaking 
pancreatojejunostomy with sepsis or ble-
eding after a Whipple-type first resec- 
tion;

• multifocal IPMN with potentially malignant 
foci present in all parts of the gland;

• multiple metastases of renal cell carcino-
ma and melanoma without any residual 
tumour outside the pancreatic gland (pos-
sibly also other specified but uncommon 
metastatic tumours with a potential for 
cure by pancreatectomy);

• multifocal neuroendocrine tumours, in-
cluding multiple endocrine neoplasia;

• hereditary pancreatic cancer with a 
high-grade risk of cancer penetration for 
the bearers.

Still, total pancreatectomy is not used as a 
common procedure in pancreatic cancer surgery 
practise despite the long list of indications. 
Around 10% of all resections has been encom-
passed in larger series recently (35-37). More-
over, for treating intractable pain related with 
chronic pancreatitis, total pancreatectomy re-
mains a feasible option, particularly in subjects 
with no tobacco or alcohol abuse and where it is 
possible to auto-transplant the Langerhans 
islets (38-40).

Intraductal papillary mucinous neoplasm 
Intraductal papillary mucinous neoplasm (IPMN) 
seems to have the most vital indication today 
quantitatively. For managing IPMN, resection for 
main duct disease with clearance of all HGD 
(high-grade dysplasia) is recommended as per 
international consensus guidelines (41, 42). As 
main duct IPMN may be linked with extensive 
multifocal high-grade dysplasia, the role of total 
pancreatectomy in such settings is increasingly 
recognized. Preoperative decision may be made 
at multidisciplinary therapy conferences or intra-
operative decision may be made in subjects with 
positive margins on frozen section. In the USA, 
Murphy et al reported an increasing use of pan-
createctomy nationwide between 1998 and 
2006, and they concluded that such a rise was 
attributable to an increased diagnosis of diffuse 
neoplastic diseases, specifically IPMN (43-45).
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Advantages/disadvantages
The huge improvement in the operative tech-
niques of total pancreatectomy and postopera-
tive management has led to a dramatic decrease 
in morbidity and mortality related to total pan-
createctomy (TP) (46-48), their highest reported 
values being 86.7% and >20%, respec-
tively (49-52). 

Pancreatic malabsorption
The short-term and long-term effects of total 
pancreatectomy, described by Barbier et al (53), 
included a median weight loss of 9 kg (range 
2-14 kg), some patients experiencing weight gain 
with an average of 13 kg (range 4-22). Subjects 
who underwent total pancreatectomy had two 
stools per day (range 1-5); some of them had li-
quid stools, others nocturnal stools, and for some 
others, diarrhoea was a limiting factor in their 
everyday life. Six (3– 18) capsules (25,000 units 
per capsule) was the median daily intake of pan-
creatic enzyme supplements; other medications 
taken by subjects for their intestinal transit in-
cluded diosmectite and loperamide. Prothrom-
bin time and liver function tests were within nor-
mal ranges; particularly, no cholestasis was 
noticed. The renal function was usually pre-
served, with a median serum creatinine of 
82 mmol/L (range 50–163). Nutritional markers 
included albumin 100% (81–100), pre-albumin 
100% (70–100) and normal values of orosomu-
coid 100% (63–100).

Pancreatic diabetes
Pancreatogenic diabetes mellitus after resection 
of pancreas differs from type 1 and type 2 diabe-
tes. Severe hyperglycemia. or ketoacidosis is sel-
dom caused by pancreatogenic diabetes, unlike 
type 1 diabetes. Pancreatogenic diabetes also 
differs from type 2 diabetes, which is characte-
rized as resistant to insulin and relatively defi-
cient in insulin. Pancreatogenic diabetes is ex-
tremely insulin sensitive. It is gaining attention as 
the prime aspect in influencing the quality of life 
in subjects who underwent total pancreatecto-
my, being difficult to envisage the effect on car-
bohydrate metabolism due to metabolic chan-
ges. As a result of an augmented peripheral 
insulin sensitivity and a reduction in glucagon 
level in pancreatogenic diabetes, frequent exog-
enous insulin administration can even cause hy-
poglycemic attacks. Iatrogenic hypoglycemia 

may lead to hospitalization, irreversible damage 
to the CNS (central nervous system), or even 
death, occasionally (54-55). However, given the 
growing knowledge of pancreatogenic diabetes 
mellitus pathophysiology, there are good results 
related to both short-term and long-term survi-
val, the latter being almost entirely dependent 
on the indications for pancreatic resection (54). 
In a recent study on the post-total pancreatec-
tomy quality of life, published by Epelboym et al 
(56, 7), an audit among subjects with diabetes 
revealed that the disease had a negative impact 
on their quality of life, but they were not able to 
find any difference in ‘life domains’ between to-
tal and partial pancreatectomy. Travel and physi-
cal activity were most negatively impacted by 
diabetes, while self-confidence, motivation and 
feelings about the future, and friendships and 
personal relationships remained unaffected.

After the first eagerness over the ability to 
carry out total pancreatectomy, the drawbacks of 
this surgical treatment became more noticeable. 
Numerous centres reported perioperative rates 
of morbidity and mortality which were equiva-
lent to those of Whipple treatment, but with no 
long-term survival improvements. In admission, 
total pancreatectomy usually caused major me-
tabolic problems such as brittle insulin-depen-
dent diabetes mellitus, which used to be difficult 
to control. Furthermore, malabsorption owing to 
exocrine pancreatic secretion loss was also often 
tough to manage. Consequently, loss of weight, 
diarrhoea and malabsorption frequently contri-
buted to a cachexia-like syndrome that conside-
rably decreased quality of life and likelihood of 
normal physical activity. Steatorrhea and the 
short food transit time led to immeasurable 
carbohydrate absorption, which in turn made it 
difficult to titrate the insulin dose to food intake. 
The loss of fat-soluble vitamins has also con-
tributed by steatorrhea, vitamin D deficeincy re-
sulting in osteopathy and osteoporosis as well as 
liver disorders. Initial survivor used to suffer re-
peated attacks of hypoglycaemia and hypo-
glycaemic coma. For several years, pancreatic 
tumour treatment through total pancreatectomy 
has been largely abandoned in clinical exercise, 
being no longer a feasible choice owing to 
pro blems of exocrine and endocrine insufficien-
cy and those related to a reduced quality of life, 
but also because it offers no oncological benefit 
(21).
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CONCLUSION

Modern treatment regimens, interdisciplinary 
management and enhanced post-operative care 
in total pancreatectomy subjects result in long 
term survival, better quality of life, diminished 
rates of mortality and morbidity. However, total 
pancreatic resection can cause insuffciency of 
endocrine and exocrine with severe metabolic 

outcomes such as steatohepatitis, malabsorp-
tion, diffcult glycaemic control and liver failure. 
Despite the disadvantages of total pancreatecto-
my, it is still an inevitable procedure to be per-
formed in chronic pancreatitis subjects. q
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ABSTRACT
Although often difficult to diagnose, the use of psychoactive drugs during pregnancy has become a 

commonly encountered occurrence. The present article aims to clarify the effects of alcohol, tobacco, narcotics, 
antidepressants, stimulants, halucinogenes and canabioids consumption on pregnancy and the newborn. 
There are differences within the types of drugs consumption: use/abuse/addiction of psychoactive medication 
during pregnancy. The fetal alcohol syndrome occurs in case of alcohol exposure during pregnancy. It 
is characterized by fetal alcohol spectrum disorders, lower neurobehavioral scores, mental retardation, 
heart defects and special facial features. Heroin consumption can lead to prematurity, intrauterine growth 
restriction, stillbirth or to hemorrhage in the third trimester of pregnancy; it can be associated with 
malnutrition, venereal diseases, hepatitis, pulmonary complications or preeclampsia. During pregnancy, 
the effects of cocaine use include cardiovascular complications, neurological complications, infections 
(sexually transmitted diseases – gonorrhea, Chlamydia infections, syphilis, HPV), obstetric complications 
(premature birth, fetal death, abruptio placentae). In the fetus, the consequences of cocaine consumption 
can trigger limb defects, urinary tract malformations, fetal microcephaly, perinatal cerebral infarctions. In 
conclusion, identifying the profile of pregnant drug users can trigger better care both for the mother, and for 
the fetus; information and prevention campaigns should provide data on their adverse effects on pregnancy.

Keywords: pregnancy, alcohol, heroin, cocaine, tobacco, narcotics, antidepressants,  
psychoactive medication. 
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INTRODUCTION

Worldwide, the use of psychoac-
tive substances has become a 
common occurrence for the 
obstetrician and the neonato-
logist. There is no relevant sta-

tistics on the number of illicit drug users or their 
adverse negative consequences in Romania. The 
incidence of reported cases of drug consumption 
during pregnancy is 0.4%-27% globally, irrespec-
tive of race, but the phenomenon is continually 
growing (1). Many of these women do not plan 
their pregnancy or have it supervised. They go to 
see the doctor just at the time of delivery. Illegal 
drugs are harmful for the pregnant woman and 
interfere with the fetus’ and mother’s health as 
well as with the latter’s ability to perform her role 
in society. It is estimated that 20-30% of preg-
nant women smoke, 15% drink alcohol, 3-10% 
use cannabis and 0.5-3% use cocaine 
worldwide (1).

A European report from 2018 concerning drug 
consumption in Romania reported that 3.9% of 
youngsters aged 15-34 used drugs at least once, 
out of whom 3.3% said they used cannabis. A 
2015 analysis identified over 10,000 cases of law 
violation concerning drug consumption, most of 
them associated to heroin use. The highest rate 
of illicit drug consumption in our country was 
found in Bucharest-Ilfov (13.9%), and the lowest 
in the south-western part of the country (0.9%) (2). 
Alcohol and cocaine are the most widely used 
substances; furthermore, alcohol is the most 
common teratogen during pregnancy. Physicians 
advise women to give up smoking, alcohol 
drinking and drugs when they plan to get preg-
nant as well as throughout pregnancy.  

The effect of certain illicit drugs depends on 
the age of the fetus. Some can be teratogens at 
specific stages of fetal development, unlike other 
illicit drugs having adverse negative effects 
throughout pregnancy. It is known that most or-
gans develop during the first 10 weeks of preg-
nancy, and drugs taken before the 20th gestatio-
nal day may either lead to miscarriage or have 
no effect at all, due to the „all or none” effect. 
After this moment, narcotics become teratogen; 
they manifest themselves through abnormal con-
genital malformation and may alter the growth 
and function of organs and tissues. Drug use af-
ter the 10th week of pregnancy may cause abor-

tion, delays in the development of the nervous 
system, premature birth and intrauterine growth 
restriction (3). 

The present article aims to clarify the effects 
of alcohol, tobacco, narcotics, antidepressants, 
stimulants, halucinogenes and canabioids con-
sumption on pregnancy.

Differences in drug consumption – 
use/abuse/addiction
A large number of the population does not com-
prehend the reason why certain individuals be-
come drug addicts, thinking that they lack moral 
principles or the will to change this behavior. As 
a matter of fact, drug addiction is a complex di-
sease and giving it up is difficult even when the 
addict is willing to undertake the task. 

Drugs may reffer to the consumption of small 
doses, occasionally or for social or experimental 
reasons. The effects of drugs in such cases are 
minor or rare.

Drug abuse consists of repeated consumption 
of psychoactive drugs for over a month. The con-
sequences are negative for the user and for the 
society (4). The addiction syndrome is a chronic 
disease, leading to abandoning social, occupa-
tional, and recreational activities or even to fa-
mily disintegration, loss of workplace, violent 
behavior in the family and child abuse. The ad-
diction syndrome occurs following the consump-
tion of large quantities of drugs, over long peri-
ods of time. The brain adapts to increased 
dopamine levels by producing smaller quantities 
of dopamine and by lowering the number of do-
pamine receptors in the reward circuit as the in-
dividual uses drugs; this leads to a decreased 
ability to enjoy drugs or events which used to be 
pleasant. This decrease forces the addict to use 
drugs in order to recover the normal level of do-
pamine, but the drug amounts are larger in the 
attempt to maintain the high level of dopamine 
(5). The risk of addiction is influenced by factors 
such as individual biology, social and cultural en-
vironment, age, development stage, life quality 
generally.   

Psychoactive drug classification and their 
effects on the mother
1. Narcotics. Heroin, morphine, methadone, 
codeine are included in this class. They have 
multiple effects on the pregnant woman: eupho-
ria, good mood, nausea, constipation, sleepi-
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ness, feelings of relaxation; Heroin can cause 
fatal side effects: respiratory failure, death due to 
overdose or intravenous administration.

2. Antidepressants and alcohol. This class 
consists of barbiturates, tranquilizers and diaze-
pam. In pregnant women, they may cause eu-
phoria, good mood, fatigue, confusion, difficulty 
to remember, irritability, loss of reasoning, and 
coordination disorders (6). Long-term drinking 
can cause high blood pressure, coma, stroke, 
brain damage, liver disease. Alcohols intake may 
cause cancers, falls and other accidents. Alcohol 
contributes to domestic violence. 

3. Stimulants. Cocaine, amphetamine and 
metamphetamine are the most widely used sti-
mulants. They have a large number of effects in 
pregnant women: euphoria, decreased appetite 
associated subsequent loss of weight and malnu-
trition, increased pulse and blood pressure va-
lues, delirium, panic, aggression, loss of muscle 
coordination, increased sexual desire, insomnia, 
headaches, convulsions, heart arrest. The mate-
rnal cocaine complications are as follows: car-
diovascular problems (hypertension, myocardial 
infarction, arrhythmia, rupture of the descending 
aorta, sudden death), neurological complications 
(postpartum intracerebral haemorrhage, convul-
sions, postpartum intracerebral rupture), infec-
tions (sexually transmitted diseases – gonorrhea, 
Chlamydia infections, syphilis, HPV), obstetric 
complications (premature birth, fetal death, ab-
ruptio placenta). 

4. Hallucinogenic drugs. Lysergic acid 
diethy lamide (LSD), mescaline and psilocybin 
(magic mushrooms) are the best known haluci-
nogenes. The first one, LSD, is a halucinogene 
with complex pharmacology, a derivative of ly-
sergic acid and has a significant potential to com-
promise the placental blood flow. Lysergic acid is 
used for recreational and personal purposes, and 
has begun to be used as experimental medica-
tion in psychiatric research to obtain the so-called 
”experimental psychosis” by modifying the neu-
rotransmitter system in psychotherapeutical pro-
cedures. 

The effects of halucinogenes include activation 
of perception, indifference/lack of interest/apathy, 
tremor, altered discernment/consciousness, in-
crease of blood pressure and panic (7) .

5. Cannabinoids. This class includes mari-
juana and hashish. These substances exert vari-
ous effects on pregnant women: euphoria, rela-

xa tion, increase of  sexual desire, altered 
per ception, increased appetite, altered discern-
ment/consciousness, disorientation, paranoia (8). 

Fetal alcohol effects and fetal  
alcohol syndrome
Alcohol is one of the most harmful drugs when 
used in the first months of pregnancy. This sub-
stance passes from mother to fetus through blood 
circulation and can have many secondary effects 
even in small quantities. Doctors claim that the 
woman must give up drinking alcohol – beer in-
cluded – the moment the first signs of the preg-
nancy occur. Large quantities of alcohol drunk at 
the beginning of pregnancy lead to the fetal alco-
hol syndrome, characterized by microcephaly, 
pre- and post-natal growth restriction, mental 
retardation, behavioural disorders, cardiac de-
fects and dysmorphic facies (narrow palpebral 
fissure, flat middle face, hypoplastic filtrum). The 
fetal alcohol syndrome is found in fetuses whose 
mothers dink over 100 mL alcohol/day (a glass of 
whisky, a beer or a glass of wine contains 
15-20 mL alcohol) (9). Mild mental deficit, de-
layed growth or behavioural disorders are found 
in children whose mothers have drunk between 
30-60 mL alcohol/day. The exaggerated alcohol 
consumption at the end of pregnancy associates 
with development/growth disorders, malforma-
tions of the central nervous system and facial 
dysmorphism. 

The fetal alcohol syndrome is the number 
one cause of mental retardation; thus, studies re-
port incidences of 1.6‰ in Sweden, 0.2 to 1‰ 
in the United States of America (USA) and be-
tween 1-3‰ in France; the alcohol impact on 
the fetus is 1% of births (1). 

Fetal and neonatal effects of cocaine 
consumption during pregnancy 
An increased consumption of cocaine was found 
in the general population, and pregnant women 
are part of this phenomenon. The increased co-
caine consumption is a result of its low prize. Co-
caine can be smoked, intravenously injected or 
intranasal snorting. Cocaine is an alkaloid that 
was used as local anesthetic care in stomatology, 
ophtalmology, ear, nose and throat surgery, be-
cause its powerful vasoconstrictive action helps 
reduce local bleeding (10). From a pharmaco-
logic point of view, cocaine has effects on the 
cardiovascular system, which depend on an in-
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tact sympathetic nervous system and the direct 
stimulation of the myocardium and the vessels. It 
can increase the irritability of the central nervous 
system and may lead to fetal vasoconstriction 
and maternal tachycardia and futher cause the 
onset of uterine contractions. Human studies 
have suggested that fetal cocaine exposure im-
pacts on the developing heart (11-13).

The cocaine effects on the conception pro-
ducts are: intrauterine growth restriction,  micro-
cephaly, limb defects, urinary tract malforma-
tions, perinatal cerebral infarctions (9). 

Fetal effects of heroin consumption during 
pregnancy
Heroin is a substance resembling neurotransmit-
ters naturally produced in the brain. This resem-
blance allows the drug to „deceive” brain recep-
tors and to activate nerve cells to send abnormal 
messages. The use of heroin during pregnancy 
can lead to the neonatal abstinence syndrome, 
which appears because heroin passes to the fe-
tus through the placenta, causing the child to be 
addicted along with the mother (14). Heroin ad-
diction during pregnancy is associated with many 
significant medical and obstetrical complications 
and can cause acute and chronic anomalies in 
the newborn (3). Heroin consumption can cause 
bleeding in the third trimester, malnutrition, ve-
nereal diseases, hepatitis, pulmonary complica-
tions or preeclampsia. In the fetus, heroin con-
sumption can cause prematurity, intrauterine 
growth restriction and stillbirth (15). 

 
Cannabis consumption during pregnancy
Cannabis is one of the illicit substances most fre-
quently used by pregnant women. The baneful 
consequences of cannabis consumption during 
preganancy are still not clearly established. The 
recent studies have not found clear associations 
between cannabis consumption and congenital 
malformations in humans. Pregnant women who 
smoke have a higher risk of preterm birth and 
premature rupture of membranes also respirato-
ry, psychologic, financial and social problems.

Studies in the USA showed that, from 2002 
to 2017, the number of pregnant women using 
cannabis, especially those aged 12-44, doubled. 
Cannabis consumption was most frequent du-
ring the first trimester of pregnancy, compared to 
the second or third trimesters (16).  

Cannabis is often used with tobacco, and 
mothers must be informed that longer exposure 
to this drug influences the newborn’s behavior in 
its first weeks of life. Although cannabis does not 
have a teratogen effect, pregnant women ad-
dicted to this drug must know that their off-
springs can face developmental problems such 
as: cognitive and perception impairment, sleep 
disturbancies in children under the age of three 
years, difficulties to memorize and speak in chil-
dren under three, smaller height at the age of six,  
hyperactivity, impulsiveness and absent-minded-
ness at the age of 10 (17). q 

 
CONCLUSION

Pregnancy associated with psychoactive drugs 
is a high risk pregnancy. The prevalence of 

psychoactive substances in pregnant women is 
most likely underestimated, and poly drug use 
has become more common. Tobacco and alco-
hol are the most commonly used psychoactive 
substances during pregnancy. The incidence of 
cocaine and cannabis consumption is not well-
known, but they are increasingly used every 
year. Pregnancy is a paramount moment to initi-
ate a dialogue between the woman using drugs 
and the medical professionals. The patient must 
understand that the consequences of illicit drugs 
are devastating for both mother and child. Iden-
tifying the profile of women using drugs during 
pregnancy would allow a better diagnosis and a 
better medical care for the mother and the fetus. 
Government information and prevention cam-
paigns should also include the effects on preg-
nancy in order to avoid the use of illicit drugs 
and alcohol when a pregnancy is planned. q 
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ABSTRACT
In the Decade of Nutrition, food must be reconsidered.
The main objective of our research was to establish if there are any correlations between ultraprocessed 

food consumption and increased asthma prevalence or other respiratory outcomes. Meanwhille, it will be an 
important step to design some lifestyle recommendations with direct benefits for asthma treatment. NOVA 
system for food classification is a new concept addressing food quality. 

Ultraprocessed food, made entirely from substances derived from food and additives, that includes other 
sources of nutrients and energy, is not usually used in culinary preparation. How asthma outcomes are 
influenced by Western diet that contains a lot of processed food and what benefits could arise from the 
Mediterranean diet are subjects for interesting studies. 

Substantial correlations have been established between unhealthy diets, especially Western diet, 
ultraprocessed foods and food allergies and asthma pathogenesis and control. 

NOVA clasification of processing foods and dietary inflammatory index are helpful tools in early 
identifying of correct dietary approach in asthma.

More research in nutrition recommendations for asthma patients must be done and practical guidelines 
in nutritional interventions are future steps. 

Keywords: ultraprocessed food, Mediterranean diet, Western diet, asthma outcomes,  
dietary inflammatory index, NOVA system for food classification.

INTRODUCTION

We are now in the Decade of 
Nutrition (1), as it was desig-
nated by the UN Supporting 
Sustainable Development Goals 
for 2016-2025.

Food must be reconsidered in order to know 
whether it will bring an additional benefit for 
well-being and health or some aspects of nutri-
ents and processing can promote diseases. 

Asthma, a chronique inflammatory disease 
characterised by wheezing, dispneea and cough 
due to airways obstruction, is affecting 230 mil-
lion persons worldwide and 30 million people in 
Europe (2). Allergic asthma is highly frequent, 
and environmental changes represent a key fac-
tor in increasing allergies (3).

Food allergies are estimated to affect 10.8% 
of all US inhabitants (4), and their frequency is 
increasing in direct relation with Western style 
adoption (5). 
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 Western diet (WD) (6), meaning the dietary 
pattern characterised by consumption of highly 
processed food, highly refined carbohydrates, 
high-fat, especially highly saturated fat, highly 
processed meat and overconsumtion of salt. This 
dietary pattern is usually hypercaloric and is as-
sociated with a low level of physical activity and 
sedentarism, leading to obesity.

Mediterranean diet (MD) (7), used by people 
living near the Mediterranean Sea, is rich in olive 
oil, fish, fruits, vegetables and nuts, together with 
a high fiber content. It is recognized to be a diet 
with many health benefits, which will be further 
described here.

The main objective of our research is to esta-
blish whether ultra-processed food (UPF) could 
be related to an increased asthma prevalence 
and to design some lifestyle recommendations 
that may be beneficial for asthma development, 
based on current scientific evidence. 

The new developed NOVA system for food 
classification is effectively addressing the quality 
of diets. This system is based on food processing 
(1).

Ultra-processed products are manufactured 
and promoted as attractive, hyper-pallatable, 
easy to be consumed anywhere and in any occa-
sion. Due to spectaculous and intensive mar-
keting efforts, they often promote overconsump-
tion. But could all these ultra-processed foods 
pose a risk to the general population? Or could it 
influence the pathogenesis of some diseases? 

The concept of ultra-processing was deve-
loped by the University of Sao Paulo and it was 
explained for the first time in Public Health Nu-
trition in 2009 (8).

Food processing could explain the relation-
ship between food, nutrition, health and disease.

Concept definition

“The most important factor now, when conside-
ring food, nutrition and public health, is not nu-
trients, and is not foods, so much as what is done 
to foodstuffs and nutrients originally contained in 
them before they are purchased and consumed. 
That is to say, the issue is food processing – or, to 
be more precise, the nature, extent and purpose 
of processing, and what happens to food and to 
us as a result of processing” (8).

The meaning of processing is in relation to 
industrial formulations that could be manufac-

tured from natural nutrients derived from food 
or obtained by synthesis from other organic or 
anorganic sources. How can these ultra-pro-
cessed foods be described? They contain a small 
percentage of whole food, they are usually ready 
to be consumed and have a high content of salt, 
sugar, fats, while being depleted of proteins, fi-
bers or bioactive compounds (1).

NOVA classification for processed food (1)

Unprocessed or minimally processed foods are 
either home made or cooked in small restau-
rants. Edible parts of plants and animals and fun-
gi, algae and water are unprocessed foods. Mini-
mally processed food is a natural food altered by 
some processes of removal of inedible parts by 
crushing, grinding, refrigerating, chilling, free-
zing, pasteurization, fermentation, drying and 
vacuum packaging. These processes will pre-
serve natural food, improving storage, safety and 
making them more pleasant for consumption. 

Processed culinary ingredients are defined by 
substances derived from group 1 or directly from 
nature and changed by pressing, refining, grin-
ding, milling, or drying, all these processes being 
designed to make durable products that will be 
used at home to prepare, cook group 1 foods 
and to prepare enjoyable handmade dishes and 
meals. They will not be consumed by them-
selves, but in combination with group 1. 

Processed foods (for example, canned fish, 
bottled vegetables, cheeses, fresh bread) are pre-
pared by adding oil, sugar, salt or other substan-
ces from group 2 to group 1 via various types of 
processes such as preservation, cooking or 
non-alcoholic fermentation (for bread and 
cheese). This group includes versions of group 1. 

Ultra-processed foods are formulations made 
mainly or entirely from substances derived from 
different foods and additives with a small per-
centage of group 1. Importantly, they incorpo-
rate other sources of nutrients and energy, which 
are not normally used in culinary preparations; 
some are extracted from foods but others are de-
rived from further processig of food constituents. 
Classes of food additives that can be found in 
UPF are those initiating or enhancing sensorial 
qualities of food or changing unpalatable aspects 
– for example, colours, non-sugar sweeteners, 
carbonating, firming, emulsifiers. Processes used 
in this type of food include hydrolisation, hydro-

astHma anD ultra-ProCesseD fooD
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genation, or pre-processing for frying, which do 
not have domestic equivalents.

NOVA – in practical use

Beside assesing changes in dietary patterns, the 
socio-economic distribution, NOVA is important 
to evaluate the association between consump-
tion of UPF and obesity (9-11), dyslipidemias 
(12) and metabolic syndrome (13).

Meanwhile, the impact of nutritional inter-
ventions will be evaluated. 

NOVA has been used to evaluate the impact 
of ultra-processed products on the quality of di-
ets (14, 15). 

Incidence of hypertension and obesity was eva-
luated in relation to UPF consumption (16, 17).

The main issue with UPF is that these types of 
foods displace unprocessed or minimally pro-
cessed foods.

Diets during lifecycle – potential role in 
asthma (18) 

Dietary patterns (foods and nutrients) and expo-
sure period (prebirth, childhood, adult) play a 
role in the asthma pathogenesis and progression 
(Table 1).

Pregnancy period – a decreased maternal in-
take of vitamins E and D, Zinc, fruits and vegeta-
bles is correlated with asthma development in 
childhood.

Childhood – generally named processed 
food: fast food, WD and processed meat con-
sumption in childhood have been shown to be 
associated with asthma development later in 
adult life; vitamins A, D, and E, Zinc, fruits, vege-
tables, and MD have protective effects against 
asthma evolution.

Adulthood – adult asthma control is nega-
tively influenced by fast food consumption in 
childhood; also, WD adoption in adulthood is 
correlated with less asthma control.

Clinical evidence – ultra-procesed food and 
respiratory outcomes (Brasilian study) (19)

A large retrospective study, involving 109104 
Brasilian adolescents, found a positive associa-
tion between UPF and asthma. The assessment 
of UPF consumption was done by a question-
naire that evaluated the previous seven days 
consumption of UPF based on a score from 0 

to 42, showing that the higher the intake, the 
higher the score. The weekly consumption of 
salty or sweet biscuits, packaged snacks, ultra-
processed meats, sweets or candies and soft 
drinks was divided into three groups: 0-2, 3-4 
and >5 days/week. The score was calculated by 
ad ding partial scores according to the weekly in-
take of each of the mentioned products. 

Self reported symptoms on asthma and 
wheezing in the previous 12 months have been 
recorded. In conclusion, this study found that ul-
traprocessed food consumption was positively 
correlated with asthma and wheezing in Brasi-
lian adolescents (19).

Specific evidence in asthma: processed meat

Another study, performed on 971 adult partici-
pants, reported worsening asthma symptoms 
correlated with proccesed meat intake. The ef-
fect was indirectly mediated by BMI.

In conclusion, over time (seven year-follow-up), 
processed meat intake is associated with in-
creased asthma symptoms for more than four 
servings/week compared to less than one ser-
ving/week. These results expand the previously 
proven effects of diets in adult asthma (20). 

Dietary inflammatory index and asthma

Increasing asthma prevalence in the latest years 
could be associated with diets. A lower diet qua-
lity together with an increasing use of processed 

astHma anD ultra-ProCesseD fooD
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foods may be the promoter of a pro-inflammato-
ry environment. Reversible airflow obstruction, 
the signature in asthma, a chronic inflammatory 
disease, is accompanied by wheezing, cough and 
breathlessness. Beside genetic or environmental 
factors, more and more dietary factors are incri-
minated to contribute to asthma progression. 

Dietary inflammatory index (DII) is a new 
validated concept that was tested to describe the 
inflammatory potential of different diets (21). 

A study published by Lisa Wood (21) calcu-
lated the DII from food frequency questionnaires 
and identified that the DII score was higher for 
people with asthma vs controls. This could indi-
cate that subjects had pro-inflammatory diets. 
FEV1 is significantly associated with the DII score. 
Each unit increase from the DII score is associ-
ated with 3.44 times decrease in FEV1. What is 
the conclusion from these findings? Tipically, 
people with asthma have a pro-inflammatory 
diet, which may worsen their disease parame-
ters. Lifestyle measures, together with a healthy 
diet recommendation could be a good strategy 
in improving asthma outcomes. 

A promoter of a pro-inflammatory environ-
ment could be the WD pattern (1). Characte-
rised by a consumption of highly refined carbo-
hydrates and saturated fats, WD is worsening 
asthma (22). A study on 46 subjects, for 14 weeks, 
with a nutritional intervention based on antioxi-
dant foods decreased the clinically significant 
inflammatory markers in asthma (IL6, C reactive 
protein, TNF-alfa) as well as asthma exacerba-
tions (22). 

Lifestyle interventions in asthma – a good 
strategy for improvement of asthma 
outcomes 

Specific lifestyle interventions for pulmonary di-
seases are not yet developed, compared to other 
chronic diseases. Adapting proofs from other 
chronic disease interventions and assessing their 
efficacy on specific asthma outcomes could lead 
to a fast development of lifestyle medicine de-
signed for pulmonary diseases. 

The primary research focus should be to 
adapt and understand how actual lifestyle inter-
ventions work in asthma in order to close the gap 
for knowledge in pulmonary lifestyle medicine. 

In asthma, lifestyle interventions must con-
sider the potential for implementation and use 

valuable information for clinical practice based 
on evidence-based guidelines (23).

Lifestyle in asthma – a summary of 
evidence-based recommendations (24)

Nutrition science is increasingly recommending 
healthy dietary patterns rather than different 
foods or nutrients. More attention to practical 
guidelines was given in chronic disease preven-
tion, asthma being just a nascent field (23).

Important scientific research has been per-
formed and provided concrete scientific proofs 
for dietary patterns with a positive influence on 
FEV1, exacerbations or wheezing, leading to 
strong recommendations for asthma patients:

- High consumption of fruits and vegeta-
bles (21); 
- The MD, which is rich in fish, olive oil, 
nuts, fruits and vegetables, but adapted to an 
individual’s caloric need, is highly recom-
mended, with proven benefits in asthma;
- In obese asthma patients, a weight loss 
of 5-10% could significantly improve asthma 
control (24);
- Exercise in asthma will bring additional 
benefits to asthma control, although it is still 
not clear whether the positive impact is the 
direct effect of exercise or is rather related to 
a greater weight loss benefit, especially in 
obese asthma patients (25). 
A systematic review and meta-analysis was 

performed to assess the effect of exercise trai-
ning (EXT) on the quality of life (QOL), bronchial 
hyperresponsiveness (BHR), exercise induced 
bronchoconstriction (EIB), lung function and 
exercise capacity. The meta-analysis included 
17 studies (25) on a total number of 599 pa-
tients, which showed a significant improvement 
of QOL (17%), BHR (53%) EIB (9%) and FEV1 
(3%) compared to controls.

EXT is improving asthma symptoms, exercise 
capacity (due to changes in airway hyperreacti-
vity) and QOL through lung function improve-
ment and airway hyperreactivity. 

Prospective medical nutrition therapy in 
asthma (26) should consider:

- addressing food triggers
- correcting energetic intake levels and 
adjusting nutritional deficiencies

astHma anD ultra-ProCesseD fooD
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- limiting fatty food ingestion and encou-
raging portion control
- avoiding allergenic proteins from food
- avoiding sulfits, tartrazin, that are used 
in processed foods and could become trig-
gers for asthma exacerbations. q

CONCLUSIONS AND FUTURE DIRECTIONS 

Affecting millions of people worldwide, asth-
ma is an important healthcare issue. 

Lifestyle changes that could improve the QoL 
of patients with asthma and obesity are under 
research (27-32), but so far, this approach is not 
recognized and studied to its full potential. 

Substantial correlations have been esta-
blished between unhealthy diets, especially WD, 
UPF and food allergies and asthma pathogenesis 
and control. 

NOVA clasification of processing foods and 
the dietary inflamatory index (33) are helpful 
tools for early identification of a correct dietary 
approach in asthma (34-36).

More research in nutrition recommendations 
for asthma patients must be performed and prac-
tical guidelines in asthma nutritional interven-
tions are future steps 

Further pragmatic studies analysing the im-
pact of a comprehensive model of weight loss 

intervention, with behavioral modifications, 
physical activity and dietary changes on symp-
toms, pulmonary function, airway hyperreactiviy 
and exacerbations in asthma, mainly for adults 
with comorbidities such as asthma and obesity. 
Obesity is a risk factor and a comorbidity for 
asthma, being the result of an unhealthy diet and 
physical inactivity. It can be described as „obese 
asthma’’‚ a multiphenotypic disease of multifac-
torial origin (37-39). 

More and more, the complex relation be-
tween asthma and obesity, based on inflamma-
tory common mechanisms, should be better un-
derstood. Asthma in obese people is correlated 
with a lower QoL and increased healthcare ac-
cess, due to an impaired response to standard 
asthma therapy (40-46).

Important studies are correlating obesity with 
impaired response to cortisosteroid therapy in 
asthma, which is leading to higher and higher 
doses, and obviously, to secondary effects (47-50).

A better management of asthma requires new 
medical and environmental strategies that will 
contribute to reduce the prevalence of this im-
portant chronic disease. q
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ABSTRACT
Background: Sexual dysfunction (SD) is an important issue for women suffering from multiple sclerosis 

(MS). There is a discrepancy among the reported prevalence of SD in studies that were conducted in different 
geographical regions.

Objective: We aimed to conduct this systematic review and meta-analysis to estimate pooled prevalence 
of SD in women with MS.

Methods: We searched PubMed, Scopus, EMBASE, CINAHL, Web of Science, Ovid, Google Scholar 
and gray literature, including references of selected studies and conference abstracts that were published 
up to April 2019. The search strategy included MeSH and text words as (sexual function) OR (sexual 
dysfunction) AND (Multiple Sclerosis OR Sclerosis, Multiple) OR (Sclerosis, Disseminated) OR 
(Disseminated Sclerosis) OR (MS) (Multiple Sclerosis) OR (Multiple Sclerosis, Acute Fulminating) AND 
(Female Sexual Function Index OR FSFI). Two independent researchers independently assessed the articles.

2019; 14(4): 408-412
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INTRODUCTION

Multiple sclerosis (MS) is an auto-
immune, inflammatory disease 
which affects the central ner-
vous system (CNS) (1, 2). Wo-
men are affected more than 

men (approximately F/M ratio is 3), while they 
suffer from a wide range of psychological pro-
blems such as depression, anxiety, impaired 
quality of life, and sexual dysfunction (SD) (3-5). 
Sexual dysfunction, which is ignored in some 
cultures, is an important issue for women suffe-
ring from MS (4). The literature shows that wo-
men with MS reported declination of sexual de-
sire, orgasmic dysfunction, loss of libido, 
diminished vaginal lubrication, and spasticity 
during sexual activity (6-8). 

In MS, sensory dysfunction, depression, medi-
cation adverse effects, and MS-related complica-
tions such as urinary and bowel symptoms may all 
play a role in SD (9-11). On the other hand, hor-
monal imbalance could affect sexual function in 
women with MS (4).

Sexual function in women with MS was evalu-
ated in different countries and discrepancy was 
found among the reported prevalence. 

So, we aimed to conduct this systematic re-
view and meta-analysis to estimate the pooled 
prevalence of sexual dysfunction in women with 
MS. q

METHODS

Literature search. We searched PubMed, Sco-
pus, EMBASE, CINAHL, Web of Science, 

Ovid, Google Scholar and gray literature, inclu-
ding references of included studies and confe-
rence abstracts that were published up to 
April 2019.

Inclusion criteria: 1) cross sectional studies 
evaluating sexual function in women with MS; 
2) studies with self-completed questionnaires by 

patients; 3) studies which had used Female Sexual 
Function Index (FSFI) questionnaire; 4) studies 
determined MS prevalence by means of 26.55 as 
the FSFI cut off point; and 5) articles published in 
English.

Exclusion criteria: 1) studies that used ques-
tionnaires other than FSFI; and 2) interventional 
or retrospective studies.

Data search and extraction. The search stra-
tegy included the MeSH and text words as (sexual 
function) OR (sexual dysfunction) AND (Multiple 
Sclerosis OR Sclerosis, Multiple) OR (Sclerosis, 
Disseminated) OR (Disseminated Sclerosis) OR 
MS (Multiple Sclerosis) OR (Multiple Sclerosis, 
Acute Fulminating) AND (Female Sexual Function 
Index OR FSFI).

Two independent researchers independently 
assessed the articles. Data on the total number of 
participants, first author, publication year, country, 
mean age, mean disease duration and number of 
cases with SD were extracted from the included 
studies.

Risk of bias assessment. We evaluated the 
risk of potential biases by Newcastle–Ottawa 
Quality Assessment Scale  (adapted for cross sec-
tional studies) (12).

Results: The literature search found 168 articles but only nine were considered for the final analysis. 
Two studies were from Greece, three from Iran, one from Turkey, one from Poland, one from Germany and 
one from Italy. In total, 1060 MS cases were analyzed. The prevalence of SD was extremely discrepant, 
from 27% to 95%, and the pooled estimate was calculated as 55% (95% CI 41%-69%), (I2=96.3%, P<00.1). 

Conclusion: Prevalence of SD is discrepant among women with MS in different countries and it should 
be considered as an important concern.

Keywords: sexual dysfunction, multiple sclerosis, systematic review, prevalence.

FIGURE 1. Flow diagram summarizing the 
selection of eligible studies



410 Maedica   A Journal of Clinical Medicine, Volume 14, No. 4, 2019

Statistical analysis. All statistical analyses were 
performed using STATA (Version 13.0; Stata Corp 
LP, College Station, TX, USA); the inverse variance 
with random effects model was used. Inconsis-
tency (I2) was calculated to determine heteroge-
neity. Two authors (14, 18) had reported the me-
dian and (IQR) for the final EDSS, which we 
transformed to mean and SD. q

RESULTS

The literature search found 168 articles. After 
eliminating reviews, case reports and trials, 

20 articles remained, of which only nine were 
considered for the final analysis (Fig. 1). 

Two studies were from Greece, three from 
Iran, one from Turkey, one from Poland, one 
from Germany and one from Italy. In total, 1060 
MS cases were analyzed (Table 1). The preva-
lence of SD was extremely discrepant, from 27% 
to 95%, and the pooled estimate was calculated 
as 55% (95% CI 41%-69%), (I2=96.3%, P < 00.1) 
(Fig. 2). Quality assessment showed that all in-
cluded stu dies had a high quality (scores ≥ 6) 
(Table 2). q

PrevALence of sexUAL DysfUnctIon In Women WItH mULtIPLe scLerosIs 

FIGURE 2. Forest plot showing result of pooled SD prevalence in MS women

TABLE 1. Characteristics of included studies
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DISCUSSION

The results of this systematic review and meta-
analysis showed that, in MS women, SD had 

a widely varying prevalence, ranging between 
27% and 95%, and a pooled estimate of 55% 
(95% CI 41%-69%). In a recent meta-analysis, 
which was conducted to assess the risk of SD in 
MS women, authors found a 1.87-fold increased 
risk of SD in women who were affected by MS in 
comparison with controls (21). All included stu-
dies had a cross sectional design and used FSFI, 
which is a self-report questionnaire to assess SD. 
We found heterogeneity regarding our pooled 
estimate, which could be due to differences in 
sample size, mean age, and mean disease duration.

Different items have been considered for SD 
in MS women. Orasanu et al reported that the 
long duration of the disease was significantly cor-
related with severe symptoms of SD (22).

Sexual dysfunction is an issue of concern in 
MS cases, which is ignored due to cultural issues 
and religious issues. Physical, psychological, and 
marital factors could affect SD. Women with MS 
suffer from a wide range of psychological pro-
blems, including depression, anxiety, and stress 
(3, 4). Depression score has been found to be 
negatively correlated to the total FSFI score and all 
of its subscales (4). Except MS, depression could 
affect sexual function in healthy subjects by re-
ducing libido, arousal and lubrication complica-
tions (23, 24).

On the other hand, near 75% of MS cases de-
velop voiding dysfunction during the disease 
course, which influences their sexual function 
(25). A recent study showed that the prevalence 

of SD was 91% in MS women with detrusor 
over-activity and 66% in cases without detrusor 
over-activity (18).

Longer disease duration was considered to be 
related with SD in MS, which could be due to the 
progressive nature of the disease, and medication 
adverse effects (19, 26). Zhao et al found in their 
meta-analysis that a disease duration longer than 
10 years had a 2.5 fold increased risk of SD, 
although it was not significant (21).

Expanded Disability Status Scale (EDSS), used 
to assess physical disability of MS patients, had a  
significant relationship with SD in previous studies 
(4, 27). This could indicate that advanced disease 
will result in SD in women suffering from MS. 
Konstantinidis reported that EDSS had a signifi-
cant negative correlation with FSFI and its sub-
scales, except for desire and satisfaction (13).

 Aging is another risk factor of SD. As women 
get older, they experience dyspareunia and di-
minished libido, according to hormonal altera-
tions. Prevalence of SD increases with age either 
in healthy subjects and prolonged diseases such as 
MS could reinforce it (28). Zhao et al found a re-
lationship between MS and SD in women 
over 40 (21).

In this meta-analysis, the mean age of included 
studies ranged from 32 to 46 years. So, one source 
of the wide range of SD prevalence could be the 
different age groups in the selected studies. In 
similar age groups, Silva et al reported a SD preva-
lence of 71.1% in MS cases vs 19.5% in controls 
(29). On the other hand, Lombardi et al investi-
gated SD in 31 out of 54 MS women with a mean 
age of 34 years (30).

TABLE 2. Quality assessment of included studies
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MS-related SD is a multi-factorial issue that 
should be considered by clinicians. As far as reli-
gious factors are considered, patients from some 
countries do not share their sexual problems with 
their clinicians. 

To our knowledge, this is the first meta-analysis 
which is conducted to pool the prevalence of 
MS-related SD in affected women, which has po-
tential limitations. Firstly, we found heterogeneity 
regarding the results of included studies. Secondly, 
the included studies were from Asia and Europe, 

which could not show a world-wide pooled esti-
mate of MS-related SD. Therefore, additional 
studies including results from all five continents 
with large sample sizes are recommended. q

CONCLUSIONS

Prevalence of SD is discrepant among women 
with MS in different countries and it should 

be considered as an important concern. q
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ABSTRACT
Background: Vitamin D is one of the considerable environmental factors exhibiting immunomodulatory 

and anti-inflammatory effects.
Objective: To conduct a systematic review and meta-analysis to estimate the effect of vitamin D 

supplements on IL-10 and INFγ levels in patients with multiple sclerosis.
Methods: We searched PubMed, Scopus, EMBASE, CINAHL, Web of Science, Ovid, The Cochrane 

Library and gray literature, including references of selected studies, conference abstracts which were 
published up to May 2019. We included single- or double-blinded RCTs or open-label trials in which one of 
the main outcomes was INFγ and/ or IL-10 levels after vitamin D supplementation. Only articles that had 
been published in English were included.

2019; 14(4): 413-417
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INTRODUCTION

Multiple sclerosis (MS) is an in-
flammatory demyelinating di-
sease affecting the central ner-
vous system and leading to a 
wide range of disabilities (1). 

Women are affected more than men and both 
genetics and environmental factors have roles in 
disease development (2). T helper 1 cells pro-
ducing INFγ have been considered to be in-
volved in the disease development (3). On the 
other hand, IL-10 is a regulatory cytokine con-
trolling inflammatory progressions (4). The exact 
effects of IL-10 are not clear, while the literature 
shows that in the relapsing phase of MS, the 
number of IL-10-positive T cells decrease and 
promoter polymorphism is related to the disease 
severity (5, 6).

Vitamin D is one of the considerable environ-
mental factors which has immunomodulatory 
and anti-inflammatory effects (7, 8). Lower se-
rum levels of this vitamin have been considered 
as a risk factor of MS along with higher risk of  
disease activity (8, 9). It is considered that vita-
min D modulate the immune system by prohibi-
ting T cell proliferation and inhibiting pro-inflam-
matory cytokines production such as INFγ as 
well as regulating the transcription of IL-10 gene 
resulting in IL-10 level elevation (10-12).

The aim of this systematic review and 
meta-ana lysis is to evaluate the effect of vitamin 
D supplements on IL-10 and INFγ levels in MS, 
as there is no published systematic review on this 
specific topic so far.

METHODS

The protocol of this systematic review has 
been already published (13).

Literature search
We searched PubMed, Scopus, EMBASE, 
CINAHL, Web of Science, Ovid, The Cochrane 
Library and gray literature including 
re fe rence of the selected studies, conference 
abstracts which were published up to  
May 2019.

Inclusion and exclusion criteria
We included single- or double-blinded RCTs or 
open-label trials in which one of the main 
outcomes was INFγ and/ or IL-10 levels after vi-
tamin D supplementation. Only articles that had 
been published in English were included. 
Studies comparing high and low dose vitamin D 
therapies as well as cohort studies, case-control 
studies, and any other types of studies were ex-
cluded.

Data extraction
Two independent researchers independently as-
sessed the articles. Data on the number of par-
ticipants in each group, INFγ and/ or IL-10 levels 
in each treatment arm, study duration, first au-
thor, publication year and sample size were ex-
tracted from the included studies. In case of 
disa greement, the two researchers searched for a 
third reviewer’s opinion.

Statistical analysis
All statistical analyses were performed using 
STATA Version 13.0 (Stata Corp LP, College Sta-
tion, TX, USA).

We used the inverse variance with random 
effects model.

The mean difference was calculated for com-
parisons.

Inconsistency (I2) was calculated to determine 
heterogeneity.

Results: The literature search yielded 369 articles, that were monitored by us. After eliminating 
duplicates, 128 studies remained; from these, we excluded observational studies, reviews, case reports 
and non-randomized trials, and 33 studies remained. Finally, only three articles were included. The mean 
difference for INFγ was 268.4 and 95% CI 200.6-336.1. There was no significant heterogeneity (I2 = 0%, 
Chi2 = 0.1, p = 0.7). The mean difference for IL-10 was 398.3 and 95% CI -528.05-1324.8). There was 
significant heterogeneity (I2 = 94%, Chi2 = 31.1 p < 0.001).

Conclusion: The results of this systematic review were not satisfactory. More clinical trials are further 
needed to evaluate the effects of vitamin D supplements on IL-10 and INFγ levels in patients with multiple 
sclerosis.

Keywords: multiple sclerosis, systematic review, vitamin D, chemokines.



415Maedica   A Journal of Clinical Medicine, Volume 14, No. 4, 2019

effeCts of VItamIn D suPPlements on Il-10 anD Infγ leVels In PatIents wItH multIPle sClerosIs

Risk of bias assessment
We evaluated the risk of potential bias by using a 
specific tool of Cochrane Collaboration for as-
sessing such risk (14).

A p value less than 0.05 was considered sta-
tistically significant.

RESULTS

The literature search found 369 articles that 
were monitored. After eliminating duplicates, 

128 studies remained; from these, we excluded 
observational studies, reviews, case reports and 
non-randomized trials, and 33 studies remained. 
Finally, only three articles were included for ana-
lysis (two for INFγ and three for IL-10) (Figure 1).
Characteristics of included articles are summa-
rized in Table 1.

The mean difference for INFγ was 268.4 and 
95% CI 200.6-336.1.

There was no significant heterogeneity 
(I2 =0%, ChI2 =0.1, p =0.7) (Figure 2). 

The mean difference for IL-10 was 398.3 and 
95% CI -528.05-1324.8.

There was a significant heterogeneity 
(I2 =94%, ChI2 =31.1 p<0.001) (Figure 3). 

The risk of potential bias was evaluated by a 
specific tool of Cochrane Collaboration for as-
sessing such risk (14) (Figures 4 and 5).

A p value less than 0.05 was considered sta-
tistically significant.

DISCUSSION

The result of this systematic review and meta-
analysis showed that vitamin D supplements 

TABLE 1. Characteristics of included studies

FIGURE 1. Flow diagram summarizing the 
selection of eligible studies

FIGURE 2. Mean difference of INFγ 

FIGURE 3. Mean difference of IL-10 
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resulted in an significant increased level of INFγ 
(by including two studies) and had no significant 
effect on IL-10 level when comparing interven-
tion and placebo groups.

In Rolf et al’s study, which was included in 
our systematic review, the vitamin D interven-
tion group received 7000 IU for four weeks and 
14000 IU for 48 weeks. According to their re-
sults, the mean IL-10 level was not significantly 
different at baseline and at the end in either the 
intervention or control group. The mean final 
levels were not statistically different between 
groups (final IL-10 was 1762 in the placebo 
group and 1543 in the vitamin D group) (17).

In Mosayebi et al’s study, the intervention 
group received 300000 IU vitamin D monthly 
for six months and the mean IL-10 level was re-
ported to be 4950 at the final stage in the inter-

vention group and 3750 in the control group, 
while the difference was not statistically signifi-
cant between the two groups, although the level 
had increased in the intervention group (15).

In Muris et al’s study, the intervention group 
received 7000 IU of vitamin D for four weeks 
and 14000 IU for 48 weeks; the authors found a 
mean IL-10 level of 934 in the intervention group 
and 806 in the control group, while the diffe-
rence was not statistically significant between the 
two groups, although the level had increased in 
the intervention group (16).

Given that the number of included studies for 
each item was limited, that of the included cases 
was limited too. 

In Mosayebi et al’s study, the mean INFγ level 
decreased in both groups after six months, while 
the difference between the two groups was not 
significant (2250 in the intervention group and 
1980 in the control group) (15).

In Muris et al’s study, the mean INFγ level de-
creased in both groups, while the difference be-
tween groups at the end of the study was not 
significant (16).

Experimental studies showed that 
1,25-OH-vitamin D inhibited Th1 and Th17 
cells and promoted Th2 and Treg cells (8, 18). 
On the other hand, prohibition of dendritic cell 
proliferation and maturation will result in secre-
tion of IL-10 (19).

Previously, results of in vitro studies demons-
trated that vitamin D prohibited T-cell prolifera-
tion and production of cytokines including IL-2, 
IL-12, and INFγ (20, 21).

An animal study revealed that 1,25-OH-vita-
min D in an experimental autoimmune encepha-
lomyelitis (EAE) model caused suppressed pro-
duction of INFγ in spleen cells (22).

This systematic review has some limitations. 
Firstly, the number of included studies was li-
mited. Secondly, we did not evaluate other che-
mokines.

CONCLUSION

The results of this systematic review was not 
satisfactory. There is a need for more clinical 

trials evaluating the effects of vitamin d supple-
ments on IL-10 and INFγ levels in patients with 
multiple sclerosis. q

Conflicts of interest: none declared.
Financial support: none declared.

FIGURE 4. Methodologic quality assessment graph 

FIGURE 5. Risk-of-bias assessment for each study 
included in the meta-analysis 
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ABSTRACT
In brachial plexus injuries, external rotation in patients with a moderate to severe glenohumeral dysplasia 

is corrected with derotational humeral osteotomy surgery. The most frequent complications described for this 
procedure include keloid scar, loss of external rotation secondary to bone remodelling, loss of internal rotation, 
prominence of osteosynthesis, fracture distal to the plate transient ulnar paraesthesia and radial nerve palsy 
(1), and delayed union and non-union. Rarely, treating complications associated with derotational humeral 
osteotomy may require revision of osteosynthesis (2). The literature that investigates the effectiveness of 
derotational humeral osteotomy as a procedure to rescue dorsal infraspinatus tendon transfer is limited. 

This article is the first communication of a pediatric patient with an obstetric brachial plexus injury 
receiving a derotational osteotomy as a procedure to salvage a failed rescue Latissimus dorsi tendon transfer 
with a complication. This case report was performed according to the principles of the Declaration of Helsinki. 
Written informed consent for participation in this case report was obtained from the patient’s parents.

Keywords: humeral osteotomy; brachial plexus palsy, osteosynthesis failure,  
latissimus dorsi transfer, pediatric orthopedic.

2019; 14(4): 418-421
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CASE PRESENTATION

A four-year-old male diagnosed with 
right obstetric brachial palsy under-
went three surgical procedures prior 
to receiving a derotational osteoto-
my. Initially, at the age of 12 months, 

the patient underwent Oberlin’s procedure to 
recover flexion of the elbow M4. This was fol-
lowed by a subscapular release with partial re-
covery of external rotation. A dorsal-infraspinous 
tendon transfer was performed to resolve the 
abduction and external rotation; however, the 
patient continued to suffer from an external rota-
tion deficit. A computed tomography (CT) scan 
indicated a glenoid deformity with less than 35% 
glenohumeral congruity (Waters III) (3) associa-
ted with hypoplasia of the humeral head ossifi-
cation centres (Mallet scale: 14 pts).

When the patient was presented to our ser-
vice, he had a stable shoulder with an external 
rotation deficit, trumpet sign, elbow flexion M4, 
functional wrist and fingers, preserved with a digi-
tal clamp. In our department, he underwent a 
derotational humeral osteotomy via a conven-
tional deltopectoral approach. A transverse oste-
otomy was performed between deltoid and pec-
toralis major insertions, using a LC-DCP plates 
with 3.5 mm screws (4). Additionally, a correction 
of 80 degrees was obtained. Figure 1 demon-
strates the post-operative results, including cor-
rection and alignment, and compression of the 
new osteotomy. Then the plane of motion hand 
face was checked. A shoulder sling has been also 
indicated. 

Three weeks post-surgery, the patient was ad-
mitted to the emergency department for non-
traumatic pain and loss of range of motion in the 
elbow, without a loss of the correction of exorota-
tion. He was presented with properly healed sur-
gical wound, no febrile history, and normal in-
flammatory parameters, with a level of C-reactive 
protein (c-RP) 0.2 mg/L, erythrocyte sedimenta-
tion rate (ESR) 8 mm/hr, and White Blood Cells 
(WBC) 7.154 x 109/L. Radiography reports indi-
cated a displaced proximal screw anchor, hume-
rus varus (45 degrees), retro curvatum (10 de-
grees), 20% of cortical contact along with callus 
formation in the inner side bone (Figure 2). An 
anterolateral proximal humeral shaft osteotomy 
was performed. Loosening of proximal screws oc-

curred, leading to fibrosis in the interface implant 
bone and formation of bone headlining.

To correct this deformity, an oblique osteoto-
my was performed, followed by stabilization with 
a larger LC-DCP (Figure 3). For postoperative con-

FIGURE 1. Initial intraoperative radiographs, showing the osteotomy, 
fixed with locking compression plate (3.5 mm)

FIGURE 2. Three weeks after surgery, radiographs show the two 
proximal screws lost the anchor; the osteotomy site had healed in the 
non-suitable alignment
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trol, the patient was immobilized with a subse-
quent velpeau for four weeks. The alignment was 
recovered in the coronal and sagittal humeral 
plane without loss of correction of external rota-
tion. The four-week postoperative radiography 
reports indicated callous formation, without lo-
osening of screws, and the stability of the implant 
was unaffected (Figure 4). The velpeau was re-
moved in the fourth week, and the patient started 
physical therapy to regain the range of mobility, 
strength, and proprioception. At the time of the 
one-year posto pe rative follow-up, the patient had 
achieved bone healing with a satisfactory func-
tional outcome, the midline function and elbow 
flexion strength was also regained (Mallet scale: 
20 pts). q

DISCUSSION

The rate of complications for this procedure is 
10-20%, according to the existing litera- 

ture (5). In this case report, the complications re-
quiring further surgical intervention are deemed 
as major complications. The failure of osteosyn-
thesis required surgical intervention and use of 
new osteosynthesis with plates of greater length 
(5). However, this approach poses a greater risk 
of injury, especially in cases involving nerve 
transfers – e.g., Oberlin procedure and intercos-
tal to musculocutaneous nerve transfer (6).

In injuries of brachial plexus, bone resorption 
and minor remodelling may entail loosening of 
implants and bone splits. Reports describe (3) iso-
lated cases where diffused osteoporosis occurred 
during the first months after injury, and bone 
changes were reversible (6).

Al-Qattan et al. reported a series of six cases in 
which osteotomy was performed under the age of 
eight as a rescue procedure. However, due to the 
absence of long-term follow-up, postoperative 
complications have not been reported (7). 

In this case report, the patient has initially 
demonstrated absolute stability; however, the loss 
of proximal anchor occurred after three weeks. 
Deforming forces on the osteotomy are given by 
the distal deltoid, and proximal subscapular frag-
ment along with internal rotation towards the rear 
and abduction of the pectoralis major muscle A 
plaster velpeau placement could be an adjunct to 
counteract deforming forces it is associated with a 
stiff elbow or shoulder. We recognize that it is not 
possible to extrapolate the conclusions based on 
this case report. However, for pediatric patients 
with low bone density, we suggest the utilization 
of long plates (12 holes). To release the tension 
generated by muscle insertion and to ensure bone 
healing, immobilization with plaster or velpeau 
cast during a postoperative period of four weeks is 
suggested.

The surgical team at our hospital (Peripheral 
Nerve and Plexus Program, University of Buenos 
Aires School of Medicine) specializes in the diag-
nosis and treatment of brachial plexus injuries. 
However, functional outcomes and lack of long 
term follow-up may prove to be a limitation. q

Conflicts of interest: none declared.
Financial support: none declared.

FIGURE 3. An oblique osteotomy was performed, both fragments 
were in the right position and re-stabilized using a longer locking 
compression plate (3.5 mm), and in order to enhance the compression, 
a lag screw was inserted

FIGURE 4. Complete bone healed was achieved at four weeks 
postoperatively
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ABSTRACT
Giant intracranial aneurysms (ICGA) represent 3 to 5% of all intracranial aneurysms in adults. They are 

defined as arterial dilatations, with more than 25 mm in diameter. Despite important advances in the research 
of endovascular techniques of treating giant intracranial aneurysms, the management of these vascular 
malformations still poses great difficulties for neurologists and interventional radiologists. In particular, these 
challenges arise from the difficult and modified cerebral anatomy of patients with ICGA. Choosing the best 
treatment for patients with ICGA involves not only finding the perfect balance between the potential risks and 
benefits of endovascular treatment, but also taking into consideration the patient’s biological condition and 
associated diseases. 

The aim of this paper is to describe the decisional algorithm of treating patients with giant intracranial 
aneurysms and factors which could influence the choice of endovascular technique.

We report a clinical case of a 63-year-old female with cardio-vascular risk factors (atrial fibrillation, high 
blood pressure), diagnosed with a symptomatic giant aneurysm of the right internal carotid artery and 
multiple cerebral micro-bleeds. Given the very large size of the aneurysm, its characteristics as well as patient’s 
associated comorbidities, it was decided to exclude the ICA aneurysm from circulation by occluding the parent 
vessel (right internal carotid artery) by using endovascular techniques. 

Also, a review of the literature on the currently available endovascular methods for treating patients 
with giant intracranial aneurysms was performed in order to see the indications and possible long-term 
complications of each method.

In selected cases, the risks of serious complications associated with occluding a large cervical-cerebral vessel 
(as the internal carotid artery) are far exceeded by the risk for rupture of giant aneurysms, which is fatal 

2019; 14(4): 422-427
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INTRODUCTION

Definition, pathophysiology and clinical 
aspects of giant intracranial aneurysms

As stated above, giant intracranial 
ane urysms (ICGA) are vascular mal-
formations with more than 25 mm in 
diameter (1), which are more often 
found in females than males (2:1 ra-

tio). Their overall risk of rupture depends on 
both patient’s characteristics (age, comorbidities, 
and population appurtenance) and features of 
the aneurysm (size and location, history of cere-
bral hemorrhage from other aneurysms). Out of 
all non-traumatic subarachnoid hemorrhages 
(SAH), 85% are caused by the rupture of an in-
tracranial aneurysm (2). For ICGA, the lowest 
five-year risk of rupture calculated with using the 
PHASES score is 5.3%, but this risk can reach al-
most 20% in special cases (3). Despite significant 
advances in neurocritical care and management 
of patients with SAH, mortality associated with 
the rupture of ICGA still remains very high. Thus, 
mortality at two years following the rupture of a 
ICGA ranges from 80 to 100% (4). More often, 
ICGA become symptomatic due to their mass ef-
fect on the adjacent cerebral structures. 

Most giant carotid artery aneurysms arise in 
key vascular regions exposed to high hemody-
namic stress, due to a combination of pathogenic 
factors: endothelial dysfunction, turbulent blood 
flow, recurrent damage followed by healing 
(scarring) of the aneurysm wall (favoring the ex-
pansion of the aneurism and also intra-luminal 
thrombus formation), atherosclerotic degenera-
tion of the arterial wall, media necrosis of the 
arterial wall, etc (5). 

Giant aneurysms (GA) can be classified into 
saccular, fusiform and serpentine aneurysms, ac-
cording to their appearance and pathogenesis (5). 
Saccular GA are round or oval vascular malfor-
mations, with a neck that connects them to the 
vessel. They are thought to arise from small sac-

cular (berry) aneurysms through repeated tearing 
and scaring of the aneurysmal wall. These pro-
cesses lead to an intra-aneurysmal turbulent 
flow, which maintains the progressive growth of 
the aneurysm. In contrast to saccular aneurysms, 
fusiform and serpentine aneurysms have no de-
monstrable necks attaching them to the vessel; 
they are usually elongated vascular malforma-
tions and generally develop by atherosclerotic 
degeneration of the arterial wall. The processes 
following the initial injury to the arterial wall are 
similar to those occurring in saccular aneurysms. 
The main difference between fusiform and ser-
pentine aneurysms is that serpentine aneurysms 
have a tortuous and irregular lumen and usually 
derive from thrombosed fusiform aneurysms 
which recanalise (5). 

Partially or complete thrombosed aneurysms 
are thought to appear due to inflammatory 
mechanisms triggered by chronic dissections and 
hematomas of the aneurysmal wall and by the 
concomitant proliferation of the vasa vasorum (6). 

There are several diseases and predisposing 
factors associated with intracranial aneurysms. 
Patients with GA or multiple intracranial 
ane urysms should be screened for connective 
tissue disorders (Ehlers-Danlos syndrome, pseu-
doxanthomaelasticum) (7, 8), autosomal domi-
nant polycystic kidney disease (approximately 
11% of patients with ADPKD have unruptured 
intracranial aneurysms) (9), Moyamoya syn-
drome (giant aneurysms are very rare in these 
cases), familial aneurysms (the prevalence of 
aneurysms in relatives of patients with ICGA va-
ries between 9 and 20% among different studies) 
(10, 11), etc. Moreover, cigarette smoking, hyper-
tension and alcohol consumption are well-known 
factors that favor aneurysm formation, growth and 
rupture (12-14). 

Carotid artery aneurysms can become symp-
tomatic in three different ways: by rupture, (and 
so, causing subarachnoid hemorrhage), by acting 
as a tumor which exerts a mass effect on the adj a-

UnrUPtUreD gIAnt IntrAcerebrAL AneUrysms: serIoUs troUbLe reqUIrIng serIoUs treAtment

in many cases. Nevertheless, it is of utmost importance to mention that, although the use of endovascular 
methods leads to a significant increase in life expectancy, a severe decline in quality of life might be experienced 
by these patients. 

Keywords: unruptured giant cerebral aneurysm, interventional neuro-radiology,  
occlusion of internal carotid artery (ICA), review of the literature,  

cerebral microhaemorrhages.
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cent cerebral structures, and by compressing an 
adjacent vessel, thus determining cerebral is-
chemic lesions. Symptoms vary depending on 
the localization and size of the aneurysm. 

Given the high risk of rupture and invalida-
ting symptoms associated with ICGA, patients 
who were identified with such vascular malfor-
mations are usually treated by neurosurgical or 
endovascular techniques. Due to difficult neuro-
surgical approaches, endovascular treatment is 
becoming the preferred method of treating giant 
aneurysms of the ICA. 

Current strategies for treating giant 
intracranial aneurysms

Rational endovascular treatment decision-making 
in cases of ICGA requires taking into conside-
ration the localization of the aneurysm, its ana-

tomy and geometry, the size of neck and dome-
to-neck ratio, the presence of intra-aneurysmal 
thrombus, patient’s comorbidities, and last but 
not the least, the availability of endovascular 
materials needed for treatment. The current mo-
dern endovascular methods used for treating 
ICGA are summarized in Table 1. q 

CASE REPORT

A 63-year old female presented to the neurology 
department for right eye scotomas and perioral 

paraesthesias, which started two weeks before 
hospi tal admission. The patient was a chronic 
smoker (five pack-years) and was known to have 
vulgar psoriasis, atrial fibrillation, stage 2 
hypertension, dyslipidemia, hypothyroidism and 
history of multinodular goiter treated with 

TABLE 1. Endovascular methods of treating intracranial aneurysms (5, 4, 15)
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FIGURE 1. Cerebral MRI. Left – T2*, axial sequence: multiple 
microbleeds in both basal ganglia and internal capsules. Right – T2 
axial sequence: round predominantly hypointense mass, exerting mass 
effect on adjacent structures (especially on the right cerebral peduncle)

FIGURE 2. Left: cerebral “4 vessel” angiography – selective 
catheterization of the right internal carotid artery revealing an 
unruptured giant aneurysm situated in the communicant (C7) segment. 
Right: cerebral “4 vessel” angiography – post-embolization aspect

FIGURE 3. Left: cerebral MRI. Left – T2: axial sequence – partially 
thrombosed GA of the right ICA. Left – T2*: axial sequence – partially 
thrombosed GA of the right ICA and multiple cerebral microbleeds

UnrUPtUreD gIAnt IntrAcerebrAL AneUrysms: serIoUs troUbLe reqUIrIng serIoUs treAtment

radioactive iodine (seven years prior to 
hospitalization in the neuro logy unit). She was on 
several antihypertensive drugs, antiarrhythmic 
drugs (propafenone), synthetic thyroid hormone 
replacement therapy and statins. 

Clinical examination revealed left homony-
mous hemianopia and global brisk deep tendon 
reflexes. 

Routine blood tests were normal, except for 
inflammation markers (elevated C-reactive pro-
tein and erythrocyte sedimentation rate) and in-
creased low-density lipoprotein.

Cerebral magnetic resonance imaging (MRI) 
was performed (Fig. 1), which revealed a par-
tially thrombosed giant saccular cerebral 
ane urysm with maximal diameters of 25/21 mm, 
and a 4 mm wide insertional neck and exerting a 
significant mass effect on the optic chiasm and 
on the third branch of the right trigeminal nerve. 
The origin of the GA was difficult to distinguish 
on the MRI exam. Furthermore, several high-
intensity lesions were noticed on the T2 and 
FLAIR sequences in both cerebral hemispheres 
(suggesting multiple microinfarctions) and also 
multiple low-signal blooming artifact micro-
lesions on the T2* and gradient-echo sequence, 
suggesting microbleeds in bilateral lenticular 
nucleus and internal capsule, bilateral cerebellar 
hemispheres, and in the bilateral subcortical 
frontal, parietal and occipital white matter. 

A “4 vessel” cerebral digital subtraction 
angiography (DSA) was performed, which 
confirmed the presence of an unruptured giant 
aneurysm situated in the communicant (C7) seg-
ment of the right internal carotid artery (Fig. 2). The 
patient was treated by endovascular techniques 
consisting of percutaneous embolization of the 
aneurysm, u sing 19 platinum coils. The presence of 
micro-bleeds, along with the fact that the patient 
had also atrial fibrillation (requiring permanent 
anticoagulant therapy) excluded the flow-diverter 
device option (that would have required long term 
double antiplatelet therapy). Nevertheless, in other 
cases, flow-diverter devices with or without 
concomitant coiling would have been a good 
choice for this type of aneurysm. 

After six months, the patient presented to the 
hospital for reevaluation. She reported urinary 
incontinence, frequent falls, attention deficit and 
short-term memory impairment. The six-month 
follow-up cerebral MRI showed 50% reperfusion 
of the aneurysm, the ICA-GA increasing in size 
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and exerting mass effect on the right cerebral 
peduncle. Moreover, the number of cerebral 
microbleeds was also increased. 

Due to its characteristics, positioning and 
evolution, parent artery occlusion (right ICA) was 

performed in order to exclude the aneurysm 
from the cerebral circulation and to reverse the 
mass effect the aneurysm was exerting by 
eliminating the pulse pressure. The procedure 
was preceded by an occlusion balloon test, 
which was negative (the patient was clinically 
asymptomatic during the 20 minute-period in 
which a balloon was inflated, occluding the right 
ICA) (Fig. 3). Two coils were placed in the lumen of 
the right ICA. 

At 12 hours post-ICA occlusion, the patient 
presented left hemiparesis and aphasia. A cere-
bral perfusion MRI was performed, which 
showed a decrease of cerebral perfusion in the 
territory of right ICA (Fig. 4). The cerebral CT 
scan at 48 hours revealed a right lenticular hy-
podensity. The patient received anticoagulant 
treatment, adequate hydration and systolic 
blood pressure was maintained between 
140-160 mm Hg. The symptomatology progres-
sively improved in the first 48 hours from onset.  

After two years from the initial neurologic 
evaluation, the patient came to our hospital for 
periodical check-up. She did not report any new 
symptoms, but her caregivers mentioned severe 
progressive cognitive deterioration during the 
past year and significant changes in behavior and 
dietary preferences. 

Clinical exam revealed right homonymous 
hemianopia, brisk deep tendon reflexes in the 
left limbs; Babinski sign was present in the right 
foot. In addition, the patient was bradikinetic 
and bradiphrenic and had a disinhibited beha-
vior (she made offensive remarks, also conside-
ring her room colleagues inferior and asking 
them to feed her and make her daily hygiene, 
even though she had the ability to perform those 
tasks by herself), repeated the same information 
seve ral times without remembering doing so and 
misplaced her personal objects. Neuro-cognitive 
evaluation revealed severe deterioration of seve-
ral cognitive domains: episodic memory, atten-
tion and severe visual-spatial disorientation. A 
cerebral MRI was repeated and revealed a 
thrombosed aneurysm with 25 mm in the big-
gest diameter (stationary compared to the first 
measurements), which was exerting mass effect 
on the adjacent cerebral parenchyma and on the 
right half of the brainstem, associating important 
cerebral edema (Fig. 5). 

FIGURE 4. Left: cerebral “4 vessel” angiography – post-ICA occlusion 
aspect; selective catheterization of the right common carotid artery 
revealing the absence of ICA filling. Right: selective catheterization of 
the left internal carotid artery revealing satisfactory filling of the right 
middle and anterior cerebral arteries

FIGURE 5. Two-year check-up cerebral MRI. Up-left (T2 axial 
sequence) and up-right (FLAIR coronal sequence): thrombosed 
aneurysm exerting important mass effect on the adjacent structures. 
Down (T2* sequence): unruptured thrombosed GA of the left ICA and 
an increased number of cerebral microbleeds
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The patient was treated with hyperosmolar 
solution intravenous perfusion for three days and 
received a short course of steroids. q 

DISCUSSION AND CONCLUSONS 

Despite the numerous endovascular options 
from which the clinician has to choose when 

treating a patient with giant intracranial 
ane urysm, options are actually limited in cases of 
patients with severe comorbidities. 

In the above-described case, the patient had 
a symptomatic ICGA, which obviously needed to 
be treated. The most suitable treatment for this 
type of malformation, considering its geometry, 
localization and dome-to-neck ratio, would have 
probably been placing a flow-diverter stent in 
the communicant segment of the right internal 
carotid, along with the embolization of the 
aneurysm with coils. Given the fact that the pa-
tient also had atrial fibrillation, which required 
permanent anticoagulant therapy, the placement 
of a flow-diverter stent became unadvisable, as 
she would have needed long term antiplatelet 
therapy in order to avoid acute thrombosis of the 
stent. Given the presence of the numerous cere-
bral microbleeds, the association of anticoagu-
lant with double antiplatelet therapy would have 
made the risk of intracerebral hemorrhage much 
higher than the benefits of treatment.

In selected cases (aneurysms with particular 
anatomy that makes them surgically unap-

proachable, giant fusiform, saccular and serpen-
tine aneurysms that are not suitable for other 
endovascular methods described above, or – as 
in our case – aneurysms treated by endovascular 
techniques, recanalised and unfitted for further 
endovascular approaches), occluding the parent 
vessel is a well-established and effective alterna-
tive treatment. By occluding the parent vessel, 
the GA is excluded from cerebral circulation and 
it is expected that the aneurysm will shrink due 
to the organisation and retraction of the clot, 
thus reversing or improving the mass effect which 
is exerted by the giant aneurysm. 

There are two major complications associa-
ted with parent artery occlusion: ischemic com-
plications (most frequently due to retrograde ar-
terial thrombosis, or arterio-arterial distal em bo lism) 
and very rare hemorrhagic peri-procedural com-
plications (by tearing the arterial wall) (16). 

This case emphasizes the importance of peri-
odical monitoring of patients subjected to parent 
artery occlusion for giant aneurysms in order to 
ensure proper management of complications 
that can occur. In our case, given the fact that the 
patient was on permanent treatment with anti-
coagulants, the intra-aneurysmal blood clot had 
not organized completely and continued to have 
a considerable weight and volume, thus still 
exerting a significant mass effect. q
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ABSTRACT
Evisceration of small bowel through the rectum is extremely uncommon, chronic long standing prolapse 

and/or increased intra-abdominal pressure being the most frequent association. Management is in line of 
any acute abdomen with resuscitation beginning as soon as patient arrives with covering the bowel with 
moist hot packs. The management of such patients depends on the general state of each individual patient. 
In extremely frail patients, palliative care should be instituted. Laparotomy and Hartmann’s procedure is 
the safest option. Here we report a case of an elderly female with full-thickness chronic rectal prolapse who 
presented acutely at the Emergency Department with small bowel eviscerating through the anus following 
it herniating through the rectum.

Keywords: chronic rectal prolapse, rectal perforation, small bowel evisceration, palliative care.

2019; 14(3): 428-430

INTRODUCTION

Perforation of colon or rectum can re-
sult from numerous pathological con-
ditions, including diverticular disease, 
colitis, carcinoma, penetrating/blunt 
trauma or iatrogenic endoscopic 

injury (1). Evisceration of small bowel through 
rectal perforation in a patient with chronic pro-
lapse is an extremely rare presentation. q

CASE REPORT

An 88-year-old woman with chronic rectal 
prolapse presented acutely to the emergen-

cy department by ambulance after complaining 
of abdominal pain and rectal bleeding. Two 
months prior to her admission, she had been re-
viewed at the surgical out-patient clinic and the 
diagnosis of a full thickness rectal prolapse was 
confirmed. A flexible sigmoidoscopy was carried 
out to rule out any other pathology in the left 
colon. No further surgical options were explored 
at this time as she was noted to be generally frail 
with severe cardiac co-morbidities, which would 
preclude surgical intervention. A Community Do 
Not Resuscitate Order was in place.

On this admission, the patient recounted a 
fall that morning when rising before her carers 
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arrived. She was mildly confused and com-
plained of abdominal pain. On examining the 
patient, small bowel could be seen eviscerating 
through her anus (Figures 1 and 2). The small 
bowel on appearance seemed viable, but was 
coated in faecal material, suggesting evisceration 
through a perforation in the recto-sigmoid area. 
A CT scan was undertaken. This confirmed a 
perforation in the anterior rectal wall with small 
bowel passing through the defect and exiting via 
the anal canal (Figures 3 and 4). 

Given her general frailty and after discussion 
with the patient, her family and the anaesthetic 
team, the decision was made not to attempt sur-
gical correction but to palliate her symptoms. 
The patient died three days later under the care 
of the palliative care team. q 

DISCUSSION

Small bowel evisceration via the anus is ex-
tremely uncommon. The first documented 

case report was written in 1827 by Brodie 
et al (1). To date, a further 70 case reports have 
been documented in the medical literature (2). 
Chro nic rectal prolapse appears to be the most 
common aetiological factor associated with the 
condition. A history of a sudden increase in in-
tra-abdominal pressure prior to the event is also 
commonly noted (3).

evIscerAtIon of smALL boWeL tHroUgH rectUm: A cAse rePort

FIGURE 1. Eviscerating bowel 

FIGURE 2. Eviscerating bowel 

FIGURE 3. CT scan image coronal view

FIGURE 4. CT scan image axial view
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The exact mechanism by which evisceration 
occurs has not been clearly elucidated. Jeong 
et al suggested that chronic prolapse results in a 
hernia sac between the rectum and Pouch Of 
Douglas which becomes stretched and attenu-
ated over time (4). Repeated friction on the an-
terior rectal wall due to the recurrent prolapse 
leads to fibrosis and ischemia. A sudden increase 
in intra-abdominal pressure could then lead to 
perforation and subsequent small bowel pro-
lapse (5). Other possible causes reported are 
forceful reductions of rectal prolapse, incision for 
thrombosed piles, prolapse with chronic decubi-
tus ulcer and pressure necrosis (3, 5).

The management of this condition depends 
on the general state of each individual patient. In 
our case, palliative care was instituted as she 
would not have survived a surgical intervention. 
In a fitter patient, immediate resuscitation, intra-
venous antibiotics and laparotomy are recom-
mended. The eviscerated bowel should be co-
vered in warm saline packs until transfer to 
theatre. At laparotomy, the bowel should be re-
duced back into the abdomen, limiting further 
peritoneal contamination. The eviscerated bo-
wel is checked for viability and if non-viable then 

resection is performed. A Hartmann’s procedure 
would be the safest procedure of choice to deal 
with the large colonic perforation. Colonic resec-
tion and primary anastomosis, with a covering 
stoma should only be considered in very fit indi-
viduals with limited contamination (4). A single 
case report mentions trans anal reduction and 
trans anal repair of perforation followed with 
Thiersch repair with covering stoma. This may be 
an option for high risk patients, but this local ap-
proach has not been successful in other case re-
ports (6). In experienced hands, a laparoscopic 
repair may be an option (7). Some authors have 
attempted a simple repair of the perforation. 
This may be a higher risk strategy as the under-
lying condition of the bowel is uncertain.

Mortality is 100% if left untreated or if the 
bowel is only pushed back and it reduces to 46% 
when the bowel is reduced and the tear re-
paired, whereas addition of covering stoma re-
duces mortality to 23%. In those who had 
Hartmann’s resection, mortality was not repor-
ted (2). q
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the prior written consent of the journal. Authors 
are fully responsible for the content of their ar-
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nancial support and, if applicable, acknow-
ledgements (for details, please check the offi-
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corresponding author on behalf of all authors 
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finan cial support and, if applicable, acknow-
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the Anglo-Saxon model of the medical litera-
ture, being identified in the text by Arabic 
numbers and numbered based on when they 
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appear in the manuscript, which should cor-
respond to the citations mentioned in the 
reference list at the end of the manuscript;
(5) figure and/or table captions (each one 
must have a descriptive title, and if applica-
ble, explain symbols and abbreviations);
(6) figures and tables – each should be an 
individual high resolution (ideally, 300 dpi) 

JPEG, TIFF or PNG file, sent separately from 
the manuscript file; they should add clarity 
to the text, and not reiterate information re-
ported in the text or tables. In case images 
have peculiar features, it is recommended 
that the authors indicate the original source; 
specialized processing becoming the respon-
sability of the editors.

STRUCTURE OF THE JOURNAL

1. ORIGINAL PAPERS: CLINICAL OR  
BASIC RESEARCH

 � This section includes original articles that 
comply with the editing rules described in In-
structions for authors.

 � Content: fundamental or clinical research (di-
agnosis or treatment)

 � Dimensions: 6 10 pages, 4 5 explanatory ma-
terials (tables, graphs, figures)

 � Format: introduction (present status of the 
problem, premises and objective of the re-
search), material and methods, outcomes, 
conclusions 

 � References in the text.

2. BRIEF REPORTS

 � Authors are encouraged to bring to public at-
tention shortly described original studies, 
which represent promising outcomes of a 
personal initiative and pave the way for pub-
lishing results in extenso in the near future. 
Briefly described studies, that comply with 
the general format presented in Instructions 
for authors, may also be included.

 � Content: extraordinary clinical observations, 
ending with a confirmation (morphological, 
therapeutic, etc)

 � Dimensions: maximum six pages, 1 2 original 
pictures (clinical, imagistic, morphological)

 � References within the text (at comments).

3. CASE REPORTS

 � Authors who wish to present peculiar cases 
that are worthy of public attention must ex-
plain what made them choose a particular 
case and provide a description of clinical and 
paraclinical presentation, positive diagnosis, 
differential diagnosis, treatment, comments, 
and conclusion. It is widely known that this 
type of article is a starting point in editing 
medical papers and its strong point is not nece- 
ssarily its uniqueness but its educational value. 
Most case reports deal with unexpected as-

sociation between a disease and certain symp-
toms, or discoveries which shed new light on the 
pathogeny of a disease/side effect, or either 
unique or rare characteristics of a disease, or 
novel therapeutic approaches.

Case reports may also bring back into atten-
tion an issue already tackled in the past.

4. IMAGES IN MEDICINE

 � This section includes the presentation of one 
of the current types of imagery used in medi-
cine (ultrasound, CT, IRM, scintigraphy, etc.) 
and should have the following structure: clini-
cal information, imagistic diagnosis, imagery 
differential diagnosis, final clinical comments.

The section types described hereunder fall into two large categories:
A  – articles using the standard format of medical articles (1-8) 
B  – non-standardized articles that typically express authors’ own opinions/comments (9-17)
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5. STATE-OF-THE-ART
 � Articles published in this format inform about 
recent diagnostic and therapeutic progresses 
in a domain of medicine (controversial or 
not), which require the prompt attention of 
specialists.

6. REVIEWS
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ate a summary or overview of the current 
knowledge on a particular topic.
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theoretical and/or practical issues (review 
of the literature)

• Dimensions: maximum 12 pages (the ar-
ticle can be published in two subsequent 
issues).

• Format: full text, with or without sections.
• References: recent (75% titles dating from 

the past five years), prioritizing articles 
published in extenso, quoting few ab-
stracts, textbook chapters or entire books, 
introduced in the text.

7. EDITORIALS

 � Editorials represent the scientific synthesis of 
a medical issue and should have the follo-
wing structure: background, content, com-
ments, conclusion. They may be authored by 
a member of the Editorial Board or a perso-
nality of the medical world who does not be-
long to the journal’s council. The same rules 
apply to State-of-the-art articles.

8. COMMENTS ON CLINICAL TRIALS

 � This section hosts comments on the relevance 
of recently published clinical trials.

9. EDITORIAL COMMENTS

 � This section presents comments authored by 
the editorial board or another famous per-
sonality on a relevant article published in the 
current issue of the journal.

10. REPORTS ON MAJOR CONGRESSES

 � This section is meant to keep specialists in-
formed on recent elite events of the medical 
world.

11. JOURNAL CLUB

 � This section presents comments on major ar-
ticles published in famous national and inter-
national journals of clinical medicine.

12. TRANSLATIONAL MEDICINE

 � Clinical implications of recently published 
major preclinical studies are commented and 
explained.

13. QUIZ

 � This section voices questions that clinicians 
constantly ask themselves and offers a syn-
thesis of answers provided by the current li-
terature.

14. VIGNETTES

 � These are comments on contemporary issues 
of the medical profession and any other com-
ment which may be of interest for physicians.

15. LETTERS

 � This section presents readers’ perspective on 
articles published in the journal, and grants 
authors’ right to opinion. 

 � The sender (any physician who wants to 
share his/her opinion on a certain article pu-
blished in this journal) must mention his/her 
full name and current affiliation and add a 
letter of intent (no more than one page) with 
a title, in order to provide convincing reasons 
for his/her letter to be published.

 � Only letters received no more than six months 
after the publication date of the discussed ar-
ticle are considered. 

16. BOOK REVIEWS

 � Synthetic reviews of most recent medical 
books.

17. UPDATES IN CLINICAL MEDICINE

 � This section presents a summary of the most 
important scientific events for each specialty 
published in major medical journals during 
the last few months.
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Manuscript submission

Authors are kindly asked to comply with the 
following recommendations.

For editing the manuscript text, Word pro-
cessing package should be used: Arial or Times 
New Roman, 12 font size, 1.5 line spacing, nor-
mal margins. 

Manuscripts must be submitted as attached 
files in Word format to editor@maedica.ro. Pro-
fessional image processing, scanning, graph pro-
cessing, if needed, are the responsibility of the 
editing team.

Referencing

Authors are encouraged to cite articles that 
have previously been published in Maedica J 
Clin Med, but these should not exceed 20% of all 
citations.

Citation examples mentioned below must be 
strictly followed.

Entire books: Authors/editors, name and 
initial(s) of surname (no full stop). Title, Edition (if 
suitable). Place of publication: Publishing House, 
Year.

Example: Carrel A, Cutler EC, Gross RE, 
Debakey ME. The Closing of Holes, Replacing of 
Valves and Inserting of Pipes, or How Cardiovas-
cular Surgeons Deal with Knives, Knaves and 
Knots. New York: York University Press, 1984.

Chapters from books and volumes written 
by different authors: Author of the chapter, 
name and initial(s) of surname (no full stop). Title 
of the chapter. Particle „In:” followed by authors/
editors of the volume. Title in Italic, Edition (if 
suitable). Place of publication: Publishing House, 
Year, followed by colon and pages where the 
chapter is to be  found.

Example: Nichols WW, O’Rourke MF. 
Aging, High Blood Pressure and Disease in Hu-
mans. In: Arnold E, ed. McDonald’s Blood Flow 
in Arteries: Theoretical, Experimental and Clinical 
Principles. 3rd ed. London/Melbourne/Auckland: 
Lea and Febiger; 1990:398 420.

Articles: Authors, name and initial(s) of sur-
name, no full stop, only the first three, followed 
by etc, in case there are more than four. Title of 
the article. Title of the Journal in international 
abbreviation, Italic. Year, followed by semicolon. 
Volume, followed by colons. Pages where the ar-
ticle may be found.

– Note: If the article quoted is published in 
abstract (e.g., journal, volume with abstracts of 
scientific events), the source will be indicated 
preceded by „Abstr. in:“

Example: Lems WF, Ader HJ, Lodder MC  
et al. Reproductibility of bone mineral density 
measurements in daily practice. Ann Rheum Dis 
2004;63:285 289

Every manuscript is immediately registered, and the registration number is communicated to 
authors by email, at the earliest convenience.
Any correspondence for the journal should be sent to: editor@maedica.ro.

 � Manuscript receipt is promptly confirmed to 
the corresponding author by an email, which 
is also mentioning the registration number, 
the date the manuscript was received and the 
fact that the manuscript was handed out to a 
specialised member of the Editorial Board 
(subject editor) by the Editor in chief/Deputy 
editors.

 � The initial responsibilities of a subject editor 
consist of checking whether the manuscript 
complies with the editing criteria:
• if it does not comply with these criteria, 

the subject editor will send a brief email 
to the corresponding author, with the re-
quest to re-write the manuscript accor-
ding to the editorial criteria.
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• if there are serious errors of content 
and/or editing, the manuscript will be re-
jected ab initio by the Editor in chief.

• if the manuscript complies with the 
editing requirements from the very 
beginning, the subject editor selects two 
peer-reviewers (either from those already 
accredited by the journal or from a bulk 
of new proposals), and it is compulsory 
that one of them belongs to an academic 
setting other than the authors of the 
manuscript.

Note: In this respect, the data base with 
potential peer reviewer plus new proposals 
will be used.

 � Possible objections formulated by authors 
against reviewers are to be seriously taken 
into consideration by the journal’s editors.

 � The subject editor (or the editorial board on 
subject editor’s request) invites the peer re-
viewer by email to evaluate the manuscript 
(attached ias a Word Document) within 
two weeks.

 � The reviewers’ decision (approval without re-
vision, approval with major/minor revision, 
rejection) is promptly emailed to the corre-
sponding author (in CC to editor@maedica.
ro) by the subject editor.

 � If the manuscript gets approval with revi-
sion, the anonymous comments of reviewers 
will be conveyed together with the reviewers’ 
decision and a statement of the subject edi-
tor, which will be the synthesis of the review-
ers’ opinions.

 �  Within four weeks, the corresponding author 
should send the revised version (complying 
with the initial submittal requests, mentio-
ning the initial registration number of the 

manuscript followed by „.R1“), together with 
an attached letter/Word document to an 
email (to the subject editor and CC to 
editor@maedica.ro) which clearly explains 
how the manuscript was modified according 
to each of the reviewers’ comments/sug-
gestions.

 � The subject editor will convey the corre-
sponding author’s answer to the peer review-
ers. If the corresponding author’s answer is 
satisfactory, they will inform the subject edi-
tor about their decision of approving the re-
vised version of the manuscript („.R1“) for 
publication.

 � If the peer reviewers consider the corre-
sponding author’s answer is only partially sa-
tisfactory, they will request an additional eval-
uation of the manuscript through new item 
by item comments (in which case the manu-
script will receive the extension „.R2“), the 
editing process following the same route as in 
the case of the first revision.

 � If the peer reviewers consider the revision re-
quests were poorly met/not met on both revi-
sions, they will inform to the subject editor 
that the manuscript is not accepted for publi-
cation.

 � Once a manuscript is accepted for publica-
tion, the reviewers’ decision will be commu-
nicated in an editorial meeting (by an email 
to to all@maedica.ro, which immediately 
gets to all members of the editorial board). 
During this meeting, the degree of priority 
for the manuscript is established, depen-
ding on the following criteria:
• reviewers’ opinions;
• none of the authors has two articles (as 

first author) in the same issue of the jour-
nal;

• the degree of coverage for the different 
sections of the journal.



Peer reviewer Team

436 Maedica   A Journal of Clinical Medicine, Volume 14, No. 4, 2019

Peer reviewer team 2019
ADAM Daniel
ALBU Elena Simon
ALEXANDRESCU Cristina 
ANCA Alexandru
ANTOCHI Florina
BADILA Adrian
BADIU  Corin
BADIU Alexandru
BADIU Catalin
BERGHEA Camelia
BOJINCA Violeta
BOJINCA Mihai
BREZOESCU Dumitru
BUDA Octavian
BUMBACEA Dragos
BUMBEA Horia
CAPUSA Cristina
CINTEZA Delia
CINTEZA Eliza
CINTEZA Mircea
CIOFU Carmen
CIOMARTAN Tatiana
CIRSTOIU Monica
CLATICI Oana
COCHINO Alexis
COLITA Adriana
CONSTANTINESCU Tudor
CONSTANTINESCU Gabriel
COSTIN Mariana
CRAIU Mihai
CRAIU Dana
DAMIAN Dorina
DAN Irina 
DEAC Radu 
DUMITRASCU Mihai  
ENE Amalia
FLORENTIU Ariel
FULGA Ion
GANDABESCU Iraida
GANGURA Gabriel
GIRD Cerasela
GRIGORIU Mihai
HINESCU Mihai 
ION Daniel
JAPIE Ecaterina
JINGA Dan
LICA Ion
LICHIARDOPOL Radu
LUPULIASA Dumitru
MAGDA Stefania
MARINESCU Cristina
MATEESCU Bogdan
MATEIAS Claudia
MERGEANI Athena
MIHAILA Sorina
MIHALCEA Diana
MIHALTAN Florin
MINCA Dana
MIRCESCU Gabriel
MOHORA Ramona
MOTOESCU Cristina
MURESAN Alexandra Anca
NEAGU Stefan
NICULA Alina
NEDELEA Florina
NEGREANU Lucian
NICA Cristina
OANCEA Luminita
PANESCU Horia
PANTU Horia
PARLATESCU Ioana
PAVELIU Sorin
PELTECU Gheorghe
PLAIASU Vasilica
POENARU Dana
POPA Liliana 
POPA Loredana
POPA CHERECHEANU  Alina
PRELIPCEANU Dan
RIMBAS Mihai
RIMBAS Roxana
ROMAN Horia
SERAFINCEANU Cristian
SFRIJAN Doinita
STANESCU Alina
STOICESCU Mihai
STOICESCU Claudiu
TELEANU Dan
TOMI Gabriel
TOVARU Mihaela
TOVARU Serban 
TRIFANESCU Raluca 
TUDOR Cornel
TUDOSE Catalina
ULICI Alexandru
UNGUREANU Emil 
VASILE Danut
VASILESCU Andreia
VASILESCU Alex
VIDLESCU Ruxandra
VINTILA Vlad
VLADAREANU Radu
VLADAREANU Ana Maria
ZARNESCU Narcis 

Neurosurgery – Emergency Hospital of Saint Pantelimon, Bucharest
Obstetrics and Gynecology – Emergency University Hospital, Bucharest
Ophtalmology – Emergency University Hospital, Bucharest
Obstetrics and Gynecology – Emergency University Hospital, Bucharest
University and Emergency Hospital of Bucharest, Neurology Department, Bucharest
Orthopedics – Emergency University Hospital, Bucharest
Endocrinology – “C.I. Parhon” Institute of Endocrinology, Bucharest
Obstetrics and Gynecology – Emergency University Hospital, Bucharest
Cardiovascular Surgery – Emergency University Hospital, Bucharest
Allergy – “Marie Curie” Emergency Children’s Hospital, Bucharest
Rheumatology – “Sf. Maria” Clinical Hospital, Bucharest
Rheumatology – “Dr. I. Cantacuzino” Clinical Hospital, Bucharest
Dental Medicine – “Carol Davila“ University of Medicine and Pharmacy, Bucharest 
History of Medicine – “Carol Davila“ University of Medicine and Pharmacy, Bucharest
Pneumology – “Marius Nasta” Institute of Pneumophtisiology, Bucharest
Clinical Hematology – Emergency University Hospital, Bucharest
Nephrology – “Carol Davila” Nephrology Clinical Hospital, Bucharest
Medical Rehabilitation – National Institute of Rehabilitation, Physical Medicine and Balneoclimatology
Pediatrics – “Marie Curie” Emergency Children’s Hospital, Bucharest
Cardiology – Emergency University Hospital, Bucharest
Pediatrics – “Alfred Rusescu” Institute for Mother and Child Health, Bucharest
Pediatrics – “Alfred Rusescu” Institute for Mother and Child Health, Bucharest
Obstetrics and Gynecology – Emergency University Hospital, Bucharest
Dermatology – Academica Medical Center Bucharest
Pediatrics – Novo Medica Clinic, Bucharest
Pediatrics – Fundeni Clinical Institute, Bucharest
Pneumology – “Marius Nasta” Institute of Pneumophtisiology, Bucharest
Gastroenterology – Emergency Clinical Hospital, Bucharest
Pediatrics – “Maria Sklodowska Curie” Emergency Children’s Hospital, Bucharest
Pediatrics – “Alfred Rusescu” Institute for Mother and Child Health, Bucharest 
Pediatric Neurology – “Prof. Dr. Alexandru Obregia” Clinical Hospital of Psychiatry, Bucharest
Obstetrics and Gynecology – “Filantropia” Hospital, Bucharest
Psychiatry – “Prof. Dr. Alexandru Obregia” Clinical Hospital of Psychiatry, Bucharest
Cardiac Surgery – University of Medicine, Pharmacy, Science and Technology of Târgu Mures
Obstetrics and Gynecology – Emergency University Hospital, Bucharest
Neurology – Emergency University Hospital, Bucharest
Diabetes and Metabolic Diseases - “Dr. Ioan Cantacuzino” Clinical Hospital, Bucharest
Pharmacology – “Carol Davila“ University of Medicine and Pharmacy, Bucharest
Neurology – Emergency University Hospital, Bucharest
Surgery – Emergency University Hospital, Bucharest
Pharmacognosy, Phytochemistry and Phytotherapy – “Carol Davila“ University of Medicine and Pharmacy, Bucharest
Surgery – Emergency University Hospital, Bucharest
Department of Morphological Sciences – “Carol Davila“ University of Medicine and Pharmacy, Bucharest
Surgery – Emergency University Hospital, Bucharest
Pediatric Orthopaedics – “Maria Sklodowska Curie” Emergency Children’s Hospital, Bucharest
Oncology – Emergency University Hospital, Bucharest
General Surgery – Emergency Clinical Hospital, Bucharest
Diabetes And Metabolic Diseases - Sanador Hospital Bucharest
Pharmacology – “Carol Davila“ University of Medicine and Pharmacy, Bucharest
Cardiology – Emergency University Hospital, Bucharest
Clinical Hematology – Emergency University Hospital, Bucharest
Gastroenterology – Colentina Clinical Hospital, Bucharest
Dental Medicine – “Carol Davila“ University of Medicine and Pharmacy, Bucharest
Neurology – Emergency University Hospital, Bucharest
Cardiology – Emergency University Hospital, Bucharest
Cardiology – Emergency University Hospital, Bucharest
Pneumology – “Carol Davila“ University of Medicine and Pharmacy, Bucharest
Public Health  – “Carol Davila“ University of Medicine and Pharmacy, Bucharest
Nephrology – “Dr. Carol Davila” Nephrology Hospital, Bucharest
Neonatology – Polizu Maternity, Bucharest
Psychiatry – “Prof. Dr. Alexandru Obregia” Clinical Hospital of Psychiatry, Bucharest 
General Surgery – „Prof. Dr. Octavian Fodor” Regional Institute of Gatroenterology and Hepatology Cluj-Napoca
Surgery – Emergency University Hospital, Bucharest
Radiology -  Emergency University Hospital, Bucharest
Genetics – Filantropia Clinical Hospital, Bucharest
Gastroenterology - Emergency University Hospital, Bucharest
Neurology – Emergency University Hospital, Bucharest
Dental Medicine – “Carol Davila“ University of Medicine and Pharmacy, Bucharest
Surgery – Emergency University Hospital, Bucharest
Surgery – Emergency University Hospital, Bucharest
Dental Medicine – “Carol Davila“ University of Medicine and Pharmacy, Bucharest
Pharmacology – “Titu Maiorescu” University of Dental Medicine, Bucharest
Obstetrics and Gynecology – Filantropia Hospital, Bucharest
Genetics – “Alfred Rusescu” Institute for Mother and Child Health, Bucharest 
Medical Rehabilitation – National Institute of Rehabilitation, Physical Medicine and Balneoclimatology
Dermatology – Elias Emergency University Hospital, Bucharest
Microbiology – “Carol Davila” University of Medicine and Pharmacy, Bucharest 
Ophtalmology – Emergency University Hospital, Bucharest
Psychiatry – “Carol Davila” University of Medicine and Pharmacy, Bucharest
Gastroenterology – Colentina Clinical Hospital, Bucharest
Cardiology – Emergency University Hospital, Bucharest
Surgery – Monza Hospital, Bucharest
Diabetes, Nutrition and Metabolic Diseases – “Dr. Ioan Cantacuzino” Clinical Hospital, Bucharest
Pediatrics – “Maria Sklodowska Curie” Emergency Children’s Hospital, Bucharest
Gastroenterology – “Alfred Rusescu” Institute For Mother And Child Health, Bucharest 
Pediatrics – “Maria Sklodowska Curie” Emergency Children’s Hospital, Bucharest
Cardiology – Emergency University Hospital, Bucharest
Neurosurgery – Emergency University Hospital, Bucharest
Orthopedics – Emergency University Hospital, Bucharest
Dermatology – “Scarlat Longhin” Dermatology and Venerology Clinical Hospital, Bucharest
Oro-Maxilo-Facial Surgery – “Carol Davila” University of Medicine and Pharmacy, Bucharest
Endocrinology – “C.I. Parhon” Institute of Endocrinology, Bucharest
Neurosurgery – Emergency University Hospital, Bucharest
Psychiatry – “Prof. Dr. Alexandru Obregia” Clinical Hospital of Psychiatry, Bucharest 
Pediatric Orthopedics – „Grigore Alexandrescu” Emergency Hospital for Children, Bucharest
Anatomy – “Carol Davila” University of Medicine and Pharmacy, Bucharest
Surgery – Emergency University Hospital, Bucharest
Psychiatry – Emergency University Hospital, Bucharest
Cardiothoracic Surgery – Emergency University Hospital, Bucharest
Pediatrics – “Maria Sklodowska Curie” Emergency Children’s Hospital, Bucharest
Cardiology – Emergency University Hospital, Bucharest
Obstetrics and Gynecology – Elias Emergency University Hospital, Bucharest
Hematology – Emergency University Hospital, Bucharest
Surgery – Emergency University Hospital, Bucharest



437Maedica   A Journal of Clinical Medicine, Volume 14, No. 4, 2019

  1. The no-reflow phenomenon may appear in 
angioplasties for acute myocardial infarction:

    a. in less than 5% of cases
    b. in about 10% of cases
    c. in about 30% of cases
    d. in more than 50% of cases
    e. in more than 70% of cases

  2. 2. Mechanisms of no-reflow may involve:
    a. emboli of the myocardial microvessels by 

the disrupted atheroma due to the action of the 
baloon

    b. ischemic myocardial edema compressing 
microvessels

    c. myocardial damage due to free radicals
    d. local alkalosis developed by oxygen entering 

after desobstruction
    e. throbosis developing on damaged 

microvessels

3. Pharmacologic therapies addressed to the  
no-reflow phenomenon include:
    a. adenosine
    b. abciximab
    c. nicardipine
    d. sodium nitroprusside
    e. gliflozins

4. The ultraviolet rays coming from the sun include:
    a. the 400 nm wave length, called UVA, which 

is stopped in the stratosphere
    b. the about 300 nm wave length, called UVB, 

constituting 90% of the UV reaching the skin
    c. the UVB rays, which produce epidermal 

signalig towards the dermal layer
    d. the 200-290 nm wave length, called UVC, 

which constitute 10% of the UB reaching the 
skin

    e. the 150 nm wave length, called UVD, which 
are stopped in the ozone area

5. Royal Jelly
    a. is produced by honeybees
    b. has a protective role on wound healing and 

aging

    c. decreases melatonin synthesis
    d. promotes collagen construction
    e. may treat skin photo ageing

6. Pain in child dentistry may become acceptable by 
the child through:
    a. local anesthesia with direct needle 

introduction of the anesthesic
    b. topical anesthesia
    c. using refrigerant spray
    d. counter-irritation
    e. distraction during injection

7. Cardiac troponins may be increased in:
    a. stable angina pectoris
    b. congestive heart failure
    c. pulmonary embolism
    d. myocarditis
    e. mitral stenosis

8. In heart failure, the follwing markers may be 
increased:
    a. NT-proBNP
    b. Galectin 3
    c. HDL-C
    d. Soluble ST2
    e. high sensitivity troponin

9. The NOVA (a name, not an acronym) of food 
classification takes into account:
    a. the fiber content in food
    b. the lipid content in food
    c. the deggree of food processing
    d. the deggree of culinary ingredient  

processing
    e. the processed deggree of drink  

products

10. Vitamin D is considered to:
    a. have immunomodulatory effects
    b. have ani-inflammatory effects
    c. prohibit proliferation of T cells
    d. produce IL-10 level reduction
    e. increase the risk of multiple sclerosis if it is 

found to have low serum levels
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