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Percutaneous coronary revascularization – 

from balloon to bioresorbable scaffolds

Coronary artery disease (CAD), in its various forms of clinical presentations, 
including acute coronary syndromes and stable CAD, continues to negatively 
impact the quality of life, mortality and morbidity, while concomitantly increas-
ing healthcare costs. As the number of patients with CAD increases, the need 
for optimal revascularization strategies rises, both in the area of interventional 
cardiology and in coronary artery by-pass grafting techniques, which have sub-
stantially developed during the last decades.1 

Percutaneous coronary revascularization techniques have undergone consid-
erable progress in the last four decades, from the first use of balloon angioplasty, 
which provided a mechanical vascular patency but with a high risk of early re-
coil, to the introduction of the first metal stents that were able to provide better 
long-term results compared to balloon dilation. In spite of this, bare metal stents 
presented several disadvantages, including high rates of in-stent restenosis, 
therefore a need for an upgrade emerged that led to the development of drug-
eluting stents (DES). The main advantage of DES consisted in being coated with 
anti-proliferative pharmacological agents that inhibit neointimal proliferation, 
thus preventing restenosis. However, there were major concerns regarding the 
increased risk of late in-stent thrombosis which was higher in DES, meaning lon-
ger dual-antiplatelet therapy regimens, with their associated adverse effects.2–5 

Newer-generation DES have been shown to present lower rates of late and 
very late thrombosis if associated with prolonged double-antiplatelet therapies. 
Their remaining main disadvantages include the failure to restore the native vas-
cular motricity, architecture, and physiological function due to implantation of a 
rigid metallic cage-like structure at the site of the coronary lesion.6 The develop-
ment of bioresorbable vascular scaffolds (BVS) has revolutionized percutaneous 
coronary revascularization procedures, as they provide proper radial support 
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for early recoil prevention while releasing an anti-prolifer-
ative substance which delays neointimal hyperplasia and 
eventually resorbs, thus restoring the vascular function 
otherwise impaired by the presence of a metallic device 
within the coronary artery.6–9

Bioresorbable vascular 

scaffolds – pros and cons

The short-term scaffolding of the arterial wall and the early 
healing and restoration of arterial wall motility seemed to 
overcome the limitations of BMS and DES. Promising ear-
ly studies reported low restenosis rates, with major adverse 
cardiovascular event (MACE) rates around 3–6%, but the 
5-year follow-up studies found a 11% MACE rate, with 7.8 
to 12.5% binary restenosis rates.10,11 In an Italian registry, 
Moscarella et al. investigated the use of BVS for BMS and 
DES restenosis with a median follow-up of 15 months and 
reported a 6.2% restenosis rate for BVS. The results of the 
large ABSORB III trial concluded that BVS were not infe-
rior to third-generation everolimus-eluting stents (Xience, 
Abbott Vascular, Santa Clara, CA, USA), but they were as-
sociated with higher thrombosis rates (1.5% vs. 0.7%, p = 
0.13), leading to cessation of sales of this stent type on the 
European market. 

Imaging techniques for BVS evaluation

Invasive intracoronary imaging

Several imaging techniques have been used for the assess-
ment of the safety, efficiency, and long-term follow-up of 
BVS. The follow-up studies used invasive imaging methods 
such as intravascular ultrasound (IVUS) and optical coher-
ence tomography (OCT) for the assessment of procedural 
outcomes (under/overexpansion of the stent, dissection 
etc.), scaffold degradation, vascular healing response, va-
somotion restoration, and for prediction of stent thrombo-
sis. Both animal and human studies were conducted for the 
evaluation of BVS strut degradation, and follow-up studies 
proved that complete histological resorption of the stent 
struts takes up to 4 years. In a 2-year OCT follow-up study 
as many as 80% of the stent struts were still visible, which 
may explain the late or very late occurrence of thrombotic 
events, following the discontinuation of dual antiplatelet 
therapy in these patients.12 The endothelial coverage of the 
struts has also been the subject of studies evaluating BVSs. 
Long-term follow-up studies also concluded that at the 
2- or 3-year follow-up, 98 to 99% of the stent struts were 
covered by endothelium.13 OCT and IVUS studies also 

evaluated the luminal changes after BVS angioplasty. The 
implantation of BVS was associated with increased lumi-
nal area and dynamic changes in the follow-up period. The 
first 6 months were associated with a decrease in the mean 
and minimal luminal area, with significant increases from 
6 months to 5 years due to the resorption of the stent struts 
and reduction (–14%) of the plaque area.10,12,14 

Noninvasive imaging methods

With the emerging number of implanted BVS, there is an 
urging need for an accurate noninvasive imaging method 
for the evaluation of these scaffolds. Coronary computed to-
mography angiography (CCTA) has already been proved as 
a liable imaging method for the analysis of both native and 
stented coronary arteries. In a recent study, Collet et al. as-
sessed the accuracy of CCTA at 3 years after BVS implanta-
tion and established a 100% specificity and 80% sensitivity 
with area under the curve 0.88 (95% confidence interval 
0.82 to 0.92) for stenoses greater than 50%, which were vali-
dated by quantitative coronary angiography and IVUS.15

In the current number of JIM, Ferent et al. published the 
results of a follow-up study, which included 30 patients, 1 
to 2 years after BVS implantation using this emerging im-
aging method for the assessment of BVS. The study did 
not only target the evaluation of luminal volumes (100.8 
± 33.68 mm3 vs. 128.2 ± 37.38 mm3, p = 0.01) and degree 
of stenosis (61.63% ± 12.6 vs. 23.41% ± 12.48, p <0.0001) 
pre- and post-implantation, but also aimed higher by as-
sessing the technical aspects of the implantation, which 
may be the key for avoidance of late or very late thrombot-
ic events, which represent the main concern of these stent 
scaffolds. Furthermore, the workgroup analyzed plaque 
composition and demonstrated a significant decrease of 
the fibro-fatty tissue after BVS implantation (10.31% ± 
6.24 vs. 6.46% ± 6.14, p = 0.01) and regression of the vul-
nerability degree of coronary plaques (with significant de-
crease of low attenuation plaques [37.5% vs. 20.83%, p = 
0.01] and significant increase of spotty calcifications after 
BVS implantation [66.66% vs. 79.16%, p = 0.05]).16,17

The result of this study aids in the understanding of vas-
cular and plaque changes following BVS implantation and 
further enhances the role of CCTA in the evaluation of 
BVS. The authors succeeded to make a big step forward in 
order to validate CCTA as the method of choice for imag-
ing-based follow-up of patients with BVS.
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ABSTRACT

Background: Adopting a healthy lifestyle, including a healthy diet, weight control, regular ex-

ercise, smoking cessation, and alcohol limitation, plays an important role in treating high blood 

pressure and cardiovascular and chronic diseases. Aim: This study aimed to investigate ad-

herence to the DASH diet in relation to the occurrence of high blood pressure and chronic 

disease risk factors, in a group of people from Tîrgu Mureș. Material and methods: This was 

a cross-sectional study based on a food frequency and lifestyle questionnaire applied to a 

group of 2,010 people aged 15–92 years from Tîrgu Mureș. Results: Individuals over the age 

of 45 had higher DASH scores (Q4, Q5) compared to subjects younger than 40 years (Q1 and 

Q2, p <0.001). An important percentage (19.3%) of subjects who preferred a meat-based diet 

(Q3) had significantly larger abdominal circumference (mean 92.2 ± 0.91 cm, p <0.001). An as-

sociation between pure alcohol intake (mean 5.6 ± 0.43 g) and an unhealthy diet (Q1) was ob-

served, compared to the average 1.7 ± 19 g of alcohol consumed by subjects with a healthy diet 

(Q5), alcohol consumption decreasing with an increasing DASH score (p <0.001). Conclusion: 

This study shows that individuals diagnosed with at least one cardiovascular risk factor had a 

higher adherence to the DASH diet than individuals with no cardiovascular risk factors, most 

likely due to the fact that diagnosed individuals had changed their eating behavior and lifestyle 

from the time of diagnosis, with a positive impact on treatment outcomes and quality of life. 

Keywords: DASH diet, high blood pressure, cardiovascular risk factors, lifestyle
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Introduction

Globally, nearly 18 million people die annually due to cardiovascular (CV) dis-
ease, diabetes and hypertension being the major predisposing factors and rep-
resenting the direct result of the obesity epidemic that has been doubling since 
the 1980s. In 2014, a WHO report indicated that there were more than 1.9 billion 
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overweight people in the world, and over 600 million of 
them were obese. According to WHO statistics, in 2008, 
18.1% of the population had obesity, 40.4% had high blood 
pressure (HBP), and in 2012, ischemic heart disease was 
the main cause of death, killing 54,500 people (21.4% of all 
deaths), followed by myocardial infarction (MI) with 45.4 
thousand people, (17.8% of deaths), and high blood pres-
sure, with a mortality of 11.3% (28.8 thousand persons).1

A remarkable progress in the analysis of CV risk factors 
was achieved by the INTERHEART study,2 which assessed 
the importance of several cardiovascular risk factors and 
their association with the risk of acute myocardial infarc-
tion. Of these factors, six have been found to be significant 
in terms of prediction, including smoking, diabetes, high 
blood pressure, abdominal obesity, alcohol consumption, 
and low consumption of fruit and vegetables. But the most 
important conclusion of the above study was that the si-
multaneous presence of more than two risk factors ex-
plains 90% of major cardiac events, and the importance of 
diet and nutrition accounts for 50% of disease prevention 
interventions.2

The high prevalence of HBP (60%) is a major health 
problem in Europe, causing approximately 25% of MIs.3 
The value of blood pressure has been shown to be posi-
tively and continuously linked to the risk of developing 
several CV diseases, such as coronary heart disease, MI, 
and stroke, which can be prevented and treated. Applying 
therapy for HBP to risk levels below 140/90 mmHg is as-
sociated with a reduction in CV complications.4

Adopting lifestyle changes, including a healthy diet, 
weight control, regular exercise, smoking cessation, and 
alcohol limitation, plays an important role in treating 
HBP.5–10 The DASH diet is a lifestyle approach to a healthy 
and balanced nutrition, developed by the National Heart 
Lung and Blood Institute and promoted by the Ameri-
can Heart Association, being recognized as a set of nutri-
tional recommendations that was designed to help, treat, 
and prevent HBP.8–10 This diet recommends focusing on a 
lower intake of saturated fat and cholesterol to help reduce 
blood pressure, and promotes an increased consumption 
of low fat and a balanced consumption of whole grains, 
fish, poultry, seafood, and oilseeds.5

Therefore, it is important to assess possible associations 
between a DASH-style diet adherence score and chronic 
disease risk factors. From our knowledge, no such study 
has been carried out in Romania, and we proposed to in-
vestigate the adherence of the population of Tîrgu Mureș 
to the DASH diet in the context of the presence of cardio-
vascular and chronic disease factors, in order to improve 
compliance with the cardiovascular treatment.

Materials and Methods 

Patient setting and population

This is a cross-sectional study based on a food frequency 
and lifestyle questionnaire applied to a group of 2,010 peo-
ple aged 15–92 years from Tîrgu Mureș. The sampling was 
based on the systematic method (sampling step k = 5) by ap-
plying the initial cluster type in all districts of Tîrgu Mureș. 
Subsequently, a systematic sampling was applied, where 
starting from a main street, the fifth apartment building of 
the block or private house was chosen. For apartment build-
ings with 4 to 10 stories, one person from every third apart-
ment was questioned. Data collection took place between 
May 2017 and July 2017, the time of the year when fruit and 
vegetable consumption is increased.

The interviews were conducted face to face, at the re-
spondents' households, by trained interviewers, and had 
an average duration of 15 minutes, the subjects being in-
formed of the purpose of the study, as well as the anonym-
ity and confidentiality of their answers.

Dietary assessment

The questionnaire consisted of 106 questions related to an-
thropometric indicators, demographics, smoking status, 
lifestyle behavior, one-week food consumption estima-
tion, and diagnosed chronic disease (ischemic cardiomy-
opathy, HBP, diabetes mellitus). Respondents were asked 
to refer to the frequency of a standard portion of a single 
serving over a week with 7 variants ranging from “not at 
all, or less than once/month” to a frequency of “2–3 times/
day”. Total energy and nutrient intake was calculated by 
summing up energy and nutrients from all foods. We cal-
culated the DASH score based on food and nutrients from 
the DASH diet,8,11 focusing on 8 food groups: high intake 
of fruits, vegetables, nuts and legumes, whole grains, low-
fat dairy products, and low intake of sodium, red and pro-
cessed meats, and sweetened beverages.11,12 For each com-
ponent of the questionnaire, we calculated the number of 
servings per day. Then, the obtained values were divided 
into five quintiles, and the average values of servings per 
each of the five quintiles are presented in a table. Quintiles 
values were turned into scores, using the following criteria: 
for fruits, vegetables, nuts and legumes, whole grains and 
low-fat dairy servings – Q1 = 1 point, Q2 = 2 points, Q3 = 
3 points, Q4 = 4 points, Q5 = 5 points; for sodium, red and 
processed meats, and sweetened beverages servings – Q1 
= 5 points, Q2 = 4 points, Q3 = 3 points, Q4 = 4 points, Q5 
= 1 point (Table 1). We then summed up the component 
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scores to obtain an overall DASH score ranging from 10 to 
40. For the consumption of healthy food groups, a higher 
score reflected a higher consumption of those food groups. 
These groups were rated on a scale of 1–5; participants in 
quintile 5 had the highest consumption and were scored 
5. Less healthy food groups, where a lower consumption 
is recommended, were scored using a reverse scale. Par-
ticipants from quintile 1 reported the lowest consumption 
and scored 5. Participants from quintile 5 had the highest 
DASH score and a good-quality diet (Table 1).

Anthropometric measurements

Body mass index (BMI, calculated as kg/m2) was derived 
from weight and height measured with a calibrated scale and 
a Kawe measure. Study subjects were included in the BMI 
classification as follows: underweight (BMI ≤18.49 kg/m2), 
normal weight (BMI = 18.50–24.99 kg/m2), overweight 
(BMI = 25.00–29.99 kg/m2), or obese (BMI ≥30.00 kg/m2). 
Waist circumference was measured using a Kawe measur-
ing tape, and central obesity was defined as having a waist 
circumference ≥94 cm for men and ≥80 cm for women.13

Blood pressure was determined using a Beurer BM 85 
digital blood pressure monitor, the subject being seated, and 
the right arm positioned at the heart level. Participants with 
a systolic pressure value ≥140 mmHg and a diastolic pres-
sure ≥90 mmHg were classified as hypertensive subjects.4,8

Statistical analysis

The data was collected in an Excel database, and the statis-
tical analysis was performed using the IBM SPSS program 

(Statistical Package for Social Sciences), Version 22.0 for 
Windows. The level of significance was considered 5%, 
and for comparisons of ordinal variables the Mann-Whit-
ney and Kruskal-Wallis tests were applied. Chi-squared 
tests were used in tables with nominal/ordinal variables. 
A principal component analysis (PCA) was conducted on 
49 items with orthogonal rotation (varimax). The Keiser-
Meyer-Olkin measure verified the sampling adequacy 
for analysis, KMO = 0.77, which are above Keiser’s crite-
ria (>0.5). Bartlett’s test of sfericity χ2(1176)=14716.6, p 
<0.001, indicated that the correlation between items was 
sufficiently large for PCA. An initial analysis was run to ob-
tain eigenvalues for each component in the data. Fifteen 
components had eigenvalues over Keiser’s criterion of 1 
and in combination explained 53.7% of the variance. After 
inspecting the screen plot we decided to keep five compo-
nents, which in combination would explain 21.5% of the 
variance (Table 2).

Table 2 shows factor loadings after rotation. The items 
that cluster on the same components suggest that compo-
nent 1 represents a Mediterranean-like pattern, compo-
nent 2 represents a pattern of consumption of meat and 
alcohol, component 3 represents a diet without meat, and 
component 4 includes fast-food eaters. Pattern 5 includes 
individuals who eat dairy.

The authors assert that all procedures contributing to 
this work comply with the ethical standards of the relevant 
national and institutional committees on human experi-
mentation and with the Helsinki Declaration of 1975, as 
revised in 2013. This study was approved by the Scientific 
Ethics Committee Board at the University of Medicine and 
Pharmacy of Tîrgu Mureș. 

TABLE 1.  Dietary food group intakes according to quintiles of Dietary Approaches to Stop High Blood Pressure related to the DASH diet 

score

Components of DASH score a,b Quintiles DASH score

Q1  
(n = 432)

Q2  
(n = 450)

Q3  
(n = 390)

Q4  
(n = 391)

Q5  
(n = 347)

Fruitsa (servings/day) 0.5746 0.7950 1.0358 1.2220 1.8153

Vegetablesa (servings/day) 0.8118 1.1540 1.4017 1.6436 2.4588

Nuts and legumesa (servings/day) 0.3778 0.4724 0.5780 0.7247 1.1140

Whole grainsa (servings/day) 0.6486 1.4518 2.2074 2.5903 3.3104

Low-fat dairya (servings/day) 0.1060 0.1862 0.2704 0.3581 0.4926

Sodiumb (mg/day) 3,681.09 2,868.23 2,593.77 2,225.04 1,746.56

Red and processed meatb (servings/day) 1.3036 0.9283 0.7653 0.5367 0.2753

Sweetened beveragesb (servings/day) 0.5915 0.2718 0.1362 0.0701 0.0262

a. Scoring criteria: for fruits, vegetables, nuts and legumes, whole grains and low-fat dairy servings – Q1 = 1 point, Q2 = 2 points, Q3 = 3 points, Q4 = 4 points, Q5 = 5 points; for sodium, red and 
processed meats and sweetened beverages servings – Q1 = 5 points, Q2 = 4 points, Q3 = 3 points, Q4 = 4 points, Q5 = 1 point
b. Higher quintiles represent higher intake; however, in constructing the DASH score, high intake and high quintiles received lower scores. 
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TABLE 2.  Diet patterns in relationship with DASH quintiles analysis – factor loadings after rotation

Food groups from the menu Diet patterns

1 2 3 4 5

Mediteranean-
like

Diet with meat 
and alcohol

Diet without meat Fast-food diet Diary diet

Fresh vegetables 0.793

Fresh green leaves vegetables 0.665

Fresh fruits 0.653 –0.159 0.159

Cooked food 0.529

Home-made wine 0.745

Spirits/liquor/brandy 0.718

Beer 0.683 0.245

Commerce wine 0.539 0.215

Nuts/peanuts 0.247 0.721

Seeds 0.688 0.212

Dried fruits 0.501

Soy beans and soy products 0.443

Flakes/cereal/muesli –0.168 0.356

Sweet juices 0.641

Energy drinks –0.201 0.635

Chips/fries 0.564

Pizza –0.188 0.430

Salt cheese 0.660

Fermented salt cheese 0.643

Fresh cheese 0.532

Melted cheese 0.516

Fermented cheese 0.447

buttermilk/yogurt/kefir 0.378

Meat products – salami,bacon

Meat products – ham

Canned food products

Mayonnaise –0.180

Fried meat products 0.332

Pickles 0.276

Pork meat 0.225 0.200

Juice 25–50% 0.268

Juice 100% 0.183

Pre-cooked food products –0.236 0.171

Concentrated sweets

Sweet dough

Rice 0.159

Mushrooms –0.178 0.172

Pasta

Beans/peas/lentils/chickpeas 0.156 0.243

Fish 0.152

Beef

Chicken 0.215 –0.326 0.267

Mineral water

Plain water 0.173

Tap water

Whole milk

Eggs 0.242 –0.156

Caffee

Black/green tea 0.205
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RESULTS

In the studied group, 62.8% (n = 1,263) of respondents were 
female, and the average age of the whole sample was 44.14 
± 7.2 years (between 15 and 92 years). Almost one third 
of subjects have completed university studies (32.9%), fol-
lowed by 30.2% who have just completed high school.

The social-demographic characteristics of the studied 
group in correspondence with the DASH score quintiles 
are presented in Table 3. A share of 8.1% of the total re-
spondents showed obesity, and 18.6% were overweight, 
the mean BMI being 25.7 kg/m2 (min = 16.33 kg/m2, max 
= 54.69 kg/m2), abdominal circumference was character-
ized by an average of 89.4 cm in both sexes (36.5% had 
an abdominal circumference above the limit), and mean 
blood pressure was 126/79 mmHg (Table 2), 20.1% of the 
respondents having HBP. 

The study group consisted of 58.3% healthy people and 
41.7% people who reported chronic illnesses, among the 
most common being HBP (20.1%), ischemic heart disease 
(7.2%), and diabetes mellitus (6.5%).

Individuals over the age of 45 had higher DASH scores 
(Q4, Q5) than subjects under 40 years, which had Q1 and 
Q2, p <0.001. An important share (19.3%) of subjects who 
preferred a meat-based diet (Q3) had a significantly ele-
vated abdominal circumference (mean = 92.2 ± 0.91 cm, 
p <0.001). 

An association between alcohol intake (mean = 5.6 ± 
0.43 g) and an unhealthy diet (corresponding to DASH 
score = 10–18) was recorded; compared to the aver-
age 1.7 ± 0.19 g of alcohol consumed by subjects with a 
healthy diet (DASH score = 30–40), alcohol consumption 
decreased with an increasing DASH score, p <0.001. The 

TABLE 3.  Distribution of demographic characteristics and risk factors of our sample in relationship with quintiles of DASH score range

Demographics/Parameters Quintiles DASH score range

Q1 
10–18

Q2 
19–22

Q3 
23–25

Q4
26–29

Q5
30–40

P for trend

n = 432 n = 450 n = 390 n = 391 n = 347

Age (mean ± SEM) 38.9 ± 0.77 43.9 ± 0.75 47.0 ± 0.85 46.1 ± 0.82 45.6 ± 0.82 <0.001

BMI (mean ± SEM) 25.1 ± 0.21 25.6 ± 0.22 26.3 ± 0.25 26.2 ± 0.26 25.4 ± 0.26 0.068

Abdominal circumference (mean ± SEM) 88.6 ± 0.83 89.2 ± 0.88 92.2 ± 0.91 90.5 ± 0.96 86.2 ± 0.90 0.321

Systolic blood pressure (mean ± SEM) 124.8 ± 1.17 126.6 ± 1.19 128.8 ± 1.13 127.4 ± 1.18 123.0 ± 0.99 0.562

Diastolic blood pressure (mean ± SEM) 79.3 ± 0.71 81.4 ± 2.64 79.8 ± 0.74 79.1 ± 0.73 76.5 ± 0.59 0.094

Raw alcohol (mean ± SEM) 5.6 ± 0.43 3.9 ± 0.39 3.8 ± 0.41 2.8 ± 0.33 1.7 ± 0.19 <0.001

Total energy intake, kcal 2001.7 ± 29.12 1755.6 ± 29.55 1739.1 ± 34.95 1676.3 ± 33.73 1741.9 ± 30.96 <0.001

Gender, male (%) 53.5% 36.4% 37.9% 30.4% 24.5% <0.001

Education 
level

less than 8 classes 8.1% 5.8% 5.9% 2.8% 2.6% <0.001

secondary school 21.3% 18.0% 20.3% 22.8% 10.4%

high school studies 30.6% 32.9% 33.6% 28.1% 24.8%

post-graduate studies 8.3% 14.7% 11.3% 14.1% 17.3%

university studies 31.7% 28.7% 29.0% 32.2% 45.0%

Marital status married 49.5% 58.0% 63.8% 59.8% 59.7% <0.001

divorced 6.0% 7.1% 6.7% 8.7% 9.2%

single/ concubinage 39.1% 26.2% 20.0% 21.7% 22.2%

widower 5.3% 8.7% 9.5% 9.7% 8.9%

History of... ischemic heart disease 4.4% 6.4% 9.2% 10.2% 5.8% 0.006

obesity 5.8% 7.6% 11.0% 10.2% 5.8% 0.013

diabetes mellitus 4.6% 4.4% 7.7% 9.7% 6.6% 0.010

cancer 0.7% 0.9% 0.5% 1.0% 2.3% 0.135

high blood pressure 13.7% 19.8% 24.9% 23.8% 19.3% <0.001

gastric pathology 5.1% 3.6% 4.6% 4.3% 2.9% 0.553

osteoporosis 2.5% 4.9% 4.6% 4.1% 3.7% 0.438

chronic hepatitis 1.4% 1.3% 2.6% 1.3% 0.9% 0.379

neurological diseases 1.6% 0.9% 1.0% 2.3% 0.6% 0.225

Smoking 
status

non-smoker 38.7% 46.4% 50.0% 54.7% 56.5% <0.001

ex-smoker 18.1% 19.8% 23.1% 22.3% 24.8%

active smoker 43.3% 33.8% 26.9% 23.0% 18.7%
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highest caloric intake (2,001.7 ± 29.32 kcal) was found in 
53.5% of male respondents with an unhealthy diet (Q1), 
which also explained the increased BMI (overweight and 
obesity).

From respondents who follow a balanced dietary in-
take (Q5), 45% (p <0.001) declared that they have higher 
education levels, and 59.7% are married custodians (p 
<0.001). However, 63.8% of married people and 39.1% of 
unmarried or cohabiting relatives followed a less healthy 
diet (Q3). Of the non-smoker sample, 56.5% respected a 
balanced diet (Q5), p <0.001, compared to smokers, of 
which 43.3% associated a processed food menu (Q1).

Each diet pattern was statistically associated with life-
style and demographic risk factors when comparing data 
between Q5 and Q1 (Table 3).

A total of 61.9% of subjects who scored an elevated 
DASH score (Q5) in the Mediterranean pattern were 
women over the age of 47 who consume >2,000 kcal/
day, with a DASH score of 26.2, as well as a high intake of 
healthy foods, vegetables, and legumes.

Patients diagnosed with at least one CV risk-related di-
agnosis had a higher median of DASH score, U = 363196, 
z = –4.03, p <0.001, r = 0.09, with a very small effect size 
(Figure 1), compared with healthy subjects.

DISCUSSIONS

Studies have shown that there is a link between increased 
chronic consumption of sodium and the occurrence of high 
blood pressure.3 In Europe, about 70–75% of the total salt 
consumed is hidden in processed food or other food prod-

ucts that are not under consumer control, and the remain-
ing 25–30% is added to meals at the table.3,14,15 While over-
consumption of salt is undoubtedly a worldwide problem, 
there is a growing concern in the European region, where 
a typical diet consists of high consumption of preserved 
meat, bread and cheese, high-salt foods, sugar, lipids, satu-
rated fat, and cholesterol.3,16 Research has found that lim-
iting salt intake to less than 5 g/day (2,000 mg of sodium, 
one teaspoon of salt) is associated with a 17% reduction in 
the long-term risk of developing a CV disease.3,17

The DASH diet recommends a lower intake of sodium, 
sugars, and fats, as well as a lower intake of saturated fat 
and cholesterol to help reduce blood pressure. This diet 
also promotes a high consumption of vegetables, fruits, 
and low-fat diaries, as well as a balanced intake of whole 
grains, cereals, fish, and legumes.18–21

According to similar studies, adherence to the DASH 
diet has been shown to reduce the risk of developing coro-
nary artery disease due to limited consumption of salt and 
saturated fats, which prevents HBP.11,22,23

For the analyzed population from Tîrgu Mureș, the pro-
file of the top quintiles of DASH (Q4 and Q5) was as fol-
lows: older people, who consume less alcohol, have lower 
or normal caloric intake, are predominantly women, grad-
uated university, are married, non-smokers, with a signifi-
cantly higher prevalence than those in the lower quintiles. 
Subjects from Q3 have significantly higher values for BMI, 
abdominal circumference, and chronic disease history 
than those in the extreme quintiles.

Adherence to the DASH diet has been statistically as-
sociated with the presence of chronic diseases, except 
for cancer. Consumption of a DASH dietary pattern was 
not significantly associated with the BMI or abdominal 
circumference. The HBP cases were associated with the 
consumption of lower-than-healthy food products (Q3) 
in a proportion of 24.9%, and with a healthy lifestyle (Q5) 
in a share of 19.3%, compared to subjects who have an 
increased intake of processed foods (Q1), of which only 
13.7% had HBP. 

In this study, increased adherence to the DASH diet was 
associated with age over 45 years (p <0.001), a BMI >25 
kg/m2 (p <0.001), a lower frequency of males (p <0.001), 
married and non-smokers subjects (p <0.001), although 
other studies have shown that CV diseases are more preva-
lent among males.24 

Lifestyle changes by community interventions that are 
focused on reducing the risk of CV diseases among the 
population of Tîrgu Mureș will have more effective out-
comes with personalized therapy for the following risk 
profile: young men, smokers, and unmarried subjects, be-

FIGURE 1.  Adherence to the DASH diet style, individuals with 

cardiovascular risk vs. healthy individuals
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cause in these individuals we identified a low adherence to 
the DASH diet.

Nutritional interventions should be applied in young 
subjects, at school (as a primary preventive measure), but 
also in patients with the above-mentioned profile and reg-
istered cardiovascular risk factors (even if there is no clear 
diagnosis) and in patients who already have a diagnosed 
cardiovascular disease, in order to improve their health 
status.

CONCLUSIONS

This research showed that individuals diagnosed with at 
least one cardiovascular risk factor had a higher adherence 
to the DASH diet, compared to individuals with no car-
diovascular risk factors, most likely because diagnosed pa-
tients have changed their eating behavior and lifestyle from 
the time of diagnosis, with a positive impact on treatment 
outcomes and quality of life. Prospective cohort studies 
are required to confirm these findings.
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ABSTRACT

Introduction: The burden of coronary artery disease (CAD) and peripheral vascular patholo-
gies caused by atherosclerosis is constantly increasing. There is continuous research aiming to 
develop new methods that can evaluate the extent of atherosclerotic disease in different vascu-
lar beds, thus estimating global risk. Similar to carotid artery thickness, which is an established 
marker for increased cardiovascular risk and cerebrovascular disease, femoral intima-media 
thickness (f-IMT) may have the same role in case of peripheral arterial involvement. The aim of 
the study was determine whether f-IMT, determined at the level of the superficial femoral artery, 
is related to traditional risk factors, markers of peripheral vascular atherosclerosis and inflamma-
tion. Material and methods: Forty-six patients with known cardiovascular disease were included 
in the study. Demographical data, cardiovascular history, and risk factors were assessed. We 
determined metabolic parameters (uric acid, fasting glucose, total cholesterol, HDL-cholesterol, 
LDL-cholesterol, triglycerides), renal function (creatinine and GFR), and inflammation status for 
all patients. Each patient underwent ultrasound examination of the superficial femoral artery, by 
which f-IMT was determined for right and left limbs. Ankle-brachial index was also calculated. 
Data from the low (f-IMT <0.75 mm) and high (f-IMT >0.75 mm) f-IMT groups were compared and 
correlation coefficients were determined in each groups for f-IMT in relation to the other param-
eters. Results: Mean age was 71.08 ± 9.78 years. 86.95% of the patients suffered from hyper-
tension, 56.62% had coronary heart disease, and 21.73% had a history of stroke. More females 
had history of hypertension and CAD. The most prevalent cardiovascular risk factors were dys-
lipidemia (68.86%), diabetes (21.73%), and smoking (21.73%). There were significant differences 
between gender groups for total cholesterol levels (161.36 ± 25.04 mg/dL, 95%CI 150.26–172.47 
in males vs. 201.33 ± 52.73 mg/dL, 95%CI 170.07–223.60 in females, p = 0.02), creatinine values 
(1.04 ± 0.22 mg/dL, 95%CI 0.94–1.14 for males vs. 0.91 ± 0.23 mg/dL, 95%CI 0.81–1.00 for females, 
p = 0.018), and left f-IMT (0.87 ± 0.18 mm, 95%CI 0.79–0.95 for males vs. 0.75 ± 0.10 mm, 95%CI 
0.70–0.79 for females, p = 0.0049). In the group with low f-IMT, a significant, reverse correla-
tion was established between f-IMT, uric acid (r = –0.483, p = 0.042), and right ABI (r = –730, p 
= 0.0006). In the group with high f-IMT, age (r = 0.408, p = 0.031), fasting glucose (r = 0.407, p = 
0.034), total cholesterol (r = 0.429, p = 0.02), HDL-cholesterol (r = –0.56, p = 0.0019), triglycerides 
(r = 0.45, p = 0.01), hs-CRP (r = 0.45, p = 0.01), and left ABI (r = –0.71, p <0.0001) showed a significant 
correlation to f-IMT. Conclusions: Increased femoral intima-media thickness is related to age, 
cardiovascular risk factors, and markers of peripheral arterial disease. Patients with higher f-IMT 
have a more augmented inflammatory status. Based on these correlations, in patients with car-

diovascular disease, f-IMT could become a marker for increased cardiovascular risk. 
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Introduction

Cardiovascular disease caused by atherosclerosis is one 
of the most common causes of death globally.1 Among a 
number of well-established biomarkers routinely used to 
assess the degree of cardiovascular risk, there is a constant 
need to introduce novel techniques that can assess the de-
gree of atherosclerotic burden and are able to further strat-
ify cardiovascular risk in different categories of patients, 
thus predicting future events. The relationship between 
vascular and biochemical markers of cardiovascular risk 
has been studied since the 1980’s. Since then, studies have 
confirmed that arterial hypertension, glucose and lipid dis-
orders all increase the incidence of cardiovascular disease. 
Also, evidence shows that atherosclerosis is a multi-vessel 
disease, and often, more than one cardiovascular disease 
is present in the same individual, with or without manifes-
tations. Therefore, the obvious need to develop screening 
methods that could have a good predictive value for as-
sessing cardiovascular diseases both on an individual and 
global level has emerged. These surrogate markers of ath-
erosclerosis have become part of the routine assessment of 
patients’ risk. Novel biomarkers are constantly emerging, 
many of them based on imagistic methods, whether tra-
ditional or cutting-edge. Besides the “traditional” screen-
ing for cardiovascular risk, consisting mostly of evaluating 
metabolic factors, smoking status, and presence of hyper-
tensive disease, it is common practice to also determine 
the carotid intima-media thickness (c-IMT). There is evi-
dence that this parameter is able to predict ischemic heart 
disease and coronary events and is recommended by cur-
rent guidelines as a tool for stratification of global cardio-
vascular risk.2–5

Hypertension and c-IMT have long been linked. Intimal 
thickening of the carotid artery is considered a marker for 
end-organ damage in hypertension.6 c-IMT has also the 
ability to predict major cardiovascular events and total 
mortality in patients with hypertension.7 Based on the evi-
dence regarding the importance of c-IMT, studies started 
focusing on the potential role of intima-media thickness 
measured at the femoral artery in assessing cardiovascu-
lar risk. A recent study reported an increased IMT both at 
the carotid and femoral arteries in a population suffering 
from hypertensive disease.8 A good correlation has been 
demonstrated between the classical peripheral vascular 
marker, the ankle-brachial index (ABI) and femoral inti-
ma-media thickness (f-IMT) in a group of hypertensive pa-
tients.9 There has been evidence of an association between 
IMT and hypertension from the early stages of the disease, 
emphasizing the importance of subclinical processes that 

lead to endothelial dysfunction and an accelerated athero-
sclerosis due to a decrease in arterial wall compliance.10

There is a difference between sexes in the degree of 
the influence of these risk factors: in men, c-IMT is more 
correlated with hypertension and diabetes; women have 
increased c-IMT also due to excess weight, as defined by 
increased abdominal circumference and body mass index. 
IMT increases with age in both genders.11 The common 
nominator for the different atherogenic mechanisms is en-
dothelial dysfunction. Endothelial dysfunction is induced 
by the so-called “traditional” risk factors, such as smok-
ing and disturbances of the lipid and glucose metabolism. 
Intimal thickening of the arteries is one of the early signs 
of this process. Evidence suggests that inflammation also 
plays a key role in the development and progression of the 
atherosclerotic plaque.12 Although a variety of markers of 
inflammation have been studied, C-reactive protein (CRP) 
exhibits most evidence in relationship with atherosclero-
sis. An increased level of hs-CRP predicts a higher risk 
for cardiovascular events.13 Also, an association between 
CRP levels, c-IMT, and f-IMT has been reported among 
patients with chronic kidney disease.14 Atherosclerotic 
plaque area in the femoral and carotid arteries is also in-
fluenced by levels of CRP and components of metabolic 
syndrome.15

The aim of the study was to demonstrate that femoral 
intima-media thickness, a novel imagistic marker of ath-
erosclerosis, is correlated with the traditional cardiovascu-
lar risk factors and the markers of inflammation in patients 
with cardiovascular diseases.

Material and methods

This was a single-center, prospective, observational study 
that included 46 patients with diagnosed cardiovascular 
disease, but without peripheral vascular involvement. De-
mographical data (age, sex, height, and weight), history 
of cardiovascular disease (coronary artery disease, hy-
pertension, cerebrovascular disease), and cardiovascular 
risk history (dyslipidemia, diabetes, smoking habits) were 
recorded. The following laboratory parameters were mea-
sured using standard commercial assays: uric acid (UA), 
creatinine, total cholesterol, LDL-cholesterol, HDL-
cholesterol, fasting glucose, triglycerides, and C-reactive 
protein. The ankle-brachial index was also determined by 
measuring systolic blood pressure at the brachial, dorsa-
lis pedis, and posterior tibial arteries. The lowest value 
measured at the lower limb was divided with the brachial 
artery’s systolic pressure value. Brachial artery blood pres-
sures were measured by a calibrated OMRON M3 Intelli-
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sense device (Omron Healthcare Europe, Hoofddorp, the 
Netherlands), and lower limb systolic measurements were 
made using a Bistos-BT-200 CW Doppler (Bistos Co. Ltd., 
Korea).

Glomerular filtration rate (GFR) was calculated accord-
ing to the CKD-EPI creatinine 2009 Equation, using serum 
creatinine values and gender.

Cardiac disease (selection criteria for patient inclusion) 
was defined as one or more of the following: arterial hy-
pertension, coronary heart disease, heart failure, mitral or 
aortic valvular disease, and atrial fibrillation or flutter with 
underlying structural disease. 

Demographic data was self-reported by participants. 
Smoking habit was defined as affirmative response to the 
question “Are you currently smoking?”, or if they admit-
ted to smoking more than 100 cigarettes during their life, 
they were categorized as former smokers. Hypertension 
was defined as a systolic blood pressure >140 mmHg and/
or diastolic blood pressure >90 mmHg, reporting the use 
of blood pressure-lowering medication or documented di-
agnosis of arterial hypertension. History of ischemic heart 
disease included self-reported or documented history of 
CAD, the use of anti-ischemic medication, or ECG changes 
suggestive for myocardial ischemia – ST-segment depres-
sion/elevation or negative T waves in >2 leads. Criteria for 
cerebrovascular disease included self-reported or medi-
cally documented history of stroke. Dyslipidemia was de-
fined as use of lipid-lowering medication, self-reported or 
documented history of high cholesterol or triglyceride lev-
els. Diabetes criteria included fasting glucose >126 mg/dL,  
non-fasting glucose >200 mg/dL, history of diabetes, use of 
chronic antidiabetic medication or insulin. BMI >30 kg/m2  
was considered the threshold for obesity. 

Patients exhibiting signs of acute infections (increased 
leucocyte or granulocyte count and/or clinical signs and 
symptoms of respiratory/gastrointestinal/urinary infec-
tion, cutaneous ulcers etc.) were excluded from the study. 
Also, patients with a history of chronic inflammatory con-
dition (e.g., autoimmune diseases, active neoplasia etc.) 
were not included. History of peripheral arterial disease, 
defined as documented arterial pathology, intervention-
al or surgical revascularization procedures of the lower 
limbs, and/or symptoms of intermittent claudication were 
also an exclusion criteria.

Each patient underwent ultrasound examination of 
the superficial femoral artery (SFA) (Aloka Prosound α 
10 device, Hitachi Aloka, Japan) with 7.5–10 MHz linear 
probe, by which intima-media thickness was determined, 
according to the Mannheim consensus.14–16 Bilateral as-
sessment of the arterial segment was performed, from the 

bifurcation of the common femoral artery (CFA) into the 
superficial and profound femoral artery to Hunter’s canal, 
where due to the anatomical characteristics of the ves-
sel, accurate visualization is difficult. Measurements were 
made on two-dimensional longitudinal images at the far 
wall of the SFA. Intima-media thickness was defined as 
the distance between the leading edge of the first bright 
line of the far wall and the leading edge of the second 
bright line (the distance between the edge of adventitia-
media interface and intima-lumen interface). At least 3 
measurements of IMT were made at minimum 5 cm dis-
tance between them, using the semi-automated software 
dedicated for c-IMT examinations. Mean IMT based on 
all measurements was calculated by the automated soft-
ware. Segments with atherosclerotic plaques were de-
fined as endoluminal thickening >1.5 mm or a 50% in-
crease as compared to the adjacent segment. In the event 
that significant plaques were discovered, measurements 
were made in the vicinity of the area, on portions of the 
vessel without any lesions. Median f-IMT was calculated 
as the median value of left and right values. The highest 
value between mean left and right f-IMT was considered 
the maximum value. 

Participants were divided into two groups. Differences 
between the two sexes were evaluated. Another division of 
the patients was made based on the arbitrary f-IMT cut-off 
value of 0.75 mm. The first group comprised 18 patients 
with f-IMT <0.75 mm, the second group included 28 pa-
tients with f-IMT >0.75 mm. 

All variable data were checked for normality. Continu-
ous variables were presented as mean ± SD. Continuous 
data were analyzed using the Mann-Whitney test and un-
paired t-test. Categorical variables were expressed as num-
bers and percentages. Categorical data were compared us-
ing Fischer’s exact test. Univariable relationships between 
variables and the calcium score were assessed with the 
Pearson correlation coefficient (r).

All phases of the study were carried out according to the 
principles outlined in the code of ethics of the World Medi-
cal Association’s Declaration of Helsinki. Patients consent-
ed to participating in the study, and the study protocol was 
approved by the ethics committee of the center where the 
study was conducted.

Results

Mean age was 71.08 ± 9.78 years. Distribution of sexes 
was proportioned (48.82% male, 52.17% female). Over-
all, 86.95% of participants were hypertensive, 56.62% had 
coronary heart disease, and 21.73% had suffered a stroke.
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The most prevalent cardiovascular risk factors were 
dyslipidemia (68.86%), diabetes (21.73%), and smoking 
(21.73%).

Mean values of patients’ metabolic profile, ABI, and f-
IMT are summarized in Table 1. 

Data distribution according to gender

Differences of parameters according to gender are shown 
in Table 2. Significant differences were noted regarding 
total cholesterol levels (161.36 ± 25.04 mg/dL, 95%CI 
150.26–172.47 in males vs. 201.33 ± 52.73 mg/dL, 95%CI 
170.07–223.60 in females, p = 0.02), creatinine values (1.04 
± 0.22 mg/dL, 95%CI 0.94–1.14 for males vs. 0.91 ± 0.23 
mg/dL, 95%CI 0.81–1.00 for females, p = 0.018), left f-
IMT (0.87 ±0.18 mm, 95%CI 0.79–0.95 for males, 0.75 ± 
0.10 mm, 95%CI 0.70–0.79 for females, p = 0.0049).

Regarding history of cardiovascular diseases, female 
participants had a higher incidence of hypertension 
(81.81% in males vs. 91.66% in females) and CAD (36.36% 
in males vs. 75% in females), while men had a higher inci-
dence of stroke (27.27% in males vs. 16.66% in females).

Obesity, dyslipidemia, and diabetes were more preva-
lent in women (58.33% vs. 45.45%, 75% vs. 45.45% and 
33.33% vs. 18.18%, respectively). There were more smok-
ers among men (45.45% vs. 0%).

Characteristics of patient groups 
with low vs. high f-IMT

There were no major differences between the two 
groups regarding CAD (66.66% vs. 53.57%), hyperten-
sion (88.88% vs. 85.71%), dyslipidemia (55.55% vs. 50%), 

obesity (55.55% vs. 57.14%), and diabetes (22.22% vs. 
28.57%). There were almost twice as many smokers in the 
group with increased f-IMT (11.11% vs. 21.42%), and pa-
tients with higher f-IMT had a higher incidence of stroke 
as well (11.11% vs. 25%).

Age, gender, biochemical and inflammatory parameters 
showed no significant differences between the two groups.

There were statistically significant differences between 
right, left f-IMT (p <0.0001, p = 0.0007), and left ABI (p 
= 0.0034).

Correlations between f-IMT, demographic 
and biochemical parameters, and 
peripheral vascular markers

A significant, reverse correlation was established between 
uric acid and f-IMT in the group with f-IMT <0.75 mm (r = 
–0.483, p = 0.0042). Among the patients with f-IMT >0.75 
mm, there was a significant correlation of f-IMT with age 
(r = 0.408, p = 0.031), fasting glucose levels (r = 0.407, p = 
0.034), total cholesterol (r = 0.429, p = 0.02), and serum 
triglycerides (r = 0.454, p = 0.01). Results are shown in 
Table 3.

Maximum f-IMT was significantly, reversely correlated 
with right ABI in the group with f-IMT <0.75 mm (r = 
–730, p = 0.0006), maintained also upon univariate regres-
sion analysis (p = 0.001). Other parameters showed no sig-
nificant associations with f-IMT determined at either side 
– right or left. 

In the group with f-IMT >0.75 mm, significant associa-
tions were detected between f-IMT and ABI (r = –0.718, 
p <0.001 for correlation and p = 0.04 for regression) and 
f IMT vs. hs-CRP (r = 0.450, p = 0.01).

TABLE 1.  Mean values of the examined parameters

Parameter Mean ± SD 95% confidence interval

Total cholesterol (mg/dL) 182.21 ± 46.57 162.07–202.36

LDL–cholesterol (mg/dL) 95.91 ± 28.94 83.39–108.43

HDL–cholesterol (mg/dL) 45.64 ± 9.86 41.38–49.91

Triglyceride (mg/dL) 119.13 ± 50.10 97.46 ± 140.80

Fasting glucose (mg/dL) 107.13 ± 36.25 91.45–122.81

Creatinine (mg/dL) 0.97 ± 0.24 0.64–0.93

GFR (ml/min/1.73 m2) 69.47 ± 17.24 62.02–76.93

Uric acid (mg/dL) 7.07 ± 1.76 6.30–7.83

hsCRP (mg/L) 1.29 ±1.37 0.69–1.89

Right f–IMT (mm) 0.85 ± 0.20 0.76–0.94

Left f–IMT (mm) 0.81 ± 0.16 0.85–1.14

Right ABI 1.17 ± 0.35

Left ABI 1.03 ± 0.34
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Discussions

The results of the study revealed that in patients with cardio-
vascular diseases, there is a significant correlation between 
femoral intima-media thickness, inflammatory processes, 
and markers of cardiovascular risk. Patients who exhibited 
higher values of f-IMT had also higher plasma glucose, 
cholesterol, triglyceride, and hs-CRP levels. Also, those 
with lower ankle-brachial index showed increased intimal 
thickening. These results suggest that f-IMT could become 
a reliable predictor of global cardiovascular risk and could 
also indicate peripheral arterial disease in asymptomatic 

patients suffering from other cardiovascular comorbidities. 
The significant correlation between hs-CRP as a marker of 
inflammation and f-IMT in the category with increased f-
IMT confirms that pro-inflammatory factors that lead to 
endothelial dysfunction are involved in the atherosclerotic 
process. There are few studies involving the measurement 
of intima-media thickness at the femoral arteries, and most 
of them determine IMT at the common femoral artery. 
Many of them use both carotid and femoral measurements 
as basis of comparison with cardiovascular risk profile, ma-
jor cardiovascular events, or markers of inflammation. In a 

TABLE 2.  Distribution of metabolic and inflammatory risk factors and vascular parameters 

according to gender

Parameter Male n = 22 Female n = 24  p value

Total cholesterol (mg/dL)

Mean ± SD 161.36 ± 25.04 201.33 ± 52.73 0.02

95% confidence interval 150.26–172.47 170.07–223.60

LDL–cholesterol (mg/dL)

Mean ± SD 88.34 ± 21.81 102.85 ± 32.61 0.13

95% confidence interval 78.67–98.01 88.77–117.58

HDL–cholesterol (mg/dL)

Mean ± SD 45.92 ± 11.55 45.92 ± 8.50 0.70

95% confidence interval 40.40–50.29 42.33–49.51

Triglyceride (mg/dL)

Mean ± SD 117.63 ±46.05 120.5 ± 53.49 0.66

95% confidence interval 97.21–138.06 97.90–143.09

Fasting glucose (mg/dL)

Mean ± SD 116.54 ± 48.63 98.5 ± 13.83 0.10

95% confidence interval 94.97–138.11 92.65–104.34

Creatinine (mg/dL)

Mean ± SD 1.04 ± 0.22 0.91 ± 0.23 0.018

95% confidence interval 0.94–1.14 0.81–1.00

GFR (ml/min/1.73 m2)

Mean ± SD 74.18 ± 17.85 65.16 ± 15.40 0.11

95% confidence interval 66.26–82.09 58.66–71.67

Uric acid (mg/dL)

Mean ± SD 8.11 ± 0.91 6.11 ± 1.79 <0.0001

95% confidence interval 7.70–8.51 5.35–6.87

hsCRP (mg/L)

Mean ± SD 1.58 ± 0.90 1.02 ± 1.65 0.0075

95% confidence interval 1.18–1.98 0.33–1.7

Right f–IMT (mm)

Mean ± SD 0.85 ± 0.20 0.85 ± 0.22 0.76

95% confidence interval 0.77–0.93 0.76–0.95

Left f–IMT (mm)

Mean ± SD 0.87 ±0.18 0.75 ± 0.10 0.0049

95% confidence interval 0.79–0.95 0.70–0.79

Right ABI

Mean ± SD 1.20 ± 0.46 1.15 ± 0.20 0.76

Left ABI

Mean ± SD 0.98 ± 0.35 1.07 ±¨0.19 0.20
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group of non-smoker males without known cardiovascular 
pathology, there were significant associations between the 
components of metabolic syndrome – hypertension, dys-
lipidemia, hyperinsulinemia and abdominal obesity – and 
femoral intima-media thickness.17

Patient groups

In our study, patients were divided into two groups based 
on f-IMT values. The first group included 18 patients with 
f-IMT <0.75 mm and the second group comprised 28 pa-
tients with f-IMT >0.75 mm.

Although the median value of f-IMT in our study was 
0.83 mm, we arbitrarily chose the cut-off value of 0.75 
mm based on studies investigating carotid intima-me-

dia thickness and results of other studies involving the 
measurement of f-IMT. In a study led by Godoi, which 
included both carotid and femoral measurements, the 
mean value of f-IMT was 0.74 ± 0.3 mm in the control 
group, even though the cut-off value was set at 0.8 mm. 
The value of 0.7 mm was used when calculating the sensi-
tivity (72.5%) and specificity (46%) of the test.18 Lucatel-
li and associates reported 0.73 mm as the median value 
of f-IMT for CFA in a study involving individuals with no 
cardiovascular disease, but noticed an increase with age 
and the presence of risk factors.19 Another study inves-
tigating the predictive value of f-IMT for cardiovascular 
events in patients with stable CAD, median values of f-
IMT were 0.78 ± 0.26 mm in men and 0.71 ± 0.29 mm in 
women.20

TABLE 3.  Correlations between risk factors and f–IMT in the two groups

Parameter f–IMT < 0.75 mm n = 18 f–IMT > 0.75 mm n = 28

Age (years) r = 0.22, p = 0.35 r = 0.40, p = 0.03

Total cholesterol (mg/dL) r = –0.29, p = 0.23 r = 0.42, p = 0.02

LDL–cholesterol (mg/dL) r = 0.19, p = 0.43 r = 0.007, p = 0.69

HDL–cholesterol (mg/dL) r = 0.31, p = 0.19 r = –0.56, p = 0.0019

Triglyceride (mg/dL) r = –0.35, p = 0.14 r = 0.45, p = 0.01

Fasting glucose (mg/dL) r = 0.04, p = 0,86 r = 0.40, p = 0.03

Creatinine (mg/dL) r = 0.30, p = 0.21 r = 0.14, p = 0.46

GFR (ml/min/1.73 m2) r = –0.11, p = 0.64 r = –0.31, p = 0.10

Uric acid (mg/dL) r = –0.48, p = 0.04 r = 0.32, p = 0.09

hsCRP (mg/L) r = –0.5316, p>0.99 r = 0.45, p = 0.01

Right ABI r = –0.7303, p = 0.0006 r = –0.17, p = 0.37

Left ABI r = 0.60, p = 0.007 r = –0.71, p<0.0001

FIGURE 1.  Cardiovascular comorbidities and risk factors in the groups with low and high 

f–IMT 
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Technical aspects of f-IMT evaluation

A good correlation between f-IMT and c-IMT has been re-
ported by other studies.21 Although the majority of studies 
use the common femoral artery as the site for measuring 
the intima-media thickness of the lower limb arteries, re-
sults of the assessment of carotid arteries can be extrapo-
lated to underline the usefulness of examining different 
segments of the femoral arterial axis. In carotid arteries, 
each segment presented different correlations with cardio-
vascular risk factors. Both common and superficial carotid 
artery IMT increased with age and presented differences 
according to gender; while CCA-IMT variations were 
more influenced by systolic arterial pressure, increase in 
internal carotid artery IMT was associated with smoking. 
The same study demonstrated an independent correlation 
of arterial wall IMT with the Framingham risk score.22 In 

the Rotterdam study, both common and internal carotid 
artery IMT had a good predictive role for the incidence of 
acute myocardial infarction.23

In ultrasound evaluations, the superficial femoral ar-
tery is easier to visualize than the common femoral artery, 
because direct examination of the latter can be impaired 
by excess adipose tissue, the presence of enlarged lymph 
nodes, intestinal content due to inguinal or femoral her-
nias, or anatomical variants, e.g. a high bifurcation. Due 
to its relatively superficial and long trajectory, the SFA al-
lows proper examination of a segment in which far-wall 
measurement of IMT is possible (extrapolating recom-
mendations for carotid artery examinations, where far-
wall measurement of IMT is preferred). Also, the poten-
tial presence of atherosclerotic plaques which can impair 
measurements can be avoided in the SFA by choosing an 

FIGURE 3.  Correlations between metabolic parameters and f–IMT in the group with high 

f–IMT

FIGURE 2.  Correlation between age and f–IMT in the group with high f–IMT
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adjacent, “healthy” segment. Series of measurements can 
also be made, which contribute to the accuracy of mean 
IMT values. One of the pitfalls of SFA examination is 
the difficulty of examining the portion in Hunter’s canal, 
where anatomical and hemodynamical aspects can rep-
resent a challenge even for experimented examiners. In-
creased turbulence is also the reason why this segment is 
the elective locus for the development of atherosclerotic 
plaques, because of increased shear stress and intermit-
tent muscular compression. Because these characteristics 
can influence IMT, we chose not to include this segment 
in our study. 

One of the advantages of femoral IMT examinations is 
that cardiac cycle variations seem to influence the mea-
surements less than at the carotid arteries. This could also 
influence the process of vascular remodeling. A study 
conducted by Layne, comparing variations of c-IMT and 
f-IMT during the cardiac cycle, demonstrated that the 
variations at the femoral site do not reach the threshold 
for statistical significance and as such, can be considered 
more reliable.24 Femoral intima-media measurements are 
also more reproducible than those of the carotid arter-
ies.25

Metabolic risk profile of the study population

It is a well-known fact that age is associated with an accel-
eration of atherosclerosis, and the prevalence of peripheral 
arterial disease is increased in the elderly.26 The results of 
our study are in line with this information, as there was a 
significant correlation between an increase in age and f-
IMT in the group with f-IMT >0.75 mm. 

Our study established a significant correlation between 
f-IMT >0.75 mm and total cholesterol, HDL-cholesterol, 
and triglyceride levels that have not been demonstrated in 
the group with f-IMT <0.75 mm. This can be an important 
indicator of the contribution of metabolic factors to the 
progression of atherosclerosis. 

Glucose metabolism disorders cause an acceleration of 
atherosclerosis. A number of studies have confirmed that 
IMT thickening and higher glucose levels are related.27,28 

Our results confirm these findings based on the fact that 
in the group with f-IMT >0.75 mm, there was a significant 
correlation between IMT and fasting glucose. (r = 0.407, p 
= 0.03). The endothelial dysfunction induced by diabetes 
plays a significant role in accelerated atherosclerosis that 
can lead to intimal proliferation, but it has to be stated that 
glucose metabolism disorders also contribute to the thick-
ening of media, and current imagistic techniques cannot 
distinguish between intimal and medial alterations of the 

arterial wall, although different pathogenic mechanism 
may be involved in their development. 

In our study, we established a significant correlation 
between f-IMT, total cholesterol, and HDL-cholesterol (r 
= 0.429, p = 0.02 and r = –0.561, p = 0.001 respectively). 
This confirms the well-known fact that dyslipidemia has 
a strong influence on atherogenesis.29 Similarly to our re-
sults, studies report that high HDL-cholesterol levels de-
crease cardiovascular risk and are inversely correlated with 
f-IMT.30 Increased levels of triglycerides were reported to 
contribute to f-IMT thickening in overweight patients, 
according to the study published by Genoud and assoc., 
which is in trend with our results, where similar significant 
associations have been found (r = 0.454, p = 0.001 for tri-
glycerides vs. f-IMT). 

An interesting finding in our data was the reverse cor-
relation between f-IMT and uric acid in the group with 
f-IMT <0.75 mm (r = –0.0048, p = 0.042). UA is the final 
product of purine metabolism and has both anti-oxidant, 
as well as pro-oxidant properties. It is presumed that the 
pro-oxidant effect is dependent of increased serum con-
centrations, due to its capacity to decrease the bioavail-
ability of nitric oxide secreted by the endothelium. This 
leads to an auto-catalytic cascade that increases oxida-
tive stress and further reduces nitric oxide levels. Even 
though, compared to other factors, UA has been attrib-
uted importance in risk-reducing strategies, it can be con-
sidered a metabolic-cardiovascular risk factor, since there 
is convincing evidence that it contributes to glucose and 
lipid metabolism disorders.31–34 In our study, mean lev-
els of UA were lower in the group with f-IMT <0.75 mm, 
comparable to normal serum levels, and we attribute the 
reverse correlation to its antioxidant effect. This informa-
tion seems the more plausible, as in the same group, levels 
of hs-CRP were also lower and showed no significant as-
sociation with f-IMT, suggesting that their inflammatory 
status was not increased. Still, studies show that extreme-
ly low or high serum concentrations of UA have a strong 
pro-oxidative effect.35

Markers of peripheral atherosclerosis 
and inflammation

As a subclinical process, inflammation in involved in the 
metabolic disturbances that precede manifest atheroscle-
rosis. An increase in CRP indicates a pro-inflammatory sta-
tus and is influenced by smoking, obesity, and age, factors 
also contributing to an accelerated atherosclerosis.36 Even 
though a meta-analysis of studies concluded that CRP has 
a relatively moderate capacity of predicting CAD, still, in 
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patient categories with a Framingham risk score between 
10 and 20%, it is a good toll for risk stratification.37 In pa-
tients with chronic kidney disease undergoing hemodialy-
sis, CRP levels correlated with carotid and femoral intima-
media thickness.38 The group with f-IMT >0.75 mm in our 
study also presented higher circulating CRP levels (r = 
0.450, p = 0.01). This suggests that inflammation is a sys-
temic process, but an aspect to be clarified is whether it is 
the promoter or the consequence of atherosclerosis. Shed-
ding light on the mechanism that causes the inflammation-
atherosclerosis continuum could allow specific inhibition 
of the process and as such, reduce cardiovascular risk and 
prevent major cardiovascular events. 

Correlations between f-IMT and 
the ankle-brachial index

The results of our study demonstrated a significant, re-
verse correlation between f-IMT and the well-established 
biomarker of peripheral vascular involvement, the ankle-
brachial index (r = –0.7303, p = 0.0006 for right ABI in the 
group with f-IMT < 0.75 mm and r = –0.7183, p <0.01 for 
left ABI in the group with f-IMT >0.75 mm). This confirms 
that there is an association between different methods of 
assessing the degree of lower limb atherosclerosis and that 
f-IMT may be considered as a new tool to assess periph-
eral vascular involvement. Similar associations regarding 
c-IMT were described by Winckler and associates.39 Ultra-
sound examinations may have a higher sensibility than ABI 
for detecting atherosclerosis of the lower limb according 
to results published in a study led by Flanigan.40 More ad-
vanced imagistic methods have also confirmed these find-
ings, an angiographic magnetic resonance study reporting 
a good correlation between the ABI and local atheroscle-
rotic burden.41

An unusual finding of our study was the different asso-
ciations of left and right ABI with f-IMT (significant for 
right ABI vs. f-IMT in the group with low f-IMT vs. left 
ABI in the group with high f-IMT). We attributed these 
results to the fact that unilateral stenosis of the peripher-
al arteries is more common than bilateral lesions, due to 
the random nature of the atherosclerotic process. Similar 
results were reported in another study, where significant 
differences were noted in the distribution of stenotic le-
sions in right or left sides of different arterial segments.42 It 
may be assumed that local anatomic and/or hemodynamic 
characteristics (the influence of aortic pulsations or dis-
tention of the left renal artery) contribute to local vascular 
endothelial function and result in different degrees of ath-
erosclerotic involvement. 

Study limitations

Our research made efforts to include a variety of aspects of 
atherosclerotic disease, regarding personal history as well 
as biochemical and imagistic parameters. Still, the study 
has a few limitations. First of all, although it comprised a 
considerable number of participants, a larger patient co-
hort may have allowed extrapolating results to a larger 
scale. Even though strong correlations between f-IMT and 
lipid markers have been demonstrated, the use of apolipo-
protein (a) could have been useful as well, as there is evi-
dence that suggests that it is associated with an increased 
risk for CAD and PAD. Measuring apo(a) might yield ad-
ditional information about the cardiovascular risk of those 
with increased f-IMT and could contribute to a better risk 
stratification in this category.43–45 Regarding markers of 
inflammation, a number of publications underlined their 
utility as markers of risk for PAD.46–48 Based on this infor-
mation, other components of the pentraxin class, such as 
pentraxin-3 or levels of matrix metalloproteinase, cellular 
adhesion molecules, interleukin-1 or interleukin-6 levels 
could have been added to the inflammatory panel to fur-
ther investigate the relationship between inflammation, 
imagistic markers, and atherosclerosis. 

The study population consisted of patients with cardio-
vascular comorbidities. Because of this, it would have been 
useful to determine surrogate markers of organ damage 
such as carotid intima-media thickness and left ventricu-
lar ejection fraction. The potential correlations between 
femoral parameters and these well-established markers of 
atherosclerosis may have contributed to the evaluation of 
the capacity of f-IMT to become a surrogate marker of pe-
ripheral vascular disease caused by atherosclerosis. 

Another aspect to be considered is the effect of medica-
tion on the progression of atherosclerosis in patients with 
cardiovascular disease. There is evidence that the use of 
ACE inhibitors and statins can lead to plaque regression 
and as such, are firmly recommended by guidelines for the 
prevention of major cardiovascular events.49–51 Comparing 
the degree of intimal thickening in the femoral artery in 
relationship with statin and ACE use could help confirm 
that atherosclerosis of the lower limb is also influenced by 
these standard therapies. 

In order to confirm the predictive role of f-IMT in car-
diovascular events, follow-up studies need to be conduct-
ed, which can demonstrate that femoral intimal thickening 
is correlated with the incidence of peripheral or coronary 
embolic events.

All these limitations of the study also open up new per-
spectives in the research regarding f-IMT and could be-
come the basis of new studies.
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Conclusions

In our study, femoral intima media thickness measured at 
the superficial femoral artery significantly correlated with 
fasting plasma glucose, total cholesterol, serum triglycer-
ide, and C-reactive protein levels. Associations between 
f-IMT and the surrogate marker of peripheral vascular in-
volvement – the ankle-brachial index were demonstrated. 
All these data bring further evidence to support the fact 
that atherosclerosis is a multifactorial disease. It affects 
multiple arterial sites and it is the consequence of a com-
plex process that implies the existence of endothelial dys-
function induced by lipid and glucose metabolism disor-
ders and is influenced by inflammation.

The relationship between f-IMT and ABI is in favor of 
the assumption that f-IMT could become, similarly to c-
IMT, a marker of cardiovascular risk and a surrogate mark-
er of cardiovascular events in a population with high car-
diovascular risk or overt cardiovascular disease.
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ABSTRACT

Background: Computed tomography angiography (CTA) presents important limits in in-stent re-

stenosis (ISR) evaluation in case of metallic coronary stents, due to the artifacts determined by 

stent struts, which alter in-stent plaque analysis. In case of bioresorbable scaffolds, stent strut 

resorption allows accurate evaluation of the vessel wall. Aim of the study: This study aims to 

compare the feasibility of CTA as a follow-up imaging method for ISR diagnosis following elec-

tive PTCA procedures, between bioresorbable scaffolds and metallic coronary stents. Material 

and methods: We conducted a prospective, observational study on 73 patients with elective 

PTCA procedures in their medical history, in whom 113 stents were assessed via CTA in order to 

diagnose ISR. Based on stent type, the patients were divided into two groups: Group 1 – patients 

with bioresorbable vascular scaffolds (BVS) (n = 30); and Group 2 – patients with bare metal 

stents (BMS) (n = 43). Plaque analysis was possible only in the BVS group with a post-processing 

research-dedicated software, Syngo.via Frontier, which identified plaque morphology and virtual 

histology composition. Results: After CTA evaluation, the BVS group presented a significantly 

higher incidence of severe coronary artery disease (CAD) (Group 1 – 73% vs. Group 2 – 30%, 

p <0.0001). The proximal part of the right coronary artery (RCA) presented a significantly higher 

percentage of metallic stents (14% BMS vs. 2% BVS, p = 0.0029). The comparative analysis of 

CTA sensibility for the visual evaluation of ISR identified a significantly higher percentage of di-

agnostic CT evaluations in the BVS group (Group 1 – 94% vs. Group 2 – 76.19%, p = 0.0006). CTA 

evaluation provided the most accurate results for the 3.0 and 3.5 mm devices. Regarding CTA 

sensibility for ISR diagnosis, the BVS group presented the smallest incidence of non-diagnostic 

CT evaluations. Conclusions: CTA evaluation of bioresorbable scaffolds is superior to metallic 

stent assessment, the latter being influenced by numerous sources of error dependent mainly 

on the presence of the metal structure. 
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Introduction

In the last decades, percutaneous coronary angioplasty 
has become one of the most common interventions for the 
treatment of coronary artery disease (CAD).1 However, 
restenosis, occuring at the site of treated injuries, and the 
possible need for repeated revascularization are the main 
drawbacks encountered in interventional cardiology.2 Re-
stenosis represents a complex phenomenon that starts im-
mediately after vessel barotrauma, induced by coronary 
angioplasty.3–5 Based on the moment of occurrence, in-
stent restenosis (ISR) can be classified in early ISR – due 
to elastic recoil and in-lumen axial plaque relocation, char-
acterizes balloon angioplasty primarily, and late ISR – the 
consequence of thrombus reorganization, neointima for-
mation, vascular remodeling, and resolution of the inflam-
matory process.

The need for adequate follow-up of patients undergoing 
coronary angioplasty emerged since the first angioplasty, 
performed more than 40 years ago.2 After percutaneous 
coronary intervention (PCI), the patient falls into the cat-
egory of patients that must be followed regularly, being at 
risk for stent occlusion by thrombosis or restenosis.6 The 
complete assessment of the type of occlusion is essential 
in order to choose the optimal revascularization strategy 
(DES vs. DEB). Thus, choosing an optimal imaging meth-
od to monitor stent permeability represents a priority in 
interventional cardiology. Identifying new, modern imag-
ing techniques that can be applied as follow-up methods of 
implanted scaffolds represents an interest in interventional 
cardiology, knowing that the early identification of a sig-
nificant restenosis simplifies the subsequent revasculariza-
tion procedure.7

The CTA evaluation of metallic stents is based on con-
trast agent attenuation around the area of neointimal hy-
perplasia. However, this process presents major limita-
tions due to metallic stent struts, which lead to significant 
artifacts and misinterpretations. Regarding post-implan-
tation follow-up, bioresorbable scaffolds present the ad-
vantage of accurate evaluation via CTA in terms of luminal 
dimensions and plaque analysis. The accuracy and feasi-
bility of multislice CTA in the evaluation of bioresorbable 
scaffolds, assessed in a multicentric study, may consolidate 
noninvasive imaging techniques as reference methods in 
this type of patient follow-up.8,9 

CTA evaluation has become one of the most popular 
imaging techniques in cardiology, its relevance in vul-
nerable coronary plaque evaluation being widely ac-
cepted.10–14 In a recent study, conducted on 238 patients 
enrolled in the ABSORB II trial with 258 coronary ath-

erosclerotic lesions treated with bioresorbable scaffolds, 
subjects were evaluated via invasive angiography, intra-
vascular ultrasound (IVUS), and CTA at the 3-year fol-
low-up after PCI. After analyzing the results, CTA proved 
to have a similar diagnostic precision to conventional an-
giography in terms of identifying and quantifying the se-
verity of ISR.15

In this regard, the accuracy of CTA evaluation repre-
sents another advantage of bioresorbable scaffolds in the 
interventional treatment of coronary atherosclerotic le-
sions. 

OBJECTIVES 

CTA presents important limitations in ISR evaluation in 
case of metallic coronary stents due to the artifacts deter-
mined by stent struts, which alter in-stent plaque analysis. 

In case of bioresorbable scaffolds, stent strut resorption 
allows the accurate evaluation of the vessel wall. This study 
aims to analyze the utility of CTA in the follow-up evalu-
ation of bioresorbable scaffolds versus metallic coronary 
stents, in order to diagnose ISR after PCI.

MATERIAL AND METHODS 

We conducted a prospective, observational study, which 
included 73 patients, treated by implanting one or more 
stents for coronary artery disease, in the CardioMed Medi-
cal Center Tîrgu Mureș, according to ESC guidelines, be-
tween January 2015 and March 2017. Based on stent type, 
the study subjects were divided into two groups: Group 
1 – 30 patients with 50 implanted bioresorbable scaffolds 
(ABSORB 1.1/Abbott Vascular) and Group 2 – 43 patients 
with 63 metallic (MULTI-LINK ULTRA/Abbot Vascular, 
Tsunami Gold/Terumo, Guidant MULTI-LINK PLUS/
Abbot Vascular) and drug-eluting stents (Resolute Integ-
rity/Medtronic, XIENCE/Abbot Vascular). 

Patients with PTCA and stent placement in their medi-
cal history were included in this study. Other inclusion 
criteria were age over 18 years, BMI <40 kg/m2, signed 
written informed consent. Exclusion criteria were ST-
elevation myocardial infarction or non-ST-elevation myo-
cardial infarction as diagnosis of PCI indication, electric 
and hemodynamic instability at admission, allergy to io-
dine contrast material, indication for oral anticoagulation 
therapy à la longue, acute renal failure or terminal-stage 
chronic kidney disease, pregnancy or lactation, active 
malignancy/end-stage disease with life expectancy under 
1 year, or refusal to provide written informed consent for 
study enrollment. 
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Each patient underwent invasive angiography and 
CTA evaluation, between 12 and 24 months after PTCA, 
in order to evaluate the stent’s degree of permeability. 
After PTCA, each subject performed the 1-, 6-, 12-, and 
18-month follow-up visit with major adverse cardiovascu-
lar events (MACE) rate evaluation. 

CT scanning protocol

Each CTA evaluation was performed using a 64- and 
128-slice dual-source CT scanner (SOMATOM Defini-
tion, Siemens Healthcare) available in the Laboratory of 
Advanced Research in Cardiac Multimodal Imaging of the 
Cardio Med Medical Center of Tîrgu Mureş, with 64 detec-
tor rows × 0.5 mm and 128 × 0.6 mm respectively, 330 ms 
rotation time, and a table feed of 0.2–0.4 mm per rotation. 

The scanning protocol involved a 4–6 h fasting period, 
avoidance of smoking, caffeine use, and intense physical 
exercises 24 h prior to the CT examination; a heart rate be-
low 60 bpm during image acquisition, using a bradycardiza-
tion protocol with Metoprolol 25–50 mg or Ivabradine  
5 mg orally, 1 h prior to the CT scan. The scanning proto-
col was explained to each patient, the study subjects be-
ing instructed to follow audio instructions regarding res-
piration. The Ultravist 370 mg I/ml contrast agent (Bayer 
Healthcare, Germany) was administered through a periph-
eral venous catheter (16–22 G) placed in the antecubital 
vein, followed by 50 ml of 0.9% NaCl solution. The dose of 
the contrast agent was adjusted according to body weight 
and scan time, based on the formula: contrast agent vol-
ume (mL) = (scan time + 10) × preset flow rate, at a flow 
rate of 5 mL/s, a tube voltage of 120 kV, and a tube current 
of 400 mAs. 

The CT scanning protocol included a topography in an-
tero-posterior and lateral incidence, in order to frame the 
acquisition territory from the base of the sternum to the 
apex of the heart. “Automatic bolus tracking” technique 
was used to detect the contrast reaching the descending 
aorta. The region of interest was placed in the descending 
aorta and the median region of the heart, and image acqui-
sition was performed after the audio command of breath-
ing, at 10 seconds after the beginning of contrast material 
injection. 

CT image reconstruction and data analysis

Post-processing of CT acquisitions was performed us-
ing a dedicated software, Syngo.via Frontier with a Sie-
mens workstation (Siemens AG, Erlangen, Germany) and 
QCTA RE (Medis, Leiden, Holland). 

In order to reconstruct images of the coronary arteries, 
cardiac cycles with minimal movement or frequency arte-
facts were selected. Stents were evaluated via curved mul-
tiplanar reconstructions, defining the following imagistic 
patterns: 

•	permeable stent without signs of neointimal hyper-
plasia: homogeneous opacification of the vascular lu-
men;

•	permeable stent with insignificant neointimal hyper-
plasia: longitudinal attenuation of the contrast agent, 
with a lumen reduction <50%;

•	 significant ISR: longitudinal and transverse attenu-
ation of the contrast agent, with a lumen reduction 
>50%;

•	 ISR with occlusion: complete lack of lumen opacity.

The analyzed stent was considered correctly evaluated 
if its lumen was visible in all its length and contrast at-
tenuation was not significantly altered by artifacts caused 
by metals struts or motion. In the situation of getting a 
low-quality, blurry and unequally acquired image with a 
series of artifacts, the CT evaluation was considered non-
diagnostic. Together with the stented coronary artery seg-
ment, 5 mm before and after the scaffold were evaluated 
with maximum intensity projection in order to define re-
stenosis in the stent ends. 

Statistical analysis 

Statistical analysis was performed using GraphPad Prism 
7 software (GraphPad Software, Inc., San Diego, USA). A 
two-tailed p value of <0.05 was considered statistically sig-
nificant. The D’Agostino Pearson normality test was used 
to test the normality of distribution of numerical data, 
continuous data was shown as mean ± standard deviation 
and median respectively, and categorical variables were 
expressed as percentages and integer values. Pearson and 
Spearman coefficients were used for correlation analysis.

Ethics

This study was conducted according to the current re-
vised edition of the Declaration of Helsinki. The study 
was performed under the approval of the Ethics Commit-
tee of the University of Medicine and Pharmacy of Tîrgu 
Mureș (approval no. 338/17.11.2017) and the Ethics Com-
mittee of the CardioMed Medical Center (approval no. 
29/28.12.2017). Written informed consent was obtained 
from each patient. 
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RESULTS

General characteristics of the study population

General characteristics and the main cardiovascular risk 
factors in the two study groups are summarized in Table 1. 

We found no significant differences regarding mean age 
in the study groups (Group 1 – 65 ± 7 years vs. Group 2 – 
58.07 ± 7.75 years, p = 0.71). 

With regard to the incidence of cardiovascular risk fac-
tors, there were no statistically significant differences re-
garding the prevalence of diabetes mellitus (Group 1 – 38% 
vs. Group 2 – 20%, p = 0.56), male gender (Group 1 – 82% 
vs. Group 2 – 86.66%, p = 0.56), or chronic tobacco use 
(Group 1 – 40% vs. Group 2 – 43.33%, p = 1.0). 

However, dyslipidemia had a higher incidence among 
patients from Group 1 (Group 1 – 73% vs. Group 2 – 30%, 
p <0.0001). 

TABLE 1.  General characteristics and cardiovascular risk factors

BMS, n BMS, % BVS, n BVS, % p value

Age (years) 65 ± 7 – 58.07 ± 7.75 – 0.71

Male gender 37 82% 26 86.66% 0.56

Body mass index (kg/m2) 23.7 ± 2.0 – 24.5 ± 2.3 – 0.78

Diabetes mellitus 17 38% 6 20% 0.56

Dyslipidemia 33 73% 9 30% <0.0001

Chronic tobacco use 18 40% 13 43.33% 1.0

Diseased vessels

1 vessel 26 60.46% 13 43.33% 0.0051

2 vessels 12 27.9% 8 26,66% 0.0051

3 vessels 5 11.62% 9 30% 0.0051

FIGURE 1.  CTA of the left anterior descending artery at 12 months after PTCA with 3 BVS 

and 1 DES – QAngio-CT RE post-processing software (Medis, Leiden, the Netherlands)

BVS markers

BVS markers

Metallic stent
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In terms of CAD severity, Group 1 presented a signifi-
cantly higher incidence of severe atherosclerotic involve-
ment (Group 1 – 11.62% vs. Group 2 – 30%, p <0.0051). 

Characteristics of the implanted stents 

The type and main characteristics of implanted stents are 
presented in Table 2. 

Revascularized coronary segments with metallic and 
bioresorbable scaffolds are presented in Table 3. 

Regarding the revascularized coronary segment, the 
proximal part of the right coronary artery (RCA) presented 
a significantly higher percentage of metallic stents com-
pared to BVS (14% BMS vs. 2% BVS, p = 0.0029). The mid-
dle (9.52% BMS vs. 10% BVS, p = 1.0) and distal parts of the 
RCA (9.52% BMS vs. 4% BVS, p = 0.25) presented no sig-
nificant differences in terms of the type of implanted device.

CTA performance in the 
evaluation of BVS vs. BMS

The comparative analysis of CTA sensitivity in terms of vi-
sual evaluation of ISR in the two study groups identified 
a significantly higher percentage of diagnostic CT evalu-
ations in the BVS group (Group 1 – 94% vs. Group 2 – 
76.19%, p = 0.0006). The diagnostic sensitivity analysis of 
CTA in ISR is presented in Table 4.

Plaque analysis was possible only in the BVS group with 
a post-processing research-dedicated software, Syngo.via 
Frontier, which identified the vulnerability markers pre-
sented in Table 5. 

Patients from Group 1 presented in a greater percentage 
1 (38.29%) or 2 (25.53%) vulnerability markers (Figure 2). 

Morphological and virtual histology aspects of the ana-
lyzed coronary plaques in the BVS group are presented in 
Table 6. 

TABLE 3.  Stent location

Segment BMS, n BMS, % BVS, n BVS, % p value

RCA proximal 9 14.29 1 2 0.0029

RCA mid 6 9.52 5 10 1.0

RCA distal 6 9.52 2 4 0.25

LAD proximal 9 14.29 11 22 0.66

LAD mid 14 22.22 13 26 0.61

LAD apical 1 1.59 2 4 0.36

LCX proximal 3 4.76 4 8 0.37

LCX mid 3 4.76 6 12 0.06

D1 proximal 6 9.52 3 6 0.59

D1 mid 0 0 1 2 –

MO1 proximal 3 4.76 0 0 –

MO2 mid 3 4.76 0 0 –

Intermediate 0 0 1 2 –

Left main 0 0 1 2 –

TOTAL 63 100 50 100

TABLE 2.  Stent type and characteristics

Model Stent material Strut thickness 
(µm)

Stent, n

BMS

MULTI-LINK VISION/Abbott Vascular Cobalt 81.28 2

Resolute Integrity DES/Medtronic Cobalt 91.44 11

XIENCE PRO DES Everolimus/Abbott Vascular Cobalt 81.28 28

Tsunami Gold BMS/Terumo Europe Stainless steel 78.74 13

MULTI-LINK PLUS/Guidant Stainless steel 55.88 9

BVS

ABSORB Bioresorbable Vascular Scaffold 1.1,  
Abbott Vascular, Santa Clara, California

Poly-L-lactic acid 150 50
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In terms of significant hemodynamic ISR, CTA evaluation 
provides the most accurate results for the 3.0 and 3.5 mm de-
vices. In 2.5 and 4.0 mm devices, the number of significant 
ISR diagnoses was zero. Regarding the sensitivity of CTA for 
ISR identification, the BVS group presented the smallest in-
cidence of non-diagnostic CT evaluations (Figure 3).

DISCUSSIONS 

Following the feasibility of CTA in diagnosing ISR in BMS 
vs. BVS as a primary endpoint, this study demonstrated 
a significant difference in the specificity of this imaging 

method, showing a higher accuracy for bioresorbable scaf-
folds compared with metallic coronary stents. The major 
advantage of BVS derives from its radiolucency properties. 
Moreover, the inclusion of the bioresorbable matrix in the 
vascular wall at 12–24 months after PTCA results in the loss 
of the initial mechanical resistance and lumen remodeling, 
with an increase in size.16 Regarding metallic stents, it is a 
well-known fact that ISR is more common in small-diam-
eter devices, the more so as the metallic struts are greater. 

These findings are in line with data published by Oncel 
et al., which has shown that the visual CT analysis of 39 
coronary stents, based on two independent radiologists, 
had a sensitivity of 89%, a specificity of 95%, and a posi-
tive predictive value of 90% compared to standard invasive 
angiography, these values being even much lower in case 
of devices with diameters below 2.75 mm.17 In a study con-
ducted on 25 patients revascularized with metallic stents of 
2.5 and 3.0 mm diameter, Rist et al. have shown that in this 
class of patients, the follow-up evaluation via CTA failed to 
detect the presence of asymptomatic intrastent occlusion 
in 17% of the cases.18 However, another study, led by Graaf 
et al., using 320-slice CTA evaluation in 53 patients with 
89 metallic stents in vessels with diameter under 3 mm 
and strut dimensions above 140 microns, demonstrated 
a reduced specificity of this method in assessing the inci-
dence of ISR, due to significant reduction of image quality 
through metal artifacts.19

The most common causes for reconstruction errors in 
the CTA evaluation of metallic stents include the follow-
ing: heart rate >65 bpm, which results in a larger number 
of cardiac cycles, a higher dose of irradiation in a time unit, 
and a loss of optimal spatial resolution due to motion arti-
facts, requiring the extension of acquisition over a larger 
number of cardiac cycles;20,21 the so-called “blooming ef-
fect” of contrast reflection, which is more evident in small 

TABLE 6.  Plaque morphology and virtual histology composition 

– Group 1

Mean value ± SD

Plaque length (mm) 17.45 ± 4.97

Stenosis (%) 22.37 ± 12.73

Eccentricity index 0.43 ± 0.26

Remodeling index 1.03 ± 0.29

Vascular volume (mm3) 273.2 ± 87.42

Lumen volume (mm3) 119.8 ± 46.45

Plaque volume (mm3) 153.6 ± 65.0

Dense calcium (mm3) 17.48 ± 20.43

Dense calcium (%) 10.55 ± 11.92

Necrotic core (mm3) 136.4 ± 52.76

Necrotic core (%) 89.45 ± 11.92

Fibro-fatty (mm3) 11.07 ± 10.38

Fibro-fatty (%) 6.83 ± 5.66

Fibrous (mm3) 125.1 ± 48.53

Fibrous (%) 82.56 ± 12.63

Calcium score – local 73.79 ± 80.19

Calcium score – target coronary artery 186.9 ± 207.5

TABLE 4.  ISR detection sensitivity of CTA

Diagnostic CT Non-diagnostic CT p value

n % n %

BVS 47 94 3 6 0.0006

BMS 48 76.19 15 23.8 0.0006

TABLE 5.  CTA features of vulnerable plaques

%

Positive remodeling 46.8

Spotty calcification 65.95

Napkin-ring 4.25

Low attenuation 19.14

19.14%

38.29%

25.53%

14.89%

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

0 1 2 3

FIGURE 2.  Incidence of CTA markers of vulnerability
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diameter and large strut stents and is dimmed in stents 
with diameter above 3 mm;22,23 stent composition: gold or 
gold-coated stents, as well as tantalum stents involve rough 
artifacts compared with steel or cobalt metallic stents.20 
Proximal stent distribution on LDA, LCX, or RCA allows a 
better visualization of contrast material in the lumen of the 
stent compared to more distal segments such as diagonal 
or obtuse marginal branches and distal LCX.23

A series of these technical obstacles disappear in biore-
sorbable scaffold reconstructions. Moreover, their diam-
eter increases at 12–24 months after PTCA due to vascular 
remodeling as a result of matrix resorption and loss of ri-
gidity, characteristic for these devices.

CONCLUSIONS

The CTA evaluation of bioresorbable scaffolds is superior to 
metallic stent assessment, the latter being influenced by nu-
merous sources of error dependent mainly on the presence 
of the metal structure. Noninvasive CT assessment is a fast 
and effective method compared to conventional invasive 
coronary evaluation, which is not a suitable screening tech-
nique due to the risks associated with the invasive nature of 
the procedure and the additional costs related to the need 
for post-interventional hospitalization for at least 24 hours. 
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ABSTRACT

Background/Aim: In patients with type 2 diabetes (T2D), malnutrition has been recognized 

as a serious health problem mainly in hospitalized conditions, but there is little data regarding 

malnutrition outside hospital settings. The aim of this study was to evaluate the risk of malnutri-

tion and associated metabolic changes in ambulatory patients with T2D. Material and meth-

ods: This analysis used data collected from 161 patients with T2D enrolled in a larger cross-

sectional study. Several anthropometric and metabolic parameters were obtained. Nutritional 

status was evaluated using the Controlling Nutritional Status (CONUT) score. Correlations 

between nutritional status and metabolic and anthropometric parameters of interest were ex-

amined. Results: Of all T2D patients, 29.8% had mild malnutrition (CONUT score 2–4). These 

patients presented lower triglyceride (124.8 ± 42.3 mg/dL vs. 165.7 ± 84.3 mg/dL, p <0.01) and 

LDL cholesterol concentrations (62.7 ± 20.0 mg/dL vs. 104.9 ± 30.6 mg/dL, p <0.0001), higher 

leptin levels (10.2 [1.6–44.9] ng/mL vs. 7.3 [0.9–49.8] ng/mL, p <0.05) and free leptin index (0.65 

[0.04–2.88] vs. 0.36 [0.01–3.98], p <0.05) compared with patients with normal nutritional status. 

They also had higher total body adiposity. In patients with obesity, triglycerides levels were 

lower in those with mild malnutrition vs. those without malnutrition (mean difference: 27.26 mg/

dL, p <0.05). Serum C peptide/leptin ratio was higher in T2D patients with normal nutritional 

status without obesity, the differences being significant vs. the two groups with obesity (with 

or without malnutrition, 0.71 ± 0.53, 0.42 ± 0.33, and 0.49 ± 0.68, respectively). HOMA-IR was 

lower in patients with normal nutritional status without obesity vs. those with obesity (mean dif-

ference: –0.7126, p <0.05), while in patients with mild malnutrition, HOMA-IR values were high-

er, but no differences were noted between the groups with or without obesity. Conclusion: In 

patients with T2D, malnutrition associated with lower triglycerides concentrations, even in the 

presence of obesity. Malnutrition and/or obesity associated with higher HOMA-IR, serum leptin 

levels and lower C peptide/leptin ratio.
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BACKGROUND

Malnutrition has emerged as a serious health issue, mainly in hospitalized pa-
tients, because it is associated with a poorer overall prognosis.1,2 It occurs as a 
result of an inadequate diet with improper quantities and/or quality of nutri-
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ents, malabsorption, or disease-related metabolic changes 
such as increased nutrient losses.3 Malnutrition increases 
the risk of acute and chronic diseases, including osteopo-
rosis or cardio-metabolic diseases, and alters the immune 
and muscular functions.4 As a consequence, patients are at 
increased risk of infections or other complications such as 
impaired wound healing.5 This might be particularly rel-
evant for patients with type 2 diabetes (T2D), since they 
are already at increased risk of chronic complications due 
to hyperglycemia. In fact, both conditions can have serious 
health implications.

Some reports indicate that up to a third of T2D patients 
admitted to the hospital are malnourished, and this is asso-
ciated with a longer hospitalization and a higher mortality 
risk.3,6 On the other hand, diabetes has been identified as a 
risk factor for malnutrition in hospitalized patients.7 How-
ever, there is little data regarding malnutrition in patients 
with T2D outside hospital facilities.

In this study we aimed to evaluate the risk of malnutri-
tion and associated metabolic changes in ambulatory pa-
tients with T2D by using validated nutrition scores. 

Material and methods 

Study population

This was an analysis of data obtained in a larger cross-sec-
tional study that evaluated the role of leptin and leptin resis-
tance in non-alcoholic fatty liver disease and in depression, 
in subjects with T2D. The study included adult patients 
with T2D, diagnosed according to the American Diabe-
tes Association (ADA) criteria and older than 30 years of 
age.8 Patients attended the Diabetes Outpatient Unit of 
the Emergency Clinical County Hospital of Tîrgu Mureş 
for regular checkups and were recruited in the study dur-
ing 2017. Details regarding study participants, materials, 
and methods have been published previously.9 The study 
was approved by the Ethics Committee of the University 
of Medicine and Pharmacy of Tîrgu Mureș, and all partici-
pants signed an informed consent before being enrolled.

Apart from demographic and clinical data (which in-
cluded medical history, and measurement of blood pres-
sure [BP] and pulse), several anthropometric parameters 
were also obtained by standard methods (weight, height, 
waist circumference, hip circumference, and four skinfolds 
that evaluated subcutaneous adipose tissue [subscapular, 
suprailiac, biceps, triceps]). 

Several laboratory data were used in the analysis. Blood 
samples were collected after an overnight fast, in clot ac-
tivator tubes (and aliquots stored at –80°C for subsequent 

analysis) and separately, on EDTA tubes for glycated hemo-
globin (HbA1c) and complete blood count (CBC) analysis. 
The metabolic panel included blood glucose (measured by 
glucose-oxidase method), HbA1c (analyzed according to 
the DCCT-standardized and NGSP-certified [%] method, 
based on turbidimetric inhibition immunoassay), lipid pro-
file (total cholesterol, high-density lipoprotein [HDL] cho-
lesterol, triglycerides), C-peptide (measured by a competi-
tive chemiluminescent enzyme immunoassay on Immulite 
2000, Diagnostic Products Corporation, USA), serum 
leptin and soluble form of leptin receptor (sObR, measured 
by sandwich enzyme-linked immunosorbent assay [ELI-
SA] on a DSX ELISA automated analyzer, Dynex Tech-
nologies, Inc. USA). Serum albumin was also measured 
on Cobas Integra 400 plus (Roche Diagnostic, Germany), 
together with HbA1c and lipids. The CBC was analyzed on 
a 5-differential hematology analyzer.

Calculations

Several metabolic and anthropometric parameters were 
calculated. Low-density lipoprotein (LDL) cholesterol 
concentrations were calculated with the Friedewald for-
mula and the Free Leptin Index (FLI), basically an estimate 
of leptin resistance, by using the ratio of leptin and sObR 
values.10 The Homeostasis Assessment Model (HOMA) 
calculator version 2.2.3 was used to estimate β-cell function 
(HOMA-B) and insulin resistance (HOMA-IR), by input-
ting fasting blood glucose and C-peptide values.11 The waist-
to-hip ratio (WHR), Σ4SF (the sum of 4 skinfolds), and the 
body mass index (BMI) were calculated. The percentage of 
body fat (BF) was estimated using the Durnin & Womersley 
and Siri equations.12 The total body fat mass (TBFM) was 
calculated using the formula weight × %BF/100, and the 
non-fat mass (NFM) by the difference between weight and 
TBFM. The daily resting energy expenditure (REE) was es-
timated using the Harris-Benedict formula.13

The nutritional status was evaluated with the widely 
used and validated Controlling Nutritional Status (CO-
NUT) score, which employs a scoring system based on 
serum albumin levels, total cholesterol concentrations, 
and total lymphocyte count.14 A total CONUT score of 
0–1 points indicates a normal nutritional status, 2–4 points 
indicate mild malnutrition, 5–8 points are indicative of 
moderate malnutrition, while 9–12 points indicate severe 
malnutrition.14 In addition, the Prognostic Nutritional In-
dex (PNI) was calculated using the formula: 10 × serum 
albumin (g/dL) + 0.005 × total lymphocyte (count/μL).15 
A score of 38 or more is indicative of normal nutritional 
status and below 35 of severe malnutrition.15
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Statistical analysis

Descriptive statistics was calculated for all variables. They 
were expressed as mean ± SD or median (min-max) (con-
tinuous variables) or as frequency (%) (categorical vari-
ables). Student’s t-test, Mann-Whitney, ANOVA, or Krus-
kal-Wallis tests were used to compare means or medians 
between groups, and the Dunn or the Bonferroni post-
tests were employed to identify groups between which 
there were significant differences. Fisher’s exact test was 
used for analysis of categorical variables. The correlations 
between variables were tested using Pearson’s and Spear-
man’s tests, respectively, and data are presented as r (95% 
confidence interval [CI]). The tests were two-tailed, and 
statistical significance was set at p <0.05. GraphPad InStat3 
was employed for analysis.

Results

Data from 161 patients with T2D was analyzed and clas-
sified as having normal nutritional status (CONUT score 
0–1 points) (70.2%) or mild malnutrition (CONUT score 
2–4 points) (29.8%). No patient presented a CONUT 
score ≥5 points. There were no differences with regards to 
age (63.4 ± 8.0 years vs. 65.9 ± 6.6 years), gender distribu-
tion (66.4% vs. 72.9% females) and diabetes duration (6.0 

[0.0–21.0] years vs. 5.5 [0.0–27.0] years) between the two 
groups (p: NS for all). Their BP values (129.7 ± 14.1/76.0 
± 9.7 mmHg vs. 128.7 ± 16.3/73.4 ± 9.5 mmHg) and their 
pulse (74.7 ± 11.5 b/min vs. 73.0 ± 10.1 b/min) were simi-
lar (p: NS for all). The group with mild malnutrition ac-
cording to the CONUT score also had significantly lower 
PNI values (52.3 ± 4.5 vs. 55.0 ± 3.6, p <0.0001).

Metabolic data

The CONUT score correlated negatively with LDL cho-
lesterol concentrations (–0.78, 95%CI –0.84 to –0.71, 
p <0.0001), triglycerides (–0.24, 95%CI –0.39 to –0.08, 
p <0.01) (Figure 1A), HDL cholesterol (–0.23, 95%CI 
–0.37 to –0.07, p <0.01), and C peptide/leptin ratio 
(–0.16, 95%CI –0.31 to 0.001, p <0.05) and positively 
with leptin (0.21, 95%CI 0.05 to 0.36, p <0.01), FLI (0.23, 
95%CI  0.08 to 0.38, p <0.01), HOMA-B (0.17, 95%CI 
0.006 to 0.32, p <0.05), and REE (0.18, 95%CI 0.02 to 
0.33, p <0.05). 

The correlations of PNI with metabolic markers were 
additionally studied in order to verify the results. The PNI 
score correlated positively with triglycerides (0.28, 95%CI 
0.12 to 0.42, p <0.001) and negatively with leptin levels 
(–0.19, 95%CI –0.34 to –0.03, p <0.05) and FLI (–0.17, 
95%CI  –0.32 to –0.01, p <0.05).

TABLE 1.  Metabolic parameters in patients with T2D with or without mild malnutrition

CONUT score 0–1
(normal nutrition status)

(n = 113)

CONUT score 2–4
(mild malnutrition)

(n = 48)

p value

HbA1c (%) 6.4 (5.2–12.4) 6.5 (5.1–9.7) NS

Fasting blood glucose (mg/dL) 138 (64–297) 136 (84–267) NS

Total cholesterol (mg/dL) 175.7 (140.0–326.5) 128.1 (91.7–200.6) <0.0001

HDL cholesterol (mg/dL) 46.9 ± 13.0
44.5 (24.0–81.7)

43.5 ± 9.7
41.6 (27.2–66.0)

NS

Triglycerides (mg/dL) 165.7 ± 84.3
143.6 (47.7–434.9)

124.8 ± 42.3
119.8 (56.7–234.3)

<0.01

LDL cholesterol (mg/dL) 104.9 ± 30.6
99.7 (53.3–217.7)

62.7 ± 20.0
61.0 (27.5 –12.1)

<0.0001

C-peptide (ng/mL) 2.89 ± 1.34
2.67 (0.33–6.52)

3.17 ± 1.71
2.96 (0.29–7.06)

NS

HOMA-B (%) 70.5 ± 31.1 83.3 ± 38.5 <0.05

HOMA-IR 2.52 ± 1.19
2.38 (0.45–5.92)

2.65 ± 1.42
2.4 (0.43–6.06)

NS

Leptin (ng/mL) 7.3 (0.9–49.8) 10.2 (1.6–44.9) <0.05

FLI 0.36 (0.01–3.98) 0.65 (0.04–2.88) <0.05

C-peptide/leptin ratio 2.91 (0.40–27.11) 3.40 (0.31–20.81) NS

REE (kcal/day) 1,052.3 ± 198.1
1,080.2 (598.4–1,673.0)

1,121.9 ± 204.1
1,111.2 (592.6–1,821.8)

<0.05

FLI – free leptin index; REE – resting energy expenditure. Data are presented as mean ± SD and/or median (min-max).
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There were no significant differences between the two 
CONUT groups with regards to fasting blood glucose, 
HbA1c, or HDL cholesterol levels, but triglycerides and 
LDL cholesterol concentrations were lower in the mild 
malnutrition group (124.8 ± 42.3 mg/dL vs. 165.7 ± 84.3 
mg/dL, p <0.01 and 62.7 ± 20.0 mg/dL vs. 104.9 ± 30.6 
mg/dL, p <0.0001, respectively) (Table 1, Figure 2A). Ad-
ditionally, although there were no significant differences 
between C-peptide concentrations (2.89 ± 1.34 ng/mL vs. 
3.17 ± 1.71 ng/mL, p: NS), patients with mild malnutri-
tion had higher HOMA-B values, as well as higher leptin 
(Figure 2B) and FLI values, indicative of higher leptin re-
sistance (Table 1). However, when C-peptide values were 
divided with leptin values, the difference was no longer 
significant (p: NS) (Table 1). The two groups presented 
similar insulin resistance (HOMA-IR). 

Anthropometric data

The CONUT score correlated positively with weight (0.18, 
95%CI 0.02 to 0.33, p <0.05), BMI (0.23, 95%CI 0.08 to 
0.38, p <0.01), waist (0.26, 95%CI 0.11 to 0.41, p <0.001), 
hip circumference (0.23, 95%CI 0.07 to 0.37, p <0.01 ), 
%BF (0.16, 95%CI 0.004 to 0.31, p <0.05 ), TBFM (0.24, 
95%CI 0.08 to 0.38, p <0.01) (Figure 1B), and Σ4SF (0.19, 
95%CI 0.04 to 0.34, p <0.05). The PNI correlated negative-
ly only with the hip circumference (-0.17, 95%CI –0.32 to 
–0.01, p <0.05). 

Although the total body weight and NFM were similar 
between the two groups, contrary to our expectations, 
T2D patients with mild malnutrition had higher BMI val-
ues (34.1 ± 4.8 kg/m2 vs. 32.2 ± 5.0 kg/m2, p <0.01) (Fig-
ure 2C) and a higher proportion of them presented obesity 

TABLE 2.  Anthropometric parameters in patients with T2D with or without mild malnutrition

CONUT score 0–1
(normal nutrition status)

(n = 113)

CONUT score 2–4
(mild malnutrition)

(n = 48)

p value

Weight (kg) 80.5 (55.5–136.5) 85.7 (62.0–157.0) NS

BMI (kg/m2) 32.2 ± 5.0
31.8 (21.7–49.5)

34.2 ± 4.8
33.2 (25.8–49.6)

<0.01

Waist circumference (cm) 105.5 ± 11.1 109.8 ± 11.3 <0.05

Hip circumference (cm) 107.1 ± 9.0
106.0 (91.5–142.0)

110.4 ± 9.0
109.0 (97.0–142.0)

<0.05

WHR 0.98 ± 0.07 0.99 ± 0.06 NS

%BF 41.4 (14.1–51.6) 42.3 (22.3–47.8) NS

TBFM (kg) 31.4 ± 9.8 34.8 ± 8.4 <0.05

NFM (kg) 47.3 (34.8–83.5) 49.5 (35.9–102.4) NS

Σ4SF (mm) 97.1 ± 28.4 104.8 ± 22.7 NS

BMI – body mass index; WHR – waist-to-hip ratio; %BF – % body fat; TBFM – total body fat mass; NFM – non-fat mass, Σ4SF – sum of four skinfolds. 
Data are presented as mean ± SD and/or median (min-max).

FIGURE 1.  CONUT score correlations with serum triglyceride levels (A) and total body fat mass (TBFM) (B). Data is presented as r (95%CI). 
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(87.5% vs. 60.2%, p <0.001). T2D patients with mild mal-
nutrition had higher body adiposity (TBFM, waist and hip 
circumferences, p <0.05 for all) (Table 2). 

The impact of malnutrition and obesity on 
metabolic and anthropometric parameters

In order to better discern the impact of obesity and mal-
nutrition on metabolic changes, we have further divided 

the two CONUT groups according to the presence of obe-
sity (BMI < or ≥30 kg/m2) and have delineated four sub-
groups: normal nutritional status without obesity (Group 
1) or with obesity (Group 2), and mild malnutrition with-
out obesity (Group 3) or with obesity (Group 4). 

There was a significant difference in triglyceride val-
ues between the four groups (p <0.05, Table 3). Patients 
with obesity without malnutrition had significantly high-
er triglyceride concentrations than those with obesity 

FIGURE 2.  Serum triglyceride concentrations (A), serum leptin concentrations (B), and BMI (C) in patients with T2D with or without mild 

malnutrition. Data are presented as mean ± SE. 

TABLE 3.  Metabolic and anthropometric variables in T2D patients with/without obesity and with/without mild malnutrition, respectively

Group 1
CONUT score 0–1

BMI <30 kg/m2

(n = 45)

Group 2
CONUT score 0–1

BMI ≥30 kg/m2

(n = 68)

Group 3
CONUT score 2–4

BMI <30 kg/m2

(n = 6)

Group 4
CONUT score 2–4

BMI ≥30 kg/m2

(n = 42)

p value

HbA1c (%) 6.3 (5.2–12.4) 6.5 (5.3–10.3) 6.0 (5.4–6.5) 6.5 (5.1–9.7) NS

Fasting blood glucose (mg/dL) 138.0 (64.0–297.0) 138.5 (99.0–289.0) 128.5 (84.0–165.0) 136.0 (88.0–267.0) NS

Triglycerides (mg/dL) 121.1 (47.7–434.8) 156.5 (65.1–375.5)* 98.4 (69.8–184.2) 120.4 (56.7–234.3)* 0.01

HDL cholesterol (mg/dL) 49.6 ± 14.4 45.1 ± 11.8 40.1 ± 7.9 44.0 ± 9.9 NS

LDL cholesterol (mg/dL) 109.4 ± 28.5$$ 101.9 ± 31.8** 79.5 ± 24.8 60.5 ± 18.4$$** <0.0001

Leptin (ng/ml) 5.1 ± 3.7
3.8 (0.9–18.4)¶¶$$

11.6 ± 7.9
10.9 (2.3–49.8)¶¶

9.2 ± 9.6
7.0 (1.6–27.5)

12.1 ± 7.9
10.4 (1.7–44.9)$$

<0.0001

FLI 0.24 ± 0.22
0.15 (0.01–1.18)¶¶$$

0.72 ± 0.6
0.58 (0.06–2.98)¶¶^

0.25 ± 0.25

0.17 (0.04–0.69)^#

0.78 ± 0.6
0.71 (0.09–2.88)$$#

<0.0001

C peptide (ng/ml) 2.39 ± 1.11¶ 3.22 ± 1.39¶ 3.01 ± 1.80 3.19 ± 1.73 <0.05

HOMA-B (%) 60.6 ± 26.0$$ 77.0 ± 32.5 84.3 ± 21.6 83.2 ± 40.5$$ <0.01

HOMA-IR 2.08 ± 0.99¶ 2.80 ± 1.23¶ 2.55 ± 1.52 2.67 ± 1.43 <0.05

C peptide/leptin ratio 0.71 ± 0.53
0.60 (0.06–2.49)¶$

0.42 ± 0.33
0.28 (0.04–1.4)¶

0.53 ± 0.41
0.47 (0.09–1.21)

0.49 ± 0.68
0.29 (0.05–3.19)$

<0.01

REE (kcal/day) 913.5 ± 161.3¶¶$$ 1,144.2 ± 164.4¶¶^^ 895.9 ± 162.8^^## 1,154.2 ± 189.7$$## <0.0001

Waist circumference (cm) 97.3 ± 7.0¶¶$$ 110.9 ± 10.0¶¶^ 97.8 ± 7.6^# 111.6 ± 10.8$$# <0.0001

Hip circumference (cm) 100.5 ± 5.1¶¶$$ 111.5 ± 8.3¶¶^ 100.0 ± 3.2^# 111.9 ± 8.6$$# <0.0001

TBFM (kg) 24.6 ± 6.2¶¶$$ 35.9 ± 9.2¶¶^ 25.1 ± 5.0^# 36.2 ± 7.9$$# <0.0001

NFM (kg) 44.6 (34.8–68.2)¶ 47.8 (40.2–83.5)¶ 42.5 (35.9–66.6) 49.8 (39.5–102.4) <0.01

%BF 37.9 (14.1–45.5)¶¶$$ 43.1 (21.7–51.6)¶¶ 40.8 (22.3–42.2) 42.6 (24.0–47.8)$$ <0.0001

Σ4SF (mm) 78.8 ± 20.6¶¶$$ 109.2 ± 26.4¶¶^ 82.8 ± 15.9^ 107.9 ± 21.8$$ <0.0001

FLI – free leptin index; REE – resting energy expenditure; %BF – % body fat; TBFM – total body fat mass; NFM – non-fat mass; Σ4SF – sum of four skinfolds. Data are presented as mean ± SD and/
or median (min-max).

* Group 2 vs. Group 4: p <0.05; ** Group 2 vs. Group 4: p <0.001; $$ Group 1 vs. Group 4: p <0.001; ¶¶ Group 1 vs. Group 2: p <0.001; ^ Group 2 vs. Group 3: p <0.05; # Group 3 vs. Group 4: p <0.05;  
¶ Group 1 vs. Group 2: p <0.05; $ Group 1 vs. Group 4: p <0.01; ## Group 3 vs. Group 4: p <0.01; ^^ Group 2 vs. Group 3: p <0.01
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and mild malnutrition (mean difference: 27.26 mg/dL, 
p <0.05) (Figure 3A). There were also significant differ-
ences between the four groups with regards to FLI and 
several anthropometric parameters (Table 3), but this 
mostly reflected the presence of obesity. Serum leptin lev-
els and HOMA-B were lower in T2D patients with normal 
nutritional status without obesity, while the C-peptide/
leptin ratio was higher, the differences being significant vs. 
groups 2 and 4 (with obesity) (Table 3, Figure 3B). Serum 
C-peptide concentrations and HOMA-IR were lower in 
T2D patients with normal nutritional status without obe-
sity vs. those with obesity (mean difference: –26.749 ng/
mL and –0.7126, respectively, p <0.05 for both), indicating 
higher insulin resistance in this group (Group 2), while in 
patients with mild malnutrition, the respective values were 
higher, but no differences were noted between the groups 
with or without obesity (Group 3 vs. Group 4) (Table 3, 
Figure 3C and 3D).

Discussion

This study evaluated the nutritional status of adult ambu-
latory patients with T2D by using the CONUT score, an 

index that reflects the immune function and nutritional 
status of the body and that has been mainly used in cardio-
vascular, hepatic, and oncologic diseases so far. 

The first finding of this study was that about a third of 
outpatients with T2D have mild malnutrition. Other stud-
ies also indicated an increased prevalence of malnutrition 
and malnutrition risk in patients with T2D, mainly elderly 
inpatients.3,16,17 The causes may be multiple. Advanced age 
or the presence of chronic complications, mainly diabetic 
nephropathy, have been shown to be associated with mal-
nutrition.17,18 T2D patients with diabetic nephropathy/
chronic kidney disease (CKD) may follow a diet with de-
creased protein intake as part of their disease management 
and on the other hand, CKD associates with elevated pro-
tein catabolism and protein malnutrition.19,20

Another observation in this analysis was that malnu-
trition was present even in patients with obesity. Usually, 
malnutrition is associated with underweight/weight loss, 
but certain features of malnutrition can occur even in sub-
jects with higher BMI. One of the studies mentioned above 
indicated that 15% of malnourished T2D patients were 
obese.17 Although at first sight this might be surprising, in 
fact, obesity and malnutrition are not reciprocally exclu-

FIGURE 3.  Differences in triglyceride concentrations (A), C-peptide/leptin ratio (B), HOMA-IR (C), and C-peptide (D) values in the four 

groups of patients with T2D: Group 1 – without malnutrition and without obesity; Group 2 – without malnutrition and with obesity; Group 

3 – with mild malnutrition and without obesity; Group 4 – with mild malnutrition and with obesity. Data are presented as mean ± SE. 
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sive. A study in a large population of critically ill adults has 
demonstrated that obese patients with malnutrition had 
poorer outcomes than obese patients without malnutri-
tion.21 In fact, it has been recognized that poor diets may 
provide sufficient energy to meet or even exceed the needs, 
but may lack the quality required for an optimal health sta-
tus, and may associate with subclinical nutrient deficien-
cies.22 Actually, excessive body fat may hide sarcopenia 
and/or altered immune function and induce false clinical 
judgment. Moreover, obesity and diabetes may be asso-
ciated with micronutrient deficiencies, such as thiamine, 
vitamin D, zinc, chromium etc., that play a role in glucose 
metabolism, insulin secretion, and signaling pathways.23 
Therefore, T2D patients with obesity should be evaluated 
for malnutrition as well.

We found that T2D patients with malnutrition had 
significantly lower triglycerides, even in the presence of 
obesity. Another study in elderly hypertensive subjects 
that used the CONUT scoring system to evaluate the nu-
tritional status reported similar results: triglyceride con-
centrations decreased with malnutrition severity.24 In both 
studies, patients with malnutrition also had lower LDL 
cholesterol levels.24 It could be argued however, that since 
the CONUT score uses total cholesterol values as a param-
eter for scoring, the findings could be biased. In a different 
study that evaluated the nutritional status of patients with 
acute myocardial infarction by using the PNI, the authors 
similarly reported that patients with malnutrition had low-
er levels of serum triglycerides.25 The causes are not en-
tirely clear, but it is possible that in malnutrition there is 
an impairment in the body’s ability to mobilize substrates, 
including triglycerides, and/or substrate malabsorption.

In addition, we found that patients with mild malnutri-
tion had higher HOMA-B, serum leptin concentrations 
and leptin resistance, but this could be related to higher 
body adiposity observed in this group. In order to deci-
pher the role of obesity, the data was further analyzed ac-
cording to both malnutrition and obesity status. In T2D 
patients with normal nutritional status, obesity was associ-
ated with higher insulin resistance, serum C-peptide, and 
leptin levels, and lower C-peptide/leptin ratio. Patients 
with mild malnutrition had higher values of HOMA-IR, 
serum C-peptide, and leptin concentrations, and lower C 
peptide/leptin ratio, but there were no significant differ-
ences between those with and without obesity, suggest-
ing that malnutrition per se may be associated with these 
changes. Animal data showed that chronic malnutrition is 
associated with insulin resistance, both through receptor 
and post-receptor defects.26,27 There is limited data in hu-
mans in this regard.

The study had several limitations. First, it was a single 
center evaluation, with relatively low number of patients 
with mild malnutrition (mainly the subgroup without obe-
sity). Moreover, no patient presented more severe degrees 
of malnutrition, which would have been helpful to better 
understand the metabolic changes associated with this 
condition. Second, it was a cross-sectional study, and the 
collection of prospective data would certainly add value. 
Third, perhaps different methods of nutritional assessment 
should be further employed in order to validate the results.

Conclusions

According to our results, in T2D patients, malnutrition is 
associated with lower triglyceride levels, even in the pres-
ence of obesity, and malnutrition and/or obesity is associ-
ated with higher HOMA-IR and serum leptin levels, and 
lower C peptide/leptin ratio.
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ABSTRACT

Background: Osteonecrosis of the jaw is an uncommon but serious complication related to 

oral and intravenous bisphosphonate (BP) therapy. Its pathogenesis is not well understood, 

and there are no universal protocols accepted to treat it. The aim of our study was to use the 

same questionnaire as four years ago to evaluate the awareness of dentists in Tîrgu Mureș 

regarding the dental treatments that can be applied in patients on BP therapy, and to assess 

how their knowledge on the subject has evolved over these years. Material and method: 

We used the same questionnaire-based study as four years ago among dentists in Tîrgu 

Mureș, raising important issues such as: is the patient asked about current or previous treat-

ments with BPs, do they perform surgical treatment in these patients, do they know under 

what conditions they can perform this treatment, or do they deem it necessary to contact the 

prescriber before surgical treatment. Results: One-hundred twenty questionnaires were re-

turned. The majority of respondents (n = 113, 94.2%) included the question regarding the use 

of BPs in their medical records. Of all respondents, 48 (40%) perform dental or surgical treat-

ments on patients undergoing BP therapy, 68 (56.7%) do not perform dental or surgical treat-

ments on these patients, and four of the respondents (3.3%) did not know the answer. One 

hundred (83.3%) respondents always contact the prescriber prior to surgery in these patients, 

regardless of how BPs are administered. Conclusions: According to the findings of the pres-

ent study, many of the respondent doctors have heard about BPs and their complications, but 

they are not aware of the fundamental concepts of bisphosphonate-related osteonecrosis 

of the jaw prevention and treatment protocols. In the absence of appropriate protocols, the 

quality of life of these patients is compromised. 
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Introduction

Bisphosphonate-related osteonecrosis of the jaw (BRONJ) 
is an uncommon but serious complication, reported for 
the first time by Marx in 2003.1 BRONJ is defined as ne-
crotic bone exposed in the maxillofacial region for at least 
eight weeks with no signs of healing in patients treated 
with bisphosphonates (BPs) and without head and neck 
radiation therapy in the present or the past.2 BPs are used 
in the treatment of Paget's disease, multiple myeloma, as 
well as osteolytic lesions associated with bony metastases 
and is the most prescribed therapy against osteoporotic 
pathology.

Due to the fact that BPs are not metabolized and accu-
mulate in the bone, the osteoclastic activity is interrupted 
by other inhibitors, such as denosumab and bevacizumab, 
and under conditions of bone trauma, the osteonecro-
sis of the jaw is likely to be triggered. The uncontrolled 
therapeutic effect of monoclonal antibodies and BPs in 
reducing osteoclast function may lead to osteonecrosis 
when a critical limit of at least 50% of the total cell mass 
is reached.3

Various studies attempted to elucidate why BP treat-
ment complications, such as inhibition of angiogenesis 
and apoptosis of osteoclasts, inhibition of bone remodel-
ing and bone turnover, inflammation, infection, or the vast 
variety of microorganisms in the oral flora, occur only at 
the level of the oral cavity.4–10

The actual incidence of BRONJ is uncertain; it depends 
on treatment indication, sample size, and the studied pop-
ulation, and varies from 0.028% to 18.6%.11,12

Administering BPs via the intravenous route has a high-
er risk of developing BRONJ, although oral treatment lon-
ger than three years may also increase this risk.2

A frequent trigger factor is represented by dentoalveolar 
procedures in patients undergoing intravenous BP treat-
ment. They are at least seven times more likely to develop 
osteonecrosis of the jaw than those who underwent intra-
venous BP treatment but are not subject to dentoalveolar 
surgery.13

Our study is focused on BRONJ, although other medi-
cations (denosumab, bevacizumab, cabozantinib, suni-
tinib) have also been associated with jaw osteonecrosis in 
2014 by the special committee of American Association 
of Oral and Maxillofacial Surgeons (AAOMS), who called 
this condition medication-related osteonecrosis of the jaw 
(MRONJ).14

In 2014, we carried out a questionnaire-based study 
among dentists in Tîrgu Mureș.15 At present, in June 2018, 
we intended to use the same questionnaire and assess how 
the dentists' knowledge regarding dental treatments in 

patients with current or previous BP therapy has evolved 
over these four years.

Material and method

In June 2018, we carried out a questionnaire-based study 
among dentists in Tîrgu Mureș. The questionnaire consist-
ed of the same 13 questions included in the previous study, 
conducted in 2014. 

A total of 26 questionnaires were handed personally to 
clinicians within the Faculty of Dentistry of Tîrgu Mureș, 
and the others were sent to dental practitioners using so-
cial networks. The respondents were dentists, residents, 
and specialists, who were asked to choose one of the an-
swers for every question. We asked whether the respon-
dents were residents or medical specialists in a branch 
of dentistry. We also asked whether they had knowledge 
about BPs and whether they deem it necessary to ask their 
patients about current or previous BP treatments. 

We considered it important to ask whether the respon-
dents knew that they performed dental treatments/dento-
alveolar surgery in patients who are/were treated with BPs 
and whether they know under what conditions they can 
perform tooth extractions or other dentoalveolar surgical 
treatments in patients treated with BPs.

An important aspect of the questionnaire was whether 
the respondents contacted the prescriber before perform-
ing a tooth extraction or dentoalveolar surgical treatment 
on a patient.

Statistical analysis was not carried out, as it was consid-
ered that it would not be helpful due to the large number 
of variants.

Results

The questionnaires were completed and returned by 120 
respondent clinicians. The results are presented and com-
pared with those from the 2014 study in Table 1. 

Discussions

In the last years, the number of BRONJ cases reported 
in the literature has increased.16–19 As far as we know, no 
study has been conducted in Romania yet to investigate 
the degree of dentists’ knowledge about BRONJ.

The present study was developed in order to evaluate 
the awareness of dentists in Tîrgu Mureș using the same 
questionnaire we used four years ago, and to determine 
whether their knowledge regarding BRONJ has improved 
in these four years.
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The majority of respondents (38.34%) had a dental prac-
tice for more than six years, and most of them (96.67%) 
heard about BP therapy, representing a 13.81% increase 
compared to the responses received in 2014. Regarding 
the pathologies recommended to be treated with BPs, 
most of the respondents (15.7%) mentioned osteoporo-

sis, 5.8% bone tumors, 4.1% bone metastases, and 1.65% 
mentioned chemotherapy. None of the respondents were 
aware of the use of BPs in the treatment of Paget’s disease. 
In the 2014 study, 5.81% knew about Paget’s disease and 
multiple myeloma, and they recognized osteoporosis as 
the main pathology to benefit from these drugs in a higher 

TABLE 1.  Comparison between questionnaire response distribution in 2018 vs. 2014

No. Question Answers Responses from 
2014, 70 respon-
dents

Responses from 
2018, 120 respon-
dents

1. For how long have you been practicing 
dentistry?

a) less than three years
b) three-six years
c) more than six years

a) 27.14%
b) 32.86%
c) 40%

a) 35%
b) 26.66%
c) 38.34%

2. Are you a resident doctor in a branch of den-
tistry?

a)	no
b)	resident in dentoalveolar surgery/maxillofa-

cial surgery
c)	other branches, please specify …............

a) 77.14%
b) 7.14%
c) 15.72%

a) 90%
b) 4.17%
c) 5.83%

3. Do you have a specialty in a branch of den-
tistry?

a)	no
b)	specialty in dentoalveolar surgery/maxillofa-

cial surgery
c)	other branches, please specify …............

a) 47.37%
b) 15.79%
c) 36.84%

a) 69.17%
b) 13.33%
c) 17.5%

4. Have you heard about bisphosphonate treat-
ment?

a) no
b) yes

a) 17.14%
b) 82.86%

a) 3.33%
b) 96.67%

5. Do you know in which pathology/pathologies is 
this treatment recommended?

a) no
b) yes, please specify …............

a) 25.71%
b) 74.29%

a) 5.83%
b) 94.17%

6. Do you ask about treatments with bisphospho-
nates while completing the patient’s medical 
history?

a) no
b) yes
c) not relevant in dentistry practice

a) 38.57%
b) 60%
c) 1.43%

a) 5.83%
b) 94.17%
c) 0%

7. Have you performed dental treatments/ dento-
alveolar surgery on a patient who was under/
has received bisphosphonate treatment?

a) no
b) yes
c) I do not know

a) 42.85%
b) 34.29%
c) 22.86%

a) 56.67%
b) 40%
c) 3.33%

8. Do you know whether complications of 
bisphosphonate treatment occur only in the 
oral cavity or in other parts of the body as well?

a) no
b) yes

a) 41.43%
b) 58.57%

a) 20.83%
b) 79.17%

9. Do you know what kind of manifestations occur 
in the oral cavity after treatment with bisphos-
phonates?

a) no
b) yes

a) 25.71%
b) 74.29%

a) 15.83%
b) 84.17%

10. Do you know under what conditions you can 
perform tooth extractions or other dentoalveo-
lar surgical treatments on patients treated with 
bisphosphonates?

a) no
b) yes
c) not relevant in dentistry practice

a) 48.57%
b) 50%
c) 1.43%

a) 11.67%
b) 85%
c) 3.33%

11. Do you contact the prescriber before surgery in 
a patient that needs a tooth extraction or other 
dentoalveolar surgery and is under bisphos-
phonate treatment?

a) no
b) yes
c) not relevant in dentistry practice

a) 12.86%
b) 85.71%
c) 1.43%

a) 10%
b) 86.67%
c) 3.33%

12. Do you think there are differences between the 
complications that occur after treatment with 
bisphosphonates administered intravenously 
or orally?

a) no
b) yes

a) 40%
b) 60%

a) 34.17%
b) 65.83%

13. Do you contact the prescriber before surgery in 
a patient who needs a tooth extraction or other 
dentoalveolar surgery and is under bisphos-
phonate treatment administered intravenously 
or orally?

a)	I do not contact the prescriber
b)	I contact the prescriber only in case of oral 

administration
c)	 I contact the prescriber only in case of intra-

venous administration
d)	I always contact the prescriber

a) 12.86%
b) 0%
c) 4.28%
d) 82.86%

a) 11.67%
b) 0%
c) 5%
d) 83.33%
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percentage (55.82%). None of the dentists who responded 
to the questionnaire in 2014 and 2018 knew about the us-
age of BPs in the treatment of malignant hypercalcemia 
and osteogenesis imperfecta. Dentists should know the 
mechanism of action of BPs due to their adverse effects: 
bone turnover is reduced, and the function of osteoclasts 
is inhibited, which leads to the reduction of bone remodel-
ing.2,20 The consequent necrosis of bone cells appears due 
to the inhibition of angiogenesis, another mechanism of 
action of BPs.2,5,14 The dentists’ knowledge will influence 
the attention given to the patient, the way they draw up the 
patients’ medical file, whether they ask about or recognize 
the medication. The majority of the respondents (94.17%) 
ask about a possible treatment with BPs while completing 
the patients' medical history. This is a step forward for the 
early identification of possible complications, especially as 
there is a significant increase from the 2014 questionnaire, 
where only 60% of the respondents had this question in 
their anamnesis.

In question number seven, a small percentage (3.33%) 
of respondents did not know if they performed surgical or 
dental treatments in patients who are/were treated with 
BPs. This percentage decreased compared to 22.86% ob-
tained in the 2014 questionnaire.

A percentage of 20.83% said they do not know if BP 
treatment complications occur only in the mouth. Den-
tists should be aware of the manifestations of BRONJ and 
their preferred area of occurence. BRONJ is more com-
mon in the posterior mandible than the maxilla, in a ratio 
of 2 : 1.2

It is critical for dentists to be prepared to treat these pa-
tients appropriately. Dentoalveolar surgeries represent the 
main local risk factors for BRONJ, especially tooth extrac-
tion acts as a trigger point in the development of BRONJ. 
Periodontal diseases and denture use are also considered 
potential risk factors.2,14

Our study revealed that 11.67% of the respondents do 
not know under what conditions they can perform tooth 
extractions or other dentoalveolar surgical treatments on 
patients treated with BPs, and 3.33% considered the sub-
ject is not relevant for dentistry practice.

Besides dental procedures, BRONJ is related to trauma 
to the mouth caused by incorrectly adjusted prostheses, 
oral infection, poor oral hygiene, diabetes, and smok-
ing.9,21–24

The percentage of respondents who contact the pre-
scribing physician before carrying out a tooth extraction 
or other dentoalveolar surgery in a patient with BP treat-
ment was similar in 2014 and 2018, 85.71% and 86.67% re-
spectively.

About one-third of the respondents, 34.17%, said there 
is no difference between the oral or intravenous adminis-
tration of BPs, but according to studies, the route of ad-
ministration affects the skeleton differently. Oral BPs are 
poorly absorbed and present less than one percent of bio-
availability, whereas BPs administered intravenously have 
maximum bioavailability.25

A large part of respondents, 100 from a total of 120 
(83.33%), answered that they always contact the prescrib-
er before dentoalveolar surgery in patients treated with 
BPs. The result is similar to the one from the 2014 ques-
tionnaire (82.86%). The percentage of those who never 
contact the prescriber before dental surgery has decreased  
only slightly, from 12.86% in 2014 to 11.67% in 2018, and 
due to these unsupervised procedures, the patients’ qual-
ity of life is compromised.

Conclusions

According to the findings of the present study, many of 
the respondent dentists have heard about BPs and related 
complications, but they are not aware of the fundamental 
concepts of BRONJ prevention and treatment protocols. 
Despite the limited size of the studied sample, the data 
are enough to affirm that the dentists' knowledge about 
BRONJ and the treatment of patients undergoing BP 
therapy improved over four years, but there are still many 
unknowns. The literature reveals many unknowns in the 
pathogenesis of the disease, and universal protocols are 
not established. Without appropriate protocols for preven-
tion and treatment, the patients' quality of life is affected. 
Dentists should be more prepared regarding the treatment 
of these patients and they should be aware that conserva-
tive attitudes are the most suitable for patients with a his-
tory of BP treatment. A complete medical history of the 
patient must be recorded carefully, and the treatment 
should be analyzed after contacting the prescriber. There-
fore, practical initiatives, such as lectures and workshops 
at conferences, or even flyers, should be taken seriously, 
to help strengthen knowledge in this domain. Preventing 
or minimizing the occurrence of BRONJ must be known 
among doctors who prescribe BPs, such as oncologists, 
endocrinologists, hematologists (referring patients to the 
dentist before starting a BP treatment), but to the same 
extent by maxillofacial surgeons or dentists whom the pa-
tient are addressing. 

Conflict of interest

The authors declare no conflict of interests.



172 Journal of Interdisciplinary Medicine 2018;3(3):168-172

References

1.	 Marx RE. Pamidronate (Aredia) and zoledronate (Zometa) induced 
avascular necrosis of the jaws: A growing epidemic. J Oral Maxillofac 
Surg. 2003;61:1115-1117.

2.	 Ruggiero SL, Dodson TB, Assael LA, et al. American association of 
oral and maxillofacial surgeons position paper on bisphosphonate-
related osteonecrosis of the jaws-2009 update. J Oral Maxillofac Surg. 
2009;67:2-12.

3.	 Pittman K, Antill YC, Goldrick A, Goh J, de Boer RH. Denosumab: 
Prevention and management of hypocalcemia, osteonecrosis of the jaw 
and atypical fractures. Asia Pac J Clin Oncol. 2017;13:266-276.

4.	 Ruggiero SL, Mehrotra B, Rosenberg TJ, Engroff SL. Osteonecrosis of the 
jaws associated with the use of bisphosphonates: a review of 63 cases. J 
Oral Maxillofac Surg. 2004;62:527-534.

5.	 Wood J, Bonjean K, Ruetz S, et al. Novel antiangiogenic effects of the 
bisphosphonate compound zoledronic acid. J Pharmacol Exp Ther. 
2002;302:1055-1061. 

6.	 Yamashita J, McCauley LK. Antiresorptives and osteonecrosis of the jaw. J 
Evid Base Dent Pract. 2012:S1:233-247.

7.	 Saia G, Blandamura S, Bettini G, et al. Occurrence of bisphosphonate-
related osteonecrosis of the jaw after surgical tooth extraction. J Oral 
Maxillofac Surg. 2010;68:797-804.

8.	 Conte Neto N, Spolidorio LC, Andrade CR, Bastos S, Guimarães A, 
Marcantonio ME Jr. Experimental development of bisphosphonate-related 
osteonecrosis of the jaws in rodents. Int J Exp Pathol. 2013;94:65-73. 

9.	 Marx RE, Sawatari Y, Fortin M, Broumand V. Bisphosphonate-Induced 
Exposed Bone (Osteonecrosis/Osteopetrosis) of the Jaws: Risk Factors, 
Recognition, Prevention, and Treatment. J Oral Maxillofac Surg. 
2005;63:1567-1575. 

10.	 Kumar SK, Gorur A, Schaudinn C, Shuler CF, Costerton JW, Sedghizadeh 
PP. The role of microbial biofilms in osteonecrosis of the jaw associated 
with bisphosphonate therapy. Curr Osteoporos Rep. 2010;8:40-48. 

11.	 Solomon DH, Mercer E, Woo SB, Avorn J, Schneeweiss S, Treister N. 
Defining the epidemiology of bisphosphonate-associated osteonecrosis 
of the jaw: prior work and current challenges. Osteoporosis International. 
2013;24:237-244.

12.	 Walter C, Al-Nawas B, Grotz KA, et al. Prevalence and risk factors of 
bisphosphonate-associated osteonecrosis of the jaw in prostate cancer 
patients with advanced disease treated with zoledronate. European 
Urology. 2008;54:1066-1072.

13.	 Badros A, Weikel D, Salama A, et al. Osteonecrosis of the jaw in multiple 
myeloma patients: Clinical features and risk factors. J Clin Oncol. 
2006;24:945.

14.	 Ruggiero SL, Dodson TB, Fantasia J, et al. American Association of 
Oral and Maxillofacial Surgeons position paper on medication-related 
osteonecrosis of the jaw – 2014 update. J Oral Maxillofac Surg. 
2014;72:1938-1956.

15.	 Albu IA, Petrovan C, Păcurar M, et al. Biophosphonate-Related 
Osteonecrosis of the Jaws: A Real Challenge for Dentists. Acta Medica 
Marisiensis. 2015;61:115-119.

16.	 Mercer E, Norton T, Woo S, Treister N, Dodson TB, Solomon DH. 
Ninety-one osteoporosis patients affected with bisphosphonate-related 
osteonecrosis of the jaw: a case series. Calcif Tissue Int. 2013;93:241-248.

17.	 Lazarovici TS, Yahalom R, Taicher S, Elad S, Hardan I, Yarom N. 
Bisphosphonate-related osteonecrosis of the jaws: a single-center study 
of 101 patients. J Oral Maxillofac Surg. 2009;67:850-855.

18.	 Nicolatou-Galitis O, Papadopoulou E, Sarri T, et al. Osteonecrosis of the 
jaw in oncology patients treated with bisphosphonates: prospective 
experience of a dental oncology referral center. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2011;112:195-202.

19.	 Hallmer F, Bjørnland T, Nicklasson A, Becktor JP, Andersson G. 
Osteonecrosis of the jaw in patients treated with oral and intravenous 
bisphosphonates: experience in Sweden. Oral Surg Oral Med Oral Pathol 
Oral Radiol. 2014;118:202-208.

20.	 Bauer JS, Beck N, Kiefer J, Stockmann P, Wichmann M, Eitner S. Awareness 
and education of patients receiving bisphosphonates. J Craniomaxillofac 
Surg. 2012;40:277-282.

21.	 Allen MR, Burr DB. The pathogenesis of bisphosphonate-related 
osteonecrosis of the jaw: so many hypotheses, so few data. J Oral 
Maxillofac Surg. 2009;67:61-70. 

22.	 Migliorati CA, Casiglia J, Epstein J, Jacobsen PL, Siegel MA, Woo 
SB. Managing the care of patients with bisphosphonate-associated 
osteonecrosis: an American Academy of Oral Medicine position paper. J 
Am Dent Assoc. 2005;136:1658-1668.

23.	 Ji X, Pushalkar S, Li Y, Glickman R, Fleisher K, Saxena D. Antibiotic effects 
on bacterial profile in osteonecrosis of the jaw. Oral Dis. 2012;18:85-95. 

24.	 Berti-Couto SA, Vasconcelos AC, Iglesias JE, Figueiredo MA, Salum FG, 
Cherubini K. Diabetes mellitus and corticotherapy as risk factors for 
alendronate-related osteonecrosis of the jaws: a study in Wistar rats. 
Head Neck. 2014;36:84-93.

25.	 Drake MT, Clarke BL, Lewiecki EM. The Pathophysiology and Treatment of 
Osteoporosis. Clin Ther. 2015;37:1837-1850.



Journal of Interdisciplinary Medicine 2018;3(3):173-180

CORRESPONDENCE

Emese Marton
Str. Gheorghe Marinescu nr. 50
540136 Tîrgu Mureș, Romania
Tel: +40 265 212 111
E-mail: emese.marton92@gmail.com

ARTICLE HISTORY

Received: August 7, 2018 
Accepted: September 3, 2018

Impact of Pulmonary Arterial Hypertension 
on Left Ventricular Function – a 
Comparative Study between Scleroderma 
and Coronary Artery Disease
Roxana Cucuruzac1, Emese Marton2,3, Roxana Hodas1,2,3, Ciprian Blendea1,2,3, Mirela Pirvu1, 

Annabella Benedek1,2,3, Theodora Benedek1,2,3

¹ University of Medicine and Pharmacy, Tîrgu Mureș, Romania

² Center of Advanced Research in Multimodality Cardiac Imaging, Cardio Med Medical Center, Tîrgu Mureș, Romania

³ Cardiac Critical Care Unit, Clinic of Cardiology, County Clinical Emergency Hospital, Tîrgu Mureș, Romania

ORIGINAL RESEARCH RHEUMATOLOGY // CARDIOLOGY 

� DOI: 10.2478/jim-2018-0028

ABSTRACT

Background: The impact of pulmonary arterial hypertension (PAH) on left ventricular perfor-

mance in patients with scleroderma is still unknown. This study aims to perform a comparative 

echocardiographic analysis of left ventricular function between two different etiological variet-

ies of PAH, namely PAH caused by systemic sclerosis as a representative of systemic inflam-

matory diseases and PAH caused by myocardial ischemia. Material and method: We conduct-

ed a prospective observational study on 82 patients, of which 36 were with documented PAH, 

with the systolic pressure in the pulmonary artery above 35 mmHg, and 46 were patients with 

normal pulmonary artery pressure. The study population was divided into two groups, based 

on the etiology of PAH: group 1 included patients diagnosed with scleroderma (n = 48); group 2 

included patients with coronary artery disease (n = 35). Patients from each group were divided 

into two subgroups based on the diagnosis of PAH: subgroup 1A – subjects with scleroderma 

and associated PAH (n = 20); subgroup 1B – subjects with scleroderma without PAH (n = 28); 

subgroup 2A – ischemic patients with associated PAH (n = 16); and subgroup 2B – patients 

with ischemic disease without PAH (n = 19). Results: A significant difference between LVEF 

values in patients with PAH versus those without PAH in the ischemic group (p = 0.023) was 

recorded. Compared to scleroderma subjects, ischemic patients presented significantly lower 

values of LVEF in both PAH and non-PAH subgroups (p <0.0001 and p <0.0001, respectively). 

Linear regression analysis between sPAP and LVEF revealed a significant negative correlation 

only for the ischemia group (r = –0.52, p = 0.001) and the scleroderma 2B subgroup (r = –0.51, 

p = 0.04). Tissue Doppler analysis of left ventricular function revealed a significant impact of 

PAH on left ventricular diastolic performance in the ischemic group. Conclusions: Compared 

to patients with coronary artery disease, those with scleroderma present a less pronounced 

deterioration of LVEF in response to pulmonary arterial hypertension. 
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Introduction

Pulmonary arterial hypertension (PAH), defined as an in-
crease in the average pulmonary artery pressure above 25 
mmHg, is triggered and maintained by a series of patho-
logical changes based on vascular remodeling and vaso-
constriction resulting from inflammatory phenomena and 
fibrosis, all of which ultimately result in increased pulmo-
nary vascular resistance.1 A number of studies have advo-
cated for the inflammatory pathogenesis of this pathology, 
identifying proinflammatory cytokines such as interleu-
kins, alpha tumor necrosis factor, and certain antibodies as 
promoters of PAH.2,3

The vascular remodeling process, invariably followed by 
increased pressure in the right side of the heart, ultimately 
leads to a series of constant changes in the right cavities, 
characterized by the appearance of right atrial remodeling, 
right ventricular hypertrophy, and tricuspid regurgitation. 
The association of this condition with myocardial ischemia 
or ventricular fibrosis leads to the development of right 
heart failure. Therefore, PAH resulting from the remod-
eling of distal pulmonary vessels leads invariably to death 
caused by advanced right heart failure. 

Clinically, the PAH patient is generally oligosymptomat-
ic until later stages, presenting progressive fatigue and pro-
gressive dyspnea or palpitations, which are unspecific and 
often overlooked. Symptoms that should raise alarm signals 
are syncope caused by exertion, or angina occurring as a 
result of left ventricular insufficiency. Clinical examinations 
identify in most cases the signs caused by increased pres-
sure in the right cavities: low pulse pressure, painful hepa-
tomegaly associated with hepatojugular reflux, turgescent 
jugular veins, ascites, and peripheral edema.4,5

The World Health Organization (WHO) classifies PAH 
in 5 etiological subgroups, as follows: subgroup 1 – idio-
pathic or familial PAH; subgroup 2 – PAH caused by left 
heart failure (systolic, diastolic or valvular); subgroup 3 
– PAH caused by respiratory diseases evolving with pul-
monary fibrosis, including bronchial asthma, pulmonary 
emphysema, chronic obstructive bronchopneumonia; 
subgroup 4 – PAH caused by chronic pulmonary thrombo-
embolism; subgroup 5 – unclear or multifactorial patho-
genetic mechanisms.6 At the same time, a pulmonary eti-
ology has been described in the literature, caused by left 
ventricular insufficiency, as the main cause for most cases 
of PAH.7

PAH is a frequent complication of several systemic au-
toimmune disorders such as scleroderma, studies showing 
that approximately 8–12% of patients with systemic scle-
rosis develop different degrees of PAH during the course 

of the disease.8–10 Furthermore, the resulting PAH is asso-
ciated with a significantly higher rate of complications and 
death compared to patients with other etiological forms 
of PAH, including those with idiopathic PAH.11–13 PAH in 
scleroderma occurs as a consequence of the progressive 
remodeling of distal lung vessels. Progression mechanisms 
are incompletely known, but common precursors are con-
sidered to be represented by endothelial inflammation and 
dysfunction, which ultimately determines a progressive 
increase in pulmonary vascular resistance and pulmonary 
arterial pressure, leading to pressure overload in the right 
chambers.14 

Left heart failure caused by ischemic coronary artery dis-
ease (CAD) is characterized by increased influx pressures 
in the left cavities, either due to alteration of the diastolic 
function or due to mitral valve insufficiency, which in turn 
causes post-capillary pulmonary hypertension or venous 
hypertension. This complex pathogenetic mechanism leads 
to dysfunction of the vascular endothelium and pulmonary 
vascular remodeling, which will inevitably lead to changes 
similar to those seen in patients with primary arterial pul-
monary hypertension.15–17 The impairment of left ventricle 
systolic function in patients with scleroderma is a contro-
versial issue in the literature, several studies identifying a 
reduced number of subjects with decreased left ventricular 
contractility.18 However, the left myocardium is frequent-
ly characterized by piecemeal fibrosis, secondary to both 
ischemia and immune inflammatory phenomena, which 
invariably leads to the alteration of diastolic function and, 
to some extent, also influences the systolic performance of 
the left heart.19,20 Regarding the alteration of diastolic func-
tion in myocardial ischemia, it is known that it leads to the 
alteration of myocardial relaxation, which is reversible by 
myocardial revascularization in the initial phase, but be-
comes permanent in the post-myocardial infarction phase, 
when an altered relaxation pattern appears in relation to the 
ventricular remodeling processes.21 

This study aims to perform a comparative echocardio-
graphic analysis of left ventricular function between two 
different etiological varieties of PAH, namely PAH caused 
by systemic sclerosis as a representative of systemic inflam-
matory diseases and PAH caused by myocardial ischemia.

Material and method	

We conducted a prospective observational study on 82 pa-
tients, of which 36 were patients with documented PAH, 
with a systolic pressure in the pulmonary artery above 35 
mmHg, and 46 were patients with normal pulmonary ar-
tery pressure.
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All patients were examined by 2D, Doppler, and tissue 
Doppler transthoracic echocardiography, and the follow-
ing parameters were assessed: (a) for left heart cavities: left 
ventricular ejection fraction (LVEF), left atrium diameter, 
LV end-systolic/diastolic diameter, E/A ratio, DT, tissue 
Doppler (e’ septal and e’ lateral); (b) for right heart cavities: 
systolic pulmonary artery pressure (sPAP). Images were 
obtained from parasternal, apex, and subcostal views. The 
noninvasive assessment of sPAP was determined based on 
the peak velocity of the continuous Doppler tricuspid re-
gurgitation wave, followed by the Bernoulli equation and 
adding the estimated right atrial pressure. Valvular regur-
gitation was evaluated using the Doppler color function. 
The LVEF was evaluated using the Simpson formula based 
on two-dimensional LV images during systole and diastole 
from apical views of 4 and 2 chambers. Mitral valve flow 
assessment was performed to quantify the following pa-
rameters: maximum velocity of early diastolic filling (E), 
maximum velocity of late diastolic filling by atrial contrac-
tion (A), and deceleration time of the E wave (DT). Tissue 
Doppler analysis was performed at the level of the mitral 
annulus, from apical 4 chambers view, to assess early dia-
stolic velocity at the lateral ring (E’ lateral) and early septal 
diastolic velocity (E' septal). All measurement values were 
obtained as an average of more than 3 heart cycles. All 
echocardiographic examinations were performed with a 
Vivid E9 echocardiographic equipment (General Electric 
Vingmed Ultrasound, Horten, Norway).

Statistical analysis was performed using the GraphPad 
Prism 7 software. To test the distribution of numerical 
data, the D’Agostino Pearson normality test was used; nu-
merical data was expressed as mean ± standard or median 
deviation when appropriate, and qualitative data was ex-
pressed as numerical value and percentage. The Spearman 
or Pearson coefficient was used to illustrate linear corre-
lation and regression analysis. The t test was used for the 
analysis of the two groups regarding non-pair continuous 
variables. The specific variables were compared using the 
chi-square test, and a p value below 0.05 was considered 
statistically significant. 

This study was conducted in accordance with the revised 
version of the Helsinki Declaration. The study was conduct-
ed under the approval of the Ethics Commission of SCJU 
Tîrgu Mureş No. 17345/09.07.2018. Written informed con-
sent was obtained from each patient prior to enrolment. 

The study population was divided into two groups, 
based on the etiology of PAH: group 1 included patients 
diagnosed with scleroderma (n = 48); group 2 included 
patients diagnosed with CAD (n = 35). Patients of each 
group were divided into two subgroups based on the di-

agnosis of PAH: subgroup 1A – subjects with scleroderma 
associated with PAH (n = 20); subgroup 1B – subjects with 
scleroderma without PAH (n = 28); subgroup 2A – isch-
emic patients with associated PAH (n = 16); and subgroup 
2B – patients with ischemic disease without PAH (n = 19). 

Results

General characteristics of the study population

From 82 study patients, 48 presented scleroderma (58.53%), 
and 35 (42.68%) presented CAD. In total, 36 patients were 
diagnosed with PAH, of which 20 (subgroup 1A – 41.66%) 
with scleroderma and 16 (subgroup 2A – 45.71%) with 
myocardial ischemia. There were no significant differences 
between groups regarding the body mass index (BMI, p = 
0.8), or chronic tobacco use (p = 0.7). However, patients 
in the first group presented a significantly higher number 
of female subjects (p = 0.001) and a higher mean age (p = 
0.009) compared to group 2 (Table 1).

LVEF and PAH

We found no statistically significant differences between 
the subgroups of scleroderma patients in terms of LVEF 
(p = 0.2182). However, there was a significant difference 
between LVEF values in patients with PAH versus those 
without PAH in the ischemic group (p = 0.023) (Figure 1). 
Moreover, when compared to subjects with scleroderma, 
ischemic patients presented significantly lower values of 
LVEF in both the PAH and the non-PAH subgroups (p 
<0.0001 and p <0.0001, respectively) (Figure 2). Linear re-
gression analysis between sPAP and LVEF revealed a sig-
nificant negative correlation only for the ischemia group (r 
= –0.52, p = 0.001) and the scleroderma 2B subgroup (r = 
–0.51, p = 0.04) (Table 2).

Tissue Doppler analysis of left ventricular function

Regarding the results of tissue Doppler measurements, a 
significant negative correlation was obtained between the 

TABLE 1.  General characteristics of the study population

Scleroderma CAD p value

Age (years) 49.7 ± 6.4 57.5 ± 5.3 0.009

Female gender 67% 37% 0.001

BMI 24.7 25.6 0.8

Smoking 40% 45% 0.7
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septal E’ value and the sPAP value for the main group of 
ischemic patients (r = –0.52, p = 0.0013). In the ischemic 
group, we found a negative correlation between the septal 
E’ value and the sPAP (r = –0.44, p = 0.08) for the PAH 
subgroup and a positive correlation (r = 0.08, p = 0.85) 
for the 2B subgroup, both without statistical significance. 

Among patients with scleroderma, a weak positive corre-
lation between E’ lateral and sPAP was obtained for both 
the main group (r = 0.04, p = 0.85) and subgroup 1B (r 
= 0.03, p = 0.89). In contrast, scleroderma and PAH pa-
tients showed a poor negative correlation between sPAP 
and septal E’, with no statistical significance (r = –0.09, p 
= 0.6) (Figure 3). 

Analysis of left ventricular diastolic function

Regarding the correlations between the E/A ratio and sPAP, 
only the subgroup of ischemic PAH patients showed a sta-
tistically significant positive correlation (r = 0.48, p = 0.05). 
Neither the main group of ischemic patients (r = 0.21, p = 
0.21), nor the subgroup of patients without PAH (r = –0.34, 
p = 0.15) showed any significant correlations. Among the 
patients with scleroderma, no significant correlations were 
found between the E/A ratio and sPAP for the main group 

TABLE 2.  Correlations between sPAP and LVEF in the study 

groups and subgroups

Group r p value

Scleroderma 0.11 0.43

Ischemia –0.52 0.001

Scleroderma and PAH –0.26 0.15

Scleroderma without PAH –0.51 0.04

Ischemia and PAH –0.45 0.08

Ischemia without PAH –0.37 0.11

FIGURE 1.  LVEF in patients with PAH vs. patients without PAH in the scleroderma group (A) and in the ischemic group (B)

FIGURE 2.  LVEF in the scleroderma group vs. the ischemic group in patients with PAH (A) and without PAH (B)
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(r = 0.23, p = 0.12), or for the subgroups (r = 0.20, p = 0.29 
– subgroup 1B; r = –0.44, p = 0.08) (Figure 4). 

Concerning the E-wave DT, the patients from the sclero-
derma group did not present any significant correlations 
with sPAP in the main group (r = –0.23, p = 0.13), neither 
in the subgroups with (r = 0.20, p = 0.49) or without PAH 
(r = 0.14, p = 0.46). Patients in the ischemic group showed 
a negative correlation between DT and sPAP (r = –0.25, p 
= 0.17), a positive correlation in the two subgroups: with 
PAH (r = 0.09, p = 0.73) and without PAH (r = 0.01, p = 
0.95), but without reaching the statistical threshold. Fol-
lowing the comparison of the mean DT value, a statistically 
significant difference was obtained between the study sub-
groups (subgroup 1A 175 ± 11, subgroup 1B 208 ± 10, sub-
group 2A 190 ± 4, subgroup 2B 190 ± 3, p = 0.01) (Figure 5).

Discussions

The purpose of this study was to evaluate systolic and dia-
stolic ventricular function in scleroderma patients com-
pared to those with ischemic heart disease. In this respect, 
we compared left ventricular systolic and diastolic function 
for two disorders involving different pathophysiological 
mechanisms. Myocardial ischemia episodes are common 
in the development of scleroderma, not due to epicardial 
coronary artery stenosis, but to microvascular dysfunc-
tion, since vascular lesions specific to scleroderma lead to 
a major alteration of the microcirculation.22,23 Moreover, 
we attempted a comparative analysis between subgroups 
with and without PAH in each of the main study groups, 
since beyond the impact of PAH on the structure of the 
heart and independent of it, myocardial damage is well-

FIGURE 3.  Correlation between tissue Doppler indexes (E` septal and E` lateral) and PAPs in the study groups. A – correlation between 

E’ septal value and the sPAP in patients with scleroderma; B – correlation between E’ septal value and the sPAP in patients with coronary 

artery disease; C – correlation between E’ lateral value and the sPAP in patients with scleroderma; D – correlation between E’ lateral 

value and the sPAP in patients diagnosed with coronary artery disease; E – correlation between E’ septal value and the sPAP in patients 

with SS(+) PAH(+); F – correlation between E’ septal value and the sPAP in patients with SS(+) PAH(–); G – correlation between E’ lateral 

value and the sPAP in patients with SS(+) PAH(+); H – correlation between E’ lateral value and the sPAP in patients with SS(+) PAH(–); I – 

correlation between E’ septal value and the sPAP in patients with Isch(+) PAH(+); J – correlation between E’ septal value and the sPAP in 

patients with Isch(+) PAH(–); K – correlation between E’ lateral value and the sPAP in patients with Isch(+) PAH(+); L – correlation between 

E’ lateral value and the sPAP in patients with Isch(+) PAH(–)
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known both for ischemic patients and for those diagnosed 
with scleroderma.

The impairment of LVEF in patients with scleroderma 
is still a controversial issue in the literature, studies identi-
fying a low percentage of subjects with impaired ventricu-
lar contractility.24 About 40% of patients with scleroderma 
show relaxation disorders.25 The results of this study re-
vealed, as expected, a significantly more depressed ejec-
tion fraction among ischemic patients. A lower LV systolic 
function was observed in ischemic subjects, both when 
comparing the two large groups and the subgroups of the 
study. Ischemic subjects with PAH had the most depressed 
LVEF, followed by ischemic patients without PAH. There 

was also a significant difference among patients with 
scleroderma, where the associated PAH included a signifi-
cant impairment of LV systolic performance. In addition, 
the same type of correlation was present for patients with 
non-PAH scleroderma, indicating that beyond the de-
preciating impact of PAH on LVEF, intrinsic myocardial 
dysfunction in scleroderma plays an important role in left 
ventricular systolic function. 

It is known that myocardial ischemia leads to the altera-
tion of the myocardial relaxation process, which is revers-
ible in the early phases by restoring normal myocardial 
flow.15–17 Diastolic dysfunction occurs from the first mo-
ments of myocardial ischemia, characterized by a specific 

FIGURE 4.  Correlation between the E/A index and PAPs in the study groups. A – patients 

with scleroderma; B – patients with coronary artery disease; C – patient with SS(+) PAH(+); D – 

patients with SS(+) PAH(–); E – patients with Isch(+) PAH(+); F – patients with Isch(+) PAH(–)
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pattern of altered relaxation, whereas in the post-myocar-
dial infarction phase, the same dysfunctional LV pattern is 
correlated with the myocardial remodeling processes.16 In 
a patient diagnosed with scleroderma, diastolic dysfunc-
tion is common,26 being correlated with the duration of 
the illness.27 However, it is only identified in a minority of 
these patients, being underestimated in most studies con-
ducted among subjects with systemic scleroderma.28 One 
of the largest studies on LV diastolic function has identified 
distal dysfunction by echocardiographic evaluation in 50% 
of patients with scleroderma compared to 23% of patients 
from the control group.26

The present study identified the presence of altered 
relaxation-type diastolic dysfunction based on E’ lateral 
and E’ medial mitral valve Doppler tissue indexes in both 
subjects with scleroderma and subjects with ischemia. Ad-
ditionally, an important negative correlation was identi-
fied between sPAP values and both indices of diastolic 
dysfunction for the group of ischemic patients. Mene et al. 
indicated Doppler tissue echocardiography parameters as 
valuable markers in identifying myocardial damage in pa-
tients with asymptomatic scleroderma.29 The evaluation 
of diastolic dysfunction in patients with scleroderma in 
particular is clinically important, Yiu et al. demonstrating 
that the subtle diastolic dysfunction of the LV evaluated by 
tissue Doppler is correlated with a very low capacity and 
rhythm disorders in patients with scleroderma.30

An echocardiographic control study conducted by 
Meune et al. on 100 patients with scleroderma confirmed 
the increased frequency of diastolic dysfunction in pa-
tients with systemic sclerosis versus the control group; 
however, in patients with PAH associated with systemic 
sclerosis, elevated sPAP values involve a more pronounced 
distal alteration of the LV.31 Our study identified the same 
negative correlation for the E/A ratio used as an indicator 

of LV diastolic function among patients with scleroderma 
and PAH. Furthermore, E DT evaluation identified signifi-
cantly lower values for subjects with scleroderma and as-
sociated PAH, leading to the diagnosis of altered relaxation 
diastolic dysfunction. 

Conclusions

Scleroderma, by intrinsic myocardial damage, can lead to 
the alteration of LV function even in the absence of PAH. 
Patients with PAH present a higher proportion of diastolic 
dysfunction both in case of associated CAD and scleroder-
ma. However, PAH severity, assessed by the mean sPAP, 
correlates well with the severity of diastolic dysfunction 
in ischemic patients, quantified by tissue Doppler echo-
cardiography. Compared to patients with coronary artery 
disease, those with scleroderma present a less pronounced 
deterioration of LVEF in response to PAH.
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ABSTRACT

Objective: To evaluate and compare laparoscopic and conventional open procedures for bi-

lateral inguinal hernia surgical repair, using clinical, intraoperative, and postoperative criteria. 

Methods: Forty-three patients with bilateral inguinal hernia were included in a retrospective 

study, between 2014–2017. All patients underwent conventional open or laparoscopic bilat-

eral hernioplasty, and were divided into two groups: a conventional open group (COG) and a 

laparoscopy group (LG). Clinical, intraoperative, and postoperative outcomes were reviewed. 

Results: In the laparoscopic hernioplasty group, there was a significantly shorter hospitaliza-

tion period (p = 0.026), less postoperative pain (p = 0.03), and a prompt return to work (p = 

0.043) compared to the conventional open procedure. On the other hand, patients who un-

derwent hernioplasty with the Progrip-type synthetic mesh developed a lower pain score, an 

earlier return to work, and a quick start to normal physical activities in comparison with other 

mesh types used for the treatment of bilateral inguinal hernias. For patients who underwent 

conventional open procedure, there was a significantly shorter operating time (p = 0.042). 

Conclusion: Laparoscopic bilateral inguinal hernioplasty is a time-consuming and technically 

demanding procedure. However, the current study underlines the benefits of this type of sur-

gery. This technique presents comparable clinical, intraoperative, and postoperative results 

with the conventional open surgery. 

Keywords: bilateral inguinal hernia, laparoscopic, hernioplasty, ProGrip, chronic pain
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Introduction

Nowadays, despite the rare occurrence of bilateral inguinal hernias in medi-
cal practice, they are encountered in about 15–20% of patients with inguinal 
hernia. There are still discussions regarding the treatment of bilateral hernias, 
whether surgery should be performed in one, or two stages. A simultaneous sur-
gical intervention seems to be more beneficial from every point of view, requir-
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ing only one hospital admission, as well as fast anesthesia 
and postoperative recovery. In the medical literature, only 
sporadic studies have compared laparoscopic surgery with 
conventional open procedures for the treatment of bilat-
eral inguinal hernias. Recent studies have shown that the 
laparoscopic procedure can be a feasible alternative to 
conventional open surgery.1–10 The aim of this study was 
to compare the open conventional procedure with laparo-
scopic surgery in patients diagnosed with bilateral inguinal 
hernia. 

Material and Methods

This retrospective study was conducted between 2014 and 
2017, and followed 43 patients diagnosed with bilateral 
inguinal hernia at the Second Surgery Clinic of the Emer-
gency Clinical County Hospital from Tîrgu Mureș. All 
study subjects underwent bilateral inguinal hernia surgi-
cal repair. Based on the surgical approach, patients were 
selected and divided in two groups: a laparoscopy group 
(LG), which included 16 patients, and a conventional open 
group (COG) with 27 patients. In patients belonging to the 
LG, the surgery was performed according to the trans-
abdominal preperitoneal procedure (TAPP) in all cases. 
Conventional open surgery was performed following the 
Lichtenstein or tension-free mesh plug techniques. In or-
der to compare the two types of surgeries, clinical, intra-
operative, and postoperative criteria were evaluated. From 
the clinical perspective, the patient groups were analyzed 
and compared based on gender, age, and type of hernia. 
For surgical assessment, the type of surgical procedure, 
type of applied mesh, duration of surgery and hospitaliza-

tion period, complications, and hernia recurrence were 
analyzed. Postoperatively, the acquired pain score, the ex-
istence of chronic postoperative pain syndrome, the time 
until returning to work and to normal physical activities 
were compared. Furthermore, the correlations between 
the type of surgical mesh and postoperative outcomes fol-
lowing the mentioned criteria: pain score, return to work, 
restart of physical activities were evaluated. The chronic 
postoperative pain syndrome and pain score were assessed 
applying the PainDetect Questionnaire. Data assembled 
from existing medical records for all patients included in 
this study was introduced and organized in Microsoft Ex-
cel. Statistical analysis of the parameters was performed 
using GraphPad InStat software, and the statistical signifi-
cance of the study was set at a value of p <0.05 with a 95% 
confidence.

Results

The study followed 43 patients with bilateral inguinal her-
nia hospitalized in the Second Surgery Clinic of Tîrgu 
Mureș, between 2014 and 2017. The assessed clinical and 
surgical criteria are presented in Table 1 and Figure 1.

The distribution of patients by gender showed a major-
ity of male patients for both study groups, 93.75% for the 
LG and 92.5% for the COG. The mean age in the LG was 
43.8 years, while in the COG it was 63.4 years. A total of 
16 patients underwent laparoscopic hernioplasty, while 27 
patients benefited from a conventional open approach. 

Laparoscopic surgery was performed using the TAPP 
procedure for all patients, while for open hernioplasty 
mostly the Lichtenstein (63%), but also tension-free mesh 

TABLE 1.  Clinical and surgical assessment

Laparoscopy Group  
(LG)

Conventional Open 
Group (COG)

Number of patients 16 (37.20%) 27 (62.97%)

Gender

Male 15 (93.75%) 25 (92.5%)

Female 1 (6.25%) 2 (7.5%)

Average age (years) 43.8 63.4

Surgical procedure

Lichtenstein procedure – 17 (63%)

Tension-free mesh plug procedure – 10 (37%)

TAPP procedure 16 (100%) –

Mesh type

Prolene mesh – 27 (100%)

Parietex mesh 9 (56.25%) –

ProGrip mesh 7 (43.75) –
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plug (37%) techniques were used. Different mesh types 
were used to perform inguinal hernia repair: Prolene, 
Parietex, and ProGrip synthetic mesh. For open surgery, 
Prolene surgical meshes were used in all 27 cases. During 
laparoscopic hernioplasties, Parietex meshes were used in 
9 (56.25%) cases and Progrip meshes in 7 (43.75%) cases. 

Regarding the types of hernias, we found a majority of 
external oblique hernias in both groups, totaling 54 herni-
as, followed by direct hernias in 29 cases. Complex hernias 
(simultaneous external oblique and direct hernia) occured 
in only 3 cases. 

The statistical analysis of data regarding intraoperative 
and postoperative outcomes in the two groups is present-
ed in Table 2. 

We observed that the duration of surgery was signifi-
cantly longer for patients who underwent laparoscopic 
hernioplasty compared to the open procedure (p = 0.017). 
The average hospital stay was significantly shorter for the 
LG (3.43 days) compared to the COG (4.29 days) (p = 
0.030). Postoperative complications existed in 2 cases from 
the LG (one case of surgical wound infection, and in one 
patient we observed a remaining palpable nodule in the 
surgical wound area), while in the COG there was a single 
complication, paresthesia surrounding the surgical wound 
in 1 case. Recurrence occured in only 1 case for each type 
of procedure. Postoperative pain was significantly higher 
in patients in the COG (p = 0.035). Chronic postoperative 
pain syndrome was present in 2 cases in the COG and in 
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only 1 patient in the LG. Patients who underwent lapa-
roscopic bilateral inguinal hernia repair returned to work 
significantly earlier than patients in which the surgery was 
performed through a conventional procedure (p = 0.036). 
Furthermore, patients undergoing laparoscopic surgery 
resumed their physical activities earlier (5.3 weeks) com-
pared to patients who were submitted to open surgery (6.2 
weeks). 

Table 3 presents the influence of mesh type on postop-
erative outcomes. The ProGrip mesh resulted in a lower 
pain score, an earlier return to work, and a quicker start 
of physical activity, in comparison with other mesh types 
used in the treatment of bilateral inguinal hernia.

Discussions

The surgical treatment of bilateral inguinal hernias re-
mains a matter of debate in many studies, the main ques-
tions being whether to carry out a single- or a two-staged 
operation, or if the surgical intervention should be 
through a conventional open approach or a minimally in-
vasive procedure. This study focuses on the evaluation of 
the two surgical strategies, the major objective being a re-

flection on the advantages of minimally invasive surgery. 
When evaluating the duration of surgery, we observed 
that there was a significantly longer operation time for 
patients in the laparoscopic group, other authors report-
ing similar results.3,7,10–12 Furthermore, we observed a 
significantly shorter hospital stay in case of patients who 
underwent laparoscopic hernioplasty. These data are in 
accordance with other authors’ reports.1,2,5,10,12,13 Data 
concerning postoperative complications and recurrence 
showed similar results for conventional open and lapa-
roscopic procedures, recent studies publishing close re-
sults.1–3,5,8,10,12,13,15 Postoperative pain was significantly 
lower for patients in the laparoscopic group, similar re-
sults being found in other studies.1–3, 7,10,11,12,14 Also, we 
observed that patients who underwent laparoscopic sur-
gery returned earlier to work and started physical activ-
ity (sports) earlier. Other studies reported comparable 
results.10–12,14 Comparing the surgical mesh types used 
for hernioplasty showed clear benefits for the ProGrip 
mesh appliance. The self-fixating mesh produced lower 
postoperative pain, earlier return to work, and earlier 
start of physical activity. Recent studies showed similar 
results.16 

TABLE 3.  The influence of mesh type on postoperative outcomes

Mesh type Number Pain Score Start of work 
(weeks)

Start of sports/
physical activity 

(weeks)

Prolene 27 (62.79%) 6.92 3.7 6.22

Parietex 9 (20.93%) 5.33 2.44 5.55

ProGrip 7 (16.27%) 4.28 2.42 5.14

TABLE 2.  Intraoperative and postoperative outcomes

Laparoscopy Group (LG)
n = 16

Conventional Open 
Group (COG) 

n=27

p value

Surgical intervention and immediate postoperative recovery

Duration of surgery (minutes) 83.12 73.14 0.017

Hospital stay (days) 3.43 4.29 0.030

Complications 2 1 NS

Recurrence and postoperative pain

Number of recurrences 1 1 NS

Pain score (mean) 4.87 7.03 0.035

Chronic postoperative pain syndrome 1 2 NS

Time until return to normal activity 

Return to work (weeks) 2.43 3.85 0.036

Restart of physical activities (weeks) 5.3 6.2 NS
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Conclusions

Although the minimally invasive technique requires a lon-
ger learning curve and a significant number of cases in or-
der to achieve the maximum potential in repairing a bilat-
eral inguinal hernia, the laparoscopic aproach has proven 
major benefits for this type of surgical cases. The proce-
dure allows a single surgical repair of both defects with-
out additional incisions and offers better or at least similar 
results in comparison to the conventional open procedure. 
The present study shows that laparoscopic repair is a fea-
sible choice for bilateral inguinal hernia, resulting in less 
postoperative pain, shorter hospital stay, earlier return to 
work and physical activities, and also similar recurrence 
rates with the conventional open procedure. 
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ABSTRACT

Background: Computed tomography angiography (CTA) occupies an important place in the 

evaluation of coronary atherosclerotic lesions, both before and after the implantation of bio-

resorbable stents (BVS), providing an accurate assessment of the treated lesions. Aim of the 

study: This study aims the prospective follow-up of atherosclerotic plaques electively treated 

with BVS implantation via CTA evaluation in terms of morphological and virtual histology aspects. 

Material and methods: This is a prospective observational study which enrolled 30 patients 

electively treated with BVS implantation, in whom CTA was performed after PTCA in order to 

assess the morphological and virtual histology aspects of coronary plaques. In order to evalu-

ate the impact determined by pre- and post-implantation procedures, statistical analysis was 

performed among 6 subgroups. Results: After BVS implantation, a significant reduction was 

observed in terms of stenosis % (61.63 ± 12.63% in subgroup 1A vs. 24.41 ± 12.48% in subgroup 

1B, p <0.0001) and eccentricity index (0.46 ± 0.24 in subgroup 1A vs. 0.43 ± 0.24 in subgroup 1B, 

p <0.0001). In terms of plaque components, there were significant differences with regard to lipid 

volume and lipid % (20.07 ± 15.67 mm3 in subgroup 1A vs. 11.05 ± 10.83 mm3 in subgroup 1B, p = 

0.01), which presented a significant reduction after BVS implantation. The calcium score evalu-

ated locally (82.97 ± 107.5 in subgroup 1A vs. 96.54 ± 85.73 in subgroup 1B, p = 0.25) and on the 

target coronary artery (148.2 ± 222.3 in subgroup 1A vs. 206.6 ± 224.0 in subgroup 1B, p = 0.10), 

as well as the total calcium score (377.6 ± 459.5 in subgroup 1A vs. 529.5 ± 512.9 in subgroup 1B, 

p = 0.32), presented no significant differences when compared with and without post-dilatation 

lesions. As far as CT vulnerability markers are concerned, the study groups presented significant 

differences only in terms of spotty calcifications (66.66% in subgroup 1A vs. 79.16% in subgroup 

1B, p = 0.05) and low attenuation (37.5% in subgroup 1A vs. 20.83% in subgroup 1B, p = 0.01). 

Conclusions: Following the analysis of coronary artery plaques after the implantation of BVS, 

significant changes were noted both in the morphology of the atherosclerotic plaques treated 

with these devices and in the lumen and coronary wall. 
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Introduction

Coronary computed tomography angiography (CTA) oc-
cupies an important place in the evaluation of coronary 
atherosclerotic lesions, both before and after the implanta-
tion of coronary bioresorbable vascular scaffolds (BVS).1 
This noninvasive examination, still more used as a comple-
mentary examination in patients with coronary artery dis-
ease next to invasive coronary angiography, offers major 
benefits in tracking bioresorbable stents.

Having the advantage of radiolucency and resorption 
over time, a BVS can be accurately evaluated with CTA af-
ter implantation, thus opening up a new era in the follow-
up methods of these devices.2,3

Due to the possibility of evaluating BVS through coro-
nary CTA, it is feasible to analyze the plaques and their 
structure through a post-processing software, dedicated to 
the analysis of atherosclerotic plaque composition, enabling 
the concurrent analysis of vulnerability characteristics as 
well as of the information related to the lumen and walls of 
the coronary arteries.4 Details of plaque composition before 
stenting and its morphological characteristics under the 
implanted BVS can be obtained after the post-processing 
of CTA-acquired images.5–8 A detailed analysis is obtained 
with the help of virtual histology, using a color code for the 
different components of the plaque: white for calcium, red 
for the necrotic core, light green for the fibrolipidic core, 
dark green for fibrous tissue. The final results are available in 
absolute values or as a proportion in the plaque.9,10

The implantation of bioresorbable stents requires a care-
ful lesion assessment to determine the need for and extent 
of lesion preparation, and to select the size and length of 
the device. The use of conventional imaging as well as pre- 
and post-procedural intracoronary imaging techniques is 
encouraged to optimize the implantation and the subse-
quent monitoring of the device.11 

Given their structure and mechanical properties, com-
pared to the pharmacologically-treated metallic stents, 
bioresorbable scaffolds require a meticulous evaluation of 
the lesion and also the frequent use of pre- and post-dilata-
tion. As a result, the duration of the procedure and the use 
of contrast substance increases. 

It is recommended to dilate the lesion with a non-
compliant balloon before BVS implantation, by targeting 
balloons with a diameter corresponding to the estimated 
diameter of the reference vessel. Orthogonal angiograph-
ic projections are required for viewing the entire expan-
sion of the balloon, otherwise it is necessary to use other 
preparation techniques before implanting the BVS.12 As a 
technical notion, pre-dilatation should be performed with 

a balloon of a size that is appropriate for the vascular di-
ameter (ratio of 1:1). BVS should not be implanted in le-
sions that present suboptimal results after pre-treatment. 
If pre-dilatation results are not satisfactory, implantation 
of the bioresorbable stent will cause incomplete expansion 
associated with an increased risk for restenosis or in-stent 
thrombosis.13

Post-dilatation with a non-compliant high-pressure bal-
loon should be performed routinely with a balloon diam-
eter that exceeds the diameter of the device with a maxi-
mum of 0.5 mm. The expansive limit of the bioresorbable 
scaffold is 0.5 mm above the nominal diameter. A 3.2 mm 
bioresorbable stent should not be dilated above 3.5 mm, 
which is the size when the stent struts are prone to frac-
ture. If the stent struts rupture, they will lead to subsequent 
complications that pose a potential cause of concern.12

Magnesium alloy bioresorbable stents present high ra-
dial force, which could expose it to fractures during expan-
sion.14 Although the radial force of bioresorbable stents 
has been reported to be comparable to that of metallic 
stents, this holds true if the bioresorbable stent is expand-
ed within the limits of its size. If the bioresorbable stent is 
expanded beyond its size, it can lose its radial force and 
possibly fracture.15

The topic of implantation methodology and subsequent 
follow-up of bioresorbable scaffolds is still largely dis-
cussed in the field of interventional cardiology. Therefore, 
this study aims the prospectively follow-up patients with 
significant coronary atherosclerotic plaques who have 
been treated electively with BVS implantation, via coro-
nary CTA evaluation.

MATERIALS AND METHODS

We performed a prospective observational study, which 
included 30 patients with stable and unstable angina, who 
underwent elective BVS implantation for significant coro-
nary atherosclerotic lesions in the CardioMed Medical 
Center between January 2015 and March 2017. Data re-
garding the patients’ medical history and clinical examina-
tion were collected, and the patients presented at 1, 6, or 
12 months for follow-up visits. 

Other inclusion criteria were age over 18 years, BMI 
<40 kg/m2, signed written informed consent given by the 
patient. Exclusion criteria included STEMI or non-STE-
MI diagnosis, electric and hemodynamic instability at ad-
mission, known allergy for contrast agent, indication for 
long-term anticoagulant treatment, chronic kidney disease 
stage 4 or 5, end-stage disease with life expectancy below 
1 year.
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All patients underwent CTA evaluation 12 to 24 
months after PTCA in order to assess the morphologi-
cal and virtual histology aspects of the coronary plaques. 
CTA was performed before and after BVS implantation 
for 16 patients and only after BVS implantation for 14 
of the study subjects. In total, 48 coronary plaques were 
analyzed. 

In order to evaluate the impact determined by the pre- 
and post-implantation procedures on the structure and 
morphology of the coronary artery, statistical analysis was 
performed in 2 subgroups, as follows: 

•	 subgroup 1 – pre-implantation lesions (n = 48)
•	 subgroup 2 – post-implantation lesions (n = 48)

FIGURE 1.  CTA of diagonal coronary artery 12 months after PTCA with BVS – no signifi-

cant stenosis between BVS markers

FIGURE 2.  CTA of diagonal artery 12 months after PTCA with BVS, post-processed image 

with Syngo.via Frontier (Siemens AG, Erlangen, Germany) – no significant stenosis between 

BVS markers.
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FIGURE 3.  128-slice CTA. Left anterior descending artery with critical stenosis in the third 

segment, before implantation of BVS 

FIGURE 4.  Coronary plaque analysis platform – Syngo.via Frontier software 
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CT scanning protocol

CTA evaluations were performed in the Laboratory of 
Advanced Research in Cardiac Multimodal Imaging of 
the Cardio Med Medical Center of Tîrgu Mureş, with a 
64- and 128-slice dual-source CT (SOMATOM Definition, 
Siemens Healthcare), with the following technical charac-
teristics: 64 × 0.5 mm and 128 × 0.6 mm detector rows, 
330 ms rotation time, and a table feed of 0.2–0.4 mm per 
rotation. 

Optimization of the CT scanning protocol consisted in 
a fasting period of 5–24 h prior to CT examination, avoid-
ance of smoking, caffeine use or physical exercises before 
CT scanning. During CT image acquisition, a heart rate 
<60 bpm was obtained with the oral titrated administra-
tion of Metoprolol or Ivabradine 1 h prior to the CT scan.

Reconstruction of CT images and data analysis

CT image post-processing was performed with a dedicat-
ed research software, Syngo.via Frontier, using a Siemens 
workstation (Siemens AG, Erlangen, Germany). Figure 1 
presents a coronary angiographic 128-slice CT scan, Fig-
ure 2 presents a detailed analysis of a coronary plaque and 
the BVS, and Figure 3 presents a critical stenosis of the left 
anterior descending artery before implantation of the BVS. 

Plaque structure 

A coronary plaque analysis platform was used to assess 
morphology and plaque composition (Figure 4). Plaque 
structure was evaluated according to the CT density of its 
main components: lipids (–100–30 HU), fibrotic tissue 
(30–400 HU) and calcifications (400–950 HU). 

Statistical analysis 

Statistical analysis was performed using GraphPad Prism 7 
(GraphPad Software, San Diego, USA). Continuous vari-
ables were compared using Student’s t-test for paired data 
or the Wilcoxon test when appropriate, and categorical 
data were compared using the Chi-square test. The statisti-
cal significance of the study was set at an alpha of 0.05. 

Ethical approval 

This study was carried out in accordance with the World 
Medical Association’s Declaration of Helsinki. All patients 
gave written informed consent, and the study protocol 
was approved by the Ethics Committee of the University 

of Medicine and Pharmacy of Tîrgu Mureș (approval no. 
338/17.11.2017) and the Ethics Committee of CardioMed 
Medical Center (approval no. 29/28.12.2017). 

RESULTS

General characteristics of the study population

The mean age of study population was 58.35 ± 7.79 years, 
and 20% of the study subjects were over 65 years. With re-
gard to gender distribution, 86.66% of the subjects were 
males (n = 26). 

General characteristics of the study population and 
their cardiovascular risk factors are presented in Table 
1. In terms of left ventricular dysfunction incidence, 
70% of the subjects presented a left ventricular ejection 
fraction <55%, 63.33% were enrolled with a diagnosis of 
stable angina, and 36.67% were diagnosed with unstable 
angina. 

After coronary CT evaluation, 43.33% of the subjects 
presented coronary artery disease (CAD) with lesions in a 
single vessel, 30% were diagnosed with 2-vessel disease, and 
26.66% presented severe 3-vessel disease. From the treated 
lesions, pre-dilatation was performed in 80% of cases, while 
post-dilatation was carried out in 26.66% of cases. 

Post-implantation CT analysis of coronary plaques 

Morphological and virtual histology aspects of the ana-
lyzed coronary plaques after BVS implantation are pre-
sented in Table 2. 

After BVS implantation, a significant reduction was ob-
served in the degree of stenosis (61.63 ± 12.63% in sub-
group 1 vs. 24.41 ± 12.48% in subgroup 2, p <0.0001) (Fig-
ure 5A) and the eccentricity index (0.46 ± 0.24 in subgroup 
1 vs. 0.43 ± 0.24 in subgroup 2, p <0.0001) (Figure 5B). 

TABLE 1.  General characteristics and cardiovascular risk factors

Mean value ± SD %

Age, years 58.35 ± 7.79

Age >65 years 6 20

Male gender 26 86.66

Female gender 4 13.43

EF <55% 21 70

Hypertension 25 80.64

Creatinine clearance 73.55 ± 18.12

Diabetes Mellitus 6 20

Dyslipidemia 10 33.33

History of AMI 10 33.33
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In terms of plaque components, there were no significant 
differences between subgroup 1 and subgroup 2 regarding 
to the calcified volume (13.59 ± 17.36 mm3 in subgroup 1 
vs. 16.07 ± 19.0 mm3 in subgroup 2, p = 0.45), % calcified 
(6.72 ± 7.79 in subgroup 1 vs. 8.98 ± 9.0 in subgroup 2, p = 
0.25), necrotic core volume (169.8 ± 63.7 mm3 in subgroup 
1 vs. 143.6 ± 53.62 mm3 in subgroup 2, p = 0.12), necrotic 
core % (93.27 ± 7.79 in subgroup 1 vs. 91.0 ± 9.0 in sub-
group 2, p = 0.25), fibrotic volume (114.8 ± 59.62 mm3 in 
subgroup 1 vs. 132.6 ± 50.97 mm3 in subgroup 2, p = 0.44), 
or fibrotic % (82.97 ± 7.74 in subgroup 1 vs. 84.26 ± 10.73 
in subgroup 2, p = 0.63), except for lipid volume and lipid 
% (20.07 ± 15.67 mm3 in subgroup 1 vs. 11.05 ± 10.83 mm3 
in subgroup 2, p = 0.01) which presented a significant re-
duction after BVS implantation (Figure 6). 

Regarding the calcium score evaluated locally (82.97 ± 
107.5 in subgroup 1 vs. 96.54 ± 85.73 in subgroup 2, p = 
0.25), at the level of the target coronary artery (148.2 ± 
222.3 in subgroup 1 vs. 206.6 ± 224.0 in subgroup 2, p = 
0.10), and the total calcium score (377.6 ± 459.5 in sub-
group 1 vs. 529.5 ± 512.9 in subgroup 2, p = 0.32), there 
were no significant differences when comparing lesions 
with versus without post-dilatation (Figure 7). 

Table 3 presents the comparative analysis between the 
pre- and post-BVS implantation aspects of the CTA evalu-
ation combined with the image post-processing analysis 
in terms of CT vulnerability markers of the analyzed coro-
nary plaques. 

Regarding CT vulnerability markers, the study groups 
presented significant differences only in terms of spotty 

TABLE 2.  Morphological and virtual histology aspects of analyzed coronary plaques

Pre-BVS  
Mean value ± SD (95% CI)

Post-BVS  
Mean value ± SD (95% CI)

p value

Plaque length (mm) 18.69 ± 2.73  (17.54–19.85) 18.91 ± 2.87 (17.7–20.12) 0.64

% stenosis 61.63 ± 12.63 (52.02–66.69) 23.41 ± 12.48 (18.14–28.68) <0.0001

Eccentricity index 0.46 ± 0.24 (0.36–0.57) 0.43 ± 0.24 (0.33–0.53) <0.0001

Remodeling index 1.04 ± 0.2 (0.95–1.13) 1.09 ± 0.3 (0.96–1.21) 0.71

Vascular volume (mm3) 277.7 ± 86.36 (241.3–314.2) 283.7 ± 72.24 (253.2–314.2) 0.79

Lumen volume (mm3) 100.8 ± 33.68 (86.53–115.0) 128.2 ± 37.38 (112.4–144.0) 0.01

Dense calcium (mm3) 13.59 ± 17.36 (6.26–20.92) 16.07 ± 19.0 (8.0–24.09) 0.45

Dense calcium (%) 6.72 ± 7.79 (3.43–10.02) 8.98 ± 9.0 (5.15–12.82) 0.25

Necrotic core (mm3) 169.8 ± 63.7 (142.9–196.7) 143.6 ± 53.62 (121.0–166.2) 0.12

Necrotic core (%) 93.27 ± 7.79 (89.98–96.56) 91.0 ± 9.0 (87.17–94.84) 0.25

Fibro-fatty (mm3) 20.07 ± 15.67 (13.46–26.69) 11.05 ± 10.83 (6.47–15.62) 0.01

Fibro-fatty (%) 10.31 ± 6.24 (7.67–12.95) 6.46 ± 6.14 (4.05–9.24) 0.01

Fibrous (mm3) 114.8 ± 59.62 (119.6–170.0) 132.6 ± 50.97 (111.0–154.1) 0.44

Fibrous (%) 82.97 ± 7.74 (79.69–86.24) 84.26 ± 10.73 (79.73–88.79) 0.63

Calcium score – local 82.97 ± 107.5 (37.57–128.4) 96.54 ± 85.73 (60.34–132.7) 0.25

Calcium score – target coronary artery 148.2 ± 222.3 (54.37–242.1) 207.6 ± 224.0 (113.0–302.2) 0.10
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calcifications (66.66% in subgroup 1 vs. 79.16% in sub-
group 2, p = 0.05) and low attenuation (37.5% in subgroup 
1 vs. 20.83% in subgroup 2, p = 0.01) (Figure 8). 

DISCUSSIONS

Given that coronary atherosclerotic plaques, treated by 
implantation of bioresorbable scaffolds, can also be eval-
uated after the procedure using a noninvasive method, 
this could lead to the routine evaluation of these devices 
through coronary CT angiography. This way, the coronary 
CT angiography evaluation of BVS can highlight certain 
complications that may occur over time.16,17

The CTA evaluation of BVS is possible due to the special 
advantages of these structures, namely polymer resorption 
over time. All patients included in this study underwent 
BVS implantation, with a composition based on polymers. 
Regarding the radiological advantages, the radiotranspar-
ency of the device is worth mentioning, which facilitates 
the acquisition of coronary CT angiography, as well as sub-
sequent image post-processing.17–20

The post-processing software dedicated to the detailed 

analysis of atherosclerotic plaque components enabled the 
analysis of important elements for a percutaneous proce-
dure.

Another crucial element in a successful revasculariza-
tion treatment using bioresorbable stents is the careful 
analysis of the target lesion. This thorough analysis, cor-
roborated with noninvasive pre-interventional CT imag-
ing, can contribute to the best revascularization approach 
of the atherosclerotic lesions.

Pre-dilatation techniques, implantation of the device, 
and its subsequent optimization by post-dilatation were 
elements evaluated in this study. When the first BVS had 
been implanted, there were no precise guidelines relat-
ed to these procedural aspects; nevertheless, we moni-
tored these aspects in this study. Although statistically 
significant differences were not obtained, differences in 
absolute values were observed for multiple parameters 
such as stenosis % (CT performed 12 to 24 months post-
implantation showed less procedural stenosis in patients 
with pre-dilatation); the eccentricity index, the remodel-
ing index, vascular volume, plaque volume, and necrotic 
core were lower among these patients. Following the in-

13.59 ± 17.36

16.07 ± 19.0

0

5

10

15

20

25

30

35

40

Pre-BVS Post-BVS

p = 0.45

�

169.80 ± 63.7

143.60 ± 53.62

0

50

100

150

200

250

Pre-BVS Post-BVS

p = 0.12

114.80 ± 59.62
132.60 ± 50.97

0

20

40

60

80

100

120

140

160

180

200

Pre-BVS Post-BVS

p = 0.44

�

20.07 ± 15.67

11.05 ± 10.83

0

5

10

15

20

25

30

35

40

Pre-BVS Post-BVS

p = 0.01

FIGURE 6.  A – Calcified volume (mm3); B – Necrotic core volume (mm3); C – Fibrotic volume (mm3); D – Lipid volume (mm3)

A

C

B

D



193Journal of Interdisciplinary Medicine 2018;3(3):186-195

tervention, stent lumen was larger in patients with pre-
dilatation.

Regarding patients who underwent post-dilatation of 
the bioresorbable stent versus patients without post-dila-
tation, except for statistically significant differences in vas-
cular volume and lumen volume, differences in absolute 
stent-stenosis values were observed, which were lower in 
stents that have been post-dilated.

No randomized trials with specific, mandatory, pre-
defined implantation techniques have been completed, 
based on the PSP concept (pre-dilation, dimensioning, 
and post-dilatation of the bioresorbable stent).21 In this re-

spect, the evaluation of these procedures can lead to new 
ideas, improvement, and mandatory implementation of 
certain specific techniques in the treatment of coronary 
atherosclerotic lesions with bioresorbable stents. It is rec-
ommended that the stents be implanted by trained and ex-
perienced operators in interventional cardiology.22–24

CONCLUSIONS

During the analysis of coronary artery plaques after the 
implantation of bioresorbable scaffolds with noninvasive 
CT imaging techniques, significant changes were noted 
both in the morphology of the atherosclerotic plaques 
treated with these devices and in the lumen and coronary 
wall. The assessment of coronary atherosclerotic plaques 
and bioresorbable scaffolds via coronary CT angiography 
could become a novel follow-up method for these cases. 
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TABLE 3.  CT vulnerability markers

Pre-BVS (%) Post-BVS (%) p value

Positive remodeling 45.83 58.33 0.08

Spotty calcifications 66.66 79.16 0.05

Napkin-Ring sign 0 4.16 –

Low attenuation 37.5 20.83 0.01
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ABSTRACT

Background: Finding accurate health-related information on the Internet may be a real chal-

lenge for users lacking the critical skills necessary to assess the validity of online content, 

even if they browse websites that are compliant with credibility criteria. The aim of the study 

was to check whether an overall high website credibility or compliance to any of the individual 

criteria for credibility are correlated/associated with a higher quality of health-related informa-

tion on a sample of Romanian and Hungarian stroke-related websites. Methods: The cross-

sectional study included a sample of 50 websites presenting stroke for the general population 

in Romanian and Hungarian language. The websites’ compliance with 12 widely recognized 

credibility criteria, and the completeness and accuracy of the stroke-related articles found on 

the respective sites were systematically assessed by two independent evaluators applying 

a common evaluation procedure. Results: The mean value of the credibility score was 4.3 

points (95% CI: 3.9–4.8), the mean value of the completeness score was 4.8 points (95% CI: 

4.2–5.5), and the mean value of the accuracy score was 6.6 points (95% CI: 6.3–6.8). Cor-

relation coefficients between the credibility score and completeness/accuracy score did not 

reach statistical significance (Spearman rho = 0.038, p = 0.793 and Spearman rho = 0.156, p 

= 0.278, respectively). With a few exceptions, the t-tests for independent sample comparison 

have shown no significant differences between websites that complied and those that did not 

comply with each individual credibility criterion. Conclusions: The mean credibility score of 

the Romanian and Hungarian stroke-related websites was poor and it was not correlated with 

neither completeness nor accuracy of the information displayed on the respective pages. With 

a few, practically irrelevant exceptions, compliance with individual credibility criteria was not 

associated with higher content quality on the investigated sample. 
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Introduction

The Internet abounds in more or less scientifically validat-
ed health-related information.1 Finding accurate health-
related information on the Internet may be a real challenge 
for users lacking the critical skills necessary to assess the 
validity of online content.2 To address this issue, several 
expert initiatives from Europe and North America have 
proposed lists of proxy quality indicators to help users in 
finding reliable health-related websites by indirectly es-
timating the scientific quality of the medical information 
based on more friendly cues.1,3

The Health on the Net Foundation (HON) is a non-
governmental organization founded to encourage the dis-
semination of quality health information for patients and 
professionals, and the general public. The eight principles 
proposed by HON to improve health information available 
on the internet include: authority (medical advice to be 
provided only by medical professionals); complementar-
ity (the information provided should support, not replace 
the patient-doctor relationship); privacy (users’ personal 
information should be confidential); attribution and date 
(the source of information and the date of publication 
should be displayed); justifiability (claims regarding ben-
efits of any treatment should be supported with adequate 
evidence); transparency (website owners should provide 
contact information); financial disclosure (website fund-
ing should be clearly identified); advertising policy (adver-
tising as a source of funding should be explicitly disclosed, 
and advertising should be differentiated from other infor-
mation).4 These quality indicators are known under vari-
ous labels such as ‘credibility’, ‘general’ and ‘ethical’ crite-
ria. Similar or more complex consumer health orientation 
principles and tools were developed and promoted by the 
European Council (the eEurope2002 initiative)5, the De-
partment of Public Health and Primary Care at Oxford 
University (the DISCERN Project),6 the American Medi-
cal Association (the Silberg criteria),7 and other medical 
or public entities. The core assumption of these initiatives 
is that “credibility constitutes the ‘premier criterion’ for 
evaluating online health information”,2 but it’s validity is 
hardly supported by the body of existing evidence in the 
field of consumer health.8,9 Nevertheless, online credibil-
ity or quality criteria continue to be promoted, raising the 
possibility of users being persuaded to falsely believe that 
websites with a high compliance with credibility criteria 
must be scientifically accurate as well.

Considering that poor-quality medical information may 
have adverse consequences for patients' decisions, particu-
larly with regard to critical conditions such as stroke,10,11 the 

objective of this study was to test whether an overall high 
website credibility or compliance with any of the individ-
ual criteria for credibility are correlated/associated with a 
higher quality of health-related information on a sample of 
Romanian and Hungarian stroke-related websites.

MATERIAL AND METHODS

The cross-sectional study included a sample of 50 websites 
presenting stroke for the general population in Romanian 
and Hungarian language. Google searches were performed 
using “accident vascular cerebral” (Romanian for stroke) 
and “stroke” as search terms in April 2018. The links listed 
on the search engine’s results page were checked for eli-
gibility based on a set of inclusion and exclusion criteria, 
saved in a local database, and evaluated following a rigor-
ous methodology. The websites’ compliance with 12 wide-
ly recognized credibility criteria, and the completeness and 
accuracy of the stroke-related articles found on the respec-
tive sites were systematically assessed by two independent 
evaluators applying a common evaluation procedure. The 
exact steps and assessment methods are described in detail 
in previously published papers by Nădăşan et al.12,13

Credibility, completeness, and accuracy scores were cal-
culated and reported on a decimal scale. Scores ranging from 
0 to 2 points were characterized as very poor, from 2.1 to 4 
as poor, from 4.1 to 6 as average, from 6.1 to 8 as good, and 
from 8.1 to 10 as very good. Compliance with the 12 individ-
ual credibility criteria was calculated as percentage. Compli-
ance was considered very poor from 0 to 20%, poor from 
21 to 40%, average from 41 to 60%, good from 61 to 80%, 
and very good from 81 to 100%. The t-test for independent 
samples was applied to check whether websites complying 
with each individual credibility criteria had higher quality 
ratings, and depending on the normality of the data. Pearson 
or Spearman correlation tests were applied to test the cor-
relation between the credibility score on one hand and the 
completeness and accuracy scores on the other. All statisti-
cal analyses were performed in SPSS (IBM SPSS Statistics 
for Windows, Version 22.0. Armonk, NY: IBM Corp.). The 
threshold value for statistical significance was set at α = 0.05.

RESULTS

Descriptive statistics of the 50 websites included in the 
sample are presented in Table 1.

The mean value of the credibility score was 4.3 points 
(95% CI: 3.9–4.8), the mean value of the completeness 
score was 4.8 points (95% CI: 4.2–5.5), and the mean value 
of the accuracy score was 6.6 points (95% CI: 6.3–6.8).
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The websites’ compliance with each of the examined 
credibility criteria is represented in Figure 1.

The results of the t-test for independent samples regard-
ing the differences in quality scores of the websites com-
plying vs. not-complying with each of the individual cred-
ibility criteria are presented in Table 2.

Correlation statistics between credibility scores on one 
hand and completeness and accuracy scores on the oth-
er hand are presented in Table 3, both for the sample as 
a whole (N = 50) and for the two language sub-samples 
separately.

DISCUSSIONS

The credibility of the stroke-related information on Ro-
manian and Hungarian websites was poor (4.3 points) and 
was consistent with the results of previously published 

studies about the credibility of Romanian health-related 
websites.14,15 This low level of compliance with accepted 
credibility criteria might indicate that site owners are not 
aware of the ethical expectations regarding health-related 
websites or might not be motivated to comply with them. 
While compliance was very good or good with certain 
criteria (providing contact information, displaying the 
owner’s name and address, the mission statement, and the 
confidentiality declaration), some of the crucially impor-
tant criteria for medical websites (mentioning the author’s 
name and credentials, referencing the sources of the infor-
mation, and displaying the date of the last update) were 
poorly observed or almost totally ignored. 

Overall, we found no significant differences between 
websites that complied and those that did not comply with 
each individual credibility criterion as far as completeness 
and accuracy of the stroke-related information on Roma-

TABLE 1.  General characteristics of the websites included in the sample

General characteristics n %

Site ownership Foundation, NGOs 5 10

Health care provider 15 30

Commercial company 21 42

Not identifiable 9 18

Main goal of the site Educational 33 66

Commercial 17 34

Site format Medical or general web-portal 23 46

Electronic publication 11 22

Online shop 16 32

Medical paradigm of the site Conventional medicine 36 72

Alternative or mixed approach 14 28

FIGURE 1.  Stroke-related websites’ compliance with credibility criteria 
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nian and Hungarian websites are concerned. Although 
the analysis revealed one statistically significant differ-
ence (displaying publication date, p = 0.012) and three 
more criteria with marginally significant p values (owner’s 
name and address, p = 0.049; confidentiality statement, p 
= 0.047; and quality procedure statement, p = 0.054), their 
practical significance remains uncertain because the dif-

ferences in quality ratings were small and, at best, may be 
considered as indicators of a relative superiority but not as 
predictors of good or very good completeness or accuracy 
scores. Furthermore, the present study has shown that 
credibility scores did not correlate with completeness/ac-
curacy scores on the examined Romanian and Hungarian 
stroke-related websites. This finding suggests that compli-

TABLE 3.  Correlation statistics showing the relationship between site credibility and con-

tent quality scores of the Romanian and Hungarian stroke-related websites

Sample/Variables Spearman's/Pearson's rho p value

Full sample (N = 50)

Credibility vs. Completeness Score 0.038 0.793

Credibility vs. Accuracy Score 0.156 0.278

Romanian language sub-sample (N = 25)

Credibility vs. Completeness Score 0.056 0.789

Credibility vs. Accuracy Score 0.236 0.256

Hungarian language sub-sample (N = 25)

Credibility vs. Completeness Score 0.327 0.110

Credibility vs. Accuracy Score –0.125 0.550

TABLE 2.  Completeness and accuracy scores of compliant vs. non-compliant websites by individual credibility 

criterion (full sample, N = 50)

Credibility criteria Compliance Completeness 
score (mean)

p value Accuracy score 
(mean)

p value

Owner name and address No 5.5 0.245 6.1 0.049*

Yes 4.6 6.7

Mission statement No 5.3 0.325 6.5 0.878

Yes 4.6 6.6

Consultation disclaimer No 4.4 0.070 6.4 0.204

Yes 5.7 6.8

Disclosure of funding No 4.8 0.778 6.6 0.486

Yes 5.0 6.4

Disclosure of commercial interest No 4.9 0.903 6.4 0.179

Yes 4.8 6.9

Confidentiality statement No 4.7 0.830 6.2 0.047*

Yes 4.9 6.7

Providing contact mechanism No 6.3 0.258 5.7 0.095

Yes 4.7 6.6

Authorship disclosure No 4.8 0.907 6.5 0.486

Yes 4.9 6.7

Referencing sources No 4.7 0.529 6.6 0.455

Yes 5.2 6.4

Displaying publication date No 4.8 0.892 6.9 0.012**

Yes 4.9 6.2

Displaying date of last update No 4.7 0.054* 6.5 0.765

Yes 7.3 6.7

Quality procedure statement No 4.7 0.282 6.3 0.054*

6.0 7.4

* p values with marginally statistical significance; ** p values with statistical significance
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ance with credibility criteria may not be a true indicator 
of the quality of medical information. This observation 
has important practical implications because credibility 
criteria have been promoted by several expert bodies as a 
simple and dependable method, which enables users with 
no specific training in science or medicine to identify ac-
curate and trustworthy online health-related information 
sources. If, as implied by our study, compliance with cred-
ibility criteria is not a reliable predictor of scientific accu-
racy of health-related information, then, consumer health 
experts should stop recommending credibility criteria as a 
tool to detect accurate health information.

These findings are in line with the conclusions of sev-
eral studies that have investigated the relationship between 
credibility and content quality on samples that included 
websites addressing other medical topics both in Roma-
nian,12,13,16,17 as well as in English.3,18,19 In one of the ear-
liest studies that tested the association of credibility and 
content quality on English-language health-related web-
sites, Griffiths and Christensen have found that none of 
the content quality measures correlated with the JAMA-
Silberg accountability score.18 In a more comprehensive 
study including 121 websites presenting information on 
five common health topics, Kunst et al. have discovered 
that website credibility criteria have only a weak or at 
best moderate correlation with the accuracy of informa-
tion and concluded that apparently credible websites may 
not necessarily provide more accurate information.19 A 
meta-analysis of English-language websites on various 
topics such as social phobia, bipolar disorders, pathologi-
cal gambling, cannabis, alcohol and cocaine addiction, has 
failed to show the HON label as a predictor of good con-
tent quality websites, suggesting that the HON credibility 
criteria are more related to the ethical dimension of online 
health communication than to the scientific quality of the 
information conveyed.8 The authors of another study ex-
amining the quality of information about prehospital care 
of venomous snake bites on the English internet consider 
that the observed lack of correlation between the accuracy 
of the information and two credibility indicators (HON 
and JAMA) represents a reason of concern, since online 
health-seekers relying on these tools may be exposed to 
potentially harmful misinformation.9

Strengths and limitations

To the best of our knowledge, this is the first study assess-
ing the association of credibility criteria with the quality 
of stroke-related information for users of Romanian and 
Hungarian websites. The results of the study bring an ad-

dition to the debate surrounding reliability/unreliability of 
some widely known indirect predictors of online health-
related information quality by reporting results based on 
the assessment of a new topic in Central and Eastern Eu-
ropean languages. 

The main limitations of the study consist in some con-
straints intrinsic to internet research that may have a sen-
sible impact on the replicability of the results (search results 
are highly dependent on the choice of search engine, search 
terms, time of the query etc.). The influence of the evalu-
ators’ biases was proactively addressed by: selecting medi-
cal doctors or medical students as evaluators, providing the 
evaluators with detailed instructions regarding the evalua-
tion procedures, performing two independent assessments 
of the websites’ content, systematically checking the inter-
rater agreement, and performing a third, consensus evalua-
tion whenever was necessary. The use of Google as the only 
search engine in our study may be regarded as a limitation, 
but considering that up to 97% of Romanians use Google as 
their search engine, this methodological decision should not 
be of concern.20 Even if the sample of included sites is small, 
this should not be taken as a limitation, because the major-
ity of users access only websites included on the first page of 
the Google search results.21 Finally, since our study included 
only a sample of Romanian and Hungarian websites about 
stroke, the results cannot be extrapolated to other medical 
topics or other languages.

CONCLUSIONS

The mean credibility score of the Romanian and Hungar-
ian stroke-related websites was poor and it was not corre-
lated with neither completeness nor accuracy of the infor-
mation on the respective webpages. With a few, practically 
irrelevant exceptions, compliance with individual credibil-
ity criteria was not associated with higher content quality 
on the investigated sample.
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ABSTRACT

The present paper highlights the usefulness of 70% trichloroacetic acid in treating sebaceous 

hyperplasia in elderly patients. Esthetics are an important issue, and different therapeutic mo-

dalities can be used, such as systemic isotretinoin, surgical excision, electrocautery, cryosur-

gery, topical photodynamic therapy and laser, but all these methods are expansive and inva-

sive procedures that may result in scars, which are more extensive than the original lesions. 
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Sebaceous hyperplasia is a common benign proliferation of the sebaceous glands 
in middle-aged and elderly people. The clinical picture is striking and with great 
esthetic impact. Soft yellow papules with central umbilication are noticed not 
only on the face (particularly on the forehead, cheeks, and nose), but also on the 
genitalia, areola, and chest. Although they are known as senile sebaceous hyper-
plasia due to predominance in the elderly, nowadays sebaceous hyperplasia has 
been observed in middle-aged and even young women. In the majority of cases, 
the evolution is progressive, over several years, with crops of new lesions while 
the older ones become larger, umbilicated, and may discharge sebum from the 
center. No spontaneous clinical involution has been noted.

Sebaceous hyperplasia lesions can have variable morphological distribution: 
diffuse, unique large form, linear or zosteriform distribution, or along Blaschko’s 
lines. In daily practice, most cases show a diffuse facial distribution of sebaceous 
hyperplasia papules.

Skin biopsy is not necessary every time; the diagnosis is usually clinical, al-
though a histological report would confirm a lobular array of well-differentiated 



203Journal of Interdisciplinary Medicine 2018;3(3):202-204

mature sebaceous lobules. In the pathologist’s view on mi-
croscopic examination, sebaceous hyperplasia is defined 
only if at least 4 sebaceous lobules are attached to the in-
fundibulum of the pilosebaceous unit, and sebocytes are 
filled with lipids.

The explanation why some individuals are predisposed 
to develop sebaceous hyperplasia is not completely under-
stood, although different etiopathogenic factors have been 
incriminated such as natural aging, prolonged exposure to 
UV radiation, genetic predisposition. Presenile (or prema-
ture) diffuse familial sebaceous hyperplasia is a rare disor-
der in adolescents with family traits.

Molecular data support the hypothesis that the spo-
radic form may be a benign neoplasm instead of sebaceous 
hyperplasia; a pathogenic role of the EGFR-RAS-MAPK 
pathway has been demonstrated in sporadic sebaceous 
gland hyperplasia.1

During recent years, reports of other factors inducing 
sebaceous hyperplasia have been published. Cyclosporine 
administered in organ transplant recipients, especially 
renal transplant, was associated with the development of 
multiple sebaceous hyperplasia treated with oral isotreti-
noin. Additionally, sebaceous hyperplasia was reported in 
immune-suppressed organ transplant recipients in 16% of 
cases.

Various treatment methods have been attempted during 
the last decades, such as electrodessication, light lasers, 
applications of acids and photodynamic therapy, with dif-
ferent results and with the risk of scars and residual hy-
perpigmentation. Moreover, these methods are costly and 
difficult to access for patients. Oral isotretinoin is well-
documented in treating sebaceous hyperplasia; its action 
is based on inhibiting the size and function of sebaceous 
glands, but encumbered by serious side effects and recur-
rences upon discontinuation. 

Monthly application of 70% trichloroacetic acid (TCA) 
for 5 consecutive months on the forehead of a 67-year-old 
woman diagnosed with sebaceous hyperplasia proved to 

be a valuable therapeutic option in our daily practice, with 
no side effects. Close follow-up of the patient showed no 
recurrence; new papules were treated in a similar way with 
positive results (Figure 1, panels A–C). 

Based on these results, the method was applied to other 
patients with the same good tolerability and outcome. No 
laboratory investigations or other examinations were nec-
essary during the topical treatment. Between sessions, an 
emollient cream with high UV protection index and avoid-
ance of sun exposure were recommended.

According to the definition, TCA is a chemical peel 
that induces exfoliation of the skin. Initially, it was used 
for the cosmetic improvement of photo aging; subse-
quently, it became a versatile topical agent with a wide 
spectrum of clinical indications, exceeding its cosmetic 
purposes. In different concentrations with or without 
other ingredients, TCA was used in diverse pathologies, 
for example: striae rubra, plantar callus and warts, cu-
taneous leishmaniasis scars, for chemocauterization of 
small tracheocutaneous fistula, cervical intraepithelial 
neoplasia (CIN), acne, pyogenic granulomas in children, 
sebaceous hyperplasia.2

TCA is very caustic and should be handled with care. At 
a concentration of 70%, it acts as a deep peel at the level 
of mid reticular dermis.3 A short contact produces the co-
agulation of epidermal and dermal proteins, as well as the 
necrosis of collagen from the upper reticular dermis.4

The necrotic layers are replaced with “seemingly normal 
skin” due to re-epithelization from the surrounding islets 
of keratinocytes and from skin appendages.5

TCA is a self-neutralizing peel, no systemic absorption 
has been reported, and patients do not complain of pain 
and/or pruritus. A burning sensation is sometimes de-
scribed, but for a short period of time.

In conclusion, chemical cauterization with 70% TCA 
is a safe, easy-to-perform, non-expansive, and effective 
method for the treatment of sebaceous hyperplasia in pa-
tients to whom other methods are inaccessible.

FIGURE 1.  A – Adult sebaceous hyperplasia; B – The same patient with frosting of the skin during application of 70% trichloroacetic 

acid (third application); C – Close view of the frontal area of the same patient after 6 months of treatment
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lication process, and typically ensures that all the journal’s 
administrative requirements, such as providing details of au-
thorship, ethics committee approval, clinical trial registra-
tion documentation, and gathering conflict of interest forms 
and statements, are properly completed, although these du-
ties may be delegated to one or more coauthors.

Authors should not submit the same manuscript simul-
taneously to more than one journal, in the same or differ-
ent language.

MANUSCRIPT TYPES

The Journal of Interdisciplinary Medicine accepts the fol-
lowing categories of articles:

Original research

Manuscripts should be word processed. The manuscript 
must contain the title of the article, the authors' names, 
qualifications and address/es.

Peer Review: all articles undergo initial screening for 
suitability for the Journal of Interdisciplinary Medicine.

The length of contributions: ideally contributions 
should be no more than 4,000 words, including tables and 
figures. Suitable papers are then peer reviewed by two or 
more referees. Additional specialist advice may be sought 
if necessary, for example, from a statistician, before a final 
decision is made by the Editor-in-Chief.

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

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

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

all experimental details, research methodology, and study 
groups. The methodology should be detailed enough to al-
low reproducibility of the experiments. Give full descrip-
tions of all equipment used (type, manufacturer, town, 
country). Details of statistical analysis should be reported 
here together with a level of significance [α value]. Authors 
should provide details of the statistical software package 
used (name, version, producer, town, country). Abbrevia-
tions of standard SI units of measurement should be em-
ployed. Declaration of Helsinki: The authors should state 
that their study complied with the Declaration of Helsinki, 
that the locally appointed ethics committee approved the 
research protocol and that written informed consent was 
obtained from the subjects (or their guardians) before the 
commencement of the study. Where animals are involved, 
the authors should state that their study complies with 
their institutional guidelines for the care and use of labora-
tory animals.

3. Results: This section should present the data arising 
from the experiments and their statistical significance. Do 
not discuss these findings in the Result Section.

4. Discussions: This section should contain a detailed 
analysis and interpretation of the results. Results should 
not be repeated in the Discussion section.

5. Conclusions: This presents the conclusions deriving 
from the outcome of the study and their clinical signifi-
cance if appropriate.

Case reports

Case reports are intended for the presentation of interesting 
cases of interdisciplinary medicine encountered in clinical 
practice and should refer to actual and uncommon cases.

The report should have an abstract limited to 200 words, 
structured in the following manner: Introduction, Case 
presentation, and Conclusions.

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

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

Case series

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

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

Case report / Image focus

This category is intended to facilitate the publishing of 
representative images related to any clinical pathology. Ac-
cepted images may be published on the cover of the Jour-
nal. Images should be submitted as a figure accompanied 
by a clinical message that contains a description of the case 
and a detailed explanation of the figure, using a maximum 
of 300 words. For Case report / Image focus, the number of 
authors should be limited to four and the number of refer-
ences to 10.

Reviews

The Journal of Interdisciplinary Medicine publishes review 
papers in any medical field of  interest at an international 
level. Review articles should include a non-structured ab-
stract of no more than 200 words with a maximum of 6000 
words excluding references, tables, and figures.

Clinical update

The Journal of Interdisciplinary Medicine publishes up-
date articles that describe current advances in any clinical 
field related to interdisciplinary medicine. Articles should 
include a non-structured abstract of no more than 200 
words with a maximum of 4500 words excluding referenc-
es, tables, and figures.

Letter to the editor

Letters to the editor should address either a recently 
published article in the Journal of Interdisciplinary Med-
icine, or a new topic in the field of cardiovascular emer-
gencies.

Concerning a letter, discussing a recently published 
article, the comments contained in the letter will be for-
warded to the authors of the original paper who will be 
invited to respond. Any response will be published in the 
same journal issue as the letter to the editor. A letter to the 
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editor should be no longer than 500 words, 5 references, 
and three authors. No abstract is required.

Editorial

Editorials should address either a particular topic that is 
currently of interest in the field of interdisciplinary medi-
cine or to an article which is published in the same issue of 
the journal. The number of references should not exceed 
twenty-five in total.

Manuscript content

Style and spelling: Authors, whose first language is not 
English, are requested to have their manuscripts checked 
carefully, preferably by an English native-speaker, before 
submission, to expedite the review process.

Manuscript format: The manuscript must be submitted as 
a Word document and should be presented in the follow-
ing order:

•	Title page.
•	Abstract, or a summary of case reports (references 

should not be included in abstracts or summaries).
•	Main text separated under appropriate headings and 

subheadings using the following hierarchy: BOLD 
CAPS, bold lower case, Plain text, italics.

•	Tables should be in Word format and placed in the 
main text where the table is first cited. Tables must be 
cited in the main text in numerical order.

•	Acknowledgements, Competing Interests, Funding, 
and all other required statements. 

•	Reference list. 
•	 Images must be uploaded as separate files (view 

further details under the Figures/illustrations sec-
tion). All images must be cited within the main text 
in numerical order, and legends should be provided 
at the end of the manuscript. Appendices should be 
uploaded using the File Designation “Supplementary 
File” and cited in the main text.

The contents of your manuscript should be arranged in the 
following order:

1.	 Title page – should include: (1) the title of the arti-
cle; (2) the name(s) of authors; (3) the institutional 
affiliations of the authors; (4) the position, institu-
tion, and location of all authors; (5) the telephone 
number, fax number and e-mail address of the cor-
responding author; (6) disclosure of grants, contracts 

and any other form of financial support received for 
the study.

2.	 Abstract – an abstract prepared in accordance to the 
type of the manuscript.

3.	 Keywords – between 3 and 6 keywords.
4.	 Full text – All manuscripts should be typed double-

spaced, in Times New Roman 12 fonts, using Word 
format. References, tables and figures should be ci-
ted in numerical order, as they appear in the text. The 
abbreviations should be explained the first time they 
appear in the text, followed by the abbreviation in 
brackets. 

5.	 Acknowledgements – should indicate clearly any 
source of funding received for the study, including 
grants, research contracts or any form of financial 
support.

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

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

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

Reference style

The journal will publish the reference list according to the 
style of Index Medicus (or spelled out if not listed in Index 
Medicus). List all the authors in each reference following 
the format and punctuation indicated below as examples:

Reference to an article 
1. Benedek I, Gyongyosi M, Benedek T. A prospective 
regional registry of ST-elevation myocardial infarction 
in Central Romania: impact of the Stent for Life Initia-
tive recommendations on patient outcomes. Am Heart J. 
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Reference to a book
2. Nichols WW, Rourke MF. Aging, High Blood Pressure 
and Disease in Human. 3rd ed. London/Melbourne: Lea 
and Febiger; 1990.

Reference to a chapter in a book
3. Nichols WW, O'Rourke MF. Aging, high blood pres-
sure and disease in humans. In: Arnold E, ed. McDonald's 
Blood Flow in Arteries: Theoretical, Experimental and 
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Reference to a webpage 
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