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Abstract
Modern society has not forgotten yet epidemics that killed millions in the last 
millennium and the COVID-19 pandemic caused by the SARS CoV-2 has recently 
emerged. With the onset of the Wuhan epidemic in the Chinese province of Hu-
bei, the initially called new corona virus due to the similarity of 80 % to the 2002 
SARS virus was renamed to SARS CoV-2. The virus was originally isolated from 
bronchoalveolar aspirate specimens. Viral RNK was detected in 6 of 41 blood sam-
ples with clinical signs of infection. A senior Chinese expert told to the media that 
the median incubation period was 7 days, ranging from 2 -1 2. The International 
Health Regulations Emergency Committee for Epidemics gives a preliminary es-
timate basic reproduction number R0 of 1.4 - 2.5. COVID-19 is mainly transmitted 
by close contact with the infected by drops due to sneezing and coughing. Fever, 
cough, myalgia and fatigue are the predominant initial signs and symptoms. The 
clinical picture is non-specific. Exacerbation occurs suddenly, as bilateral intersti-
tial pneumonia that requires admission to intensive care. Initial lethality in hos-
pitalised cases was 15 %, but these estimates had to be taken with reserve as the 
situation evolved. According to recent data, the global fatality rate is 3.7 %, the 
lethality rate in China is 3.9 % and in Italy 6.8 %. According to data from the Chi-
nese Centre for Disease Control and Prevention, of 44,672 confirmed cases 1,023 
people died, therefore lethality was 2.3 %. In the absence of specific prevention and 
control measures, mankind is limited to general prevention measures.

Key words: Covid-19, SARS CoV-2, pandemic, lethality.

Modern society have not yet forgotten the epi-
demics that killed millions in the last millenni-
um and the COVID-19 pandemic caused by the 
SARS CoV-2 virus has emerged. According to 
the World Health Organization (WHO), as of 
the end of December 2019, 153,517 persons had 
been laboratory-confirmed by 15 March 2020, of 
which 81,048 or 52.79 % of the total number of 
patients became ill in China. At the same time, 
5,735 people died, 3,204 in China.1

The epidemic was first reported in Wuhan, 
Hubei, China, and quickly spread to 143 more 
countries. While the epidemic in China is grad-
ually dying out, new hotspots centred in Europe 

are opening up around the world. Italy was par-
ticularly affected with 21,157 patients and 1,441 
deaths, as well as about 3,500 patients and over 
170 deaths on a daily basis. The situation is con-
tinuing to deteriorate in Spain, France, Germa-
ny and the United Kingdom.

The first death outside China occurred on 2 Feb-
ruary 2020 in the Philippines. On 15 February 
2020 France reported the first death outside 
Asia, a person who had been to China. The first 
two Europeans to die from COVID-19 were re-
ported in Italy on 23 February 2020.

The first two cases of infection in the Republic of 

Introduction
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Srpska were confirmed in a man who returned 
from Italy, as well as in his school-age son. As of 
16 March, 20 cases of COVID-19 were confirmed 
in the laboratory in the Republic of Srpska. No 
case with severe clinical picture was recorded 
yet.

The epidemic is spread across the continents of 
Europe, Asia, Africa, America and Oceania and 
the WHO has declared a pandemic. The whole 
world has come together to fight this global ep-
idemic. All countries implement the same mea-
sures, with differences in the implementation 
of measures and levels of restrictions. It is very 
important to summarise the known facts on the 
epidemiological characteristics of COVID-19 
disease.

SARS CoV-2 virus

Incubation
and infectiousness

With the onset of the Wuhan epidemic in the 
Chinese province of Hubei, the causative agent 
was designated as a new corona virus, but over 
time, after 80% sequence similarity with the 
2002 SARS virus mankind is, this virus was des-
ignated SARS CoV-2. Coronaviruses were are 
known since the mid-1960s. It has been known 
that they have ability to infect humans and many 
birds and mammals. Two outbreaks involving 
coronaviruses with animal reservoirs were not-
ed: SARS-CoV in 2002, caused by a Betacorona-
virus, subgenus Sarbecovirus, and MERS-Co-
Vin 2012, caused by Betacoronavirus, subgenus 
Merbecovirus).2

In the previous decade, two pandemic viruses, 
SARS and MERS, affected several thousands of 
people with very high fatality ratio. Known facts 
regarding SARS virus identified in 2002 are: 
8,096 affected people, mostly having pulmonary 
infections, 774 deaths, fatality ratio 10 %.3  Most 
likely, bats were origin of the virus, which was 
spread further to Himalayan palm civets, Chi-
nese ferret badgers and raccoon dogs sold for 
food at the markets of Guangdong, China. The 
2012 MERS virus had ever greater fatality rate 
than SARS, it was around 35.7 %. It was spread-
ing among the people, particularly in healthcare 
settings. Besides that, dromedary camels were 
animal reservoirs of the virus.4

In December 2019, a new coronavirus caused 
pneumonia in three patients connected to the 
cases of acute respiratory illness from Wuhan. 
After genetic analyses of the new coronavirus 
were performed, it was discovered that it was 
closely related to SARS-CoV and genetic clus-
ters within the genus Betacoronavirus, form-
ing a distinct clade in lineage B of the subgenus 
Sarbecovirus together with two bat-derived 
SARS-like strains.5 It was later confirmed that 
the COVID-19 shares with SARS-CoV a property 
binding to the angiotensin-converting enzyme-2 
(ACE-2), a membrane exopeptidase that acts 
not only as the receptor for these viruses, but 
also enables them to enter into the human cells.6

The virus was originally isolated from broncho-
alveolar aspirate specimens.7 Virus RNA was de-
tected in the blood samples in six of 41 cases in a 
study on the clinical characteristics of infection.8 
At present, it remains unknown whether the vi-
rus is excreted in faeces or urine.

Since first identified, the epidemic scale of the 
recently emerged novel coronavirus (2019-
nCoV) in Wuhan, China, has increased rapidly, 
with cases arising across China and other coun-
tries and regions. Using a transmission model, 
a basic reproduction number R0 of 3.11 (95 %CI, 
2.39-4.13) was estimated.9 The mean incubation 
period was 5.2 days (95 % confidence interval 
[CI], 4.1 to 7.0), with the 95th percentile of the 
distribution of 12.5 days. In its early stages, the 
epidemic doubled in size every 7.4 days. With a 
mean serial interval of 7.5 days (95 % CI, 5.3 to 
19), the basic reproduction number R0 was es-
timated to be 2.2 (95 % CI, 1.4 to 3.9).10 Linton 
and co-workers11 used the best-fit lognormal dis-
tribution method and showed that the incuba-
tion period was approximately 5 days (95 % CI 
4.1 to 7.0 days).

However, these estimates are still only prelim-
inary and will be updated when more informa-
tion becomes become available. The infection 
correlates with the onset of symptoms and the 
severity of the clinical picture.8
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Pathogenesis

Ways of transmission

Clinical characteristics

Lethality 

Age and gender distribution
of diseased

Fever, cough, myalgia and fatigue are the pre-
dominant initial signs and symptoms. The clin-
ical picture is extremely nonspecific with a wide 
range of symptoms, bilateral pulmonary infil-
trations and sudden worsening followed by dys-
pnoea and admission to the intensive care unit. 
Huang and co-workers8 described that the me-
dian time since the onset of symptoms to hospi-
tal admission had been 7 days, until occurrence 
of dyspnoea 8 days, until occurrence of acute re-
spiratory distress syndrome 9 days and 10 to 15 
days until admission to the intensive care unit.

Among the first published studies on the epi-
demic in China there was a study published by 
Li et al.10 In a sample of 425 confirmed cases in 
Wuhan, China, in January 2020, the median age 
of patients was 59 years (range 15 to 89 years). 
Out of the total number of patients, 240 (56 %) 
were men and there were none under the age 
of 15. This age distribution can be explained by 
the fact that the first cases consisted of a cluster 
of non-specific pneumonias. Further follow-up 
revealed that the disease manifested in children 
with a lighter clinical picture, so these cases were 
not registered until the detection of the pneu-
monia cluster. The slightly milder representa-
tion of men can be explained by the exposure to 
the wholesale market in Wuhan.

According to the Chinese Centre for Disease 
Control and Prevention, as of 11 February 2020, 
men represented 63.8 % of the sample of 44,672 
confirmed patients. Children between the ages 
of 0 and 9 accounted for 0.9 % of the total num-
ber of patients, but there were no fatalities. The 
lethality increased with age, thus at the age of 80 
and over it was 14.8 %.15 According to the same 
source, it was concluded that the number of 
diseased health workers increased with the in-
crease in the number of patients and accounted 
for 3.8 % of the total number of patients with a 
lethality of 0.3 %. Hubei patients accounted for 
95.7 % of the total number of patients, an indi-
cation of well-implemented control measures in 
the province and halting further spread across 
China. Comorbidities were significantly repre-
sented, such as hypertension (39.7 %), diabe-
tes (19.7 %), and cardiovascular diseases (22.7 
%). In 80.9 % of the confirmed cases, the clini-
cal picture was mild and 4.7 % critical. Wei and 
co-workers16 described 9 diseased new-borns (7 
girls and 2 boys) in their study who had a mild 
clinic picture.

COVID-19 is mainly transmitted by close con-
tact with the infected person by droplets in 
sneezing and coughing. It was shown in a study 
by Ghinai and colleagues12 that a person-to-per-
son transmission of COVID-19 had occurred 
between a symptomatic and uninfected subject 
after a prolonged, unprotected exposure. No 
further spread of infection was detected, despite 
the active symptom monitoring and testing 
with symptomatic and some asymptomatic con-
tacts. Contagiousness is greatest in the period 
of symptoms. Air is also possible as a transport 
route. Faecal transmission is not excluded but is 
unlikely. Transmission is possible through con-
taminated hands in contact with eyes and saliva 
of nose and mouth.13, 14

In patients with more severe clinical imaging re-
quiring intensive care, a Th1 immune response 
is enhanced. However, production of IL-4 and 
IL-10 was also enhanced that stimulates the 
Th2 immune response that was not observed in 
SARS and MERS. For researchers in this emerg-
ing situation, it remains to be investigated how 
the use of corticosteroids will affect this balance 
between Th1 and Th2 immune responses.8

Initial lethality in hospitalised cases was 15 %,17 
but these estimates had to be taken with reserve 
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Conclusion

In the absence of specific prevention and con-
trol measures, healthcare systems are limited 
to general prevention measures. Key mea-
sures include limiting travel, quarantining the 
exposed, minimising social contact, sanitary 
and hygiene measures, personal hygiene mea-
sures and the proper use of personal protec-
tive equipment on the exposed. The Chinese 
authorities pointed to the importance of all 
these measures.

as the situation evolved and changed. According 
to recent data, the global fatality rate is 3.7 %.1 
According to the same source, the lethality rate 
in China is 3.9 % and in Italy 6.8 %. According to 
data from the Chinese Centre for Disease Con-
trol and Prevention, of 44,672 confirmed cases, 
1,023 people died, so lethality was 2.3 %. In the 
same sample confirmed in China, 416 cases of 
children between the ages of 0 and 9 were regis-
tered, with no deaths.17 Higher lethality in Italy 
may perhaps be explained by the fact that the 
Italian population is older than the population in 
China. Further statistic monitoring and analysis 
are needed to accurately assess the COVID-19 
lethality.

Yang et al18 have reported that the median time 
for a radiological confirmation of pneumonia 
since the onset of symptoms was 5 days (rang-
ing 3-7 days); since the symptom onset until ad-
mission to the intensive care unit it was 11 days 
(ranging 7-14 days) and from admittance to the 
intensive care unit to death it was 7 days (rang-
ing 3-11 days). The median time from pneumo-
nia confirmation to death was 13 days. In the 
study of Linton and colleagues,19 an average of 
13 days elapsed from the onset of the disease to 
death.

In a letter to the editor Wilson et al20 reported on 
the case-fatality risk estimates by means of a lag 
time for fatality methodology. Hubei Province 
was excluded from the clause. The case-fatality 
risks, when adjusted for a 13-day lag from report-
ing to death, was 3.5 % in China (0.8% in China, 
excluding Hubei Province), 4.2 % in the group of 
82 countries, territories and areas and 0.6 % for 
the passengers and crew on a cruise ship.21
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Pharmacologist's View of the New Corona Virus
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Despite many advances in the prevention and treatment of infectious diseases, the global spread of in-
fections is accelerated by close contact among concentrated populations. A pandemic caused by a new 
type of coronavirus (SARS-CoV-2) continues to spread across the globe. This new disease attributed to 
COVID-19 emerged a century after the Spanish flu pandemic, which affected one-third of the world's 
population, killing more than 50 million people.1 The disease, caused by the H1N1 virus, has been 
around for less than two years and it is still unclear what contributed to its termination; possibly a mu-
tation of the virus reduced its viral strength. Since information about biological sciences and human 
medicine is far more advanced today than at the beginning of the 20th century, it is expected that the 
current pandemic will be contained, regardless of the potential for viral mutation. Scientists and doc-
tors now face an urgent task - how to treat numerous sick people and stop the spread of this infection. 
The pandemic urgently requires identification of preventive measures, along with optimum means of 
diagnosis and treatment and data on dissemination of the infection, duration of incubation, clinical 
features of the disease, along with the best means of diagnosis and treatment for a very large number 
of people, and ultimately the long lasting consequences of the disease. In addition, we must identify 
pathways for the spread of the virus, its persistence on various surfaces and means of its inactivation.2

Since no cure exists, as yet, for this viral disease, and it will take time to produce a suitable vaccine, 
strict epidemiological measures were implemented initially. This resulted in the largest quarantine in 
history – between 50 and 60 million people in several Chinese cities were isolated, group meetings 
were cancelled, schools were closed, and travel was prohibited. Later evaluation will show whether all 
of these epidemiological measures were justified. When analyses of deaths due to infection were made, 
the lowest mortality due to COVID-19 infection was found in patients with lung disease, compared to 
individuals who suffer from the heart diseases or diabetes. The mortality of hypertensive individuals 
due to the new coronavirus is similar to that of patients with lung disease.

Researchers almost immediately, in January 2020, identified the genome of the new virus, which made 
it possible to compare this new SARS-CoV-2 with an older coronavirus, SARS-CoV. The SARS-CoV, 
which originated in bats, caused a viral epidemic in 2002-2003. The genetic similarity of old and new 
corona viruses has been shown to be greater than 70 %.3 Thus, the new corona virus is a combination 
of the bat virus with an unknown virus source. The snake virus seems to be the reservoir of that com-
bined virus. Earlier, it was found that the older coronavirus (SARS-CoV) binds to the receptor for the 
angiotensin converting enzyme-2 (ACE-2), which is found at the airway cells localised in the alveoli.

Copyright © 2020 Igić. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Usage of the approved medications

Doctors quickly looked to see if any existing medicines could affect the COVID-19; the fastest way for 
treatment would be to use approved medicines proven to help resist invading pathogens. Development 
of specific drugs to treat this new illness may take several years and will require clinical trials; this will 
require time that we do not have. Enlistment of existing, safe medications, such as atorvastatin, met-
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It is worth noting that since the year 1940 until now, around 400 new infectious pathogens have been 
identified,12 providing an opportunity for scientific researchers to better treat and eliminate new in-
fections. The production of vaccines and vaccination of a significant part of the population has proven 
successful in previous dangerous infections, but it is a time-consuming procedure. It remains impera-
tive for us to quickly identify drugs that will, in the meantime, reduce mortality and prevent the spread 
of infection. 

Professor Rajko Igić

Stroger Hospital of Cook County, Chicago, IL 60612, USA
Department of Pharmacology, Toxicology and Clinical Pharmacology,
Faculty of Medicine, University of Banja Luka, Banja Luka, 
The Republic of Srpska, Bosnia and Herzegovina

Epilogue

formin, glitazones, cyclosporine, interferon beta-1, ribavirin, antiviral peptides, nutrient supplements 
(especially zinc, which has anti-viral activity) should help patients resist the invading virus.4 In addi-
tion, biologics that reduce immunopathology and stimulate immune responses can be employed. 

The Chinese reported efficacy of chloroquine, an antimalarial drug for treatment of the infection.5 

Then, French researchers found, in a small group of patients with COVID-19 infection, that combined 
administration of hydroxychloroquine and azithromycin had produced even better results.6 Although 
that study was insufficient, it indicated a path to treatment, regardless of some serious side effects of 
azithromycin (severe diarrhoea due to Clostridium difficile and prolonged Q-T interval on the ECG). 
Despite these drawbacks, mortality due to infection with the new virus could be significantly reduced.

Some pharmacologists believe that because certain growth-inhibiting agents, such as cepharanthin, se-
lamectin or mefloquine hydrochloride, affect replication of coronaviruses in vitro, these agents might 
be used to treat COVID-19 infection in vivo, but it will first be necessary to check their clinical efficacy. 
Cepharanthin (an ingredient in the local plant Stephania cephalantha) has been used in Japan since 
almost 70 years ago for a number of acute and chronic diseases because it has various pharmacological 
effects, including anti-inflammatory, anticancer, and antiviral effects.7

There is a considerable debate among biomedical scientists and physicians as to whether patients 
should stop taking ACE inhibitors (ACEI: enalapril, lisinopril, ramipril and others) and angiotensin re-
ceptor blocking drugs (ARB: losartan, eprosartan, valsartan and others) due to their increase of ACE-2 
activity and rise of the ACE-2 receptors.8 These drugs help thousands of patients with high blood pres-
sure, chronic heart failure, diabetic kidney damage and other vascular disorders.9 Discontinuing these 
medicines could have many serious consequences, although medical opinions remain divided.10 On the 
one hand, there is an indication that these renin-angiotensin blockers could exacerbate coronavirus 
disease, but on the other hand, some preliminary data show that they are beneficial.11 Controlled clini-
cal trials will establish whether these drugs should be temporarily discontinued (and in which patients) 
or whether they should even be given to individuals infected with COVID-19. For now, no one should 
omit taking any of these medicines.
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Abstract
Background/Aim: The relation of social isolation (SI) to global cardiovascular 
health (CVH) is not clear. In this paper the association of CVH metrics to SI within 
US adults was investigated.
Methods: Using the US National Health and Nutrition Examination Survey, the 
association of SI with American Heart Association’s Life’s Simple 7 (LS7) CVH 
components (smoking, body mass index, physical activity, total cholesterol, diet, 
blood pressure, fasting blood glucose) was examined.  The sum of the components 
(scored 1 for poor, 2 for intermediate and 3 for ideal) created a composite CVH 
score. Multiple logistic regression provided the odds of SI according to levels of the 
LS7 components adjusted for age, sex, and ethnicity.
Results: A total of 3,528 adults aged ≥ 40 were studied. The mean age, sex and 
ethnicity-adjusted composite CVH scores were 14.1 vs 14.6 in those with vs without 
SI (p < 0.01). Multiple logistic regression examined individual LS7 components 
in relation to SI and showed the adjusted odds for SI for those with ideal vs poor 
smoking status to be 0.57 (range 0.38-0.85), ideal vs poor physical activity 0.53 
(range 0.37-0.76) and ideal vs poor fasting glucose 0.65 (range 0.47-0.91).   
Conclusion: This study generally shows lower levels of CVH in those with vs 
without SI, with non-smoking status; ideal physical activity and ideal glucose lev-
els were all less likely associated with SI, suggesting the potential value for screen-
ing for SI in identifying those at potential cardiovascular disease risk.

Key words: cardiovascular health, social isolation, risk factors.

Social support is a key psychosocial factor that 
has a prominent and powerful impact on physical 
and mental health. Previous research has indicat-
ed that there is a decreased risk of mortality in 
those with significant quality or quantity of social 
connections compared to those with low quality 
or quantity of social networks, when adjusted for 
baseline health status.1 Subsequently, data show 
that psychosocial factors, including low social 
support, are correlated to greater risk of cardio-
vascular disease (CVD).2-6 The impact of social 
relationships on cardiovascular health has also 
been shown to be comparable with that of stan-

dard traditional risk factors.7 In addition, social 
connections have been shown to be associated 
with the development and progression of CVD.8 -13

The American Heart Association (AHA) had set 
a goal to improve cardiovascular health (CVH) 
of the general American population by 20 % by 
the year of 2020. The AHA promotes and encour-
ages primary prevention of CVD by describing 7 
cardiovascular and behavioural health factors or 
Life’s Simple 7 (LS7) including fasting glucose, 
blood pressure, total cholesterol, body mass in-
dex (BMI), smoking, diet and physical activity as 

Copyright © 2020 Kieu et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Methods

poor, intermediate and ideal.14 Although the rela-
tion of these metrics with heart failure,15, 16 CVD,17 
chronic pulmonary obstructive disease18 and can-
cer19 have been shown, no study has examined 
the connection between social isolation and the 

A total of 3,528 adults aged ≥ 40 from the Na-
tional Health and Nutrition Examination Sur-
vey (NHANES) were examined.  NHANES is a 
cross-sectional, multistage, stratified, clustered 
probability sample of the US non-institution-

Table 1. AHA’s Life’s Simple 7 Measures 

Poor Intermediate Ideal

Smoking
Body Mass Index

Diet

Total Cholesterol

Fasting Blood 
Glucose

Blood Pressure

Physical Activity

Yes
≥ 30 kg/m2

0-1

≥ 240 mg/dL

≥ 126 mg/dL

None

Former or quit ≤ 12 months prior
25.0-29.9 kg/m2

2-3 components

200-239 mg/dL or treated to goal

100-125 mg/dL or treated to goal

Systolic 120-139 or Diastolic 80-89 mmHg 
or treated to goal

1-149 min/wk moderate intensity
1-74 min/wk vigorous intensity or 
1-149 min/wk moderate+vigorous

Systolic ≥ 140 or
Diastolic ≥ 90 mmHg

≥ 150 min/wk moderate intensity
≥ 75 min/wk vigorous or
≥ 150 min/wk moderate+vigorous

Never or quit > 12 months prior
< 25.0 kg/m2

4-5 components

< 200 mg/dL untreated

< 100 mg/dL untreated

< 120/<80 mmHg untreated 

metrics of CVH. This study examines the relation 
of social isolation (SI) with AHA’s LS7 metrics of 
CVH, in an effort to further document the role of 
inadequate social support in CVH.

alised population conducted by the Centers for 
Disease Control and Prevention’s National Center 
for Health Statistics (NCHS). Participants under-
went a clinical examination including blood col-
lection and answering a household interview; the 

precise methods and study design for NHANES 
have been previously described.20, 21 The study 
was conducted using data from 2007-2008, 
which is the last wave of data that includes social 
support questionnaires.  Participants aged < 40 
years were excluded, as they were not included in 
the sample given social support questionnaires. 
All participants gave a written informed consent. 
The current analysis utilised de-identified data 
from NHANES and was thus exempt from insti-
tutional review board approval.

The primary measure of social support was 
self-reported through a household questionnaire, 
which queried the participant as to whether there 
is anyone to provide adequate social support for 
both male and female participants. Participants 
who answered negatively for this question were 
indicated as being socially isolated.

Based on the American Heart Association’s 
Life’s Simple 7, each of the 7 health factors and 
behaviours including diet, BMI, blood pressure, 
total cholesterol, fasting blood glucose, smoking 
status, and physical activity were classified as 

poor, intermediate, and ideal; specific and de-
tailed descriptions of individual metrics are pre-
sented in Table 1. 

Participants scoring poor for an individual mea-
sure were given a score of 1, intermediate score 
of 2, or ideal score of 3, respectively. Aggregating 
the scores assigned for the 7 metrics, a cumula-
tive Life’s Simple 7 score (LS7 score) was calcu-
lated from the sum of all 7 individual risk factor 
scores, resulting in a cumulative range of 7 to 21.  
A score of 7 correlated to the poorest health and 
21 corresponded to optimal health.

Analysis of variance (ANOVA) was performed to 
compare the means of LS7 among subjects with 
and without SI, while adjusting for age, gender, 
and ethnicity. Additionally, logistic regression 
was used to calculate the odds of SI, comparing 
ideal and intermediate versus poor levels for all 
the LS7 measures adjusting for age, gender, and 
ethnicity.  Any and all statistical analyses and/or 
computation of weighted estimates for the gener-
al US population were performed using SAS ver-
sion 9.0.3 (SAS Institute Inc.).
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Results

A total of 3,528 adults aged ≥ 40 were included 
(50.9 % females, 18.8 % African American, 26.2 
% Hispanics). Of the total study population, 90.4 
% were classified as being absent of SI (having 
social support) and 9.6 % being socially isolated. 
The mean adjusted composite CVH score was 
14.6 without vs 14.1 in those who were socially 
isolated (p < 0.01). There were significantly lower 

proportions of persons with ideal levels of physi-
cal activity and fasting blood glucose in those who 
were socially isolated (p < 0.01). Among those 
who were socially isolated compared to those 
who were not, there were higher proportions who 
were Hispanic (26.1 % vs 8. 6%) but lower pro-
portions who were African American (7.7 % vs 9.7 
%) (both p < 0.01) (Table 2).Multiple logistic re-

Table 2. Demographic characteristics comparing those with versus without social isolation 

Measures

AHA Life’s Simple 7 Measures (%):

*AHA Life’s Simple 7 Score (mean ± SD) 14.6 ± 0.09 14.1 ± 0.11 0.003

Social Isolation Absent
(n=3191, 90.4 %) 

Social Isolation Present
(n=337, 9.6 %) 

p-value

Age (mean ± SD)
Female (%)
African American (%)
Hispanics (%)
Total Cholesterol, mg/dL (mean ± SD)
HDL-Cholesterol, mg/dL (mean ± SD)
Systolic Blood Pressure, mmHg (mean ± SD)
Diastolic Blood Pressure, mmHg (mean ± SD)
Body Mass Index, kg/m2 (mean ± SD)

Smoking 
Current
Past
Never

Obesity
Obese
Overweight
Normal

Total Cholesterol
Poor
Intermediate
Ideal

Blood Pressure
Poor
Intermediate
Ideal

Diet
Poor
Intermediate
Ideal

Exercise
Poor
Intermediate
Ideal

Fasting Blood Glucose
Poor
Intermediate
Ideal

18.8
  1.97
79.2

35.3
36.7
27.9

17.6
48.0
34.3

21.9
50.4
21.9

73.5
22.3
4.21

26.8
46.3
26.9

12.2
16.8
71.0

24.9
3.73
71.3

33.3
40.1
26.5

23.2
43.3
33.5

25.4
47.8
26.7

70.1
23.6
6.32

37.9
41.0
21.0

18.5
17.9
63.5

  56.9 ± 0.33
    6.2 M (52.9%)
  11.3 M (9.7%)
    6 M (8.6%)
202.4 ± 1.07
  52.9 ± 0.54
125.8 ± 0.49
  71.9 ± 0.42
  28.8 ± 0.14

  57.5 ± 0.68
    4.0 M (49.5 %)
    0.6 M (7.7 %)
    2.1 M (26.1 %)
208.7 ± 3.53
  51.3 ± 1.26
127.8 ± 1.27
  72.1 ± 0.79
  28.5 ± 0.49

   0.46
   0.44
< 0.0001
< 0.0001
    0.119
    0.176
    0.116
    0.835
    0.44 

0.086

0.714

0.323

0.492

0.474

0.0002

0.0092
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gression (Table 3) shows that compared to partic-
ipants those at poor levels of health metrics, the 
age, ethnicity, and gender-adjusted odds (95 %) 
for social isolation among those at ideal fasting 
blood glucose were 65 % (p < 0.05) as likely to be 
socially isolated. Compared to non-smokers, cur-

Table 3. Multivariable logistic regression odds of social isolation 
among AHA’s LS7 measures

Measures

3 = ideal; 2 = intermediate; 1 = poor (reference)

Odds Ratio (95 % CI) p-value

Age (per 10 years)
Female (vs. Male)
Black (vs. White)
Hispanics (vs. White)
Other Race (vs. White)
Diet 2 vs. 1
Diet 3 vs. 1
BMI 2 vs. 1
BMI 3 vs. 1
Blood Pressure 2 vs. 1
Blood Pressure 3 vs. 1
Total Cholesterol 2 vs. 1
Total Cholesterol 3 vs. 1
Fasting Blood Glucose 2 vs. 1
Fasting Blood Glucose 3 vs. 1
Smoking 2 vs. 1
Smoking 3 vs. 1
Physical Activity 2 vs. 1
Physical Activity 3 vs. 1

1.09 (0.95-1.26)
0.81 (0.58-1.13)
0.88 (0.51-1.53)
4.00 (2.94-5.44)
2.94 (1.67-5.20)
1.01 (0.67, 1.51)
1.49 (0.58, 3.77)
1.21 (0.86, 1.69)
1.06 (0.70, 1.61)
0.88 (0.63, 1.24)
0.92 (0.60, 1.42)
0.72 (0.46, 1.12)
0.76 (0.42, 1.39)
0.77 (0.49, 1.21)
0.65 (0.47, 0.91)
1.39 (0.39, 4.88)
0.57 (0.38, 0.85)
0.73 (0.54, 0.99)
0.53 (0.37, 0.76)

0.2113
0.2148
0.6460
0.0001
0.0002
0.9727
0.4026
0.2688
0.7710
0.4629
0.7251
0.1439
0.3807
0.2646
0.0117
0.6112
0.0061
0.0446
0.0006

Discussion

This study is the first to examine and analyse 
the relation between AHA’s LS7 metrics and so-
cial isolation (also defined within the literature 
as "lack of social support"), in a representative 
sample of the US population. The primary find-
ing of this study was that lack of social isolation 
(presence of social support) was associated with 
greater levels of cardiovascular health measured 

rent smokers were 57 % (p < 0.01) as likely to be 
socially isolated. Those who were at an ideal level 
of physical activity were 53 % (p < 0.001) as likely 
and intermediate levels of physical activity to be 
73 % as likely (p < 0.05) to be socially isolated. 
While age and sex did not relate significantly to 
the likelihood of social isolation, in adjusted anal-
yses, compared to whites, Hispanics were 4 times 
more likely and other races 2.9 times more likely 
to be social isolated (both p < 0.01).

by LS7. In particular, it was found that among 
the LS7 components, social isolation is associated 
with poorer fasting blood glucose, smoking, and 
physical activities. Moreover, Hispanics were four 
times as likely as whites to be socially isolated.

Smoking is strongly associated with social isola-
tion and current smokers are more likely to be so-
cially isolated. Although there are discrepancies in 
the findings,22 social support has been shown to 
be associated with successful smoking cessation.23 
With a smoking prevalence of 15.2 % among 
adults age ≥ 18 in 2015,24 the presence of social 
support will be quite beneficial at the reduction of 
smoking prevalence among the population thus 
contributing to an improved general cardiovascu-
lar health. While smoking is a critical risk factor, 
the reduction of smoking prevalence in the re-
cent years has been counterproductive by the in-
crease of poor blood pressure, BMI, and absence 
of healthy diet25 resulting in the need to consider 
other factors for primary prevention of CVD.  

Physical activity is an important factor of LS7 and 
hold a significant correlation with SI where those 
with intermediate and ideal level of physical ac-
tivities are less likely to be socially isolated. Many 
prior studies have established that physical ac-
tivity is positively related to social support.26-29 
Females with high physical activity social support 
were twice as likely to be active at least 30 min-
utes for 5 or more days per week.30 Absence of 
friend or family support has been shown 23-55 % 
more likely to be inadequately active comparing 
to those with high family or friend support.31 The 
influence of physical activity on other factors such 
as blood glucose are rather essential in the prima-
ry prevention of CVD, thus the presence of social 
support influencing physical behaviour may be 
advantageous in the reduction of blood glucose 
indirectly through the increase of physical activ-
ity.

Previous studies have indicated that social sup-
port is associated with better diabetes self-man-
agement.32-34 Furthermore, social support at 
higher levels are related with improved glycaemic 
control, enhanced adherence of treatment, and 
strengthened life’s quality; although the relation-
ship is controversial and debated.35-39 While the 
relation between social support and blood glu-
cose is indirect, the significance of social support 
in diabetes care remains a prominent factor as it 
has been shown to be valuable in diagnosis accep-
tance, adjusting emotionally, and stress allevia-
tion.39, 40 
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Abstract
Background/Aim: Gliclazide is one of the most commonly prescribed oral an-
ti-hyperglycaemic therapies in type 2 diabetes mellitus (T2D). Recently reported 
additional beneficial pharmacological properties of gliclazide, including immu-
nomodulatory and anticoagulant activities, suggested its potential application in 
treatment of type 1 diabetes mellitus (T1D). However, following oral administra-
tion, gliclazide was shown to have poor and variable absorption directing research 
into development of novel pharmaceutical delivery systems of gliclazide suit-
able for T1D. Since bile acids have previously demonstrated stabilising and con-
trolled-release effects on microcapsules, their use for preparation of microcapsules 
of gliclazide may lead to improvements in gliclazide release, absorption and anti-
diabetic effects. This investigation was aimed to evaluate drug absorption profiles 
and hypoglycaemic effects of alginate-based microcapsules of gliclazide, prepared 
together with or without cholic acid, in healthy rats. 
Methods: Thirty healthy Wistar rats with confirmed normal glucose blood con-
centration were allocated into five groups and administered with a single dose of 
either vehicle microcapsules, gliclazide in suspension, gliclazide microcapsules, 
gliclazide in suspension together with cholic acid or microencapsulated gliclazide 
in combination with cholic acid. Following respective gliclazide dose, blood was 
sampled over next 10 hours and blood glucose levels and gliclazide serum concen-
trations were measured.
Results: This analysis demonstrated altered effects of different gliclazide formu-
lations in healthy rats with the highest gliclazide absorption mirrored by the most 
profound hypoglycaemic effect being achieved after its oral administration as a 
suspension (p <0.01) compared to any other investigated pharmaceutical formu-
lation. 
Concusion:When conducting pharmacokinetic characterisation of novel phar-
maceutical formulations of antidiabetic drugs, it is of utmost importance to select 
the appropriate research model and consider the possible role of gut-metabolic 
activation on their hypoglycaemic effects.

Key words: gliclazide; capsules; bile acids; hypoglycaemic agents; rats.

Gliclazide, a second-generation sulphonylurea, is 
the second most commonly prescribed oral an-
tihyperglycemic agent in the treatment of type 

2 diabetes mellitus (T2D), after metformin.1 It 
is the preferred therapeutic option because of 
its selective binding to the pancreatic β-cell sul-
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Methods

phonylurea receptor (SUR1) and subsequent 
stimulation of insulin release, as well as for its 
unique antioxidant properties2 and other bene-
ficial haematological effects.3, 4 Furthermore, gli-
clazide was shown to restore peripheral insulin 
sensitivity, decrease hepatic glucose production 
and skeletal muscle glycogenesis, independent 
of its insulin-mediated effects.5 Due to its known 
extrapancreatic action, gliclazide may exert con-
ceivable potential in type 1 diabetes mellitus 
(T1D) treatment, especially when used in com-
bination with other agents that exhibit hypogly-
caemic effects, including certain bile acids and 
probiotics, as previously reported.6-8

Despite the clinical experience with gliclazide 
being extensive and its pharmacological and 
pharmaceutical applications well-documented, 
poor and variable absorption after oral admin-
istration has limited its potential applications in 
T1D due to the inconsistent dose-response ef-
fects, necessitating research into novel pharma-
ceutical delivery systems of gliclazide suitable 
for T1D.9 Therefore, besides available imme-
diate and modified release formulations of gli-
clazide,10 novel pharmaceutical approaches that 
utilise high-scale techniques, such as drug mi-
croencapsulation are needed for enhancement 
of its oral absorption and potentially maintain 
tight blood glucose levels in diabetic patients.11

Multiple recent studies reported on the de-
velopment and characterisation of novel algi-
nate-based microencapsulated formulations of 
gliclazide mixed with different bile acids. Nota-
bly, these new gliclazide formulations exhibited 
stable colon-targeted delivery and its enhanced 
pharmacokinetic and pharmacodynamics ef-
fects in T1D rats when cholic, deoxycholic or 
taurocholic acids were added to the microencap-
sulated gliclazide formulation.12-17

However, given the novelty of the designed mi-
croencapsulated gliclazide formulations, basic 
in vivo pharmacokinetic and pharmacodynamic 
studies should be also conducted in a sufficient 
number of clinically healthy animals, in order 
to validate the in vitro and in silico approaches 
needed to gain a more comprehensive under-
standing of its efficacy and safety profiles in dia-
betic models and ultimately patients.

Hence, this study was aimed to investigate the 

Reagents and Materials 
Gliclazide (99.9%), Na-alginate (98%), and cholic 
acid (95%) were supplied by Sigma Chemical Co, 
USA. Anhydrous calcium chloride was purchased 
from Scharlab S.L, Australia. The suspending 
gel for ultrasound-aided manipulation was ob-
tained from Australian Medical Association, 
Perth, WA, Australia. Test tubes for oral gavage 
were purchased from Instech Laboratories, Inc., 
USA. Acetonitrile and HPLC-grade water were 
delivered by Fisher Chemical, Australia. All other 
chemical reagents and solvents were supplied by 
Merck, Australia.

Microcapsules Preparation
Fresh stock of gliclazide (40 mg/mL) and cholic 
acid (4 mg/mL) were prepared by dissolving the 
respective powders in 10 % ultrasonic suspend-
ing gel, while the 2 % CaCl2 stock solution was 
prepared by adding CaCl2 powder to HPLC-grade 
water. Each stock preparation was stored at 4° C 
and used within 12 hours. Sodium alginate-based 
microcapsules of gliclazide and cholic acid were 
prepared as previously described, according to 
the established protocols.15, 17

 
Animal Procedures and Blood Glucose Mea-
surements
The conducted experiments were approved by the 
local Ethics Committee for Experimental Animals 
Welfare Protection of the University of Novi Sad, 
Serbia (approval number: 01-31/4-1/2014-01). 
All experiments were performed in alignment 
with ethical principles and guidelines for welfare 
of the laboratory animals. Male Wistar rats, 8-10 
weeks old, were obtained from the Animal Farm-
ing Facility of the Military Medical Academy, Bel-
grade, Serbia and were allowed a 7-day acclimati-

hypoglycaemic effects of alginate-based micro-
capsules of gliclazide, prepared together with or 
without cholic acid, in healthy rats. Focusing on 
the effects of microencapsulation and addition 
of cholic acid on gliclazide systemic absorption 
in healthy animals, this study complements the 
ongoing work aimed at investigating potential 
bile acids use and microencapsulation technolo-
gy in the delivery and absorption of antidiabetic 
agents.
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Results

Blood Glucose Measurements
According to the D'Agostino-Pearson omnibus 
test, data passed the normality test (p > 0.05), in-
dicating normal distribution of data. All admin-
istered gliclazide formulations, with or without 
added cholic acid resulted in significantly low-
er blood glucose concentrations in healthy rats 
compared with control vehicle microcapsules, 
therefore indicating a strong and significant 
hypoglycaemic effects of orally administered 
gliclazide (Figure 1). However, the reduction in 
blood glucose levels was more profound (p < 0.01) 
compared with control group when rats were 
treated with gliclazide suspension than with 
gliclazide microcapsules (p<0.05). On the other 
hand, when cholic acid was added to gliclazide, 
microencapsulated combination of gliclazide 
and cholic acid exerted stronger hypoglycaemic 
effects compared to the combination adminis-
tered in suspension.

sation period and given access to food and water 
ad libitum. Following allocation into 5 separate 
groups with 5 rats per cage, animals were treated 
via oral gavage with a single dose of either vehicle 
microcapsules (control group), gliclazide suspen-
sion (G), microencapsulated gliclazide (G (MC)), 
gliclazide plus cholic acid suspension (G+CA) or 
gliclazide plus cholic acid microcapsules (G+CA 
(MC)), with identical doses of gliclazide and cho-
lic acid of 40 mg/kg and 4 mg/kg, respectively 
across all treatment groups. After a single dose 
administration of the respective treatment, blood 
was drawn from tail vein at following time-points: 
0, 5, 10, 20, 40, 60, 90, 120, 180, 240, 360, 480 
and 600 min post-dose, for blood glucose and 
gliclazide concentrations measurements. Blood 
glucose levels were directly measured in collected 
samples, using ACCU-CHEK Glucose Advantage 
Meter (Roche).

Gliclazide Serum Concentrations Measure-
ments 
Gliclazide concentrations in serum were mea-
sured using high pressure liquid chromatogra-
phy (HPLC) techniques based on the previously 
established methods.6 Shortly, 40 µL of serum 
samples were extracted with acetonitrile in a 2:1 
ratio, vortexed for 30 seconds and centrifuged 
(10,000 rpm/min) for 5 minutes. The superna-
tant was injected into the HPLC system, togeth-
er with respective standards and quality control 
samples and analysed in the same manner. The 
used HPLC system was HPLC-DAD (Dionex, 
USA) with ODS Hypersil analytical column (100 
mm x 2.1 mm, 5 µm; 120 Å) from Agilent with the 
appropriate ODS precolumn (Agilent; 20 mm x 
2.1 mm, 5 µm). The mobile phase was 49 % aceto-
nitrile and 51 % water, v/v (pH 2.7). The flow rate 
was 0.4 mL/min, and the analysis was performed 
using the wavelength of 229 nm. Limit of detec-
tion (LOD) was 0.4 µg/mL, limit of quantification 
(LOQ) was 0.5 µg/mL, whereas the recovery of 
85.83 ± 4.02% and linearity of 0.8 - 500 µg/mL 
was noted.

Statistical Analysis
The D'Agostino-Pearson omnibus test was used to 
test for the normality of data (p=0.05). Linear re-
gression and one-way ANOVA analysis followed 
by a post hoc Tukey’s multiple comparison test 
was performed. Data are represented as mean ± 
standard deviation (SD). GraphPad Prism ver-
sion 5.0 (GraphPad Software, Inc., USA) was 
used and p values reported where significant (p < 
0.05) or highly significant (p < 0.01).

Gliclazide Serum Concentrations
According to the D'Agostino-Pearson omnibus 
test, data passed the normality test (p > 0.05), 
indicating normal distribution of data. When 
comparing the effect of microencapsulation 
technology on gliclazide serum concentrations, it 
is observed that microencapsulation of gliclazide 
resulted in its lower concentrations in serum 
with maximum serum concentration (Cmax) of 
135.00 ± 86.73 µg/mL, compared with non-mi-
croencapsulated gliclazide with peak concentra-
tion in serum of 358.50 ± 92.88 µg/mL. (Figure 
2). Moreover, the time needed for gliclazide to 

Figure 1. Blood glucose concentrations over 10 hours in five dif-
ferent groups of healthy rats, treated with a single dose of: emp-
ty microcapsules (untreated control), gliclazide suspension (G), 
gliclazide microcapsules (G (MC)), gliclazide + cholic acid sus-
pension (G+CA), gliclazide + cholic acid microcapsules (G+CA 
(MC)). Data are shown as mean ± SD, n = 5. p-value vs control 
at all time points; one-way ANOVA followed by a post hoc Tukey’s 
multiple comparison test.
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It has been previously shown that diabetes may 
influence the pharmacokinetic, as well as phar-
macodynamic properties of various oral antidi-
abetic compounds, including gliclazide, presum-
ably due to the pre-systemic drug elimination 
or altered gastric emptying and gastrointesti-
nal motility in diabetic individuals.18, 19 In the 
present study, healthy rats exhibited increased 
gliclazide bioavailability compared to that pre-
viously reported in diabetic rats treated with 
same pharmaceutical gliclazide formulations,17 
regardless of its administered formulation. How-
ever, Stětinová et al20 reported that even when 
biological gliclazide bioavailability was similar 
in both healthy and alloxan-induced diabetic an-
imals, the hypoglycaemic effect of gliclazide was 
not equally distributed and was less pronounced 
in animals with alloxan-induced hyperglycaemia 
(23 % decrease at 60 min) compared to healthy 
animals (36 % decrease at 60 min). Interestingly, 
at later time points, this gliclazide hypoglycae-
mic effect was maintained in hyperglycaemic 
animals, while healthy animals demonstrated a 
reversal of the hypoglycaemic effect.20

It was shown here that in healthy normoglycae-
mic animals, gliclazide microencapsulation re-
sulted in its significantly lower Cmax and almost 
doubled Tmax values, compared with non-micro-
encapsulated gliclazide. On the other hand, the 
addition of cholic acid into the alginate-based 
gliclazide microcapsules increased its serum 
concentrations and extended the time needed to 
reach its peak concentration in serum compared 
to the combination of gliclazide plus cholic acid 
that was not microencapsulated (Figure 2). Simi-
lar findings have previously been reported for al-
loxan-induced diabetic animals.17 This was also 

confirmed by the in vitro stability and release ki-
netic studies of the same gliclazide formulations, 
indicating possible suitability of microencapsu-
lated gliclazide formulations for its sustained 
and targeted delivery to the lower intestine.12, 15

Having a closer look at the maximum blood glu-
cose level drops (Emax) compared to its initial 
values before gliclazide administration (E0) in 
healthy rats, it was observed that gliclazide sus-
pension lowered the glucose levels by 69 %, mi-
croencapsulated gliclazide formulation by 51 %, 
combination of gliclazide suspension and cholic 
acid by 46 % and microencapsulated combina-
tion of gliclazide and cholic acid by 46 %. Inter-
estingly, in the previously reported study in dia-
betic rats,17 the greatest glucose levels reduction 
from the initial values was observed after the ad-
ministration of the microencapsulated gliclazide 
and not with gliclazide suspension as it was the 
case in healthy rats. Moreover, even though sta-
tistical test showed non-significant difference 
between healthy and diabetic rats, a tendency 
towards higher values of Cmax and shorter Tmax

 for 
gliclazide were observed in healthy rats within 
this study compared with alloxan-induced dia-
betic rats from the previous study,17 regardless of 
the administered gliclazide pharmaceutical for-
mulation.

Linear regression analysis of blood glucose levels 
throughout time and gliclazide concentrations in 
serum administered in different pharmaceutical 
formulations in healthy rats revealed dispropor-
tional association of gliclazide suspension treat-
ment and resulting glucose levels in blood. Even 

reach its peak concentration in serum (Tmax) 
was significantly prolonged (p < 0.05) with mi-
croencapsulated gliclazide formulation versus 
gliclazide suspension, with Tmax values being 
276.00 ± 116.96 minutes and 138.00 ± 58.48 
min, respectively. Addition of cholic acid to gli-
clazide microcapsules resulted in significantly 
higher concentrations in serum compared to 
non-microencapsulated combination of gli-
clazide and respective bile acid (p < 0.05).

Discussion

Figure 2. Gliclazide serum concentrations over time in healthy 
rats gavaged with a single dose of: gliclazide suspension (G), 
gliclazide microcapsules (G (MC)), gliclazide + cholic acid sus-
pension (G+CA), gliclazide + cholic acid microcapsules (G+CA 
(MC)). Data are shown as mean ± SD, n = 5. p-value vs control 
at all time points; one-way ANOVA followed by a post hoc Tukey’s 
multiple comparison test.

18 Jovic et al. Scr Med 2020;51(1):15-20,



CONTENT

Figure 3. Linear regression of blood glucose and gliclazide serum 
concentrations among treatment groups of healthy rats treated 
with a single dose of: gliclazide suspension (G), gliclazide micro-
capsules (G (MC)), gliclazide+cholic acid suspension (G+CA), gli-
clazide+cholic acid microcapsules (G+CA (MC)).

though gliclazide and cholic acid microcapsules 
also resulted in consistent reduction in blood glu-
cose levels, these changes were not significantly 
different compared with control (Figure 3).

Mikov et al7 have reported decreased bioavail-
bility of gliclazide administered in suspension 
in alloxan-induced diabetic rats compared to 
healthy controls, possibly due to gastrointestinal 
motility disorder related to diabetes. However, 
in the same study, when gliclazide was admin-
istered together with sodium 3α,7α-dihydroxy-
12-keto-5β-cholanate (MKC), its bioavailability 
was further increased in healthy animals, but no 
significant differences were observed in terms 
of glucose levels. On the other hand, gliclazide 
bioavailability being substantially lower in dia-
betic rats was not altered by this bile acid salt, 
but the hypoglycaemic action in diabetic rats of 
the combination of gliclazide and MKC was sig-
nificantly greater in comparison to the situation 
when gliclazide was administered alone.
 
Differential drug permeation-enhancing and hy-
poglycaemic effects of various bile acids are fur-
ther supported by a recently reported study that 
evaluated the glucose lowering potential of nov-
el microencapsulated gliclazide pharmaceutical 
formulation with gliclazide alone or in combina-
tion with a taurocholic acid (TCA). Mathavan et 
al14 reported that microencapsulated gliclazide 
alone failed to exert the hypoglycaemic effect in 
diabetic rats, whereas the addition of TCA into 
gliclazide microcapsules resulted in enhanced 
gliclazide absorption and significant hypogly-
caemic effects compared with diabetic untreat-
ed controls. However, the data on the effects of 
this microencapsulated gliclazide formulation in 
healthy animals is not reported.14

Another study that investigated pharmaco-
kinetics and pharmacodynamics of gliclazide 
in immediate and modified release formula-
tion tablets showed non-significant difference 
of evaluated parameters between healthy and 
streptozotocin-induced diabetic rats for either 
formulations.21 Even though the differences were 
not significant, a tendency towards slower elim-
ination and higher mean residence time (MRT) 
in both healthy and diabetic rats treated with 
modified release gliclazide versus its immediate 
release formulation was found, confirming the 
sustained release mechanism of the modified 
release drug formulations. Resztak et21 al also 
reported significantly higher reduction of blood 
glucose level with immediate-release gliclazide 
formulation than with one with modified release, 
with the highest pharmacodynamic efficacy of 
gliclazide being observed in the healthy animals 
following treatment with the immediate-release 
gliclazide tablets, whereas the hypoglycaemic ef-
fect of the drug was reduced in diabetic animals. 
Therefore, the authors suggested that hypogly-
caemic effects of gliclazide in healthy subjects 
might not be a suitable approach for characteris-
ing antidiabetic drugs.21

Conclusion

This study demonstrated the impact of gli-
clazide pharmaceutical formulations on the 
systemic absorption and hypoglycaemic ef-
fects in healthy rats, revealing that altered 
pharmacokinetic/pharmacodynamic effects 
were due to the modified physiological out-
comes in alloxan-induced diabetic rats. The 
highest gliclazide absorption was achieved 
after its administration as a suspension and 
was mirrored by the most profound hypogly-
caemic effect versus any other investigated 
pharmaceutical formulation, unlike in di-
abetic rats where gliclazide hypoglycaemic 
effects were found to be independent of its 
absorption and serum concentrations. Taken 
together, these data indicate the importance 
of selecting the appropriate model for phar-
macokinetic characterisation of novel phar-
maceutical formulations of antidiabetic drugs 
and the possible role of gut-metabolic activa-
tion on their hypoglycaemic effects.

19Jovic et al. Scr Med 2020;51(1):15-20,
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Abstract
Background/Aim: Polyphenol compounds obtained from pomegranate have 
beneficial pharmacological activities in the treatment of diabetes mellitus type 2 
(DMT2). Most of DMT2 patients are overweight or obese and obesity by itself is 
very much related to insulin resistance and abnormalities in insulin secretion. This 
clinical study aimed to evaluate the pomegranate peel extract (PoPEx) activity on 
anthropometric parameters and body composition of overweight patients with 
DMT2.
Methods: Sixty patients with DMT2 on continuous metformin therapy were in-
volved in this double-blind, placebo-controlled, randomised clinical trial. Patients 
from the study group (n=30) were treated with capsules containing PoPEx (250 
mg) twice a day for 8-week period, while those ones from the placebo group (n=30) 
received placebo capsules for the same period. Anthropometric characteristics 
(body weight, waist circumference, fat mass percentage, visceral fat level) were 
measured at the beginning and at the end of the study.
Results: Eight-week treatment with PoPEx resulted in significant changes in BMI 
(mean value ± standard deviation: 0.18 ± 0.30 kg/m2) and body mass (0.48 ± 0.93 
kg). The intake of PoPEx produced a significant decrease in waist circumference 
(z = -4.613, p < 0.001, r = 0.60) indicating a large effect size using Cohen’s d-test, 
and a non-significant decrease in the level of visceral fat. The results showed a 
non-significant reduction in fat mass percentage in PoPEx group (-0.58 ± 2.21 %, 
p = 0.159) compared with the placebo group (0.14 ± 1.24 %, p = 0.546).
Conclusion: The eight-week supplementation with PoPEx had a beneficial effect 
on anthropometry and body composition of overweight diabetic patients.

Key words: pomegranate peel extract; overweight; obesity; diabetes mellitus 
type 2; anthropometry.

Nearly half a billion people worldwide or 9.3 % 
of all adults globally have diabetes mellitus (DM). 
The most common type of DM belongs to type 2 
(DMT2), accounting for about 90 % of all diabetes 
cases and the prevalence of this disease is rising.1 
Hyperglycaemia is the most common clinical sign 

of DMT2 that occurs as a result of decreased insu-
lin secretion and the inability of the body to fully 
respond to insulin, known as insulin resistance.1, 2

Obese patients are at higher risk for non-com-
municable diseases including DM.3 Most DMT2 
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patients are overweight or obese and obesity by 
itself is linked to insulin resistance and abnor-
malities in insulin secretion.3, 4 One of the most 
significant risk factors for metabolic disorders 
and its predisposition to DMT2 is abdominal dis-
tribution of fat.5 Having in mind that DM is one 
of the leading causes of death worldwide and that 
DMT2 and obesity together increase the mortal-
ity, it is not surprising that the prevention and 
treatment of DM and obesity are important pub-
lic health measures.1, 6 

Diabetes can be managed by different approach-
es, including antidiabetic medication, nutrition, 
physical activity or herbal remedies.7, 8 There is 
an increasing interest in identifying herbal com-
pounds that have lipid-lowering activities or 
properties to reduce obesity.9 According to some 
studies, polyphenols exert very potent anti-in-
flammatory effects and can improve metabolic 
conditions.8 Pomegranate is an excellent source of 
polyphenols (flavonoids, condensed tannins and 
hydrolysable tannins) with beneficial pharmaco-
logical properties and potential for treatment of 
various disorders including DM.10-13 According 
to the literature data, pomegranate peel extract 
(PoPEx) can affect adipocyte differentiation.9 Ad-
ipocytes, on the other hand, are very important in 
the development of metabolic disturbances that 
are related to obesity and DM.9, 14 A recent clinical 
study, performed in obese patients with DMT2, 
clearly showed that PoPEx, containing ellagitan-
nins had a very potent hypolipaemic, hypogly-
caemic and anti-hypertensive effects, but had no 
effect on body mass index (BMI), body weight, 
fat mass and fat-free mass.15 However, the ani-
mal and cell culture studies suggest that dietary 
polyphenols may have a pronounced anti-inflam-
matory effect associated with a reduction of body 
weight and FM.16, 17

Therefore, this clinical trial, as an arm of the ex-
isting clinical investigation, was aimed to study 
the effects of PoPEx on anthropometry and body 
composition in overweight patients with DMT2.

Study population 
This study was designed as a randomised, dou-
ble-blind, placebo-controlled clinical trial in Figure 1: The study design and the participants flow diagram

overweight patients with type 2 diabetes mellitus. 
Patients were recruited at the Department Endo-
crinology of the University Clinical Centre of the 
Republic of Srpska, Banja Luka. All participants 
(40 - 65 years of age) were overweight (BMI ≥ 25 
kg/m2), had poor glycaemic control (glycosylated 
haemoglobin, HbA1C ≥ 6.5%) and were treated 
with metformin for the period of at least one year 
before being enrolled in the study. Patients not 
enrolled in the study were those with inflamma-
tory diseases, with chronic kidney or liver disease 
or those on hormone replacement therapy and 
antioxidant supplements. Patients on insulin 
treatment were not considered for the study. 

Ethical Considerations 
All the subjects interested in participating in this 
study had to sign an informed consent. They 
were informed about the study purpose and pro-
tocol, as well as on the possible risks or benefits 
of treatment. This clinical study was approved by 
the Ethics Committee of the Faculty of Medicine, 
University of Banja Luka No 01-9-604-2/17 and 
the study was conducted according to the Decla-
ration of Helsinki.

Study design and medication
After randomisation, sixty patients were allocat-
ed into two groups. The study group (n=30) re-
ceived capsules (250 mg) containing PoPEx twice 
daily for 8-weeks period, and the placebo group 
(n=30) received capsules containing the same 
quantity of placebo. Participants had to follow 
the study protocol without changing their dietary 
habits, physical activities and medication regi-
mens during the study period. They participants 

Discontinued (n=2)

Excluded (n=24)
• Not meeting inclusion criteria (n= 9)
• Declined to participate (n=15)

Assessed for eligibility (n=84)

Randomised (n=60)

Allocated to PoPEx

Analysed (n=30) Analysed (n=28)

Allocated to placebo

8 weeks 8 weeksMethods
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Two patients (3.33 %), out of 60 enrolled in the 
study, did not complete the study. At baseline, 
there were no differences in age and DM and 
metformin therapy duration between the PoPEx 
group and the placebo group (57.9 ± 6.1 years 

were provided with a fixed number of capsules 
needed for the course of treatment. The partici-
pant flow diagram and study design are present-
ed in Figure 1.

Pomegranate peel extract
PoPEx was provided by Institute for Medicinal 
Plant Research "Dr Josif Pančić", Belgrade, Ser-
bia. Pomegranate fruits were obtained from Her-
zegovina, a southern region of Bosnia and Herze-
govina. After being separated from the fruit, peels 
were dried at room temperature (4 - 6 days). The 
dried peels were grounded with a laboratory mill 
to obtain the powder. Powdered pomegranate 
peel was extracted with 50% ethanol. After filtra-
tion, the extract was evaporated to dryness and 
put in capsules. Each capsule (250 mg) contained 
polyphenols (punicalagin, punicalin, ellagic acid, 
and gallic acid) in defined quantities. The detailed 

Figure 2: Chemical structures of main pomegranate peel poly-
phenols

Punicalagin

Ellagic acid

Punicalin

Gallic acid

methods of preparation and quantification of 
phenolic compounds of PoPEx were described in 
detail in a recently published paper.15 The chem-
ical formulae of these polyphenols are presented 
in Figure 2.

Energy and nutrient intake
Using a 3-day food diary records, the dietary in-
take was assessed at the beginning and at the end 
of the treatment period. The energy and nutrition 
intake were estimated every day using the Serbi-

an Food Composition Database, harmonised with 
the European Food Information Resource (Euro 
FIR) standards and integrated into the Euro FIR 
Food Platform and Balkan Food Platform.18 The 
participants were advised not to change their 
usual daily diet.

Anthropometric measurements 
The anthropometric measurements were per-
formed at the beginning and the end of the study 
period by the same trained investigator. All mea-
surements were taken in the morning hours on 
subjects wearing underwear only. Height was 
measured using a stadiometer (accuracy of 1 mm), 
waist circumference (WC) with a non-stretchable 
tape and the body mass by standard scale (accu-
racy of 100 g). Body composition (FM, fat-free 
mass, visceral fat level, and phase angle) was de-
termined using a Tanita bioelectrical impedance 
analyser (Tanita Corporation, Tokyo, Japan). For 
skinfold thickness, Harpenden skinfold caliper 
(SF) was used. Triple measurements were tak-
en on the right side of the body in four standard 
places (biceps, triceps, subscapular and suprail-
iac), and the average value was used. BMI was 
calculated using the following formula: [weight 
(kg)/height (m)2].
 
Statistical analyses 
For statistical analyses, the IBM SPSS 20 soft-
ware was used (Chicago, IL, USA). All results 
were expressed as mean ± standard deviation 
and p < 0.05 was considered significant. For com-
parisons between the groups, Student t-test and 
Mann-Whitney U test were used. The distribu-
tion of variables was assessed by Shapiro-Wilk’s 
test. For the power of statistical significance, Co-
hen’s test was used, and the analysis of differenc-
es was performed by paired sample t-test or Wil-
coxon Signed Rang test. Pearson and Spearman 
correlation coefficients were used to assess the 
correlation between body mass change.

Results
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versus 56.9 ± 6.7 years; 74.00 ± 49.2 months ver-
sus 74.8 ± 53.0 months; 56.3 ± 38.0 versus 64.1 ± 
49.8 months, respectively).  In both study groups, 
no adverse effects were observed during the fol-

Mean SD

Placebo group

93.20
108.71
31.75
30.73
65.90
11.67
5.88

16.03
9.92
4.86
8.59
8.24
9.91
0.77

Table 1: The baseline anthropometric characteristics of patients 
with diabetes mellitus type 2 (mean values and standard devia-
tions, SD)

PoPEx group

Mean SD

90.00
106.25
30.96
29.85
66.88
11.53
5.85

Body mass (kg)
WC (cm)
BMI (kg/m2)
Fat mass (%)
Fat free mass (%)
Visceral fat (level)
Phase angle

16.58
11.50
4.37
7.19
6.61
3.69
0.67

Mean SD P-value

Week 8 

2342.8
  524.8  
  904.32
  294.7
  913.4

2284.3
484.2
890.2
287.8
909.9

298.7
51.2
91.2
28.3

111.2

346.6
47.3
88.7
29.3
91.3

0.422
0.568
0.356
0.751
0.532

0.492
0.588
0.411
0.682
0.512

Table 2: Energy and macronutrient intakes of patients with diabe-
tes mellitus type 2, at baseline and at the end of the study

PoPEx, pomegranate peel extract; SF, saturated fat; CH, carbohydrate;
p values-paired t-test

Week 0 

Mean SD

2333.6
495.3
920.2
289.6

1181.9

2265.6
471.2
881.1
296.7
913.3

Energy intake (kcal)
Protein energy (kcal)
Fat energy (kcal)
SF energy (kcal)
CH energy (kcal)

Energy intake (kcal)
Protein energy (kcal)
Fat energy (kcal)
SF energy (kcal)
CH energy (kcal)

PoPEx

Placebo

307.9
48.6
99.3
31.5

131.4

343.4
46.4
83.8
30.6

101.2

low-up period. The baseline characteristics of the 
PoPEx and the placebo groups are presented in 
Table 1. There were no significant differences in 
anthropometric variables between the PoPEx and 
the placebo group at baseline.

Mean energy intake at baseline was similar in 
both groups (2333.6 ± 307.9 kcal and 2265.6 ± 
343.4 kcal, respectively). The 3-day diary food in-
take showed no significant changes in the energy 
and macronutrient intake during the study peri-
od. The mean fat energy intake was 920.2 ± 99.3 
kcal in the PoPEx group and 881.1 ± 83.8 kcal in 

the placebo group, accounting for nearly 40% of 
fat energy. The average daily intakes of saturated 
fat the energy were 289.6 ± 31.5 kcal and 296.7 
± 30.6 kcal in the PoPEx group and the placebo 
group, respectively (Table 2). 

After the intervention period, significant increase 
in BMI (0.18 ± 0.30 kg/m2) and body mass (0.48 
± 0.93 kg) were noticed in the PoPEx group; z 
= -2.646, p = 0.008 (r = 0.34) and z = -2.391, p 
= 0.016 (r =0.30), respectively. However, at the 
same time, the intake of PoPEx produced a sig-
nificantly decreased WC, z = -4.613, p < 0.001 (r 
= 0.60), indicating a large effect size using Co-
hen’s test and a non-significant decrease in the 

Mean SD

Placebo group

-0.32
-0.97
-0.10
0.14

-0.21
0.11

-0.01

1.52
2.71
0.51
1.24
1.31
0.50
0.24

PoPEx group

Mean SD

0.48
2.17
0.18

-0.58
0.61

-0.20
0.78

Body mass (kg)
WC (cm)
BMI (kg/m2)
Fat mass (%)
Fat free mass (%)
Visceral fat (level)
Phase angle

0.43
1.82
0.30
2.21
2.50
0.92
0.24

Table 3: Changes in the outcomes of anthropometric characteris-
tics in patients with diabetes mellitus type 2 

PoPEx, pomegranate peel extract; WC, waist circumference; BMI, body mass index.
*p < 0.05 Wilcoxon signed rank test; **p < 0.01; ***p < 0001

level of visceral fat. In the placebo group, there 
were no statistical differences in the anthropo-
metric characteristics at the end of the interven-
tion period (Table 3).

Figure 3: Correlation between two methods, bioelectrical imped-
ance analysis (BIA) and skinfold thicknesses (SF) for estimating 
the percentage of fat mass in diabetes mellitus type 2 patients  
r = 0.887; p < 0.001

 
The relation between the bioelectrical impedance 
analysis (BIA) and skinfold thicknesses (SF) 
caliper measurements are illustrated in Figure 
3. The correlation factor was high in the total 
sample (r = 0.887; p < 0.001), but it was lower 

24 Grabež et al. Scr Med 2020;51(1):21-7.
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This clinical study was performed to examine 
the effects of the 8-week treatment with PoPEx 
on body composition and anthropometric pa-
rameters in overweight subjects with DMT2. 
The results indicated that PoPEx had a beneficial 
effect on WC, but the effects on body mass and 
anthropometric characteristics were not consis-
tent. Compared to the placebo group, a signif-
icant effect on BMI increase and WC decrease 
was noticed in the PoPEx group. However, the 
percentage of FM was decreased (-0.58 %) but 
the change was statistically not significant. 
Moreover, the recent results of an additional 
arm of this study undoubtedly demonstrated 
hypolipaemic activity of PoPEx treatment with a 
beneficial effect on fatty acid composition indi-
cating a strong influence on lipid metabolism.15

Life-style management, including balanced nu-
trition and physical activity, are very import-
ant keys for improving glucose control in the 
context of DM self-management.19 Having that 
in mind, at the beginning of this study, all par-
ticipants completed a 3-day food diary and all 
participants were asked not to change the nutri-
tional pattern. The results showed that diabetic 
patients had a similar proportion of macronu-
trients in the diet as the rest of the population 
which what is in accordance with the 2019 Con-
sensus Report.20 Nearly 40 % of calories taken 
originated from fat and saturated fat energy and 
it was was higher than recommended. Epidemi-
ological studies suggested a positive relationship 
between the saturated fat intake and plasma 
cholesterol levels.21 Furthermore, a meta-anal-
ysis of randomised controlled clinical trials on 
modification of dietary fats on cardiovascular 
disease (CVD) risk suggested that saturated fat 
energy reduction might reduce cardiovascular 
events by 14% in patients with DMT2.22 In dia-
betic patients replacing 2% saturated fat energy 
with polyunsaturated fatty acids (PUFA) ener-

gy was associated with a 12 %-decrease in CVD 
mortality rate.23 The results of this study clearly 
showed that at the end of the intervention pe-
riod, the energy intake and energy macronutri-
ent proportion remained the same in both study 
groups.
 
The 8-weeks consumption of PoPEx induced 
a significant reduction in WC in the treatment 
group. WC is an independent predictive factor 
of chronic disease including DMT2.24 Accord-
ing to Lou et al,25 a change in WC can decrease 
the risk for DMT2, despite the lack of change in 
BMI. Several previous studies showed a signifi-
cant influence on body mass after pomegranate 
extract consumption.26, 27 Our findings are not in 
accordance with the results obtained from pre-
vious animal studies, which have shown that 
pomegranate induces a weight loss. Intake of 
pomegranate leaf extracts had demonstrated a 
significant loss of body weight and a percentage 
of FM, decreased lipid profile and a decrease 
in the intestinal fat absorption in the animal 
model. Lei et al26, 27 have indicated that one of 
the possible mechanisms by which leaf extract 
affects the body mass is similar to the mecha-
nism of drug orlistat (Xenical) causing the de-
crease in the activity of intestinal lipase, fat 
absorption, and increase of fat excretion. The 
administration of the whole pomegranate ex-
tract significantly decreased the body mass in 
overweight people, while there were no changes 
in the placebo group.28 Another study noted that 
intake of 120 mL of pomegranate juice during 
the 30 days led to a decrease in body mass and 
total body fat percentage.29 Discrepancies in 
outcomes of these studies could be explained by 
the differences in study protocols and treatment 
regimens (different study designs, different du-
ration of the interventional period, variations 
among subjects, dosages and forms of pome-
granate used).30 The phase angle value has been 
reported previously as a biomarker of fat-free 
mass and changes of phase angle value and fat 
free-mass in the PoPEX group confirm that as-
sumption.31, 32

Concerning the body composition changes in 
the PoPEx group, average weight gain was 0.48 
± 0.9 kg, but the percent of FM was decreased by 
0.58 ± 2.2%. For the assessment of body compo-
sition in this study, two measurement tools were 
used, including BIA and SF caliper. The results 
showed a highly significant correlation between 
BIA and SF caliper (p< 0.001, r =0.887). 

Discussion

for women compared with men (r = 0.93). The 
results showed a non-significant reduction in 
fat mass percentage in the PoPEx group (-0.58 
± 2.21 %, p = 0.159) compared with the placebo 
group (0.14 ± 1.24 %, p = 0.546). Besides, chang-
es in phase angle value and fat-free mass were 
non-significant (0.78 ± 0.24 and 0.61 ± 0.25).

25Grabež et al. Scr Med 2020;51(1):21-7.
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The results of this study showed that eight-
week supplementation with PoPEx had a 
beneficial effect on anthropometry and body 
composition of overweight diabetic patients. 
Further studies are needed to explore the po-
tential effect of PoPEx on adipokines and adi-
pocyte functions in obese patients. 
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Abstract
Background/Aim: Pulmonary embolism (PE) is a diagnostic challenge, partic-
ularly in prehospital care. The aim of this study was to determine to what extent 
the evaluation of D-dimer value helps physicians with differentiation of PE and 
whether D-dimer values are in correlation with the values of revised Geneva score.
Methods: Data have been collected for the patients whose D-dimer has been eval-
uated at the Emergency Care Department of the City of Banja Luka in 2018. Gen-
der, age, symptoms, working diagnosis and D-dimer value have all been recorded 
and also the fact whether the patient was referred to hospital treatment or not. For 
each patient the revised Geneva score was determined.
Results: Sixty-eight tests were done in 2018. Out of 68 tests, 41 were negative 
(60.3 %). D-dimer results helped in making decisions about referring patients to 
the hospital or not (χ2 = 36.32, p < 0.001). Patients with elevated D-dimer levels, 
especially where the values were four times higher than the refence ones typically 
were referred to hospital treatment, whereas 67.5% patients with negative D-dimer 
results were sent home after giving a treatment and advice. In the elderly patients 
D-dimer was statistically more positive (F = 10.82, p < 0.001). Values of D-dimer 
were not significantly different regarding gender (χ2 = 2.19, p = 0.33). According to 
the results of the revised Geneva score, 5.1 % of patients had high risk of PTE, while 
moderate and low risk had 47.5 % each. Although it has been found that the values 
of D-dimer were slightly more elevated at higher values of the revised Geneva score 
and that the difference was not statistically significant (χ2 = 7.71, p = 0.10).
Conclusion: Values of D-dimer considerably helped in differentiation of PE in 
the Emergency Care Department. D-dimer has a high negative predictive value 
and should be used to exclude PE diagnosis for patients with low clinical proba-
bility of PE.

Key words: D-dimer, pulmonary embolism, revised Geneva score, emergency 
care department.

Pulmonary embolism (PE) is one of the most dif-
ficult conditions to diagnose, particularly in the 
prehospital care. It represents the most serious 
clinical manifestation of venous thromboem-
bolism (VTE), which represents the third most 
common cardiovascular disease.1-4 The main 
cause of PE-related deaths is the undiagnosed 
PE during lifetime (59 %), followed by sudden 

fatal PE (34 %). It is estimated that only 7 % of 
patients who died from PE had PE diagnosed on 
time.5-7 Frequency of PE is hard to determine 
because it can sometimes remain asymptomatic 
and therefore go unsuspected, while on the oth-
er hand PE is often accidentally diagnosed as an 
incidental finding.8 
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MethodsPE is one of the most urgent conditions in medi-
cine. The success of treatment largely depends on 
timely diagnosis. PE primarily needs to be thought 
of, and early diagnosis and treatment of patients 
is possible if PE is suspected on the basis of de-
tailed anamnestic data. Many risk factors can raise 
suspicion about PE, however it can happen with-
out any of the predisposing factors (up to 30 %).9 
Clinical manifestation of PE is also nonspecific, so 
dyspnoea, as the most common symptom/sign of 
PE, occurs in only 50 % of the clinically confirmed 
PEs.10, 11 A clinical probability for PE is estimated 
on the basis of clinical presentation by using the 
Wells clinical decision rule or the revised Geneva 
score.12-16

The electrocardiographic (ECG) changes are mis-
cellaneous and usually nonspecific (most common 
is sinus tachycardia, followed by the right bundle 
branch block - RBBB, turning of heart axis to the 
right, SI QIII TIII, P pulmonale, simultaneous in-
version of T waves in inferior and right precordial 
leads), but in 18 % of patients ECG is normal.17, 18 
Nonspecific changes or lack of them can also be 
found during the physical check-up, chest X-ray 
and laboratory tests.7, 19, 20 Gold standard for the di-
agnosis of PE is computed tomography (CT)-pul-
monary angiography and/or ventilation-perfusion 
(VQ) scan.21, 22

D-dimer is a fibrin degradation product, a small 
protein fragment present in the blood after fibri-
nolysis. Role of D-dimer is to exclude the PE di-
agnosis.23-25 D-dimer plasma levels are elevated in 
patients with acute thrombosis because of the si-
multaneous activation of coagulation and fibrino-
lysis.26 Negative predictive D-dimer value is high 
(95-98 %) and PE with normal values of D-dimer 
is unlikely. On the other hand, fibrin is produced 
in other conditions including cancer, inflamma-
tion, bleeding, trauma, necrosis and surgical inter-
vention.27-29 Therefore, positive predictive D-dimer 
value is low and elevated D-dimer le-vels are not 
useful in confirmation of PE.30, 31 This implies rec-
ommendations that the patients with highly sus-
pected PE should immediately undergo CT-pulmo-
nary angiography and skip the D-dimer testing.9, 

32, 33

The aim of this study was to determine to what 
extent D-dimer values help to differentiate PE in 
emergency care departments and therefore help in 
making a decision to transfer patients to a higher 
referential level or not. Furthermore, the aim was 
to determine whether the D-dimer values correlat-
ed with the values of revised Geneva score.

The protocol of the study was approved by the 
Ethics Committee of the Primary Medical Centre 
Banja Luka and all the efforts were undertaken 
in order to keep the anonymity of the included 
patients.

Following the protocol of the Emergency Care 
Department of the City of Banja Luka, data were 
found for all the patients in whom the D-dimer 
was tested in 2018. Gender has been recorded 
(female/male), age, symptoms, D-dimer level 
(mg/L), working diagnosis, and data whether 
the patient was referred to the hospital treat-
ment or not. Patients' anonymity was preserved, 
while only gender and age were recorded, ex-
cluding other personal data.

The D-dimer values have been analysed by a 
quantitative, latex-enhanced immunoturbidi-
metric immunoassay on Cobas h-232 system. 
Although D-dimer has only one cut-off value, 
the authors were interested in finding to what 
extent a D-dimer value affected the physician's 
decision, ie, if there was a difference whether a 
D-dimer value was slightly elevated or if it was 
four times or more higher than referential val-
ue. Therefore, a value of D-dimer was recorded 
in two ways, as a numeric value and as a value 
in one of three categories: < 0.5 mg/L, ≥ 0.5-2 
mg/L and ≥ 2 mg/L.

Table 1. Geneva score: clinical prediction rules for pulmonary 
embolism

Variable Points

RISK FACTORS

CLINICAL SIGNS

CLINICAL PROBABILITY

SYMPTOMS

Age 65 or over
Previous DVT or PE
Surgery or fracture within 1 month
Active malignant condition

Heart rate: 75-94/min
                   ≥ 95/min
Pain on deep palpation of lower limb and unilateral edema

Low
Intermediate
High

Unilateral lower limb pain
Haemoptysis

1
3
2
2

3
5
4

0-3
 4 - 10

≥ 10

3
2

Using the anamnestic data, symptoms, clinical 
signs, age and gender of the patient, for each 
patient the revised Geneva score was calculated. 
The parameters set for Geneva score are listed in 
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Results

Sixty-eight tests were done in the Emergency 
Care Department of the City of Banja Luk  a in 
2018. Of 68 tests, 41 were negative (60.29 %), 
meaning that it was less than 0.5 mg/L; from 
0.5 up to 2 mg/L there were 19 tests (13.23 %), 
and over 2 mg/L there were 8 tests (11.76 %). Pa-
tients' characteristics are shown in Table 2.

The mean age of the patients was 60.3 (± 17.4) 
years, with 45.5 % patients being older than 
65. Levels of D-dimer were statistically signifi-
cantly higher in elderly people (Kruskal-Wallis 
test: χ2 = 12.96, p = 0.002). Also, by analysing 
the ratio of positive and negative values of the 

Table 2. Distribution of gender, age and D-dimer values

*Man-Whitney U test;
**Kruskal-Wallis test showed general statistical significance; further post-hoc 
analysis showed statistical significance for all groups.

Variable N (%) Test p-valueD-dimer
Mean (SD) 95 % CI

GENDER

AGE (years)

TOTAL

Male
Female

< 40
41-65
> 65

12 (17.65 %)
25 (36.76 %)
31 (45.59 %)

68 (100.00 %) 0.79 (0.95) 0.55-1.02

0.47 (0.93)
0.55 (0.59)
1.21 (1.14)

0.11-1.06
0.32-0.79
0.75-1.66

30 (44.12 %)
38 (55.88 %)

0.77 (0.99)
0.80 (0.93)

0.40-1.14
0.49-1.10 U = 479.50*

χ = 12.96**

0.264

0.002

* Chi-square test showed no statistical significance between groups (χ2 = 7.71, 
p = 0.10)

Table 3. Correlation between the revised Geneva score and 
D-dimer values
D-dimer 
(mg/L)

Revised Geneva score-Clinical probability Total
N (%)Low - N (%) Interm. - N (%) High - N (%)

TOTAL 28 (47.46 %) 28 (47.46 %) 3  ( 5.08 %) 59 (100.00 %)

< 0.5
0.5 - 2
≥ 2

21 (75.00 %)
6 (21.43 %)
1 (  3.57 %)

13 (46.43 %)
10 (35.71 %)
5 (17.86 %)

1 (33.33 %)
2 (66.67 %)
0  ( 0.00 %)

35 (  59.32 %)
18 (  30.51 %)
6 (  10.17 %)

* Patients referred for hospital treatment but under another diagnosis (pulmo-
nary embolism excluded)

Table 4. Effect of D-dimer on decision to refer for further hospital 
treatment
D-dimer 
(mg/L)

Referred to the hospital Total
No Yes Yes, diff. Dg*

TOTAL 32 (48.48 %) 18 ( 27.27 %) 16 (24.24 %) 66 (100.00 %)

< 0.5
0.5-2
≥ 2

27 (67.50 %)
  5 (27.78 %)
  0 (00.00 %)

  2 (    5.00 %)
  8 (  44.44 %)

8 (100.00 %)

11 (27.50 %)
  5 (27.78 %)
  0 (00.00 %)

40 (  60.60 %)
18 (  27.27 %)
  8 (  12.12 %)

Table 1.14 Based on the values of Geneva score, 
patients were allocated into one of three cate-
gories: with low, intermediate or high clinical 
probability for PE.
 
Results were processed by using IBM SPSS 21.0 
software. Categorial data were analysed by Chi-
square test and age, after distribution uniformi-
ty was verified, by one-way analysis of variance 
(ANOVA). The average D-dimer values were 
distributed by the Man-Whitney U test, or the 
Kruskal-Wallis test.

D-dimer, the frequent D-dimer was significantly 
more positive in elderly people (One-way ANO-
VA: F = 10.82, p < 0.001).

There were 30 men (44.12 %) and 38 women 
(55.88 %). The ratio of positive and negative 
results of the D-dimer tests was without sig-
nificant difference with respect to gender (Chi 
square test: χ2 = 2.19, p = 0.33), as was the aver-
age value of the D-dimer itself  (Man-Whitney U 
test: U = 479.50, p = 0.264)

The most common symptoms/signs in patients 
for whom D-dimer level were determined were: 
dyspnoea (37.3 %), chest pain (25.4 %), heart 
rate over 90 per minute (20.39 %), cough (15.25 
%), pain and leg oedema (15.25 %), nausea (11.86 
%), fever (11.86 %) and syncope (10.17 %). An-
amnestically, 3.36 % of patients had previous 
surgeries and 3.36 % of patients had deep vein 
thrombosis or pulmonary embolism.

According to the Geneva score, 5.08 % of pa-
tients were at high risk of PTE and 47.46 % at 
intermediate or low risk each. Although the 
D-dimer values were found slightly higher at the 
higher Geneva score values, the difference was 

not statistically significant (χ2 = 7.71, p = 0.10) 
(Table 3).

Half of the patients analysed for the D-dimer 
were not referred for further hospital treatment 
(48.48 %). On suspicion of PE, 27.27 % of pa-
tients were referred for further hospital treat-
ment and other patients were referred, but un-
der a different diagnosis. The D-dimer values 
helped in making the decision whether to refer a 
patient to hospital treatment or not (χ2 = 36.32, 
p < 0.001).

Patients who were found to have high D-dimer 
values, especially where they were four times 
more the cut-off values, were generally referred 
for hospital treatment, while 67.50 % of patients 
with negative D-dimer values were returned 
home after receiving treatment and advice (Ta-
ble 4).
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Discussion

In 2018, 68 D-dimer analyses were performed at 
the Emergency Care Department of the City of 
Banja Luka. The assumption is that the need for 
analyses was greater, but unfortunately analyses 
are not continuously available. For this reason, 
it was decided to analyse only patients who had 
done the D-dimer test, because if all patients 
who were suspected on PE or with dyspnoea had 
been analysed, an unrealistically low percentage 
of patients in whom D-dimer was determined 
would had been obtained.

Two thirds of the tests were negative (< 0.5 
mg/L). A high percentage of patients who are 
D-dimer-negative is logical, since the D-dimer 
is primarily used to rule out the diagnosis of PE 
and deep vein thrombosis.30 The D-dimer was 
significantly higher in elderly patients, which is 
in accordance with the results of other studies. 
There are also recommendations to adjust the 
cut-off value of the D-dimer according to age by 
adding 0.1 to 0.5 mg/L for every 10 years of age 
for people over 50.34-36 This is thought to increase 
the specificity of the D-dimer in the elderly.37-39

Clinical studies indicate that the D-dimer val-
ues are slightly higher in women, which is in ac-
cordance with the results of this study. As was 
the case with the results of other researchers, 
the difference was not significant in the pres-
ent study either. The difference in D-dimer val-
ues in men and women is considered to be of no 
clinical significance and it is not recommended 
to correct the cut-off values based on gender.39 
However, some researchers believe that D-di-
mer values should be adjusted for both gender 
and age, with multiple cut-off values, in order to 
significantly improve the specificity of D-dimer 
testing.40 In contrast to the D-dimer values, PE 
itself is slightly more common in men.41 The re-
sults of this study show that women were slightly 
more frequently diagnosed with PE (30 % : 20 % 
of patients), which could be explained by the fact 
that no cut-off corrections were made for women 
and therefore there was a higher percentage of 
false-positive tests in female patients.

The Wells score and the Geneva score were in-
troduced in an attempt to adequately suspect or 
exclude PE based on history, symptoms and clin-
ical presentation.42 Clinical trials indicate that 
the significance of the revised Geneva score is 

primarily in the exclusion of PE combined with 
low D-dimer values.43, 44 The results of this study 
indicate that the revised Geneva score values 
did not influence physicians' decision not to re-
fer such patients for further treatment, but only 
the D-dimer values. Analysis from other studies 
also implies underuse of clinical decision rules.45 
There was a correlation between the revised Ge-
neva score and the D-dimer, but it was not sta-
tistically significant. However, given a relatively 
small sample, it would be assumed that with a 
sufficiently large sample statistical significance 
would be reached. It is also the authors’ belief 
that when deciding whether to refer a patient 
for further hospital treatment or not, physicians 
should consider the revised Geneva score, es-
pecially if its value is < 3.46, 47 Intermediate-risk 
PE patients present a diagnostic and therapeu-
tic dilemma.48 Besides, research results indicate 
that in older, high-risk patients, the Wells scores 
are more in correlation with the diagnosis of PE 
than the revised Geneva score.49-51

The D-dimer values significantly aided the phy-
sicians' decision to refer the patient to further 
hospital treatment under the diagnosis of PE. 
When D-dimer values were < 0.5 mg/L, two-
thirds of patients were not referred for further 
hospital treatment and the others were referred 
under some other diagnosis. Two patients, de-
spite the negative D-dimer values, were referred 
under the diagnosis of PE and this is, in fact, an 
example of poor clinical practice. The reason is 
that if the low D-dimer value does not alter the 
physician's opinion that it is PE or not, the D-di-
mer should not been tested at all. On the other 
hand, half of the patients with D-dimer values 
> 0.5 and all patients with values > 2 mg/L were 
referred for further treatment and diagnosis. 
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Conclusion

The very purpose of the D-dimer and re-
vised Geneva score is to exclude PE and re-
duce unnecessary imaging diagnostic proce-
dures, such as CT-pulmonary angiography 
and similar. The fact that the test results are 
available after 20 minutes should also not be 
overlooked, given that the speed of diagnosis 
and patient treatment is one of the key factors 
in working in an emergency care department.
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Abstract
Background/Aim: Multiple sclerosis is a disease whose aetiology involves mul-
tifactorial interactions among genetic and environmental factors. Obesity is one of 
the most important environmental factors conducive to the onset and progression 
of the disease. The aim of the study was to determine the value of body mass index 
(BMI) in a population of patients with multiple sclerosis compared to the general 
population, in order to assess the relation between the BMI and physical disability 
in patients with multiple sclerosis and the influence of the BMI on the course and 
progression of the disease.
Methods: A cross-sectional study was performed in 100 patients suffering from 
multiple sclerosis (experimental group) and 50 healthy people (control group). In 
order to determine the degree of physical disability, the Expanded Disability Sta-
tus Scale (EDSS) was used. Clinical and demographic data and values of the BMI 
in both studied groups were collected. Statistical analysis included the descriptive 
statistics, t-test, chi-square test, analysis of variance, correlation and regression 
analysis.
Results: Mean body weight and BMI were significantly higher in the control 
group (p< 0.05). There was no significant correlation between EDSS and BMI (p 
= 0.574). There was a correlation between the course of MS and the fact whether 
BMI was abnormal or normal (p = 0.031).
Conclusion: BMI is an environmental factor that significantly correlates with the 
progression and prediction of multiple sclerosis, but not to the degree of physical 
disability.

Key words: multiple sclerosis, BMI, progression, prediction, physical disability.

Introduction

Multiple sclerosis (MS) is a chronic demye-
linating disease of the central nervous system 
(CNS) that often occurs in a population of young 
adults, predominantly female.1 Pathophysiolog-
ical mechanisms of this disorder include a de-
generative and an inflammatory component that 
covers both grey and white matter of the CNS. 
These mechanisms are basis for a very heteroge-
neous relapsing or progressive clinical course of 
MS, where longer duration of the disease leads 

to physical and cognitive disability. A reliable 
long-term individualised prognosis has not yet 
been possible and represents a subject to in-
tensive research.2 The aetiology of MS involves 
multifactorial interactions among genetic and 
environmental factors. Genetic predisposition 
is only a part of the risk of MS, while lifestyle 
and environmental factors are key participants 
in the development of the disease.3 Proven risk 
factors for the development of the disease are 
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female gender, smoking, low level of vitamin D, 
dietary habits, Epstein Barr virus infection and 
obesity in childhood and adolescence.4, 5

According to the previous studies, there is an 
obvious connection between the disability in MS 
and obesity. Increased level of disability decreas-
es the level of physical activity and the frequency 
of overweight or obese status is higher and vice 
versa.6 This may be associated with loss of mo-
bility, but also with other disorders that accom-
pany MS such as depression, pain, fatigue, loss 
of social contacts and associated chronic diseas-
es.7 However, this interdependence also exists at 
the molecular level. Since obesity is associated 
with latent inflammatory reactivity, it leads to 
the release of inflammatory cytokines that in-
fluence the immune response and is associated 
with a possible risk for the development of MS.8 
Adipose tissue secretes hormones that affect 
the functioning of the immune system, includ-
ing leptin and interleukin-6, known inhibitors 
of T-cell activity. Elevated leptin levels in obese 
people are inversely proportional to the function 
of T cells in individuals with MS. Another poten-
tial mechanism is related to the fact that obese 
people have lower levels of serum 25-hydroxy 
vitamin D correlates with leads to an increased 
risk for MS.7, 8 Inflammasome is a protein com-
plex that participates in the inflammatory re-
sponse and it is found in the adipose tissue. 
Recent studies have shown its significant role 
in the pathogenesis of autoimmune and inflam-
matory diseases and demonstrated that elevated 
levels of these proteins leads to the progression 
of these diseases, which is particularly applica-
ble to diabetes, atherosclerosis and MS.9-11

So far, in several studies the body composition 
has been studied as a factor influencing the onset 
and progression of MS, which was mostly related 
to the body mass index (BMI), total body fat and 
lean body mass.12, 13 In well-designed studies, in 
populations of Sweden and the United States of 
America (USA), the interactions between HLA 
genotype and BMI of 20-year-old people were 
investigated, where it was shown that obesi-
ty was associated with an increased risk of MS 
compared to people with normal weigth body.14

The influence of obesity on MS was confirmed 
by a large longitudinal study, which included 
nurses in the USA (Nurses Health Study and 

Nurses Health Study II). The results of this 
study showed that obesity at the age of 18 years 
was related to a doubled risk of developing MS, 
compared to the individuals with normal BMI, 
while such a correlation was not found in the 
adult population.15 Munger et al16 in a long-term 
cohort study also examined children from 7-13 
years of age and the results showed that obesity 
in this age carries a higher risk for the develop-
ment of MS.

A large multinational EnvIMS study that includ-
ed populations in Italy and Norway has shown 
that an increased body weight, in particular at 
the age of 20-25, poses a risk for the MS in Nor-
wegian population, which partly also applies to 
the Italian population, but without reaching sta-
tistical significance. These results are compati-
ble with low levels of vitamin D and a chronic 
inflammatory condition in the obese, which may 
originate from the differences in protective ex-
posure to the sun.17 These data are significant, 
because in other studies lower levels of vitamin 
D metabolites in obese human subjects were 
observed and, among other things, this is why 
overweight status in infancy may be a risk fac-
tor for MS.18-21 Most recent studies confirmed 
the impact of obesity on the occurrence of MS 
in paediatric patients as well as on a weaker re-
sponse to the drugs of the first-line therapy in 
the obese patients.22 It is also important to know 
that certain genetic structure is a common pre-
dictor for the elevated BMI before the onset of 
MS as well as for the occurrence of the disease.23

Why are these findings important? The survey 
data show that in the period from 2009 to 2010, 
16.9 % of children and adolescents in the USA 
were obese. Although genetic and some other 
causes that lead to the disease cannot be affect-
ed, it is important to influence the environmen-
tal factors that are suitable for modification.24

The aim of this study was to determine the va-
lue of BMI in the population of people with MS 
compared to the general population, to estimate 
the association of BMI and the degree of phys-
ical disability in patients with MS and to esti-
mate the possible influence of BMI on the course 
and the progression of the disease.
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Methods

Results

Figure 1. Distribution of clinical types of MS in the group of pa-
tients (n=100)

MS types

1 %This cross-sectional study was conducted at the 
Clinic of Neurology, University Clinical Centre 
of the Republic of Srpska, Banja Luka. The sam-
ple consisted of 100 MS patients and 50 healthy 
people (control group) from general population, 
matched according to sex and age and who were 
not blood-related to the MS patients, who did not 
have an inflammatory disease of the CNS nor a 
cerebrovascular disease and did not use statins 
(control group). The duration of the study was 
twelve months.

The research was performed upon prior approval 
of the Ethics Committee of the University Clini-
cal Centre of the Republic of Srpska, Banja Luka. 
For this study a general questionnaire, consist-
ing of questions related to the demographic and 
clinical characteristics of patients and the ques-
tionnaire for risk factors for vascular diseases 
in patients with MS, which was created for the 
scientific purposes at the Institute of Epidemiol-
ogy, Faculty of Medicine, University of Belgrade 
were used. In order to determine the degree of 
physical disability, the Expanded Disability Sta-
tus Scale (EDSS) was used.25 BMI was defined as 
the body weight (BW) in kilograms divided by 
the surface area measured in square meters.26 
BMI was determined in both groups of partici-
pants and based on its value participants were 
classified in following groups: reduced BMI (less 
than 18.5 kg/m2), normal BMI (18.5-24.9 kg/m2) 
and people with increased BMI (more than 25 
kg/m2 - overweight status and over 29.9 kg/m2 
- obesity).
 
Statistical analyses included methods of descrip-
tive statistics, χ2 test, Student t-test, variance 
analysis, correlations and regression analysis.

From a total of 100 patients with MS, 25 % were 
male and 75 % female. The average age of par-
ticipants at the beginning of the study was 41.9 
± 10.1 years in the MS group, while participants 
from the control group were slightly older (av- 
erage age 42.1 ± 12.3 years). The distribution of 
patients according to the clinical form of the dis-
ease is shown in Figure 1.

Relapsing-
remitting

Secondary-
progressive

Primary-
progressive

The average value of the EDSS score in the group 
of patients was 3.7. Based on the quotient of these 
values and the duration of the disease, the mean 
value of the index of disease progression was ob-
tained, which in this patient group was 0.9.

41.9 ± 10.1
67.1 ± 13.2
22.7 ± 3.1

42.1 ± 12.3
76.1 ± 16.3*
36.0 ± 4.4*

Table 1. Parameters of patients with multiple sclerosis (MS) and 
the control group

Parameter

*p<0.05 versus the MS group

Age (years)
Body weight (BW, kg)

Body mass indeks (BMI, kg/m2)

MS patients
(n = 100)

Control group
(n = 50)

In both groups parameters necessary for calcula-
tion of the BMI–BW and body height – were reg-
istered (Table 1).

Although the MS patients and their controls were 
matched by age, the average BW and BMI were 
significantly lower in the MS group. Values of 
BMI fell within a normal range in the MS group, 
while they vere increased in terms of obesity in 
the control group.

The group of patients with MS was analysed ac-
cording to the form of the disease. In order to 
establish whether there is a correlation between 
the clinical types of the disease and the BMI (clas-
sified in the pathological and normal level), the 
chi-square test was used and showed a statistical-
ly significant correlation (p = 0.031). More specif-
ically, there was a correlation between the clinical 
types of MS and the fact whether BMI has patho-
logical or normal values. BMI was a factor that 
changed during the disease progression and there 
was a higher incidence of lower values of this pa-
rameter with the progression of the disease, ie the 
transition from relapsing-remitting (RR) in the 
secondary progressive (SP) form (Figure 2).
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Figure 2. Body mass index (BMI) 
in different clinical types of MS
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So far, there have been a series of studies involv-
ing the assessment of BMI in the population of pa-
tients with MS. Our results are in agreement with 
the hereinafter mentioned best-designed studies 
conducted on this topic in other environments. A 
highly significant difference in the values of BMI 
(p<0.05) in the group of MS patients compared to 
the control group (average value of BMI in the ex-
perimental group was within the normal range, 
whereas it was increased in the control group) is 
a consequence of the lower BW of this group of 
patients.

The study of Markianosa et al27 showed that wom-
en suffering from MS had a lower BMI compared 
to age- and gender-matched controls, while sub-
stantial differences were not found among male 
patients. Their results showed that patients suf-
fering from MS were overweight at a younger age 
and later on even had a lower BMI, a fact to which 
attention should be paid, in the context of a po-

Discussion

ssible weight loss with the disease progression in 
certain populations.

The study of Nortvedt et al28 observed a gen-
der-mixed population (75 % female) of MS pa-
tients compared to healthy individuals, where the 
average values of the BMI were 23.5 ± 3.6 kg/m2, 
with 11 % of subjects with a BMI below 20 kg/m2. 

Low BMI values was observed in several studies 
in the population of MS patients compared to 
healthy controls, wherein there was also a signif-
icant, inverse correlation between the high BMI 
and the risk of developing MS.29-34

The study of Pike et al35 found an average BMI of 
23.9 kg/m2 for the tested MS population from five 
European countries, which is within the normal 
range of values.35 In some other studies, BMI val-
ues in patients with MS were in the range of those 
in the general population.36, 37

A large meta-analysis of clinical trials conducted 
on this subject also showed a significantly lower 
BMI in the group of MS patients than in healthy 
controls and the same results were obtained for 
patients who had the RR form of the disease.38 
However, some other studies have shown con-
flicting results to those previously shown and also 
to this study’s results. This may be the case be-
cause these investigations were conducted in cer-
tain regions of the world where the prevalence of 
obesity in the general population was higher due 
to the nutrition style, socio-economic conditions 
and less physical activity. Besides, some of these 
studies were performed as retrospective analyses 
of data from the registries dating from the 1980s, 
when the awareness of the need for prevention 
of factors affecting the cardiovascular and other 
diseases was significantly lower than today.10

normal BMI

increased BMI

decreased BMI 

Among the patients with RR form, 68.1 % had a 
normal BMI, 25 % increased and 6.9 % decreased. 
In the SP group, 66.7 % of patients had a normal 
BMI, 22.2 % increased and 11.1 % decreased. One 
patient, suffering from a primary progressive 
(PP) form of the disease, had decreased BMI.

Using logistic regression methods (univariate 
analysis) the parameters that could be predictors 
of MS and thereby determined that the coefficient 
for the normal BMI was positive, ie that normal 
values of BMI increase odds ratio and the proba-
bility that the patient has MS were analysed.

37Tadić et al. Scr Med 2020;51(1):34-40.
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Conclusion

A study in patients from the NARCOMS registry, 
the largest registry of MS worldwide, showed that 
over 50 % of patients with MS were overweight.39 
Similar data on the increased frequency of obe-
sity in the population of MS patients have been 
shown in other several studies.40-45

In the present study, in the experimental group, 
a lower mean BMI value (although within a nor-
mal range) compared to the control group can be 
interpreted in the context of the application of 
imunomodulatory therapy. Namely, a significant 
number of patients had been treated with inter-
feron beta-1b (34 %), whose one of the possible 
adverse effects is a reduction of BW.12, 46

The results obtained in the present study can be 
explained by the fact that MS patients were un-
der a constant medical supervision, in touch with 
their therapists who gave them advice on proper 
diet, need for physical activity and other mea-
sures of hygienic and dietetic regimens, which 
led to the levelling of body weight, as opposed to 
healthy the individuals in the control group.

Regarding the physical disability and its depen-
dence on the value of the BMI, the results of clin-
ical trials conducted so far were inconsistent. In 
the present study, there was no correlation be-
tween these two parameters, which can be in-
terpreted by the fact that the patients from the 
experimental group had a higher percentage of 
normal values of BMI compared to the control 
group. However, in several studies conducted in 
a population of MS patients, there was a positive 
correlation between the degree of physical dis-
ability and the BMI.47-49

The inverse impact of the BMI on physical disabil-
ity was also recorded in the research of Flauzino 
et al50 In several studies as well as in the present 
one, it was shown that BMI may be considered as 
a factor that can change during the progression of 
the disease and that there was an increased inci-
dence of lower values of this parameter with the 
progression of the disease ie with the transition 
from RR to SP form.39

Obesity, among other factors such as gender, age, 
genetic profile and smoking, has a disease-modi-
fying effect by forming its phenotypic presenta-
tion and contributes to the occurrence and pro-
gression of MS.51, 52 Research performed at the 
molecular level showed that high BMI negative-
ly affected the course and form of MS, since the 
existence of obesity leads to a modulation of the 

number of monocytes through the ceramide-in-
duced DNA methylation of the antiproliferative 
genes.53 MRI studies showed that lifestyle factors, 
including obesity, influenced the acceleration of 
cerebral atrophy, and the appearance of new le-
sions in patients with MS.54

Prediction of the MS course is nowadays one of 
the foci of considerable research. In this study, 
normal BMI values were shown as a predictive 
factor for the onset of the MS. However, in oth-
er investigations conducted on this topic results 
were inconsistent. In one of them, BMI has shown 
a correlation with the progression of the disease 
and a higher frequency of relapses but was in no 
correlation with the prediction of the conversion 
from a clinically isolated syndrome to MS.55 In 
other studies it was shown that in a population of 
MS patients during the one year follow-up there 
was an increase in physical disability, but there 
were minimal pieces of evidence that BMI was a 
predictive factor for this change.56

Taiwanese researchers have shown that the BMI 
values below the normal range with more than 
four demyelinating lesions are a strong predic-
tor for the conversion from a clinically isolated 
syndrome to MS.57 It was also confirmed that the 
BMI values affected the prediction of cognitive 
disorders in patients suffering from MS.58

So far, in several studies, the BMI has been 
stu-died as a factor influencing the onset of 
MS. Results of this study showed that BMI af-
fected the progression and prediction of the 
disease, but not the degree of physical dis-
ability of patients with MS. To prevent these 
undesirable effects, it is very important to 
emphasise that this environmental factor is 
suitable for modification.
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Abstract
Background/Aim: An important period in becoming a young woman is studying 
at the University. It is a period of taking responsibility for yourself, your health and 
social relationships. The abilities formed during this period directly affect one’s 
physical and mental health. The study was undertaken in order to determine an-
thropometric characteristics and to evaluate the health of female students aged 19 
to 22.
Methods: An analytical population study based on a survey using a standardised 
SF36 self-report health test and measurement using an objective bioimpedance 
method with Omron BF 511 estimated 408 female students of the University of 
Banja Luka aged 19 to 22, based on inclusion criteria.
Results: The mean body mass index (BMI) ± standard deviation of female stu-
dents was 22.1 ± 3.2 kg/m2, with 31.80 ± 6.47 percent fat and 28.15 ± 2.81 percent 
muscle mass. The mean values ± standard deviation of the SF 36 for mental health 
(MH) questionnaires was 60.7 ± 24.95 and for physical health (FH) 72.21 ± 25.89.
Conclusion: Female students have ideal BMI values. Physical health self-assess-
ment reached higher values than the mental health self-assessment, which is prob-
ably related to mental distress and problems during studying.

Key words: student health, anthropometry, SF36 questionnaire, physical and 
mental health.

Introduction

Student population belongs to the young adult 
population and is in the post-adolescence period 
when a person has reached full maturity and de-
velopment of all biological functions of the organ-
ism.1 Moving from younger to older adolescence, 
significant changes affect the body and psycho-
social well-being of young people.2, 3 Research re-
cords the occurrence of risky behavior of young 
people in the period of study and in a new and 
unfamiliar environment.4-7 During this period, 
young people are considered "healthy" and they 
do not consider their own engagement in health 
promotion as their priority. The transition from 
high school to college education is a period of 
taking responsibility for oneself, one's health and 

social relationships.4, 8 During this period, young 
people often resort to different types of risky be-
haviors such as smoking, drinking, unprotected 
sex and poor eating habits.9-11 Healthcare profes-
sionals care about the health of their patients, but 
they also play a role in health promotion in differ-
ent parts of the population and especially in the 
student population. The most important stages of 
life for physical and mental health are childhood 
and adolescence. It is a period when young people 
develop autonomy, self-control, social interaction 
and learning and the abilities formed during this 
period directly affect their physical and mental 
health for the rest of their lives. Half of all men-
tal health problems in adulthood occur during or 
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Methods

Results

before adolescence.2, 12, 13 Self-assessment of the 
existence of mental or physical changes or pres-
ence of certain symptoms, attempts to find out to 
what extent one is experiencing health problems 
or complaining of impaired physical functioning.

The aim of this study was to determine the an-
thropometric characteristics and to evaluate 
health of female students aged 19 to 22 at the 
University of Banja Luka.

This observational analytical study included a 
survey and measurement of a sample of 408 fe-
male 1st- and 2nd- year students from various 
faculties of the University of Banja Luka. All 
students were healthy volunteers aged 19-22. 
Students with musculoskeletal inherited and ac-
quired diseases, traumas and deformities of the 
body, acute and chronic diseases as well as with 
a special diet were not included. The research 
was approved by the Ethics Committee of the 
Faculty of Medicine of the University of Banja 
Luka (Approval Certificate No 18/4.56/18, dat-
ed 2 November 2018). All the participants were 
provided with a detailed oral and printed expla-
nation of the research plan and programme and 
their written consents were obtained. In this re-
search, the applicable regulations in compliance 
with the ethical principles of the Declaration of 
Helsinki were followed. For the purposes of the 
research, a short socio-demographic question-
naire was used. It provides personal informa-
tion on the students' age, year of study, general 
health status. A standardised test was then used: 
the SF-36 self-report health questionnaire and 
the OMRON BF 511 digital scale for anthropo-
metric measurements. SF-36 is a multifunction-
al health self-assessment questionnaire consist-
ing of 36 questions (particles).14-16 Individual 
responses to all of the particle items are scored 
according to pre-established empirical norms, 
given the diagnostic value of the examiner's 
specific response. The health change particle 
is displayed separately, by frequency distribu-
tion. The SF-36 measures the subjective sense 
of health across the eight different dimensions 
of health: physical functioning, restriction due 
to physical difficulties, physical pain, perception 
of general health, vitality, social functioning, 
restriction due to emotional distress, mental/
mental health. The SF-36 questionnaire is based 

on two general health concepts: physical and 
mental health, although the dimensions selected 
represent multiple health indicators, including: 
behavioural function and dysfunction, suffering 
and well-being, objective reports and subjective 
evaluations, and self-evaluation of favourable 
and unfavourable general health statuses.

OMRON BF 511 is a high-precision digital med-
ical scale: after entering height, age and gender 
data, the subject stands barefoot without excess 
clothing on the scale measuring body mass and 
calculating the body mass index (BMI), body fat 
percentage, visceral fat (adipose tissue around 
the internal organs) and the percentage of skel-
etal muscle. Based on the measurement of the 
body bioimpedance, the body composition is 
calculated and recorded on the display. The ac-
curacy of the device when measuring body mass 
from 40.0 to 150.0 kg is ± 1 %. The measure-
ment results are categorised as follows: a) BMI 
is divided into 6 categories: malnutrition (BMI 
≤ 18.5); ideal mass (18.5 to 24.9); overweight 
(BMI: 25-29.9); mild obesity (BMI: 30-34.9); 
severe obesity (BMI: 35-39.9); extreme obesity 
(BMI ≥ 40); b) Skeletal muscle and adipose tis-
sue percentage of the total body mass, according 
to the known percentage of adult females aged 
18-39, is divided into 4 categories: low percent-
age 0 to <24.3 %; normal percentage: 24.3 - 30.3 
%; high percentage: 30.4 - 35.3 % and with very 
high percentage ≥ 35.4 % of total body mass. 
The measurement was always carried out by the 
same researcher, using the same instrument to 
reduce the erroneous measurements and the 
respondent verified that she had not consumed 
food and drink for at least 3 hours before the 
measurement, without intense physical activi-
ty for the last 12 hours, with a urinary bladder 
emptied.

For statistical data processing, descriptive and 
analytical statistics using SPSS 21.0 for Win-
dows was utilised. Statistical significance was 
adopted at a probability level of p < 0.05.

The sample consisted of 408 female students 
aged 19-22 who attended the summer semester 
of the 1st or 2nd year of the University of Banja 
Luka (2018/2019 school year). The results of this 
research were divided into several segments.
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Table 1: Unhealthy behaviors adopted by the female students

Frequency Percent

SELF-ASSESSMENT OF 
PHYSICAL HEALTH 1 YEAR 
LATER

SELF-ASSESSMENT OF
MENTAL HEALTH 1 YEAR 
LATER

ALCOHOL CONSUMPTION

TOBACCO CONSUMPTION 

MARIJUANA CONSUMPTION

PROFESSIONAL
PSYCHIATRIC HELP

USE OF PSYCHOACTIVE 
SUBSTANCE

SUICIDAL ATTEMPT

USE OF SEDATIVES

USE OF HALLUCINOGENS

a  better
the same

a worse

a  better
the same

a worse

yes
no

yes
no

yes
no

yes
no

yes
no

yes
no

yes
no

yes
no

32
207
169

40
184
184

154
254
81

327
29

379
29

379
5

403
1

407

3
405

1
407

37.7
62.3
37.7
62.3
7.1

92.9
7.1

92.9
1.2

98.8
0.2

99.8

0.7
99.3
0.2

99.8

7.8
50.7
41.4

9.8
45.1
45.1

Table 2: Descriptive statistics of the anthropometric character-
istics of the sample 

MedianMinMean MaxSDN

age
height
weight  

BMI total
fat

muscule

height
weight  
BMI
fat
muscule
height
weight  
BMI
fat
muscule
height
weight  
BMI
fat
muscule
height
weight  
BMI
fat
muscule
height
weight  
BMI
fat
muscule

33
33
33
33
33

311
311
311
311
311
53
53
53
53
53
8
8
8
8
8
3
3
3
3
3

169.45
51.23
17.71
21.76
30.53

168.75
61.12
21.40
30.85
28.54

168.49
76.42
26.79
40.83
25.44

162.62
86.40
31.36
43.66
23.83

167.66
100.33
35.67
50.23
21.93

5.82
4.55
0.56
2.10
1.64
5.88
6.54
1.66
4.30
2.48
5.61
7.25
1.43
3.76
2.41

11.35
5.18
1.63
6.97
1.73
5.69
5.33
0.58
0.71
0.81

156.5
42.6
16.0
17.2
27.9

152.0
45.5
18.5
17.8
22.5

155.0
65.0
25.0
28.9
21.5

152.0
78.0
30.1
28.3
21.5

163.0
95.6
35.0
49.6
21.0

184.0
65.5
18.4
25.0
34.7

185.0
84.1
24.7
40.2
46.8

180.0
92.3
29.8
48.1
36.4

173.0
93.3
34.3
50.9
26.7

174.0
106.1
36.0
51.0
22.5

169.00
51.10
17.90
22.30
30.40

169.00
60.40
21.30
30.90
28.30

170.00
74.20
26.60
41.00
25.00

165.00
86.25
30.55
45.20
23.45

166.00
99.30
36.00
50.10
22.30

BMI TOTAL.
Corporal
Composition

1.
BMI (<18.5)
Malnutrition

2.
BMI
(18.5-24.9) 
Ideal mass

3.
BMI
(25-29.9)
Overweight

4.
BMI
(30-34.9)
Mild obesity

5.
BMI
(35-39.9)
Severe
obesity

CATEGORY BMI

408
408
408

408
408
408

20.50
168.67
63.09

22.10
31.80
28.15

0.72
6.02
1.00

3.20
6.47
2.81

19.0
152.0
42.6

16.0
17.2
21.0

22.0
185.0
106.1

36.0
51.0
46.8

20.00
169.00
61.45

21.60
27.50
26.40

A. Results of a basic socio-demographic 
questionnaire
A total of 37.7 % of girls drink alcohol periodi-
cally, 19.8 % regularly consume tobacco and 7.1 
% use marijuana. The menstrual cycle was es-
tablished at the earliest age of eight (0.7 %) and 
at the latest at the age of twenty (0.2 %), while 
in 29.2 % of cases it was established at the age 
of 13. From the demographic questionnaire, 
the question was: what is your current physical 
and mental health compared to the pre-study 
status? The following answers were received: 
41.4 % of students said that physical health was 
worse than at the beginning of studying and 45 
% that mental health is now worse. The usage of 
psychostimulants was 0.2 %, hallucinogens 0.2 
%, sedatives 0.7 %, while 2.7 % had a lifetime 
surgery.

B. Results of the anthropological analysis of 
the sample
The Kruskal-Wallis test confirmed that for all 
measured parameters there was a statistically 

significant difference (p ≥ 0.001) in levels be-
tween 5 BMI categories except for body height 
(Table 1 and Table 2).

Based on the results of the descriptive analysis 

of demographic data, a description of a typical 
female student of the first two years of the Uni-
versity of Banja Luka was obtained as a person 
with an average height of 168.65 ± 6.01 cm and a 
body mass of 63.09 ± 9.9 kg, which corresponds 
to a BMI value of 22.1 ± 3.2 BMI, with body fat 

of 31.80 ± 6.47 % and the proportion of muscle 
mass of 28.15 ± 2.81 %. BMI categorisation by 
groups showed that there were 76.2 % partici-
pants with an ideal body mass, while 0.7 % were 
severely obese and 8.1 % belonged to the mal-
nourished population. The tallest students had 
the lowest BMI and accordingly had the lowest 
percentage of adipose tissue and the highest 
percentage of muscle tissue.

C. Results of Sample Analysis by SF36 Scale 
The Health Survey Questionnaire (SF-36) was 
used to assess the health status (Table 3 and Table 
4). Descriptive analysis was calculated for eight 
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Table 3: BMI analysis (5 BMI categories) Kruskal-Wallis test

Height Weight BMI FAT Muscule Viscfat

CHI-SQUARE
DF
ASYMP. SIG.  

3.440
4    
0.487

181.580
    4
    0.000

225.672
    4
    0.000

194.757
    4
    0.000

125.896
    4
    0.000

206.465
    4
    0.000

Table 4: Descriptive analysis of sample with SF-36 scale

CRONBACH A Mean SD Min Max Median

PHYSICAL 
FUNCTIONING

EMOTIONAL 
WELL-BEING

SOCIAL 
FUNCTIONING

GENERAL 
HEALTH

ROLE
FUNCTIONING/
PHYSICAL

ROLE
FUNCTIONING/
EMOTIONAL

ENERGY/ FATIGUE

PAIN

0.948

0.868

0.655

0.695

0.813

0.848

0.805

0.832

73.90

60.84

71.48

66.62

77.02

60.38

50.10

77.57

32.50

18.05

21.29

16.97

33.21

42.65

17.83

20.89

0.00

4.00

0.00

10.00

0.00

0.00

0.00

0.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

  90.00

  64.00

  77.50

100.00

  66.67

  75.00

  70.00

  55.00

Table 5: Spearman correlation of SF-36 questionnaire scores (N = 408)

1 the table shows the values of the correlation coefficient ( ):
* Significance of correlation at 0.05 level
** Correlation significance at 0.01 level

SCORE SF-36 2 4 63 5 7 8

PHYSICAL 
FUNCTIONING

EMOTIONAL 
WELL-BEING

SOCIAL 
FUNCTIONING

GENERAL 
HEALTH

ROLE
FUNCTIONING/
PHYSICAL

ROLE
FUNCTIONING/
EMOTIONAL

ENERGY/ FATIGUE

PAIN

0.322 0.138

0.364

0.047

0.230

0.444

0.068

0.258

0.455

0.742

0.109

0.338

0.461

0.469

0.595

0.068

0.313

0.127

0.245

0.223

0.272

0.177

0.312

0.214

0.366

0.365

0.334

0.395

health scales (physical functioning), the role of 
physical restraint, physical pain, general health, 
vitality, social functioning, the role of emotional 
restriction and mental health). The reliability of 
the SF-36 scale was analysed with an alpha Cron-
bach coefficient whose values ranged from 0.81 to 
0.94, which indicated a very good reliability and 
internal agreement for this sample, with the ex-
ception of items of social functioning and general 
health whose alpha Cronbach values were 0.65 

and 0.69, respectively. Descriptive analysis of the 
SF-36 test (Table 3), which assesses 8 domains 
of health, shows that the lowest score has the Fa-
tigue variable (mean = 50.10; standard deviation 
- SD = 17.83), which refers to the feeling of fatigue 
compared to the previous year and indicates that 
students are often not "full of energy and life." The 
highest score is perceived pain (mean = 77.57, SD 
= 20.89) and physical limitation (mean = 77.02, 
SD = 33.21).

The relationship between individual scores with-
in the SF-36 questionnaire was investigated by 
using Spearman's rho non-parametric correla-
tion. From Table 1 it can concluded that high sta-
tistical significance (p = 0.001) with positive cor-

relation among the variables were found for vital 
energy (fatigue) and mental health (emotions), 
with coefficient of determination r2 = 0.55 (55 %) 
and mental health and social functioning with r2 

= 0.36 (36 %). By using the Spearman nonpara-
metric test (Table 4), the values of the correlation 
coefficient and the significance of the correlation 
were shown and the strength of the association 
between the subscales of the SF-36 questionnaire 
was determined. As expected, most of the correla-

tions showed a statistical significance of different 
levels, in a positive direction, given the fact that 
all subtrees belong to the same type of test, in-
tended to reveal different aspects of the physical 
and mental health of the subjects. According to 
the value of the correlation coefficient, the essen-
tial clinical significance was shown primarily by 
the positive correlations of Vital energy (SF-36 
fatigue) and Mental health (SF-36 emotions) (ρ = 
0.742; p < 0.01) as well as General mental health 
(SF-36 emotions) and Social functioning (SF-36 
soc. funct.) (ρ = 0.595; p < 0.01), which are also 
mental health categories. The absence of signifi-
cant correlations was reported for Physical func-
tionality paired with Near vital energy, Mental 
health and Pain. In the realm of physical health, 
the associated sub-axes: physical functioning, 
physical limitation, physical pain, and general 
health perception are low positive correlations 
with high statistical significance for p<0.05, ex-
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Discussion

This research was aimed to demonstrate how 
and to what extent the initial years of studying 
at the university affect the health of female stu-
dents through the aspect of self-assessment of 
physical and mental health as a significant mo-
ment in the life of a young woman. By going to 
college, students face the challenge of changing 
their previous habits in order to cope with the 
academic workload and stress that their school-
ing carries. This often implies lack of time for 
rest and sleep, physical and recreational activ-
ities, but also changed health habits leading to 
malnutrition, excessive alcohol consumption, 
smoking and consumption of psychoactive sub-
stances, which is confirmed in the current study. 
Psychostimulants were used by 0.2 % of female 
students, hallucinogens by 0.2 %, sedatives by 
0.7 %; while 35 % of students drank alcohol peri-
odically, tobacco was consumed by 15.9 % regu-
larly, while 7.1 % used marijuana. In the Nether-
lands, the prevalence of smokers has been shown 
to be relatively low, only 6 %, but with 46 % of 
students consuming alcohol and over 6 % of stu-
dents using stimulants, tranquilisers or sleeping 
remedies in the last 30 days.17 Among medical 
students in Germany there were 21 % smokers, 
with 34 % of students confirming the use of psy-
choactive substances.18 Research in Poland has 
shown that sixth-year medical students have a 
very cursory knowledge of the harmful health 
effects of alcohol consumption and smoking, 
with 26 % of female students being smokers.19 
A study conducted among students in Toulouse, 
France, also confirmed that approximately the 
same percentage of smokers among students in 
this European country was around 23 %. More 
than half of students use some of psychoactive 
substances.20 A study in Istanbul among stu-
dents of the Faculty of Physical Activity and 
Sports showed that 25 % were smokers and that 
at the age of 18 most girls started smoking.21

 
The results of the descriptive analysis of demo-
graphic parameters provided data on the an-
thropological characteristics of female students 

of the first two years of the University of Ban-
ja Luka. These are young persons, 20.5 ± 0.7 
years old, averaged 168.65 cm ± 6.01 in height, 
63.09 ± 9.9 kg in body weight, corresponding to 
BMI 22.1 ± 3.2 kg/m2 and thus characterised as 
persons with an ideal BMI, which is a common 
result in studies by authors from neighbouring 
countries.22-28 The University of Banja Luka stu-
dents are higher than their female counterparts 
in Canada,29 Greece,30, 31 and Croatia,23 while fe-
male students from Brazil are higher than the 
students from the University of Banja Luka.33 
According to the measurements performed in 
this study, the proportion of adipose tissue was 
31.80 ± 6.47 %, ranging from 17.2 % to 51 % of 
the total body mass, while the mean values of 
muscle mass were 28.15 ± 2.81 %, ranging from 
21 % to 36.80 % of the total body mass. Simi-
lar research was carried out by Mašina (2019),23 
where the average value of adipose tissue in the 
total sample of 596 girls of the same age was 
20.36 ± 6.66 % (range 12.8-54.1 %). At the same 
time, the value of muscle mass was 28.80 ± 3.35 
% (range 13 % to 42 %). In the present study, 
a detailed sample analysis indicated that there 
was a slight difference in the average value of 
body height compared to belonging to the BMI 
categories and that female students in the first 
BMI category had the highest body height. With 
the increase of BMI, as expected, the proportion 
of muscle mass was constantly decreasing and 
the values of all other parameters (body mass, 
presence of subcutaneous and visceral adipose 
tissue) were continuously increasing.

Self-assessment of health is the individual per-
ception and evaluation of one's own health 
through standardised questionnaires. The SF-36 
Health Survey Questionnaire was used to assess 
health status. Physical Health (PH) assessment 
covers the four scales of the SF-36 question-
naire, namely: physical functioning, physical 
limitations, physical pain, and general health. 
The calculated PH value (mean ± SD) was 72.21 
± 25.89. A high score that is appropriate for the 
student population implies a person's condition 
without restriction in performing daily activities 
and a person on this scale described their health 
as excellent. Assessment of Mental Health (MH) 
includes the remaining four scales of the SF-36 
questionnaire: vitality, social functioning, the 
role of emotional restriction and mental health. 
This summary measure of MH had slightly low-
er value of 60.7 ± 24.95. This relatively lower 

cept for the sub-scores Physical functioning and 
Physical pain that do not have statistical signifi-
cance.
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The results of the study of anthropological 
characteristics of the students showed the 
ideal values of the total BMI. A lower percent-
age of muscle mass indicates a possible lack 
of physical fitness. The results of the self-as-
sessment of health show that this population 
of young women has higher values of physical 
health compared to mental health, which may 
be a reflection of stress and a degree of psy-
chological distress during studies.

Conclusion
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Abstract
Background/Aim: Benign prostatic hyperplasia (BPH) is a very common dis-
ease in older men. BPH involves the presence of signs of hyperplasia of the stromal 
and epithelial elements in the prostate with consequent enlargement of its volume. 
The aim of this study is to analyse the frequency of typical complications in the 
treatment of patients with benign prostatic hyperplasia and the effect of medica-
mentous treatment.
Method: Patients diagnosed BPH were included in the prospective, one-year 
study. They were divided into 2 groups. The first group (30 patients) consisted 
of those ones, whose prostate volume was equal to or over 50 cm3, while and the 
second group (30 patients) comprised the subjects with prostate volume less than 
50 cm3. The complications of BHP analysed are residual urine (RU), symptomatic 
urinary infection, haematuria, thickening of the detrusor wall, diverticulum in the 
bladder, ureterohydronephrosis, renal failure, bladder stone and acute urinary re-
tention (AUR).
Results: The majority of patients in both groups were aged 60-69. There was a 
statistically significant difference in the average value of RU between the groups 
at the first, second and fifth check-ups (p < 0.05), as well as the complication of 
symptomatic urinary infection, since the same occurred earlier in the first group 
than in the second group (p < 0.05). There was no statistically significant differ-
ence in complications: haematuria, detrusor wall thickening and diverticulum (p 
> 0.05). Complications: ureterohydronephrosis, renal failure, bladder stone, and 
AUR were not diagnosed in patients in either group.
Conclusion: Relevant medical therapy leads to a reduction of RU and reduces the 
risk of complications caused by its presence. Other complications of BPH were rare 
or absent in both groups, suggesting that appropriate and timely applied medical 
therapy affects the course of BPH and reduces the risk of complications and the 
need for surgical treatment. Benefit from medicamentous therapy is equally repre-
sented in both analysed groups of patients.

Key words: prostate; benign hyperplasia; prostatic obstruction; complications.

Introduction

Benign prostatic hyperplasia (BPH) is a histo-
logical term for benign prostatic enlargement 
and it is usually based on the gland size. The ex-

act aetiology of BPH is unknown. It is common 
in older men, and it is characterised by direct 
obstruction of the bladder outlet (the static com-
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Methods

Results

ponent) as well as increased muscle tone within 
the gland (the dynamic component). There are 
several synonyms and descriptions of sever-
al forms for the same one. These are: benign 
prostatic enlargement (BPE), benign prostatic 
obstruction (BPO) or benign outlet obstruction 
(BOO). It is also described through lower uri-
nary tract symptoms (LUTS), which is a term 
that refers to a group of symptoms that origi-
nate from the lower urinary tract.

Prostate enlargement is a key clinical sign of 
the BPH and it is often accompanied by symp-
toms labelled as LUTS, and which significant-
ly affect the quality of life of these patients. 
However, it is known that prostate size itself 
does not correlate well with the intensity of 
the BPH symptoms. Isolated prostate enlarge-
ment and the consequent compression of the 
posterior urethra are not the only reasons for 
the appearance of clinical symptoms. Detru-
sor dysfunction caused by various age-related 
changes plays an important role. At the same 
time, the obstruction itself (in this case caused 
by enlargement of the prostate) causes neural 
changes on the detrusor that further contribute 
to the formation and development of symptoms 
of clinical (symptomatic) BPH.1-6

The aim of this study is to analyse the frequen-
cy of typical complications in the treatment 
of patients with benign prostatic hyperplasia 
and the effect of medicamentous treatment in 
groups patients with two different stages of 
BPH.

Patients who were diagnosed with BPH were in-
cluded in the prospective, one-year study. Par-
ticipants were divided into 2 groups. The first 
group (30 patients) consisted of patients whose 
prostate volume was equal to or over 50 cm3, 
and the second group (30 patients) consisted of 
subjects with prostate volume less than 50 cm3.

BPH was diagnosed based on patient history, 
digital rectal examination, prostate specific an-
tigen (PSA) and ultrasound (US) examination 
of the urinary tract. The following laboratory 

Table 1 shows the distribution of patients by age 
decades.

parameters were monitored simultaneous-
ly: urea, creatinine, C reactive protein (CRP), 
PSA, erythrocyte sedimentation (ES) and blood 
count (BC) and urine sediment and urine cul-
ture (UC) with antibiogram. The complications 
of BHP analysed were residual urine (RU), 
symptomatic urinary infection, haematuria, 
thickening of the detrusor wall, diverticulum in 
the bladder, ureterohydronephrosis, renal fail-
ure, bladder stone and acute urinary retention 
(AUR).

All participants were given standard medical 
therapy. Patients with prostate less than 50 
cm3 were given only alpha-adrenergic blocker 
(tamsulosin). Patients with a prostate equal 
to or larger than 50 cm3 were given an alpha- 
adrenergic blocker (tamsulosin) and a 5-alpha 
reductase inhibitor (finasteride). Patients were 
followed for 12 months with check-ups every3 
months and determination of PSA and digi-
tal rectal examination after 6 and 12 months. 
They were instructed to report immediately for 
check-up in case of acute complications (symp-
tomatic urinary infection, acute urinary reten-
tion, haematuria) or significant exacerbation of 
the problems. Statistical data processing was 
performed by using χ2 test, analysis of variance 
(ANOVA), Mann-Whitney U test and Student 
t-test.

There was a statistically significant difference (χ2 = 39.067; 
p < 0.05) in the distribution of patients by age. Patients from 
aged 60 to 69 were the most common.

Total

    1  
    3.3
  19
  63.3
    6
  20.0
    4
  13.3
  30
100.0

    3
  10.0
  16
  53.3
   8
  26.7
    3
  10.0
  30
100.0

    4
    6.7
  35
  58.3
  14
  23.3
    7
  11.7
  60
100.0

Table 1: Age of patients with benign prostate hyperplasia 

Decade First group Second group

N
%
N
%
N
%
N
%
N
%

From 50 to 59

From 60 to 69

From 70 to 79

80 and more

Total 
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Table 2: Decrease in the average residual urine size in patients 
with benign prostate hyperplasia

Residual urine – patients of the first group

Residual urine – patients of the second group

Check-up N Minimum Maximum
Mean
value

Standard
deviation

30
30
30
30
30

30
30
30
30
30

20.00
10.00
10.00
10.00
10.00

20.00
10.00
10.00
10.00
10.00

150.00
150.00
140.00
130.00
120.00

150.00
150.00
140.00
130.00
120.00

34.33
27.00
24.00
22.17
21.00

34.33
27.00
24.00
22.17
21.00

23.00
24.37
23.17
21.44
19.63

23.00
24.37
23.17
21.44
19.63

First
Second  
Third 
Fourth 
Fifth

First
Second  
Third 
Fourth 
Fifth

    0
    0.0
  30
100.0
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

     2
     6.7
   28
   93.3
   30
100.0

    0
    0.0
  30
100.0
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

    2
    6.7
  28
  93.3
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

Second group

First group

First group

N
%
N
%
N
%

N
%
N
%
N
%

Yes 

No 

Total

Yes 

No 

Total

Check-up 
First Second Third Fourth Fifth

Check-up 
First Second Third Fourth Fifth

Table 3: Symptomatic urinary infection in patients with benign 
prostate hyperplasia

    3
  10.0
  27
  90.0
  30
100.0

    2
    6.7
  28
  93.3
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

    1
    3.3
  29
  96.7
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

    0
    0.0
  30
100.0
  30
100.0

    1
    3.3
  29
  96.7
  30
100.0

Second group

N
%
N
%
N
%

N
%
N
%
N
%

Yes 

No 

Total

Yes 

No 

Total

Table 4: Occurrence of haematuria in patients with benign pros-
tate hyperplasia

Results and statistical comparisons of differenc-
es in the frequency of typical complications in 
the treatment of patients with benign prostatic 
hyperplasia: residual urine (RU), symptomat-
ic urinary infection, haematuria, detrusor wall 
thickening, and diverticulum are presented in 
Tables 2-5.

In the first group of patients, the average resid-
ual urine value was highest at the first check-up 
and lowest at the fifth check-up. There was no 
statistically significant difference between the 
check-ups compared to the average RU in the 
first group (ANOVA test: (F = 1.701; p = 0.153; p 
> 0.05), but there was a statistically significant 
difference between the check-ups in the average 
RU in the second group (F = 12.501; p = 0.000; 
p < 0.05).

There was a statistically significant difference in 
the average value of RU among the groups at the 

first check-up (t = 2.118; p = 0.038; p < 0.05), 
second check-up (t = 2.031; p = 0.047; p < 0.05), 
fifth check-up (t = 2.061; p = 0.044; p < 0.05). 
There was no statistical difference at the third 
and fourth check-ups (p > 0.05) (Table 2). At the 
same time, there was no significant difference 
between the first and second groups in the rate 
of decrease of the average RU. (Mann-Whitney 
U test; U = 6.500; p = 0.663; p > 0.05).

Symptomatic urinary infection was diagnosed 
in two patients of the first group at the second 
check-up (in one patient after 36 days and in an-
other after 61 days) and in two patients of the 
second group at the third check-up (in one pa-
tient after 140 days and in the other one after 
141 days) (Table 3). There was no statistically 
significant difference (Mann-Whitney U test: p 
> 0.05) between the patients of the first and sec-
ond groups in the number of symptomatic uri-
nary infections per check-up.

An analysis of the time of diagnosing the symp-
tomatic urinary infection showed a mean value 
of 48.5 days in the first group and 140.5 days in 
the second group, with the difference being sig-
nificant (t-test; t = -7.35; 0.018; p < 0.05).

Haematuria was diagnosed in 3 patients of the 
first group at the first check-up and in one pa-
tient on the fourth one, after 276 days from the 
first check-up. In the second group of patients 
on first check-up haematuria was ascertained in 
two cases and in one patient on the fifth check-
up, ie after 365 days (Table 4). There was no sta-
tistically significant difference (Mann-Whitney 
U test: p > 0.05) between the patients of the first 
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and second groups according to the number of 
episodes of haematuria per check-up (Table 4).

Detrusor wall thickness was found in 7 patients 
of the first group at the first check-up and in one 
patient after 90 days at the second check-up. In 
the second group it was found in 3 patients at 
the first check-up and in one patient on the third 
check-up, after 319 days (Table 5). There was no 
statistically significant difference between the 
first and second group in the number of patients 
with thickened detrusor wall on check-ups 1-5, 
(p > 0.05).

Diverticulum was present in one patient of 
the first group on first check-up. In the second 
group there were no patients with diverticu-
lum and there was no statistically significant 
difference between the patients of the first and 
second groups according to this parameter. 
(Mann-Whitney U test: U = 430.000; p = 0.317; 
p > 0.05). At the same time, complications such 
as ureterohydronephrosis, renal failure, bladder 
stone, and acute urinary retention (AUR) were 
not diagnosed in either of the patient groups.

Discussion

BPH is a progressive disease with a frequency 
that successively increases mainly after the age 
of 50.1-6 This study showed that patients aged 
60 to 69 were predominant. Complications of 
BPH can occur immediately, but they can also 

occur after many years of the onset of the first 
symptoms. Residual urine (RU) is an import-
ant factor in the evaluation of pathology of the 
bladder neck, prostate or urethra. Adequate RU 
measurement can only be performed after spon-
taneous voiding. A full bladder causes disten-
sion of the wall and reduces contractility of the 
detrusor, making it difficult for the bladder to 
complete voiding.

Measurement of RU can be expressed in abso-
lute values, in millilitres, based on measurement 
of bladder diameter or relatively, as a subjective 
estimate of RU relative to full bladder capaci-
ty. Accurate measurement of RU is achieved by 
measuring the largest transverse, longitudinal 
and anteroposterior diameter of the bladder and 
since the bladder is usually oval in shape, the 
volume is calculated by multiplying all 3 diam-
eters by 0.5. A residue measured in this way is 
of importance if less urine is left behind. Subjec-
tive data on the reduction of bladder volume be-
fore and after voiding is more significant in case 
when is RUT larger.3-10

In patients from the first group, the average RU 
value was highest at the first check-up and the 
lowest at the fifth check-up. There was no statis-
tically significant difference between the check-
ups compared to the average RU in patients of 
the first group, but there was statistically signif-
icant difference in the average value of the RU 
in patients of the second group. RU was high-
er in the first group at all check-ups than in the 
second group and there was no statistically sig-
nificant difference between the first and second 
group of patients in the rate of decrease of the 
average RU. This is expected since the patients 
from both groups were initially included an al-
pha-adrenergic blocker, acting by relaxing the 
smooth muscles of the bladder neck, urethra 
and prostate and it acted to reduce RU equally 
in patients of both groups. At the first, second 
and fifth check-ups there was a statistically sig-
nificant difference in the average value of resid-
ual urine between the patients of the first and 
second groups, while at the third and fourth 
check-ups there was no statistically significant 
difference.

Urinary infection in BPH patients is a product of 
the presence of RU and reduced body resistance. 
The infection in patients with BPH and signifi-
cant RU is much more serious than in patients 
with anatomically and functionally normal uri-
nary tract. The bacteria causing the infection 
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  23
  76.7
    7
  23.3
  30
100.0

   27
  90.0
    3
  10.0
  30
100.0

  22
  73.3
    8
  26.7
  30
100.0

  27
  90.0
    3
  10.0
  30
100.0

  22
  73.3
    8
  26.7
  30
100.0

  26
  86.7
    4
  13.3
  30
100.0

  22
  73.3
    8
  26.7
  30
100.0

  26
  86.7
    4
  13.3
  30
100.0

  22
  73.3
    8
  26.7
  30
100.0

  26
  86.7
    4
  13.3
  30
100.0

First group

Second group

N
%
N
%
N
%

N
%
N
%
N
%

Proper wall 
thickness
Thickened 
wall

Total

Proper wall 
thickness
Thickened 
wall

Total

Table 5: Changes in detrusor thickness in patients with benign 
prostate hyperplasia

Check-up 
First Second Third Fourth Fifth
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often come ascending from the urethra and 
then multiply in the bladder. Bladder is infect-
ed, significantly less frequently, by haematoge-
nous, lymphogenous or per continuitatem route 
from the surrounding foci (from the prostate in 
chronic bacterial prostatitis). Nephrolithiasis 
and diverticulosis of bladder also support the 
persistence of the infection.3-10 The infection can 
be limited to the prostate or bladder or it can 
affect the kidney. According to the resistance of 
the organism and adequate antimicrobial ther-
apy, the infection recovers relatively quickly.3-12

In this study, there was no significant difference 
between patients of the first and second group 
regarding the number of episodes of symptom-
atic urinary infections per check-up. There was a 
(statistically significant) difference between the 
first and second groups when it came to the time 
of diagnosing these complications. In the first 
group, symptomatic urinary infection occurs 
in a shorter period of time than in the second 
group. This may be partly explained by higher 
RU in patients of the first group, which is a pre-
cipitating factor for urinary infections.

Haematuria is a common complication of BPH. 
It can be microscopic or macroscopic. Some-
times it is so extensive, that causes bleeding. The 
causes are different. Spontaneous haematuria is 
explained by severe congestion of the hyperpla-
sic prostate and sclerotic changes of blood ves-
sels. The cause is sometimes the prostate infarc-
tion. In patients of both groups, no significant 
difference in the number of episodes of haema-
turia per check-up and the mean time of finding 
complications was found. Haematuria did not 
occur in large numbers because the patients reg-
ularly used prescribed medication therapy with 
the proposed diet, thus reducing the possibility 
of congestion of adenoma and occurrence of sig-
nificant hematuria.4-14

Bladder wall thickening, occurrence of trabecu-
lae and diverticulum are changes in the bladder 
that occur due to obstruction. In the analysis 
presented here, the occurrence of complica-
tions in the form of thickening of the detrusor 
was monitored. The same occurs earlier in the 
development of complications on the bladder 
wall than the diverticulum, so the incidence is 
higher. Detrusor thickening was also found to be 
more common in patients in the first group than 
in patients in the second group, at all check-ups. 
This finding is expected since a larger volume of 
the prostate indicates prolonged, more intense 

subvesical obstruction. Detrusor thickening was 
verified if the ultrasonographically measured 
detrusor thickness was over 5 mm.4-14

Diverticulum of the bladder is a common com-
plication in the late stage of BPH and it is caused 
by loosening of the stretched wall. In one study 
of 300 patients, diverticulum was found in 10 
(3.4 %) patients and secondary diverticulosis in 
38 (12.6 %) patients.7 In patients from this study 
diverticulum was present in only one patient of 
the first group.

Renal insufficiency is often present in the late 
stages of BPH. It is caused by dilation of the up-
per urinary tract and subsequent urinary com-
pression on the kidney parenchyma, as well as 
occasional kidney infections. Ureterohydrone-
phrosis, accompanied by varying degrees of re-
nal insufficiency, occurs in patients with large 
RU and decompensated bladder. Ureterohy-
dronephrosis and renal insufficiency were not 
observed during this study. The patients in the 
present study did not have an AUR and/or RU 
over 300 mL, so this complication did not de-
velop.6-17

AUR is a very common complication of BPH. It 
is caused by a conglomerate: sphincter spasm, 
detrusor hyperdistension, congestion and pros-
tate infarction. It may develop suddenly or grad-
ually, with the progressive enlargement of RU. 
Acute complete retention may occur at all stages 
of BPH. The causes of acute retention are com-
plex: hyperdensity of detrusor muscle fibres, 
congestion and prostate infarction, sphincter 
spasm.6, 10-20 According to one study performed 
in 300 patients, 231 (77 %) had different forms 
of retention during of BPH. Complete retention 
as the first sign of BPH, occurred in 52 (17.6 %) 
patients.7

AUR was not present in the patients of either 
groups. As all patients included in the study re-
ceived medical therapy (alpha-adrenergic block-
er or combination therapy of alpha-adrenergic 
blocker + 5-alpha-reductase inhibitor). Also, the 
relatively short follow-up time (one year) within 
the analysed study should be considered.

Bladder calculi is a relatively common compli-
cation of BPH. It is mainly secondary, for uri-
nary tract and infection.19 The incidence of this 
complication in the group of 300 patients was 
49 (16.3 %) patients.7 Bladder calculi in patients 
with BPH occurs due to a urinary stasis com-
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bined with infection. These calculi are second-
ary, mainly due to infection, with a basis that 
lies in the urinary tract.6,10-20 The bladder calcu-
li were not verified in the patients presented in 
this study. Given that there were not many pa-
tients with a large amount of post-voiding RU 
and with long-term urinary infection due to the 
inclusion of adequate antibiotic therapy, as well 
as a limited time of this study, it is believed that 
this is the reason why this complication did not 
occur.

Conclusion

The majority of patients in both groups were 
aged 60-69. Medicamentous therapy leads to 
a reduction of RU and reduces the risk of com-
plications caused by its presence. Other com-
plications of BPH were rare or absent in both 
groups, suggesting that appropriate and time-
ly applied medical therapy affects the course 
of BPH and reduces the risk of complications 
and the need for surgical treatment. Benefit 
from medicamentous therapy is equally rep-
resented in both analysed groups of patients.

Conflict of interest

None.

None.

Acknowledgements

3. Vuichoud C, Loughlin KR. Benign prostatic hyperpla-
sia: epidemiology, economic and evaluation. Can J Urol 
2015;22(1):1-6.

4. Kappor A. Benign prostatic hyperplasia (BPH) man-
agement in the primary care setting. Can J Urol 
2012;19(1):10-7.

5. Luo GC, Foo KT, Kuo T, Tan G. Diagnosis of prostate 
adenoma and the relationship between the site of pros-
tate adenoma and bladder outlet obstruction. Singap 
Med J 2013;54:482-6.

6. Patel N, Parsons J. Epidemiology and etiology of benign 
prostatic hyperplasia and bladder outlet obstruction. 
Indian J Urol 2014;30:170–6.

7. Marković V. [Diseases of prostate]. Belgrade: Službeni 
list SRJ; 2000. Serbian.

8. Pisco J, Bilhim T, Pinheiro LC, Fernandes L, Pereira 
J, Costa NV, et al. Prostate embolization as an alterna-
tive to open surgery in patients with large prostate and 
moderate to severe lower urinary tract symptoms. J 
Vasc Interv Radiol 2016;27(5): 700–8. 

9. Wang Y, Bao Y, Liu J, Duan L, Cui Y. Tadalafil 5 mg once 
daily improves lower urinary tract symptoms and erec-
tile dysfunction: a systematic review and meta-analysis. 
Low Urin Tract Symptoms 2018;10(1):84–92.

10. Gacci M, Andersson KE, Chapple C, Maggi M, Mirone 
V, Oelke M. Latest evidence on the use of phosphodi-
esterase type 5 inhibitors for the treatment of lower 
urinary tract symptoms secondary to benign prostatic 
hyperplasia. Eur Urol 2016;70:124–33. 

11. De Nunzio C, Presicce F, Tubaro A. Inflammatory me-
diators in the development and progression of benign 
prostatic hyperplasia. Nat Rev Urol 2016;13:613–26.

12. Matsukawa Y, Majima T, Matsuo K, Funahashi Y, Kato 
M, Yamamoto T. Effects of tadalafil on storage and void-
ing function in patients with male lower urinary tract 
symptoms suggestive of benign prostatic hyperplasia: a 
urodynamic-based study. Int J Urol. 2018;25:246–50.

13. Goh HJ, Kim SA, Nam JW, Choi BY, Moon HS. Com-
munity-based research on the benign prostatic hyper-
plasia prevalence rate in Korean rural area. Korean J 
Urol 2015;56:68–75.

14. Cindolo L. Actual medical management of lower urinary 
tract symptoms related to benign prostatic hyperplasia: 
temporal trends of prescription and hospitalization 
rates over 5 years in a large population of Italian men. 
Int Urol 2014; 46: 695–701.

15. La Vignera S, Condorelli RA, Russo GI, Morgia G, 
Calogero AE. Endocrine control of benign prostatic hy-
perplasia. Andrology 2016;4:404–11.

16. Vignozzi L, Gacci M, Maggi M. Lower urinary tract 
symptoms, benign prostatic hyperplasia and metabolic 
syndrome. Nature reviews. Urology 2016;13:108–19. 

17. Gacci M. Metabolic syndrome and benign prostatic en-
largement: a systematic review and meta-analysis. BJU 
Int 2015;115:24–3.

18. Michel M C, Chess Williams R, Hegde S S. Are blood 
vessels a target to treat lower urinary tract dysfunc-
tion? Naunyn-Schmiedeberg’s Arch Pharmacol 
2015;388:687–94.

19. Javali T, Nayak KA, Babu SMLP. Simultaneous an-
tegrade and retrograde endoscopic surgery for be-
nign prostatic hyperplasia with vesical calculi - a sin-
gle-centre experience. Arab J Urol 2018;16(4):417-21

20. Gratzke C. EAU guidelines on the assessment of 
non-neurogenic male lower urinary tract symptoms 
including benign prostatic obstruction. Eur Urol 2015; 
67:1099–109.

References

53Kričković et al. Scr Med 2020;51(1):48-53.



CONTENT

 
Bergsland. Scr Med 2020;51(1):54-60.

CURRENT TOPIC
DOI:10.5937/scriptamed51-25634

Disruptive Technologies in Cardiac Surgery and 
Interventional Cardiology

Jacob Bergsland 1, 2, 3

Director for Science and Education, 
BH Heart Centre Tuzla, Tuzla, Bosnia 
and Herzegovina.
Cardiac Surgeon and Researcher, 
Intervention Centre, Oslo University 
Hospital, Oslo, Norway.
Medical Director, Cardiomech AS 
Trondheim, Drøbak, Norway.

This article should be cited as follows: Bergsland J. Disruptive technologies in cardiac surgery and interventional cardiology. Scr Med 2020;51(1):54-60.

Received: 22 January 2020
Revision received: 10 February 2020
Accepted: 12 February 2020

ARTICLE INFO

(1)

(2)

(3)

Abstract
The last several decades have witnessed a huge expansion of surgical and interven-
tional treatment of cardiac disease. Axel Cappelen from Oslo, Norway  was one of 
the first to operate on the heart, something that had until then, been considered 
foolish and without chance of success.1 Cappelen dared to operate on the heart 
in spite of Billroth’s stark warning against such “unwise” attempts as he ligated a 
bleeding coronary artery caused by a stabbing injury. Most of the innovation in re-
cent years has been within the interventional cardiology domain in contrast to the 
first 7 decades of the 20th century, when surgeons dominated. Cardiac surgeons 
have developed less invasive procedures, although the most common surgical in-
cision is based on the time-honoured and large median sternotomy incision. Many 
surgeons continue to prefer the concept of "Grosse Chirurgen, Grosse Schnitte" 
and have stayed away from minimisation and continue to use direct vision, usual-
ly augmented by magnification glasses, median sternotomy and cardiopulmonary 
bypass (CPB). However, new technology has made the need for CPB less import-
ant2. In this article a selection of recently developed devices for cardiac interven-
tion will be described. 

Key words: mitral valve; aortic valve; valve surgery; valve intervention.

The development of cardiac interventional care 
has required technological innovation and dedi-
cated and qualified personnel. It was more than 
100 years ago that the first coronary bypass pro-
cedure was performed on research animals by 
the Nobel Laureate Alexis Carrell, but it required 
the development of cardiac catheterisation to di-
agnose the extent and localisation of coronary 
lesions and the CPB-machine to operate on a 
motionless heart. The heart-lung machine made 
coronary bypass feasible, but again became un-
necessary with the development of off the pump 
bypass surgery (OPCAB). New technology made 
OPCAB feasible and safe.3-5

Interestingly, many of the common cardiac con-

ditions affecting the heart valves had surgical 
solutions before CPB was developed and some 
of these methods have now been revived using 
catheter-based techniques. Mitral stenosis, one of 
the most common cardiac conditions before the 
time of antibiotics and treatment of streptococcal 
infections, could be effectively relieved with mi-
tral commissurotomy performed with a left tho-
racotomy and access to the mitral valve through 
the left atrial appendix. The surgeon would use 
his finger or an instrument to dilate the stenosed 
valve, thereby relieving disabling congestive heart 
failure (Figure 1).6 In the Western World such 
closed procedures were mostly replaced by open 
commissurotomy on CPB and an arrested heart 
to decrease the risk of embolisation. Later, cath-
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eter-based balloon-dilatation, using a transsep-
tal catheter technique, has become a successful 
method for treating mitral stenosis (Figure 2).7 
In 2003 it was reported that a third of patients 
with mitral stenosis were treated with balloon 
dilatation in Europe.8 Closed, operative dilatation 
for aortic stenosis without CPB was performed 
through a transapical technique and a surgical 
instrument was used to open up the fused aortic 
leaflets. This procedure was less successful than 
dilatation of the mitral valve as demonstrated by 
the experience with aortic balloon valvuloplasty.9

Figure 1. Mitral commissurotomy performed surgically on the 
beating heart

Figure 2. Balloon commissurotomy is performed through the 
femoral vein and the atrial septum

For many years valve replacement was the most 
common invasive treatment for patients with dis-
ease of the valves, regardless of whether the pa-
thology caused stenosis, insufficiency or a combi-
nation of both. Both tissue and mechanical valves 
performed well and selection of type depended 

on age, co-morbidities, surgeon and patient pref-
erences or other factors.10 The pulmonary and 
tricuspid valves were treated surgically and to an 
extent with catheter-based techniques. Focus of 
development, science and practice in the early, 
mainly surgical, era was valve-replacement and a 
number of mechanical valves were developed, in-
cluding Starr-Edwards, Björk-Shiley, Medtronic 
Hall and others. These mechanical devices were 
made of artificial material and required life-long 
anticoagulation. Alternative devices were made 
of a combination of biologic and synthetic tis-
sues where the leaflets were biological and less 
thrombogenic. Anticoagulation could therefore 
be avoided, which is a major benefit for quality of 
life. The main disadvantage was the shorter du-
rability of biological valves, making reoperation a 
common scenario especially for younger patients 
and pre-menopausal women.

While stenotic lesions of the mitral and aortic 
valves could be treated with dilatation, regurgita-
tion was a more complex issue. While most sur-
geons elected to replace the leaking valves, it be-
came increasingly evident that the degenerative 
valve pathology, especially for the mitral valve, 
could be repaired, preventing the adverse effects 
of a prosthesis. Surgical mitral valve repair be-
came, and still is, an excellent choice. Techniques 
for mitral valve repair were developed by a life-
long dedication by the French surgeon Alain Car-
pentier and others.11, 12 His ground-breaking work 
resulted in further understanding of the mitral 
valve’s function and pathology and the develop-
ment of the techniques to repair the valve with 
excellent results and low rates of reoperation.13 
Aortic insufficiency has been more difficult to 
repair and surgical therapy has mainly been the 
valve replacement. 

Until the 1970s, cardiology interventionists were 
mainly involved in diagnosis of cardiac condi-
tions, while surgery was a dominant  invasive  
non-medical therapy. This changed after Andreas  
Grüntzig’s disruptive approach to coronary ar-
tery disease when he started performing percu-
taneous balloon angioplasty.14, 15 After stents were 
added to the procedures, it has become safer and 
is now performed much more commonly than the 
coronary artery bypass grafting. To most cardiac 
specialists it seemed unlikely that catheter-based 
therapy could be a major factor in treatment of 
valvular conditions, except for dilatation of the 
mitral16 and aortic valves.17
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Figure 3. SapienTM aortic prosthesis placed with catheterisation 
of the femoral artery and balloon dilatation

The development of catheter-based alternatives 
to surgery for stenotic lesions in coronary arteries 
and aortic and mitral valves led to further pursuit 
of new solutions by physicians, surgeons and en-
gineers. The med tech industrial giants and nu-
merous upstart companies saw a huge potential in 
developing less invasive therapies, mainly based 
on catheter interventions. In other surgical spe-
cialties, like gastrointestinal surgery, minimally 
invasive techniques have penetrated the Western 
world and even the remote and poor countries,18 
but unfortunately thoracoscopic and robotic op-
erations for cardiac disease has not gained gener-
al acceptance, in spite of clear demonstration of 
clinical feasibility and excellent results.19 The ma-
jority of surgeons does not possess required skills 
or acceptance of  the paradigm shifts necessary 
for minimal invasive approaches. However, sim-
ilar to what occurred regarding valve dilatations, 
many new ideas for interventional therapy came 
from surgeons who were used to seeing cardiac 
pathology "in real life". When surgeons, cardiol-
ogists and engineers worked together, interven-
tionists with imaging- and catheter-expertise 
could perform intracardiac procedures with good 
results. In the following a selection of the new de-
vices and methods available and under develop-
ment will be described. Due to space constraints, 
a complete review will not be possible.

Aortic valve
Dilatation of the aortic valve to relieve stenosis 
was attempted in the pre-cardiopulmonary by-
pass using a transapical approach where a surgi-
cal dilator instrument was introduced antegrade 
through the aortic valve. When CPB became 
available, aortic valves were mostly replaced us-
ing CPB and on an arrested heart. Balloon dilata-
tion through a retrograde approach from the fem-
oral artery continued to be a valuable technique 
in some cases, but the procedure either did not 
relieve stenosis adequately or resulted in aortic 
insufficiency.20 Implantation of a prosthesis using 
a transcatheter approach was developed by Crib-
ier and others, who described the procedure and 
initiated it clinically in Rouen, France.21 Within a 
few years several implantable valves were on the 
market, the most common were the SapienTM, Ed-
wards Inc., USA and CorevalveTM  Medtronic Inc., 

USA. SapienTM  is made of bovine tissue mounted 
on a cobolt-chromium metal frame and is  bal-
loon-expandable (Figure 3), while the CorevalveTM 
(presently named EvolutTM) is made of porcine 
pericardium mounted on self-expandable nitinol 
(Figure 4).22 Extensive, controlled, clinical stud-
ies have been undertaken demonstrating ben-
efits compared to surgery of this transcatheter 
approach first in high- then in intermediate- and 
finally in low-risk patients.23 In several markets 
transcatheter aortic valve implantation (TAVI) is 
now more common than surgical valve implan-
tation. The high cost of the device and delivery 
catheters has been a limitation to the implemen-
tation of the technique in less prosperous mar-
kets. Several new devices are in different phases 
of development and will probably eventually re-
sult in a more affordable price-structure.

Mitral Valve
The mitral valve is anatomically more complex 
than the aortic and mitral stenosis, especially 

Figure 4. CorevalveTM self-expandable aortic prosthesis placed 
transfemorally 

The Present State and 
Emerging Technology
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when less calcified, can usually be successfully 
treated with balloon dilatation.24 Mitral regur-
gitation (MR) is more difficult to treat as it has 
a number of different aetiologies and variable 
anatomy, but development has accelerated in 
spite of technological challenges, strict regula-
tion and financial challenges.25

There is much variability among regurgitant 
mitral valves; the two main categories being 
degenerative (DMR) and functional (FMR) mi-
tral regurgitation (MR).26

DMR is MR caused by a primary defect in the 
mitral valve itself, while FMR is caused by  con-
ditions affecting  the left ventricle (LV), causing 
dilation of the mitral annulus and subsequent 
(secondary) MR. DMR can in many cases be 
treated surgically with valve repair and if the 
repair is performed by an experienced team, 
outcomes are excellent. For FMR the progno-
sis is worse and mitral repair or replacement, 
in spite of symptomatic improvement, do not 
improve long-term survival unless the LV 
function recovers.

For both DMR and FMR interventional thera-
pies are being developed to decrease invasive-
ness and make treatment available for larger 
groups of patients. A few of the devices and 
methods in various phases of development are 
presented here.

a) MitraclipTM, Abbott Inc., USA (Figure 5)  was 
designed to reproduce a surgical procedure in-
vented by Alfieri.27 With the Alfieri method, 
the anterior and posterior leaflets of the mitral 

Figure 5. MitraclipTM transseptal device for mitral valve repair 

Figure 6. A. NeoChord’s DS 1000TM device for transapical in-
sertion of artificial chords B. HarpoonTM  device for transapical 
insertion of artificial chords

valve are sutured together, creating a double 
outlet valve where the two leaflets support 
each other. Mitraclip can produce the same 
anatomical result as the Alfieri procedure by 
fixing the two leaflets together with a patent-

ed clip deployed with a  catheter approach.28 

The catheter is introduced through the femo-
ral vein and trans-septally into the left atrium. 
An animation can be seen on YouTube (link: 
https://www.youtube.com/watch?v=4-yT-
P0EaZzg). Mitraclip can be used in DMR by 
fixing a prolapsing or flail leaflet to the oppo-
site leaflet, thereby eliminating or decreasing 
MR. The device can also be used in FMR since 
it improves coaptation of the leaflets, thereby 
reducing MR. This effect on patients with FMR 
has been demonstrated in a well conducted 
randomised study in the US (COAPT-study),29 
which demonstrated lower mortality, less heart 
failure symptoms and improved LV function 
compared to the optimal medical treatment.

b) Implantation of annuloplasty ring. Cardio-
bandTM, Edwards Lifesciences, USA, is also 
used through a transseptal approach.30 The 
annuloplasty ring is sutured in place in the 
mitral valve annulus, using a sophisticated 
anchoring system. The procedure is explained 
by this animation (https://www.youtube.com/
watch?v=zVlAOs3Ifsc)

This ring is inspired from the surgical annu-
loplasty procedure and intended to reduce the 
size of the mitral annulus thereby improving 
coaptation of the leaflets.

c) Implantation of new mitral chords. Sever-
al companies are working on devices that can 
repair the mitral valve by the placement of 
artificial chordae tendinae. Such procedures 
are  based on concepts from surgical repair. 
MR caused by ruptured or degenerated mi-
tral chords can be repaired by placing artificial 
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Figure 7. Cardiomech’s device for transseptal implantation of 
artificial chords

Figure 8. TendyneTM Mitral valve prosthesis for transapical im-
plantation. Figure shows valve and button for securing position 

Figure 9. MelodyTM Implantation of Melody valve through the 
right ventricle and pulmonary artery

chords between the prolapsing leaflet and the 
papillary muscles, thereby increasing coapta-
tion of the anterior and posterior leaflets.

Different concepts for placing such “neo-
chords” include transapical approaches, where 
a small thoracotomy is used to place chords be-
tween the prolapsing leaflet and the wall of the 
LV. The length of the chords can be adjusted 
under ultrasonic imaging until MR is eliminat-
ed. DS1000TM, NeoChord Inc., USA (Figure 6A) 
and HarpoonTM  Edwards Lifesciences Inc, USA 
(Figure 6B) are devices under clinical investiga-
tions for trans-apical chordal implantation. DS 
1000TM is approved in Europe and several re-
ports have been published demonstrating good 
results.31, 32Transfemoral chordal implantation 
has been developed by Cardiomech AS, Trond-
heim, Norway, Cardiomech MVRSTM33 (Figure 
7). The device is still in preclinical trials and not 
available for clinical use. Several other compa-
nies are in the process of developing transfem-
oral devices.

d) Surgical mitral valve replacement gives good 
long-term result for patients with MR, but can 
contribute to the obstruction of the aortic outlet, 
but this can usually be prevented by careful plan-
ning.34 Several transapical valves have been de-
signed and implemented including TendyneTM, 
Abbott Inc., USA (Figure 8)35 which has recent-
ly received the CE mark after successful human 
studies.36 TiaraTM, Neovasc Inc., Canada37 and 
IntrepidTM Medtronic, USA38 are transcatheter 
mitral prosthesis in clinical trials.
 
Pulmonary Valve
Balloon dilatation has been used for many years 
for treatment of congenital pulmonary steno-

sis.39 The MelodyTM Medtronic, USA is a tran-
scatheter valve designed for the treatment of 
leaking pulmonary valves (Figure 9), mainly 
used after previous surgery for congenital heart 
disease.40

Tricuspid valve 
Tricuspid valve disease frequently occurs second-
arily to other valvular disease, which can cause 
right ventricular (RV) dilation and tricuspid re-
gurgitation (TR). Surgical repair of such TR at 
the same time as the primary valve operation 
improves long- and short-term outcomes.41 For 
patients who have high grade primary TR or TR 
after a previous valve operation, reoperation may 
be necessary. Alternatively, a transcatheter re-
pair may in the foreseeable future be performed 
through a femoral or jugular venous approach.42 
Patients with combined disease of mitral and tri-
cuspid valves live shorter than those with only 
mitral dysfunction. Several devices, some adapt-
ed from mitral applications can be used in the tri-
cuspid area.43
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In conclusion, the trend towards image- guid-
ed procedures performed with minimally in-
vasive surgical and interventional therapies 
is rapidly changing the way patients with 
cardiovascular disease are treated. The in-
creasing number of devices and competition 
in the strategic device industry will eventually 
bring down the costs. The availability of less 
invasive procedures will make effective ther-
apies available for new patient groups, some 
of them not eligible for higher risk surgical 
operations. At the same time, shorter hospi-
tal length of stay and lower rates of adverse 
events will decrease cost to the individual pa-
tients and for the society at large.
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Abstract
Kaposiform haemangioendothelioma (KHE) is a rare, locally invasive vascular 
tumour that is commonly associated with the Kasabach-Merritt phenomenon 
(KMP). A case of a five-month-old female infant admitted for dyspnoea, stridor, 
and skin haematoma is presented. Computerised tomography of the chest showed 
a tumour mass occupying mediastinum and most of the left hemithorax, while 
laboratory analysis revealed a thrombocytopaenia and a consumption coagulop-
athy. Histology of tumour biopsy was characteristic of KHE with a component of 
tufted angioma. Corticosteroid treatment initially induced a reduction in tumour 
size, but progression occurred four weeks later and led to a fatal outcome despite 
additional chemotherapy. After a literature search, we found only 18 cases of me-
diastinal KHE published so far, with 21 % fatality rate. In the present case several 
risk factors for adverse outcome were present: onset of disease in early infancy, a 
large volume of the tumour, mediastinal location, KMP, and partial response to 
available therapy.

Key words: kaposiform haemangioendothelioma; Kasabach-Merritt phenome-
non; mediastinum; infant.

Introduction

Childhood tumours represent just over 1 % of 
all human tumours. They are different from tu-
mours in adolescents and adults regarding histo-
logical types, biology, incidence, clinical features, 
prognosis, and response to treatment. In the era 
of multimodal anticancer therapy, the majority of 
malignant tumours in childhood have a favour-
able prognosis. In contrast, benign tumours at 
that age may cause death due to their anatomic 
location and size.1, 2 In a series of more than 900 
benign and malignant soft tissue tumours detect-
ed in the first two decades of life, 30 % were of 

vascular origin.3 Estimates of the overall prev-
alence of vascular anomalies range from 6 % to 
25 %.4 The most frequent location is the skin, 
followed by mucous membranes, deep connec-
tive tissue, and internal organs.1 According to the 
2014 update of the International Society for the 
Study of Vascular Anomalies (ISSVA) Classifi-
cation, vascular anomalies are divided into two 
main groups, namely vascular malformations 
and vascular tumours, which are further classi-
fied into benign, locally aggressive (borderline), 
and malignant.5
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Case history

Here, a case of kaposiform haemangioendothe-
lioma (KHE), a sporadic, locally aggressive, vas-
cular tumour in a very rare extracutaneous, me-
diastinal location in a female infant is presented. 
After adding our case, which is, to the best of our 
knowledge, the 19th published case of KHE in 
that location, the clinical-pathological aspects of 
mediastinal KHE were analysed, with the addi-
tion of a brief literature review of the cases pub-
lished thus far. 

A five-month-old girl presented with stridor and 
dyspnoea. During a course of treatment for bron-
chiolitis (including systemic corticosteroids), she 
developed numerous petechiae and haematomas 
in the skin. Blood analysis revealed severe throm-

Figure 1 A Figure 1 B

Figure 1 DFigure 1 C

bocytopaenia and she was referred to our tertiary 
care paediatric hospital in early 2005. Computer-
ised tomography (CT) of the chest showed a soft 
tissue tumour mass occupying the mediastinum 
and most of the left hemithorax, measuring more 
than 20 cm in its largest diameter (Figure 1A). 
The tumour extended from the base of the neck 
to the diaphragm, compressing the mediastinal 
structures (trachea, oesophagus and aorta) as 
well as the left main bronchus, causing atelectasis 
of the left lung which was confirmed by fibre-op-
tic bronchoscopy. Laboratory analysis verified a 
severe consumption coagulopathy with throm-
bocytopaenia (14 x 109/L), hypofibrinogenaemia 
(0.42 g/L), and elevated D-dimer levels (11.70 
mg/L) which was consistent with Kasabach-Mer-
ritt phenomenon (KMP). Severe anaemia was also 
present (haemoglobin 76 g/L) with schistocytes 
detected in the peripheral blood smear. After the 
initial stabilisation of the gas exchange using the 

Figure 1A. Contrast-enhanced CT image of the chest showing large, lobulated tumour mass occupying mediastinum and left hemi-
thorax. Figure 1B–D. Microscopic features of kaposiform haemangioendothelioma. B. Infiltrating growth of tumour in nodules with 
several dilated, blood-filled vascular spaces and a solid, densely cellular, partly haemorrhagic area in the right part of the picture 
(haematoxylin-eosin, HE, x 25); C. Tumour nodules bulging into the outer crescent-shaped thin-walled vascular spaces typical for 
tufted angioma, mixed with malformed, thin-walled lymphatic vessels (HE, x 50). D. Densely cellular, spindle-cell tumour component 
in fascicles interspersed with tiny capillaries and lining slit-like vascular channels filled with erythrocytes (HE, x 400).
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Discussion

Figure 2 A Figure 2 B

mechanical ventilation, administration of blood 
products and anticoagulants and antimicrobial 
therapy, an open surgical biopsy was performed.

Histopathology findings
One piece of tissue measuring 0.9 x 0.8 x 0.7 cm 
was analysed. Histologically, the tumour growth 
was in the form of partly coalescing nodules infil-
trating the fat and fibrous tissue and surrounded 
by blood-filled vessels (Figure 1B). Some tumour 
nodules bulged into the outer crescent-shaped 
thin-walled vascular spaces, which is a pattern 
corresponding to the tufted angioma (TA) struc-
tures. These tumour components were associat-
ed with malformed, thin-walled, lymphatic ves-
sels corresponding to the microcystic lymphatic 
malformation (Figure 1C). The tumour nodules 
were densely cellular with plump, spindled cells, 
arranged in haphazardly interlaced, sometimes 
tightly coiled, short fascicles interspersed with 
tiny capillaries and lining slit-like vascular chan-
nels filled with erythrocytes (Figure 1D). Immu-
nohistochemical stains showed a diffuse CD31, 
CD34, and FLI-1 immunopositivity of tumour 
cells in the well-canalised and spindled areas 
(Figure 2A). These cells were GLUT-1 and HHV-
8 immunonegative, but they expressed podo-
planin (D2-40), mainly at the periphery of the 
nodules (Figure 2B). Tumour cells did not show 
significant atypia, the mitotic index was low, and 
around 5 % of tumour cells showed proliferative 
activity marked by Ki-67 immunopositivity. The 
histology of the tumour was entirely consistent 
with KHE with the TA component.

Therapy and course of the disease
Severe postoperative bleeding was stopped with 
intravenous administration of the activated re-
combinant factor VII (NovoSeven®) over three 
days. After establishing the diagnosis of KHE, in-
travenous corticosteroid therapy was instituted 
(initial pulse dose of 100 mg methylprednisolone, 
followed by 5 mg/kg/day). During the first two 
weeks of treatment, a significant reduction of tu-
mour size was verified, along with reduced airway 
compression, re-expansion of the left lung, and 
improvement in respiratory function. The coagu-
lopathy also subsided; platelet count rose to 309 
x 109/L, and D-dimer levels decreased to normal. 
The dose of the corticosteroid was then reduced 
to 2.5 mg/kg/day. Two weeks later, clinical and 
radiological signs of tumour progression with the 
reappearance of the coagulopathy were observed. 
Subsequently, chemotherapy with vincristine (sin-
gle dose of 1.5 mg/m2) and three consecutive daily 
doses of cyclophosphamide (15 mg/kg) was initi-
ated. Unfortunately, there was no response to this 
treatment and the infant’s respiratory function de-
teriorated, leading to the reinstitution of mechan-
ical ventilation. A fatal outcome occurred due to 
sepsis and respiratory failure within two months 
after the diagnosis was established. Parental con-
sent for autopsy was not obtained. 

KHE is a rare, locally invasive, vascular tumour, 
initially described by Zukerberg et al in 1993 as 

Figure 2A. CD31 immunopositivity confirming the endothelial origin of capillary and spindle-cell component of the tumour (x400). 
Figure 2B. Podoplanin (D2-40) immunopositivity of cells in the periphery of tumour nodules confirming their partly lymphatic endo-
thelial nature (x 100).
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an infant skin lesions with ill-defined borders.6 It 
is considered as a tumour of intermediate malig-
nancy due to the absence of firm evidence of its 
metastatic potential.7-9 Unlike considerably more 
common infantile haemangioma, KHE shows no 
tendency toward spontaneous regression nor im-
munohistochemical expression of GLUT-1.5, 7

Precise histopathological diagnosis of vascular 
anomalies and their categorisation according to 
the current ISSVA classification play a crucial 
role in the clinical management of patients since 
different types of malformations and tumours 
show great variability in response to advanced 
therapeutic modalities.10, 11 Several reports sug-
gested the existence of close clinical, histological 
and developmental relationship between KHE 
and TA,7, 12, 13 which was also seen in current pa-
tient’s tumour. Presently, these two entities are 
regarded as a continuum of the same vascular tu-
mour (KHE/TA),5, 14 sharing also the propensity 
for KMP and identical immunophenotype with 
an expression of podoplanin and PROX-1.5, 7

Vascular tumours with a predominantly spin-
dle-cell component represent a diagnostic chal-
lenge for a histopathologist because of the mor-
phologic overlap between different entities with 
varying malignant potential.15 In addition to the 
striking differences in clinical presentation, each 
of these tumours is different from KHE in the fol-
lowing histologic details: (1) spindle cell haeman-
gioma has a biphasic composition with cavernous 
vascular spaces and more solid spindle-cell areas 
containing cytoplasmic vacuoles; (2) in nodu-
lar phase of Kaposi sarcoma there is no lobular 
arrangement of the spindle cells, which are also 
invariably HHV-8 immunopositive; (3) spindle 
cell variant of angiosarcoma is characterised by 
an infiltrative growth and multilayering of more 
atypical endothelial cells at the periphery of the 
lesion.7, 8, 15 A recently defined entity, kaposiform 
lymphangiomatosis (KLA), shares overlapping 
patterns of clinical symptoms (including KMP), 
anatomical location, imaging features and com-
plications with KHE. KLA has features of both 
tumours and malformations of the lymphatic 
vessels, grows diffusely or multifocally, often in 
the mediastinum and lungs, and its histological 
hallmark is the presence of poorly marginated 
clusters and sheets of kaposiform spindled cells 
oriented in parallel fashion amidst abnormal, di-
lated lymphatic channels. With diffuse lymphatic 
markers immunoreactivity, such histological pic-
ture is still different from KHE.16

Just over two-thirds of patients with KHE/TA de-
velop KMP, which is defined as an accumulation 
of platelets and coagulation factors within lesions 
followed by thrombocytopaenia and consump-
tion coagulopathy with a consequent life-threat-
ening haemorrhage and a mortality rate estimat-
ed at 10 - 30 % of infants.6, 9, 13, 14, 17-20 KMP is more 
common in patients with KHE located in deep 
tissues extending into multiple anatomic regions 
(78 % of patients) than in patient with superfi-
cial lesions (36 %).20 The identified risk factors 
for KMP also include larger tumour size, multi-
focality and depth of tumour infiltration, as well 
as an intrathoracic, intra- and retroperitoneal 
location.12, 14, 17-21 There is also a higher incidence 
of KMP in females and younger patients,9, 14, 18, 20 

(79 % of infants; 10% of adolescents).14 KMP is 
associated with more aggressive KHE and worse 
disease outcomes,21 which may be also related to 
more frequent compression of vital structures.18 

The strategies used so far in the treatment of KHE 
can be divided into three groups: (1) resection/
interventional procedures, including vascular 
embolisation or ligation, (2) irradiation, (3) anti-
angiogenic drugs, chemotherapy agents and anti-
coagulation substances. The best option for KHE 
treatment is a complete surgical resection, if it is 
achiavable.9, 12, 14 According to the literature, the 
most frequently used medical treatments were, in 
descending order: steroids, vincristine, interfer-
on alpha, platelet aggregation inhibitors, sirolim-
us and propranolol.9, 14 In the case of the patient 
presented in this paper, the enormous size of the 
tumour and its relation to vital mediastinal struc-
tures, association with severe coagulation disor-
der and only partial responsiveness to conserva-
tive treatment made radical surgery impossible at 
the time. In the absence of definitive guidelines 
for the pharmacological treatment of KHE, the 
most common combination of applied medical 
therapy was steroids/vincristine,9, 14 which was 
also tried in this particular patient, but with the 
addition of cyclophosphamide. A good thera-
peutic response could be achieved in 30 - 43% 
of patients.14 At the time of this patient’ treat-
ment, there were no reports on the usefulness of 
the inhibitor of mammalian target of rapamycin 
(mTOR) sirolimus in the treatment of vascular 
lesions. Since many studies have demonstrated a 
very effective response to sirolimus treatment, it 
is now considered the first-line therapy for KHE 
and KMP.14, 19, 22

So far, two of the most comprehensive KHE stud-
ies have included 107 patients from a US centre 
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(published in 2013)20 and 146 patients from a 
Japanese centre (published in 2018).18 Schmid 
et al. registered that 105 publications concerning 
KHE were written in English and German lan-
guage between 1993 and 2017.14 The prevalence 
of KHE has been estimated at 0.91 per 100.000 
children.20 The majority of KHE cases occurred 
in infancy (about two-thirds of all) and the num-
bers decreased with increasing age, being slightly 
more frequent in males.9, 14, 18, 20

 
KHE is most commonly located in the dermal 
and subcutaneous tissue of extremities, trunk 
and neck, face and head region.9, 14, 18, 20 Accord-
ing to the most significant series of data, KHE 
extends to more than one region in 7 - 26 % of 
cases. KHE is noted in the extracutaneous site in 
11 - 17 % of patients14, 18, 20 and 3 - 10 % are found 
in the intrathoracic location.18,20 

Regarding the incidence of mediastinal lesions in 
childhood, mesenchymal tumours rank second 
(18.2 % of 137 lesions), after neurogenic (34.3 %), 
and followed by lymphoid neoplasms (16.8 %).23 
Only 2.2 % of mediastinal lesions are diagnosed 
as haemangiomas,23 although in some analyses 
even lower incidence was reported.24 

After a systematic literature search in the Med-
line database (http://www.ncbi.nlm.nih.gov/
pubmed/), it was found that only 18 cases de-
scribing patients with mediastinal KHE location 
had been published so far. In 2014, Wallenstein 
et al25 summarized 12 previously reported cases 
of mediastinal KHE and added one case of their 
own. Following this review, to date, only five new 
cases of mediastinal KHE were published in the 
English.19, 17, 26 In one of these cases, the exact age 
of patient remained unknown,19 while in two cas-
es gender of patients was missing.13,19 After the in-
clusion of the present case in the calculation, the 
age of patients at the time of tumour detection 
ranged from soon after birth to 60 months, with 
15 out of 18 (83 %) patients being in the infant age. 
A male/female ratio was 7 : 9. KMP developed 
in all but one patient.9 Majority of patients had 
compression of vital structures (trachea, bronchi, 
large blood vessels) with respiratory failure and 
some of them had pericardial and/or pleural effu-
sions at presentation. In four patients, the tumour 
spreading to the neck tissue was registered13, 17, 26, 

27 and in one patient KHE was multifocal.17 In all 
patients, the tumour was inoperable at the time 
of diagnosis. Under the influence of different 
modalities of medical therapy, the course of the 
disease was characteristically variable. Four of 19 

patients died (21 %). Two died due to KMP-relat-
ed haemorrhage27 and respiratory distress,17  the 
others due to sepsis which had developed after 
partial tumour resection.13 The patient presented 
in this paper also deceased after tumour biopsy 
followed by medical therapy. In other patients, 
regression of tumour mass and KMP was even-
tually noted, but residual tumour tissue persisted 
after variable follow-up periods.17, 19, 25, 26

The reported mortality rate related to KHE ranges 
from 10 - 25 %.9 In the recent retrospective study 
of Schmid et al 9 % of 191 followed patients died 
from complications of the disease (bleeding, dis-
seminated intravascular coagulation, aspiration 
pneumonia, compression of airways, sepsis).14 
Based on the literature data, adverse prognostic 
factors in patients with KHE significantly overlap 
with the risk factors for the development of KMP 
that were previously mentioned in this article.9, 14, 

16, 18-21, 28 However, the result of the present analy-
sis of 19 cases shows that the mortality rate from 
mediastinal KHE is close to the upper limit of the 
mortality rate from KHE of all anatomical sites, 
but does not exceed it. This is consistent with the 
latest analysis of Ji et al,18 in which tumour loca-
tion failed to reach independent prognostic sig-
nificance in the multivariate statistical analysis.
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It can still be concluded that, in the case the pa-
tient presented in this article, several risk fac-
tors for adverse outcomes were present: onset 
of disease in early infancy, large dimensions 
of the tumour, mediastinal location, KMP and 
partial response to the available therapy. Al-
though exceptionally rare, KHE must be in-
cluded in differential diagnostic considerations 
when dealing with a fast-growing mediastinal 
mass associated with respiratory problems, co-
agulopathy and profound thrombocytopaenia, 
especially in a patient in the first year of life.

Conclusion
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