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Introduction

Objective. The aim of this study was to determine the prevalence of
symmetry, asymmetry and hypoplasia of the intracranial internal ca-
rotid artery (ICA), and the possible presence of other variants of the
ICA by magnetic resonance angiography (MRA). Subjects and meth-
ods. This prospective-retrospective study included 1000 subjects who
underwent consecutively MRA of the cerebral arteries. 3D-time of
flight angiograms were performed according to the standard proto-
col. We measured the diameter of the ICA and the diameter of the A1
segment of the anterior cerebral artery (ACA). The symmetry, asym-
metry and hypoplasia of the ICA, as well hypoplasia of the A1 segment
of the ACA were analysed using the vascular asymmetry coefficient.
Results. The right and left ICA were symmetrical in 93.9% examin-
ees, and asymmetrical in 6%, while ICA hypoplasia was found in only
one patient (0.1%). Other variants of the ICA were not found. There
was no significant difference in the prevalence of individual variations
between male and female patients, and no significant frequency dif-
ference was found between anatomical variations in terms of the right
and left ICA. In 38.3% patients with asymmetrical ICAs, aplasia or
hypoplasia of the Al segment of the ACA was found on the side of
the ICA with a reduced diameter. Conclusion. Congenital hypoplasia
of ICAs is a very rare abnormality, while asymmetry of ICAs is more
common. After evaluating severe asymmetry of intracranial ICAs by
MRA, MRA of the neck is recommended, especially in patients with a
complete anterior part of the circle of Willis.

development of the organ (2). The term “ab-
sence” is more common and encompasses

Congenital anomalies of the internal carotid
artery (ICA), in contrast to the anatomical
variations of its terminal branches and ver-
tebrobasilar arteries, are extremely rare (1).
Carotid dysgenesis has been classified by
Lie into three groups: agenesis, aplasia and
hypoplasia. Agenesis is defined as complete
failure of an organ to develop, aplasia as lack
of development (but its precursor did exist
at one time), and hypoplasia as incomplete

the spectrum of these three developmental
abnormalities. In that case, agenesis and
aplasia signify total absence of the vessel.
Hypoplasia is characterized by the narrow-
ing of the ICA along its entire course, as a
reflection of incomplete development (3).
Agenesis of the ICA is very rare and occurs
in less than 0.01% of the population (4-6).
This variation is commonly seen unilateral-
ly, while its bilateral occurrence is extremely

Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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rare (5). Diagnosis of ICA agenesis or hypo-
plasia is made by visualizing its absence or
the presence of a small bony carotid canal
by CT of the skull base, which indicates the
congenital nature of the pathology and that
it was not acquired pathologically (7).

The right and left ICA, like other paired
arteries, may be symmetrical or asymmetri-
cal. Blood vessel diameter is the most fre-
quent and accurate parameter analysed by
different authors for the purpose of compar-
ing hypoplasia, and symmetry and asymme-
try of arteries. However, researchers often
do not give a thorough explanation of how
they calculated the symmetry, asymmetry
and hypoplasia of the blood vessels. Also,
when an artery is slightly larger than its con-
tralateral artery, the question arises whether
it should be classified as asymmetrical or
symmetrical (8). Some authors’ size discrep-
ancies between ICA diameters are catego-
rized as being equal (no appreciable size dis-
crepancy), slightly asymmetric, or markedly
asymmetric (9).

In 2007, Zurada and Gielecki (8) present-
ed a new mathematical formula, known as
the Vascular Asymmetry Coeflicient (VAC),
for calculating the symmetry, asymmetry
and hypoplasia of blood vessels. The novel
formula was derived for this purpose, to
display the differences between the mean di-
ameters of blood vessel segments, expressed
as a percentage of the wider vessel with re-
spect to the major diameter. The VAC may
be applied to an analysis of all the paired
intracerebral arteries, including ICAs (8).
Very rare variants of the ICA include: dupli-
cation, ICA fenestration, aberrant ICA, and
high or low branching of the carotid artery
(from Th2 to C1 level) (10-12).

The aim of this study was to determine
the prevalence of symmetry, asymmetry
and hypoplasia of the intracranial ICA us-
ing VAC, and the possible presence of other
variants of the ICA, by magnetic resonance
angiography (MRA).

Subjects and methods
Subjects

In a prospective-retrospective study, per-
formed in the period from July 2008 to May
2013 at the Department of Radiology and
Nuclear Medicine of the University Clini-
cal Centre, Tuzla, 1000 consecutive subjects
were included (376 men and 624 women).
We retrospectively analyzed 110 MRAs of
the cerebral arteries which were performed
in the period from July 2008 to Decembar
2008. Additionaly, 890 MRAs of the cerebral
arteries were prospective collected and ana-
lyzed in the period from December 2008 to
May 2013.

For both groups the same inclusion cri-
teria were used: subjects older than 18 years,
without cerebrovascular disease, vascular
malformations or brain tumours in the im-
mediate vicinity of the analyzed arteries on
CT or MR imaging.

Methods

MRA was performed using one of two
machines, with 1.5 Tesla power (Siemens,
model Avanto, Germany or Philips, model
Achieva, The Netherlands). The MRA proto-
col consisted of non-contrast three-dimen-
sional time of flight (3D TOF) angiograms,
with axial slice thickness at 0.9 mm, cover-
ing the area of the first cervical vertebra up
to the upper contour of the corpus callosum.
On the Siemens 1.5T machine, the follow-
ing imaging parameters were set: 25 ms time
of repetition (TR), 7ms time of echo (TE);
20° flip angle; 256x256 matrix size; 220 mm
field of view (FOV). The imaging parame-
ters on the Phillips machine were: TR 23 ms;
TE 6.91 ms, flip angle 20°; matrix 328x208;
FOV 180 mm. In the study, the axial 3D
TOF angiograms, maximum intensity pro-
jection (MIP) images, and volume render-
ing of the 3D MR angiograms were analysed
by the Voxar system.




All images were analysed by a single ra-
diologist with five years’ experience in MRI,
and all unclear cases were further analysed
by a neuro-radiologist with many years” ex-
perience. The inner diameter of the ICA was
measured at the C4, C5 and C6 segments.
Three measurements were carried out to ob-
tain the average value.

The Al segment of the anterior cerebral
artery was measured in the middle part, and
if the width of the artery was uneven lon-
gitudinally, measurement was done at the
proximal, middle and distal segments of the
vessel, and the diameter of the artery was
taken to be the arithmetic average mean of
those three measurements.

Symmetry, asymmetry and hypoplasia of
the ICA, as well hypoplasia of the Al seg-
ment of ACA and were analysed using VAC
(8), by the formula:

where dICAn is the mean diameter of the
narrower artery and dICAw is the mean
diameter of the wider artery. Where:
VAC<10% — the ICAs were classified as
symmetrical; where VAC>10% and <40%,
the ICAs were classified as asymmetrical;
and where VAC>40% — the ICA was clas-
sified as hypoplastic, but only if CT of the
skull base showed narrowing of the bone ca-
rotid canal.

Hypoplasia of the A1l segment of the an-
terior cerebral artery was defined by two cri-
teria: VAC>40%, regardless of the diameter
of the artery, or diameter artery <1 mm. If
the definition of hypoplasia is based only on
the first criterion, there is a possibility that
bilateral hypoplasia of the arteries is not
verified, if it exists. Namely, if the diameters
of both arteries are less than 1 mm (e.g. 0.9
mm) the VAC coeflicient would amount to
0, which would mean that the arteries are
maximally symmetric and “normal’, but in
fact they both hypoplastic.

Svjetlana Mujagi¢ et al.: Variations of the internal carotid artery

Statistical analysis

The collected data were stored in the Micro-
soft Access database while statistical analy-
sis was performed using MedCalc statistical
software. The standard methods of descrip-
tive statistics were used for statistical data
processing (mean, standard deviation). As
the inner diameter differences of the ICAs
between males and females were approxi-
mately normally distributed variables, they
were tested with the parametric t-test for in-
dependent samples. Frequency differences in
symmetrical and asymmetrical ICAs between
men and women were evaluated by the chi-
square test. Differences on the level of p<0.05
were considered statistically significant.

Results

The average inner diameter of the ICA was
424+0.44 mm. The average diameter of
the ICA in males (4.4+0.45 mm) was sig-
nificantly (p<0.0001) higher than in females
(4.14+0.39 mm).

Table 1 shows the prevalence of the ICA
variations and the relationship between the
genders. The right and left ICAs in most cases
were symmetrical (93.9%), while ICA hypo-
plasia was found in only one patient (0.1%),
a 21 year-old man with long-term recurrent
headaches but normal neurological exami-
nation. There was no significant difference
in the prevalence of individual variations
between male and female patients (Table
1). No significant frequency difference was
found in anatomical variations (asymmetry
and hypoplasia) between the right and left
ICA (¥2=0.015; p>0.05 and x2= 0.00000025;
p>0.05). Figures 1, 2 and 5 show the anatomic
variations of the ICA on the MR angiograms.
In a patient with suspected hypoplastic left
ICA (Figure 2, 5) CT scans of the skull base
(Figure 3) showed that the left carotid canal
was significantly narrower than the right (the
average width of the right carotid canal was
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Table 1 Prevalence of the symmetry, asymmetry and hypoplasia of the internal carotid arteries according to
the gender

Symmetry 356 (94.6) 583 (93.4) 939 (93.9) 0.92
Smaller right 8(2.1) 21 (3.4) 29(2.9) 0.37
Asymmetry Smaller left 11(2.9) 20(3.2) 31(3.1) 0.96
Total 19 (5) 41 (6.6) 60 (6) 043
Right 1(0.3) - 1(0.1) 0.80
Hypoplasia Left - -
Total 1(0.3) = 1(0.1) 0.8

ICA=Internal carotid artery; *x2 test.

8 mm, and of the left 4.2 mm). Contrast-en-
hanced CT scans showed the much smaller
diameter of the cervical segment of the left
than the right ICA (Figure 4). In the same
person, we verified the dominant left verte-
bral artery, the hypoplastic right posterior
cerebral artery, and bilateral foetal-type pos-
terior circulation (Figure 5).

N J/

In 23 patients (38.3%) with asymmetri-
cal ICAs, aplasia or hypoplasia of the Al
segment of the anterior cerebral artery was
found on the side of the ICA with a reduced
diameter (Figure 6). In 6 (10%) we found
aplasia, while in 28.3% hypoplasia of the A1l
segment was found.

Figure 1 Symmetry and asymmetry of the ICAs on MIP and volume rendering images of
the 3D TOF MR angiograms; A1-2 Symmetrical ICAs; B1-2 Asymmetrical ICAs-the diam-
eter of the right ICA (green arrow) is smaller than the diameter of the left ICA (red arrow)

ICA=internal carotid artery.




Svjetlana Mujagi¢ et al.: Variations of the internal carotid artery

Figure 2 Hypoplasia of the left ICA on MIP image of the 3D TOF MR angiograms (A) and on the axial 3D TOF
angiogram (B) - red arrow. dICA=right internal carotid artery; ICA=left internal carotid artery; BA=basilar artery.

Figure 3 The bone window image from the axial CT scan of the skull base shows a hypoplastic left carotid canal
(red arrows).
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Figure 4 The axial contrast enhanced CT scan shows
a hypoplastic cervical segment of the left internal
carotid artery (red arrow) in relation to the diameter
of the right ICA (green arrow).

N
N

Figure 6 The volume rendering image of the 3D TOF
MR angiograms shows asymmetrical internal ca-
rotid arteries with the smaller diameter of the right
internal artery (green arrow) and the hypoplastic ip-
silateral A1 segment of the anterior cerebral artery
(red arrow).

Discussion

Developmental abnormalities of the ICA are
rare and associated with a higher prevalence
of intracranial aneurysms (13). The absence
of the ICA occurs in less than 0.01% of the
population (4, 13). In 2014, Ulger et al. (14)

/

Figure 5 Hypoplastic left internal carotid artery (red
arrow), dominant left vertebral artery (green arrow),
bilateral foetal-type posterior cerebral circulation
(black arrows) on the MIP image of the 3D time-of-
flight MR angiograms.

stated that 35 cases of agenesis of the ICA
had been reported in literature, while Olivei-
ra et al. (15) found only 26 cases agenesis of
the ICA in literature. In the study conducted
by Tasar et al. (1) the prevalence of aplasia
and hypoplasia of the ICA was 0.13%. These
two congenital variations should not be
confused with acquired causes of narrow-
ing of the ICA, such as: aortic aneurysms,
fibromuscular dysplasia, Moyoamoyoa dis-
ease, severe atherosclerosis or chronic dis-
section. Development of the carotid canal
at the skull base occurs in the presence of
the embryonic ICA in early gestation. So,
demonstration of a small or absent carotid
canal therefore indicates a congenital and
not an acquired cause of ICA abnormality
(16, 17). Absence of the ICA may be com-
plete, or only a portion of the ICA may be
missing. A tiny fibrous band may be the only
remnant of the ICA in cases of aplasia, and
angiography alone may be incapable of dif-
ferentiating it from agenesis (2). Bilateral
ICA agenesis is rare and can be incompat-
ible with life, but more cases of bilateral ICA
agenesis have been reported in children and
adults (15-20). About 60 cases of ICA hypo-




plasia have been reported in the literature to
date, of which 24 cases were bilateral (21).
Hypoplasia of the ICA may also be unilat-
eral or bilateral, but the bilateral variety is
rarer. A hypoplastic ICA may continue dis-
tally as the ophthalmic artery (22). While in
unilateral agenesis or hypoplasia of the ICA
the predominant arterial supply is through
the contralateral ICA (18), in bilateral agen-
esis the collateral supply is through the ver-
tebrobasilar system (1), usually through the
posterior communicating arteries. The arte-
rial supply may also be through a primitive
trigeminal artery or transcranial collater-
als, from branches of the internal maxillary
artery or inter-cavernous collaterals (1, 16,
23).

Many patients with aplasia or hypopla-
sia of the ICA may remain asymptomatic
(2), but they may also present with tran-
sient ischemic attacks, infarct, seizures,
aneurysmal subarachnoid haemorrhage,
or parenchymal bleeds (4, 16, 24). There is
a greater risk of cerebral aneurysm in the
Circle of Willis, or vertebrobasilar system
arteries, among patients with ICA agenesis.
This is caused by the hemodynamic stress
placed on vessels due to the increased flow
through the collateral channels. In patients
with ICA agenesis the prevalence of cerebral
aneurysms is 24%-34%, while in the general
population it is 2%-4% (1, 18).

Congenital ICA absence can be seen in
association with other congenital abnor-
malities and syndromes, such as: mastoid
hypoplasia, Horner syndrome, congenital
hypopituitarism, anencephaly, transphe-
noidal encephalocele, basal telangiectasia,
agenesis of the corpus callosum, olivopon-
tocerebellar atrophy, arachnoid cyst, facial
haemangioma, atlantoaxial dislocation and
megadoliho-basilar anomalies (25-29).

Asymmetry of the ICA is usually the
result of extracranial stenosis of one of the
ICAs. The size asymmetry of the intracrani-
al ICAs reveals the presence of an underly-
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ing high-grade cervical stenosis, with a high
degree of confidence, especially in patients
without an anatomical variant of the ante-
rior part of the Circle of Willis. Naggar et al.
(30) verified asymmetrical ICA in MR an-
giographic studies in 28 of 32 patients with
a high degree of stenosis in the cervical seg-
ment of the ICA (=70%). The reason for the
size asymmetry of the intracranial ICAs may
also be that the anterior part of the Circle of
Willis is incomplete. There is an association
of unilaterally absent or hypoplastic A1 seg-
ments of the anterior cerebral artery with an
ipsilateral decrease in ICA calibre (9).

In this study, aplasia of the ICA was not
found, while hypoplastic ICA was found in
one (0.1%) patient (Figure 2, 5). CT of the
skull base showed that the diameter of the
carotid canal, ipsilateral to the anomaly, was
almost half the diameter of the contralateral
one (Figure 3), which confirmed the con-
genital cause of the narrowing of the ICA.
Hypoplasia of ICA was not associated with
abnormalities of the brain or cerebral an-
eurysms. In this study, most patients had
symmetrical ICAs (93.6%), while in 6% of
patients smaller or greater asymmetrical di-
ameters of the ICAs were found. The mean
inner diameter of the right ICA in 29 (2.9%)
patients was smaller than the diameter of
the left ICA, while a smaller diameter of the
left ICA in comparison with the right ICA
was found in 31 (3.1%) patients. In the ma-
jority of cases, patients with verified asym-
metrical ICAs did not undergo computer or
MRA of the neck, so we cannot say whether
the determined asymmetry is the result of
an acquired abnormality of the extracrani-
al ICA segment. In 38.3% of patients with
asymmetric ICAs, aplasia or hypoplasia of
the Al segment of the anterior cerebral ar-
tery was found, which may be the cause of
the reduced diameter of the ipsilateral ICA,
but the aim of this study was to determine
the prevalence of ICA variations and not the
possible causes of variations.
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Conclusion

Congenital hypoplasia or aplasia of ICAs is
a very rare abnormality, while asymmetry of
ICAs is more common. A reduction in ICA
diameter may be associated with an ipsilat-
eral aplastic or hypoplastic Alsegment of
the anterior cerebral artery.

What is already known on this topic

Congenital anomalies of the ICA, in contrast to the anatomical
variations of its terminal branches and vertebrobasilar arter-
ies, are extremely rare. The right and left ICA, like other paired
arteries, may be symmetrical or asymmetrical. Blood vessel di-
ameter is the most frequent and accurate parameter analysed
by different authors for the purpose of comparing hypoplasia,
and symmetry and asymmetry of arteries.

What this study adds

Researchers often do not give a thorough explanation of how
they calculated the symmetry, asymmetry and hypoplasia of
the blood vessels. When an artery is slightly larger than its
contralateral artery, the question arises whether it should be
classified as asymmetrical or symmetrical. In the conducted
study, which is one of the largest so far, the prevalence of sym-
metry, asymmetry and hypoplasia of the intracranial ICA were
determined using VAC. This new mathematical formula that
has been in use since 2007, for the first time is applied in the
analysis of symmetry, asymmetry and hypoplasia of the ICA
in this study.
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Introduction

Objective. The aim of this study was to investigate the differences in
pre-hospital care of patients with acute myocardial infarction between
emergency medical services and family medicine. Patients and meth-
ods. This retrospective descriptive study included patients treated for
acute myocardial infarction at the University Clinical Centre of Banja
Luka, in the period from 1st January to 31st December 2011. The pa-
tients were divided into two groups: patients who received a hospital
referral from the family medicine service and those who received one
from the emergency medical service. Results. The majority of patients
(54.8%) received pre-hospital care from emergency medical services,
while in 24.8% of cases the care was provided by family medicine phy-
sicians. The analysis showed that the time that passed from the on-
set of symptoms to the visit to the health institution of first medical
contact was shorter in the emergency medical service (p<0.001). The
average time from the onset of symptoms to arrival at the family prac-
tice was 24 hours, and to the emergency service 2 hours. The patients
who established their first medical contact with the emergency service
reported more severe symptoms than the ones who visited a family
practice over the same period of time. Conclusion. The severity of
symptoms affected the patients’ decisions to seek help in a timely man-
ner and to choose the facility of first medical contact. Interventions
to decrease delay must focus on improving public awareness of acute
myocardial infarction symptoms and increasing their knowledge of
the benefits of early medical contact and treatment. Continuing edu-
cation of family practitioners in this field is required.

that AMI may be defined on the basis of dif-
ferent aspects based on clinical, electrocar-

Acute myocardial infarction (AMI) is, ac-
cording to the electrocardiographic chang-
es, divided into two types, and, alongside
unstable angina pectoris, represents one
aspect of acute coronary syndrome (ACS),
as defined in the special guidebooks (1, 2)
used for rapid disease risk assessment and
pertinent treatment. New findings confirm

diographic, biochemical and pathological
characteristics, which are all presented in
the new universal definition of AMI (3).
Every year over 17 million people in
the world die from cardiovascular disease
(CVD). AMI alone affects over 6 million
people worldwide, while approximately 25%
case result in mortality. It has been predicted

Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



that by 2020, CVD will be responsible for the
majority of lethal outcomes in both devel-
oped and developing countries (4-6). In the
Republika Srpska (RS), according to data
provided by the Republic’s Statistics Agency;,
during the past two decades, from 1998 to
2010, mortality ranged between 47.5% and
54.5%. According to the Public Health Insti-
tute of the RS, in 1999 outpatient morbidity
was 8.4%, 13% in hospitals, while the mor-
bidity rate among the population aged 18-65
years amounted to 15.6% (7).

With the reform of health care, the fam-
ily medicine model in the RS extended the
scope of services delivered in the primary
health setting by family practitioners and
family medicine nurses to include health
education, and disease prevention interven-
tions, and expanded diagnostic and curative
services, thus enabling the family medicine
team to act as a gate keeper while providing
more comprehensive and continuous health
care services to its registered population.
One family medicine team (consisting of
one family practitioner and two nurses) pro-
vides primary care for 2000 inhabitants (8).
The actual visit length for patients and physi-
cians is approximately 10 minutes. Depend-
ing on the number of teams, the number of
inhabitants, population density and the risk
of injuries and acute illness, emergency care
could be organized as: a “standby” service
in the primary care centers, employing less
than 5 family medicine teams (<10,000 in-
habitants); a “duty” service in the towns with
populations between 10,000 and 40,000 and
as an “emergency service” in the health cen-
ters providing primary care for more than
75,000 inhabitants and able to employ 5 or
more teams (a physician with specialization
in emergency medicine or family medicine,
two nurses and a driver) working in shifts
(one team per 12,000 in towns of up to
80,000 inhabitants, and one team more for
every further 20,000 inhabitants). It is esti-
mated that the total population of the RS is
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1,200,000. Care is provided by 54 primary
care centers and 11 hospitals.

There are different approaches to the
management of patients with suspected AMI
around the world. Patients with chest pain
are initially seen by their family practitioner
(9). Due to the fear of possible consequences
of AMI for heart function, primary health
care providers tend to refer the majority of
patients with symptoms of chest pain to a
hospital, so national health systems in dif-
ferent countries are trying to make strategies
for improving the diagnosis and treatment
of patients with chest pain caused by AMI
at the level of family medicine, especially in
places where no emergency service is avail-
able (10-13).

The accuracy of family practitioners’ di-
agnoses and pre-hospital treatment of AMI
is not easily studied. It is necessary to find
out not only how often AMI is diagnosed
correctly but also how often this diagnosis
is missed. Frequently, family practitioners
base their diagnoses to an unjustifiable ex-
tent on the presence or absence of particular
symptoms which are thought to be specific
for AMI. On the other hand, the diagnostic
accuracy of a family practitioner who does
not have the support of diagnostic aids, such
as laboratory biomarkers, would be expect-
ed to be less distinctive in comparison to the
emergency medical service. The role of fam-
ily practitioners should include responding
quickly to patients with chest pain, giving
adequate analgesia, aspirin, initiating treat-
ment of complications and introducing an-
tithrombolitic therapy (14).

In order to secure the resources for the
greatest possible improvement in pre-hospi-
tal diagnoses and treatment of patients with
myocardial infarction, in 2009 the Minis-
try of Health of the RS, published clinical
guidelines for primary health care: “Acute
myocardial infarction”. The guidelines were
distributed in printed and electronic form
to all family practitioners registered in the
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MoH base. However, no impact evaluation
has been conducted since then and the de-
gree of change in pre-hospital diagnoses and
treatment delivered by family practitioners
remains unknown (15).

The aim of this study was to investigate
the differences in pre-hospital diagnoses
and treatment for patients with acute myo-
cardial infarction between the emergency
medical services and family medicine. We
hypothesized that emergency medical ser-
vices provide more accurate diagnosis and
treatment to patients before hospitalization
in an acute coronary unit.

Patients and methods

A retrospective descriptive study included
patients treated for acute myocardial in-
farction at the University Clinical Centre of
Banja Luka, in the period from 1st January
to 31st December, 2011. The first inclusion
criterion was that the patients were resident
in Banja Luka or Laktasi. The second was
written consent obtained from patients for
participation in the research.

The population of the town of Banja Luka
is 240,000. Emergency services are provided
by a separate unit which provides 24-hour
emergency care and several teams working
within one shift. The nearest hospital is a

Table 1 The analyzed parameters

few kilometers away. The population of the
town of Laktasi is 31,000. Emergency cases
are handled by all family practitioners until
3 pm and from that time until 7 am the next
day by a single team. The nearest hospital is
30 kilometers away. In respect to the location
of these two towns, the parameters of the
pre-hospital care provided were compared.

The patients who had positive labora-
tory markers for myocardial necrosis (e.g.,
troponin I), along with supportive evidence
in the form of typical symptoms, suggestive
electrocardiographic (ECG) changes, or im-
aging evidence of new loss of viable myocar-
dium or new regional wall motion abnor-
mality, were diagnosed as having AMI at the
University Clinical Centre of Banja Luka.
The list of the patients with AMI was ob-
tained from the administrative office of the
University Clinical Centre of Banja Luka.
The National Insurance Company provided
a list and contact details of family practices
who were involved in the pre-hospital care
of patients.

The patients were divided into two groups:
patients with AMI who received a hospital
referral from their family medicine service
(FMS) and those who received one from the
emergency medical services (EMS). Data
were extracted from the patient’s medical
history and discharge letters, as well as from

Parameters

Location of pre-hospital care

Chest pain

Associated symptoms

The circumstances of the occurrence of symptoms
The time of the occurrence of symptoms

The time that passed from the occurrence of pain to
the health center visit

ECG changes
Referral diagnosis

Pre-hospital treatment received

FMS or EMS

Present or absent

Shortness of breath; Nausea and vomiting; Sweating; Other
At home/rest/work /during physical activity
Morning/afternoon/evening/night

Minutes/Hours

STEMI/NSTEMI
AMI/angina pectoris/other

Oxygen; Analgesics; Nitroglycerin; Aspirin

FMS=Family medicine service; EMS=Eemergency medical service; ECG=electrocardiographic/gram; STEMI=ST-elevation myocardial infarction;

NSTEMI= non-ST-elevation myocardial infarction.




their electronic and paper records, to analyze
the parameters of pre-hospital care. All as-
pects of the medical records were included
in the search for evidence of the quality of
the pre-hospital care provided, such as free
text. The entire paper record from the date
of diagnosis was also included. The proto-
cols at the Primary Care Centers were ana-
lyzed, and then telephone interviews were
carried out by the researchers.

According to the national clinical guide-
lines for primary care, the diagnostic criteria
for AMI are defined as: the presence of the
typical chest pain, evolutionary changes in
consecutive ECGs and evolutive changes in
cardiac biomarkers. For each patient, the pa-
rameters of pre-hospital care were analyzed
as shown in Table 1.

Ethics statement

The study was conducted in accordance with
the 1975 World Medical Association Decla-
ration of Helsinki and its amendments from
1983. The study was approved by the Com-
mittee of the Medical Faculty of the Univer-
sity of Banja Luka (18-3-27/2015).

Statistical analysis

The data were analyzed and are presented
using descriptive statistics and the appro-
priate statistical methods (x2 test, Mann-
Whitney, Fisher test) and SPSS statistical
software. A probability level or p value less
than 0.05 (p<0.05) was considered statisti-
cally significant.

Results

During 2011, 516 patients were treated at the
University Clinical Centre of Banja Luka for
AMLI. Of those, 173 were excluded from the
study because they did not meet the inclu-
sion criteria. The study included 343 patients
with residence in Banja Luka or Laktasi.

Biljana Laki¢ et al.: Prehospital care in acute myocardial infarction

The average age of the patients was 66+11
years and 63.8% were male. Out of 343 pa-
tients, 270 had recorded data on pre-hospi-
tal care. The majority of patients (54.8%) re-
ceived care through emergency medical ser-
vices, while in 24.8% of cases pre-hospital
care was provided by a family medicine ser-
vice (Table 2). In 83.5% of patients the pain
and/or other symptoms started at home,
with onset mainly while resting (59.5%).

As shown in Figure 1, 48% of patients
reported that their symptoms first started
during the morning hours. Chest pain was
the most predominant symptom in both
genders and all age groups. However, female
patients older than 75 years of age report-
ed pain less often as the most predominant
symptom compared to the male patients of
the same age (p=0.014) (Table 3).

No significant difference in the frequen-
cy of associated symptoms between the
patients referred from FMS and EMS was
found (p>0.05) (Figure 2).

The analysis showed that the time that
passed from the onset of symptoms to the
visit to the health institution of first medi-
cal contact was shorter in patients receiving
pre-hospital care from an EMS (p<0.001).
The average time from onset of symptoms
until arrival at the FMS was 24 hours and at
the EMS 2 hours. The patients who used the
services of EMS reported more severe symp-
toms than those who visited their FMS over
the same period of time (p<0.001). During

Table 2 Distribution of patients according to the
first medical contact

First medical contact n (%)
Family medicine 85 (24.8)
Emergency medical service 188 (54.8)
Other* 53 (15.4)
Unknown 17 (5.0)

*Direct hospitalization without pre-hospital care, being referred
from a private medical institution, intra-hospital transfer, patients
who suffered acute myocardial infarction in different cities, outside
of their place of residence.
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Table 3 The presence of pain as the predominant symptom according to age and gender

Female 11 0 11
<54 Male 36 4 40 0.565**
Total 47 4 51
Female 17 2 19
55-64 Male 46 7 53 1.000%**
Total 63 9 72
Female 28 2 30
65-74 Male 44 4 48 1.000%**
Total 72 6 78
Female 27 9 36
275 Male 32 1 33 0.014**
Total 59 10 69
Female 83 13 96
Total Male 158 16 174 0.369*
Total 241 29 270
*y2 test with Yates correction; **Fisher test; p value <0.05 is considered significant.
Morning Afternoon Evening Night
(05-12 h) (12-17 h) (17-00 h) (00-05 h)

Figure 1 The onset of the AMI symptoms according to the time of the day.

the telephone interviews, the patients who
received pre-hospital care in an EMS re-
ported that they chose the EMS as the first
point of care (89.3%) because it was easier
to access it either by phone or by a personal
visit. On the other hand, 92% of patients re-
ferred from the FMS preferred to have the
first contact with their family practitioner.
AMLI, as the referral diagnosis, was more
often confirmed in patients referred from

the EMS (52%) to the University Clinical
Centre of Banja Luka than in the patients
referred from a family medicine service
(33%). This difference was statistically sig-
nificant (p=0.013) as shown in Table 4.
However, the referral diagnoses in FMS
were made on the basis of ECG findings
and clinical presentation, because cardiac
biomarkers were not available (85 patients).
On the basis of ECG changes, STEMI (ST-
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Shortness of
breath

Sweating

Other
symptoms

Nausea and
vomiting

Figure 2 Associated symptoms in patients with acute myocardial infarction.

Table 4 Referral diagnoses according to the institution of first medical contact

The first medical contact

Referral diagnosis

FMS (%) EMS (%)
Myocardial infarction 33 52
Angina pectoris 51 34
Other 16 14

FMS=Family medicine service; EMS=Emergency medical service; X2 (2. 247) = 8.686, p=0.013.

segment elevation myocardial infarction)
occurred more often than NSTEMI (non
ST-segment elevation myocardial infarc-
tion) (54.8% vs. 44.7%), regardless of the
institution where the first medical contact
was made.

Pre-hospital antithrombotic therapy (as-
pirin) was employed equally in both insti-
tutions, without any statistical significance
(p=0.057). From the analysis of the use of the
remaining pre-hospital therapies (oxygen,
nitroglycerin and analgesics), a statistically
significant difference was found between
empirical treatment in the FMS and the EMS
(p=0.002; vs. p=0.006; vs. p=0.001). From
the analysis of the pre-hospital treatment ap-
proach, it was shown that cardiopulmonary
resuscitation (CPR) was performed in 7 (2%)
patients with AMI, mainly in the EMS (1.7%
vs. 0.3%), while anti-shock therapy (adren-
alin) was used in 3 (0.9%) patients.

Discussion

In this study it has been shown that patients
with AMI are twice as likely to seek the first
medical contact in an emergency service
than from their family practitioner. The
results are in accordance with the results
of different studies showing that a minor-
ity of patients with cardiogenic chest pain
seek help from a family practitioner, while
in the majority of cases help is sought in
an EMS (16-18). Patients referred from the
EMS reported more severe chest pain com-
pared with FMS patients. This could pos-
sibly explain why the majority of patients
established their first medical contact in an
EMS, as well as the shorter delay in seeking
medical help and the greater accuracy in the
diagnosis. However, the time frame for seek-
ing medical help might also be related to a
lack of information, not only to the severity
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of symptoms, concerning the significance
of the pain, denial that the chest pain may
actually signal a heart attack, misinterpre-
tation of the chest pain, reluctance to call
the family practitioners at an inconvenient
time and lack of encouragement from family
members for seeking medical help (19-22).

The definitive and referral diagnosis
from the FMS coincided to a lesser degree
with the diagnosis made in the EMS. A pa-
tient with myocardial infarction must be
rated as one of the most serious emergency
conditions family practitioners have to deal
with. As the first doctors to see the patients,
they are in very good position to make a
proper diagnosis and apply the recom-
mended therapy, which could save patients’
lives, especially in rural areas where the
nearest hospital is far away. The initial goal
is to determine whether the patient needs
to be referred for further testing to rule out
an AMI (23). Differentiating ischemic from
non-ischemic causes is often difficult, and
patients with chest pain of ischemic etiology
often appear to be well.

In FMS, the physicians only used an
electrocardiogram to confirm the diagno-
sis. On the basis of the results of this study
it may be said that in family practice acute
myocardial infarction cannot be diagnosed
with satisfactory accuracy on the basis of
symptoms and electrocardiogram findings
alone. Laboratory biomarkers could solve
the diagnostic dilemma of the family physi-
cian, but they often lacking in primary care,
although the majority of FMS in the RS were
supplied with adequate laboratory appara-
tus by the Ministry of Health of the RS sev-
eral years ago. Easier access to biomarkers
could enable the physician to diagnose and
treat AMI, or to exclude this condition if its
presence is suspected, thereby reassuring
both the physician and the patient (24-26).
The problem of supplying the FMS in Banja
Luka with the chemicals for determining

biomarker needs to be addressed at the level
of the national insurance company.

Besides being better equipped for di-
agnosing AMI, an EMS is oriented toward
emergency care, rather than delivering and
coordinating comprehensive care for pa-
tients. In Bosnia and Herzegovina, family
physicians look after 1500-2000 registered
patients. Their daily schedule is very busy
and includes seeing approximately 50 or
more patients a day. Public and health ex-
pectations, their paper workload as well
as the constantly changing administrative
regulations contribute to the perception of
an increased level of pressure. This pressure
often negatively affects the family physician’s
work-productivity, and thus potentially
compromises not just the quality of care but
also patient safety. Accordingly, family phy-
sicians with a higher proportion of patient
visits and a higher numbers of patients are
more likely to miss diagnoses of emergen-
cies than EMS physicians. The false negative
diagnoses of AMI made by the family prac-
titioner represented a significant proportion
of cases, which shows that the diagnostic ac-
curacy of primary care practitioners should
be improved, through continuing medical
education and better equipment. It is also
very important to improve education in the
field of emergency medicine during under-
graduate studies and residency in family
medicine at all five medical schools in Bos-
nia and Herzegovina.

Some important differences between the
management practices of family practitio-
ners and EMS physicians emerged. Aspirin
was commonly used in the FMS as well as
in the EMS. However, EMS physicians were
significantly more likely to use analgesics,
oxygen and thrombolytic therapy. Family
physicians, especially working in an urban
environment, prefer to refer the patients to
the hospital than to give thrombolytic ther-
apy to the patients themselves. One Brit-
ish study conducted in primary health care




(27) showed that general practitioners more
seldom decide to use thrombolytic therapy
(1%), despite good knowledge and avail-
able guidelines, due to the fear of bleeding.
Further research on the influences of family
practitioners’ management choices would
be valuable and could help guide education-
al responses.

The present study showed discrepancies
between the guideline recommendations
and clinical practice, indicating the need for
quality improvement of pre-hospital diag-
nostic and therapeutic approaches to AIM
patients in the primary care centers in Banja
Luka and Laktasi. The recent study from the
United Kingdom showed that implement-
ing a Quality Improvement Collaborative
could be very successful in the context of
pre-hospital urgent care through engage-
ment of staff in the use of quality improve-
ment methods and by providing individual
feedback to frontline clinicians (28).

The study does, however, have some lim-
itations. This was a retrospective study so it
could only identify potential associations.
Larger and more longitudinal data are need-
ed to provide an assessment of quality indi-
cators and outcomes of pre-hospital care.

Conclusion

Emergency medical services provide a more
accurate diagnosis and treatment approach
to patients with AMI before hospitalization
in an acute coronary unit compared to fam-
ily medicine services. Top priority in pri-
mary care should be given to patients with
chest pain in whom acute myocardial in-
farction is suspected. The severity of symp-
toms affects the patient’s decision to seek
help in a timely manner and to choose the
facility of first medical contact. Continuing
education of family practitioners in the field
of acute myocardial infarction is required.
Physicians should consider applying a vali-
dated clinical decision rule to predict coro-
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nary heart disease as a cause of chest pain.
Interventions to decrease delay must focus
on improving public awareness of the symp-
toms of acute myocardial infarction and in-
creasing their knowledge of early response
and treatment benefits.

What is already known on this topic

In most patients with acute myocardial infarction, the domi-
nant symptom is chest pain that occurs mainly in the morning.
Patients with symptoms of acute myocardial infarction seek

help predominantly from an emergency medical service.
What this study adds

The severity of symptoms affects the patient’s decision to seek
help in a timely manner and to choose the facility of first medi-
cal contact. This study has shown that patients with acute myo-
cardial infarction are twice as likely to seek help from an emer-
gency medical service than from a family medicine surgery.
Emergency medical services provide more accurate diagnosis
and treatment to patients with AMI. This study gives recom-
mendations for improving the work of all health care services
responsible for the pre-hospital care of patients with acute myo-

cardial infarction.
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Introduction

Objective. The aim of this study was to assess caries prevalence and
severity in preschool children in the Federation of Bosnia and Her-
zegovina. In addition, the relationship between the frequency and
clinical types of early childhood caries and behavioral factors, oral
hygiene and eating habits were assessed. Subjects and methods.
An oral health survey was performed in line with the World Health
Organization methodology and criteria. The research consisted of
clinical examinations of children to determine dentition status, oral
hygiene and severity of caries distribution according to Wyne’s clas-
sification. Information about behavioral factors was collected by
means of a questionnaire administered to parents/guardians. Re-
sults. The sample consisted of a total of 165 preschool children aged
3-5 years. Mean dmft (decay, missing, filled teeth index for primary
dentition) was 6.79. The percentage of caries-free children was 17.0%.
The results showed a statistically significant correlation between oral
hygiene and eating habits, and also the frequency and types of early
childhood caries. Conclusion. The present study demonstrates high
caries prevalence in preschool children in the Federation of Bosnia
and Herzegovina. Community based preventive programs should be
developed and urgently implemented, in order to achieve the WHO
goals, improve oral and general health, thus improving the quality of
life of these populations.

ately after their eruption (3). The Center for
Disease Control and Prevention reports that

Early childhood caries is defined as the pres-
ence of one or more decayed (non-cavitated
or cavitated lesions), missing (due to caries)
or filled tooth surfaces in any primary tooth
in a preschool-aged child between birth and
71 months of age (1, 2). Caries is a rapid
and progressive disease that eventually af-
fects permanent dentition. Early childhood
caries is the most common chronic disease
in children. The teeth are infected immedi-

nowadays dental caries is perhaps the most
prevalent infectious disease, five times more
common than asthma, and seven times
more common than hay fever (4). Although
the prevalence of caries has decreased
worldwide, the problem persists in many
parts of the world in certain segments of so-
ciety, especially socially vulnerable groups.
Common risk factors for this disease are
poor nutrition and oral hygiene (5, 6). Some

Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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of the factors that favor the development
of early childhood caries are dietary hab-
its, the quality and the frequency of meals,
night meals and bottle feeding. Studies show
that sugars (sucrose, glucose and fructose),
as well as other fermentable carbohydrates,
may be triggers for the development of early
childhood caries (7, 8). Sweetened drinks,
fruit juices and soft drinks, with the inad-
equate re-mineralizing activity of saliva (es-
pecially at night due to the reduced flow of
saliva), can lead to enamel demineralization
and caries lesions (5). Alongside nutrition,
oral hygiene is another important etiologi-
cal factor for early childhood caries. The
lack of adequate oral hygiene allows for the
prolonged oral presence of fermentable car-
bohydrates, which enhances the metabolism
of cariogenic bacteria from the accumulated
dental plaque. Early childhood caries affects
the quality of life of affected children and
their families, causes dental pain, tooth loss
over time and problems eating, sleeping,
speaking and socializing. The effects of early
childhood caries are predictably severe. Ma-
jor oral hygiene promotion activities must
be focused on good dietary habits, oral hy-
giene improvement, fluoride program devel-
opment, and the proper education of youth
and future parents.

The aim of this study was to assess caries
prevalence and severity in preschool chil-
dren in the Federation of Bosnia and Herze-
govina (FBH). In addition, the relationship
between the frequency and clinical types of
early childhood caries and behavioral fac-
tors, oral hygiene and eating habits was as-
sessed.

Subjects and methods
Design and setting

This cross-sectional study of preschool chil-
dren and their parents or guardians was
conducted during 2014. The study consisted

of an oral health survey of children, accom-
panied by a questionnaire for parents or
guardians.

Participants

The total sample was 165 healthy preschool
children, living in Sarajevo Canton, which is
the largest administrative center and could
be considered as representative of FBH. The
basic criterion for selection was: preschool
children who registered for the first time
as patients at the Department of Preven-
tive and Pediatric Dentistry of the Faculty
of Dentistry, University of Sarajevo, and the
Preschool Dental Office at the Public Health
Center of the Sarajevo Canton. The target
age was from 3 to 5 years old (mean age was
4.08 years, SD 0.799). Of the total sample,
48.5% were boys and 51.5% girls.

Measurements

The Oral Health Survey was performed in
accordance with the WHO guidelines for as-
sessment of dental status (9). Wyne’s classi-
fication was used to determine the progres-
sion and severity of the disease.

There are three types of early childhood
caries, according to Wyne’s Classification
(10): Type 1 (mild to moderate) — the ex-
istence of isolated carious lesions involving
molars and/or incisors. Type 2 (moderate
to severe) — labial-lingual carious lesions af-
fecting maxillary incisors, with or without
molar caries, depending on the age of the
child and the stage of the disease. Mandibu-
lar incisors are unaffected. Type 3 (severe) -
carious lesions affecting almost all the teeth
including the mandibular incisors.

Possible behavioral factors that might
lead to the presence and progression of early
childhood caries were assessed by a survey
questionnaire, administrated to parents/
guardians, who accompanied their children
to the dentist. The questionnaire contained




questions on demographics and also about
general medical history, dietary intake, fluo-
ride programs, oral hygiene habits and pre-
vious dental care. Parents were questioned
about the total number of meals per day
(used as an ordinal variable, ranked from
higher to lowest frequency), the total num-
ber of night meals (used as an ordinal vari-
able, ranked from higher to lowest frequen-
cy), the age of the child when the practice
of oral hygiene began (used as ordinal vari-
ables with appropriate age ranks applied),
whether fluoride toothpaste was used for
daily brushing of teeth (used as ordinal vari-
ables with ranked answers from lower (e.g.
almost never) , medium (1-2 times per week
use) and higher (used daily after meals (3-5
times per day)), whether fluorides protect
the teeth from development of caries (ob-
served as an ordinal variable, from lowest to
highest implication to oral health protection
(as: dont know, disagree, agree, strongly
agree), and whether the child was fed by
bottle or breastfed (used as ordinary vari-
ables, ranked per month of infant feeding).
The offered answers were ranked in order
to assess the degree of behavioral influence
on oral health from highest to lowest sus-
ceptibility to development of dental caries.
Written consent was obtained from parents/
guardians who agreed to participate. All
data were kept anonymous and only patient
gender and age were noted.

Ethics statement

The study protocol was reviewed and ap-
proved by the Local Ethics Committee of the
Faculty of Dentistry, University of Sarajevo.

Statistical analysis

The results were presented by means of de-
scriptive statistics (frequency distribution,
percentage, mean * SD, Median, Range,
Minimum, Maximum and Percentiles). Sta-
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tistic differences between studied groups
were tested by the Kruskal Wallis test with
the Sidak post- hoc test to note exact differ-
ences. The Spearman correlation was used to
assess the relationship between dmft, Wyne
types and oral hygiene and dietary habits.
The level of significance was set at p<0.05.
The statistical packages Microsoft Office
Excel 2007 and IBM SPSS Statistics 21 were
used for data analysis.

Results

In accordance with the WHO Oral Health
Surveys prescribed methodology, the preva-
lence of dental caries was recorded and ana-
lyzed using the dmft index (9). The results of
descriptive statistics show that 50% of sub-
jects had dmft values in a range of 2 to 10.5,
25% of subjects had the lowest dmft values
in a range of 0-2, and 25% of subjects had
the highest values in a range of 10.5 to 20.
The median was 7 and the mean dmft was
6.8 (SD 5.25). The percentage of children
without caries was 17%. The percentage of
caries free children decreased with age from
41.3% of children aged 3 to 13.6% at age 4
and only 1.7% at age 5. The percentage of
untreated decay was highest among five year
olds (98.3%). The caries experience, in study
groups and in the total sample, presented
as dmft index values and distribution of its
components is given in Table 1.

The severity of caries distribution in pre-
school children using Wyne’s classification is
shown in Table 2.

Despite the high values of untreated
caries in the examined population, most
of the children scored as Wyne type 1. The
Kruskal Wallis test was used to test differ-
ences in dmft values between age groups.
A significant difference was observed (Chi-
square=14.431, p<0.001). The Sidak post
hoc test confirmed a significant difference
between children aged 3 and 5 (p<0.001),
whereas dmft was lower in children age 3
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Table 1 Summary of decay experience in preschool children, presented in the total sample by age groups

Age grups (years)  dmft (mean+SD) Decay teeth (mean+SD)  Missing teeth (mean+SD) Filled teeth (mean+SD)
3 (n=46) 5.1£5.8 4.7+5.6 0.0+£0.0 0.3+0.8
4 (n=59) 6.5%5.1 6.0+5.2 0.1+0.3 0.5+1.1
5 (n=60) 8.3+4.4 6.9+4.2 0.1+0.4 1.3+2.4
Total (n=165) 6.8+5.2 5.9£5.1 0.1+£0.3 0.7£1.7

dmft= decay missing filled teeth for primary dentition.

Table 2 Severity of caries distribution in preschool children by Wyne's classification according to age groups

Age groups (years)  Cariesfreen (%) WyneType 1n (%) WyneType2n (%) WyneType3n (%) Total n (%)
3 (n=46) 19 (41.3) 19 (41.3) 3(6.5) 5(10.9) 46 (100)

4 (n=59) 8(13.6) 37(62.7) 10(16.9) 4(6.8) 59 (100)

5 (n=60) 1(1.7) 43(71.7) 13(21.7) 3(5) 60 (100)
Total (n=165) 28(17) 99 (60) 26 (15.8) 12(7.3) 165 (100)

Caries free=percentages of examinees without caries; Wyne Class 1=mild to moderate progression of disease; Wyne Class 2=moderate to severe

progression of disease; Wyne Class 3=severe progression of disease.

by 3.28 respectively. There were no statisti-
cally significant differences between chil-
dren aged 3 and 4, and 4 and 5 (p>0.05).
Differences between age groups and Wyne
class scoring were also tested with the Krus-
kal Wallis test. A significant difference was
observed between the tested variables (Chi-
square=13.448, p<0.001). Differences were
found by the Sidak post hoc test between age
groups 3 and 5 (p<0.01). Post hoc testing did
not confirm any significant difference be-
tween the other tested aged groups (p>0.05).

A total of 165 parents/guardians were
surveyed, 90.9% of them indicated that car-
ies may be prevented by good oral hygiene.
Almost the same percentage of parents knew
that fluoride can protect teeth from caries
(67.3%) and were using fluoride toothpaste
for brushing (68.5%). A high percentage of
parents/guardians (95.2%) indicated the use
of a toothbrush and toothpaste for brush-
ing their children’s teeth every day. Seventy
percent of parents thought that caries could
be prevented by proper nutrition, 15.2% of
children still had night meals and some-
times used a feeding bottle.

Spearman’s correlation was conducted
between the dmft index and Wyne types,

and the number of meals per day, the fre-
quency of intake of sweets, the number of
times they brush their teeth each day, the
frequency of dentist visits, the frequency of
night meals, the age when oral hygiene prac-
tices began, and their attitude to fluorides.
A statistically significant positive correlation
was observed between dmft and the age of
beginning oral hygiene (r=0.363, p=0.001),
the attitude towards the caries preventive ef-
fects of fluorides (r=0.29, p=0.000) and the
Wyne class and the age of beginning oral hy-
giene (r=0.28, p=0.005).

Discussion

The mean value of dmft in the population
studied is quite high according to WHO
standards (11). A high percentage of pre-
school children had untreated carious le-
sions. Comparing these results with previ-
ous studies from the country, it is evident
that the epidemiology of the studied popu-
lation has not changed. In the survey con-
ducted in 1999 the mean caries prevalence
in preschool children in Bosnia and Herze-
govina (BH) was reported as dmft 6.87 and
the percentage of untreated caries 90.7%




(12). In 2001 the mean dmft was 6.8 and the
percentage of untreated caries was 87.7%
(13), and the latest available data showed
no improvement, reporting a mean dmft of
6.7 and the percentage of untreated caries as
88.8% in 2004 (14).

The prevalence of early childhood car-
ies is different around the world. In Croa-
tia 30% of children aged 3-5 develop early
childhood caries (9). Similar results were
reported for some parts of Serbia (30.5%)
(15), and in Bulgaria (32%) (16). The low-
est prevalence of early childhood caries was
reported in Canada, at 5% (17).

The classification of early childhood car-
ies by Wyne (10) gives a better insight into
the severity of the disease and the extent of
the problem for health care workers. The
distribution and severity are in line with the
general prevalence of early childhood car-
ies for the investigated population. Good
oral hygiene, alongside other preventive
measures, is the most economical, most ac-
cessible and most practical way to prevent
tooth decay. A high percentage of parents/
guardians, 90.9%, indicated that caries could
be prevented by good oral hygiene, but epi-
demiological findings revealed that this was
not properly applied in practice. The Ameri-
can Academy of Pediatric Dentistry (AAPD)
recommends that oral hygiene should be-
gin with the eruption of the first tooth, and
that parents should assist children in tooth
brushing until the age of 10 (18). Most of
the respondents indicated brushing their
children’s teeth at least twice a day, but it
is probable that in practice oral hygiene is
not carried out thoroughly, which results in
a high prevalence of dental caries. The im-
portance of the frequency of tooth brushing,
and the importance of parental involvement
has been emphasized in many studies (19).
In the present study, 70.3% of parents were
aware of the importance of nutrition for
good oral health, which is quite good prog-
ress compared to research from 2001, where
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only 25% of parents recognized the impor-
tance of nutrition (13). Besides the fact that
most parents were aware of the importance
of nutrition, the results showed that almost
all children consumed sweet drinks and
foods at least once a day. The importance of
the frequency of consumption of less sweet
food and fewer sugary drinks has been
known for a long time. A study conducted
in 1954 reported that sugar consumption
less than 4 times per day during meals, does
not favor the development of dental caries
(19). The Scandinavian countries, which are
very successful in preventive care and car-
ies reduction in children of pre-school age,
have a usual “day for sweets”, thus their con-
sumption is minimized to a weekly level; e.g.
in Denmark 45% of children and in Finland
21% of children only consume sweets on a
certain day of the week (19). Night meals are
a very important risk factor for development
of early childhood caries. The recommenda-
tion of AAPD is to stop breastfeeding when
the child is one year old (18). The WHO
recommends breastfeeding until the child is
two years old, with the introduction of sup-
plementary feeding at six months (19). Pa-
rental attitudes regarding this specific issue
were in line with these guidelines, although
most of the parents agreed with the AAPD
recommendation to stop breastfeeding
when the child is one year old. In compari-
son with previous investigations, levels of
knowledge and awareness have been obvi-
ously raised, but practice of good oral health
habits is still lacking.

Conclusion

The present study provides evidence of the
relatively high caries prevalence in preschool
children in the FBH, with mean dmft of 6.7
and the small percentage of children with-
out caries (17%). The distribution of Wyne
types revealed the presence of a higher pro-
gression and severity of early childhood
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caries among the youngest examinees. The
percentage of 3 year-olds classified as Wyne
type 3 indicates that the focus on preven-
tive measures has to be placed on education
and motivation for proper oral hygiene and
good nutrition practices as early as possible.
A higher frequency of sugar intake, late on-
set of oral hygiene practices, lack of fluoride
exposure and lack of knowledge about fluo-
ride impact to oral health protection were
behavioral factors related to higher values
of dmft and scoring of Wyne types in exam-
ined population. The positive parental at-
titude regarding behavior and practice was
not in line with the prevalence and severity
of the disease. Community-based preven-
tive programs have to be developed and
implemented urgently in order to achieve
the WHO goals and to improve oral health,
health in general and the quality of life.

What is already known on this topic

There has been a considerable decrease in caries prevalence in
many European countries in recent decades. Caries epidemiol-
ogy involves the study of variables that may influence its occur-
rence and severity, including behavioral factors, such as knowl-
edge of and attitude towards dietary and oral hygiene habits.
Recent studies have shown the complex interaction of these fac-
tors and caries in preschoolers. The last epidemiological data
on caries in preschool children in FBH were assessed in 2004.

What this study adds

It is the first epidemiological study in FBH where the severity
of early childhood caries has been assessed and analyzed. In
addition, this study assesses the behavioral variables and in-
teraction with early childhood caries experience and severity
in children in FBH.
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Introduction

Objective. Our aim was to describe a comprehensive model of internal
quality management (QM) at a medical school founded on the busi-
ness process analysis (BPA) software tool. Methods. BPA software tool
was used as the core element for description of all working processes
in our medical school, and subsequently the system served as the com-
prehensive model of internal QM. Results. The quality management
system at the University of Split School of Medicine included the doc-
umentation and analysis of all business processes within the School.
The analysis revealed 80 weak points related to one or several business
processes. Conclusion. A precise analysis of medical school business
processes allows identification of unfinished, unclear and inadequate
points in these processes, and subsequently the respective improve-
ments and increase of the QM level and ultimately a rationalization of
the institution’s work. Our approach offers a potential reference model
for development of common QM framework allowing a continuous
quality control, i.e. the adjustments and adaptation to contemporary
educational needs of medical students.

up with increasing inequities in health care
availability, new infectious agents, environ-

Medical education takes place in one of
the most complex academic settings. This
complexity is best envisaged by Flexner’s
triadic framework of education, research,
and clinical care that has been a standard for
the majority of medical schools for almost
a century (1). Managing and providing sup-
port for these three major elements presents
serious organizational challenges. In addi-
tion, the organization of medical schools
and medical education faces general (e.g.,
continuous increase of demands) and spe-
cific (e.g., shortage of resources) problems
of health care systems worldwide (2, 3). To-
day’s health systems are struggling to keep

mental, and behavioral risks, and rapid de-
mographic and epidemiological transitions
that threaten the health security of all (3).
All of these factors reflect on the cost
of medical education, which is becoming
increasingly demanding, complicated and
expensive. According to an estimate for US
medical schools, $62,877 USD is the annual
variable cost of educating a medical student
(4). These costs are significantly lower in less
developed countries but still present a sub-
stantial burden for the communities (5).
These problems impose a necessity of
organizing better and more cost-efficient
management of medical schools. One of the

Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



ways to achieve this is through the imple-
mentation of quality management (QM)
system which become a prerequisite for
high quality medical teaching, research and
administration. The implementation should
not only be limited to medical education but
should encompass the overall organization
of medical schools.

The QM approach initially emerged from
industrial and commercial practices and
gradually spread to other sectors (6). Univer-
sities and medical schools are now responsible
for operating a quality management system
that designs, delivers, monitors and assesses
medical curricula to meet required standards
(7, 8). These standards and requirements for
QM in medical education are well defined (7,
8). However, there are no general guidelines
for the implementation of these standards in
medical education, including those defined
by International Organization for Standard-
ization (ISO) standard. As a consequence,
numerous concepts of ISO standards imple-
mentation may exist in medical schools and
health care institutions (9). Those standards
often emphasize only the educational pro-
cesses and neglect other important aspects
of medical school organization.

Here we present our attempt to address
the issue of QM in our medical school
through implementation of the business
process analysis (BPA) tool. The main aim
was to document, analyze and streamline
all business processes within our medical
school as a first step in the IT-based devel-
opment of a comprehensive QM system.

Here we describe the respective experi-
ence, the opportunities, the limits, and the
perspectives that such a methodology al-
lowed.

Methods
Setting

The University of Split School of Medicine is
located in the city of Split, the second larg-
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est city in Croatia, and is one of four state
owned medical schools in Croatia (10). All
four schools are funded by the Ministry of
Science, Education and Sports. The physi-
cian’s education is based on a six-year inte-
grated curriculum. The medical school in
Split annually enrolls around 200 students
in medicine, dental medicine and pharmacy
courses.

The process management approach

With the objective of documenting and ana-
lyzing all business/work processes within
the University of Split School of Medicine,
a multidisciplinary work group was created,
including health professionals, research-
ers, software engineers from the School’s IT
department and administrative staff mem-
bers. The members of the work group were
educated in business process management
software by BPA professionals from Scheer
GmbH Company (Saarbrucken, Germany).
Upon training, all members of the work
group were certified for business process
modeling. The collaborative work was car-
ried out in six phases: initial informative
meetings, intensive training, process selec-
tion, definition of work method, process de-
scription by experts, and process modeling.
Process description was prepared through
interviews with the persons in charge of
specific process by one member of the work
team. The reduction of working hours was
also estimated based on these interviews
and was based on anticipated time saved by
reducing number of unnecessary steps, doc-
uments and/or people involved.

Tools

BPA tools are primarily intended for users
looking to document, analyze and stream-
line complex processes, thereby improving
productivity, increasing quality and efficien-
cy. These tools are also utilized by business
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process architects and business process ana-
lysts, who want to gain a deeper understand-
ing of business processes, events, workflows
and data using proven modeling techniques.
BPA tools permit users to illustrate their
processes and validate this information us-
ing standard methodologies and best prac-
tices allowed by the software. Ideally, it can
automate the models into deployable appli-
cations that leverage their analytical efforts
and comply with the business process rules.
The ARIS platform (Architecture of Inte-
grated Information Systems, Scheer, Saar-
brucken, Germany) is the leading platform
for BPA. The platform allows description
and documentation of all business processes
performed in a particular institution. The
resulting repository of business/work pro-
cesses represents a basis for development of
future IT solution with the aim of process
automation. Two products were used; ARIS
Business Server and ARIS Business Archi-
tect, which constitute a tool for modeling,
analysis and displaying business processes.
The Server module allows several ARIS
Business Architect users to work simultane-
ously on the database.

Ethics statement

The Helsinki Declaration is not applicable
to the research presented in the manuscript
since the presented research describes the
business processes and did not involve hu-
man subjects or human data.

Results

First we included definitions of the process-
es gained by the respective School’s person-
nel in the ARIS flowchart, and then analyzed
them for completeness and unambiguity.
This approach identified weaknesses that
should have subsequently been corrected by
the School’s administration and experts.

Structure and processes

The overall structure of the medical school
was described by the “entry model” defined
by the following: a) Organization structure,
b) Processes, ¢) Applications, d) Documents
and e) Products and services. These elements
are presented in the form of a “virtual insti-
tution” schematic diagram in which business
processes constitute a central point, while
documents and applications are depicted as
pillars supporting the structure of the insti-
tution (Figure 1). The organization of the
School covers the whole structure, while the
basis of the School structure is presented by
its products and services (Figure 1).

All business processes within the School
were divided into three main categories of
interlinked processes (Figure 2). The first
category comprises the “key” or “core”
processes that are directly related to the
main school’s purpose, as expressed in the
School’s Mission (i.e. education, scientific
and professional work) (Figure 2). Secondly,
the “supportive” processes are not directly
linked with teaching, research, and clini-
cal work, but are essential for the success-
ful execution of “key” processes (e.g. library
management, I'T service, administrative and
lagal support) (Figure 2). The third category

Figure 1 Entry model of medical school organization
prepared according to the “business management
approach”.




Damir Sapunar et al.: Business process management in medical schools

Figure 2 Three main categories of business processes within the medical school. Core processes encompass all
activities directly related to the school’s mission. The role of Supportive and Management processes is to allow

successful execution of the core processes.

Figure 3 Example of Value added chain (VAC) diagram developed for educational processes.

encompasses institutional “management”
processes (e.g., organization of the school
council, or dean’s cabinet meetings). The
clustering was done according to the overall
goal of the presented processes.

The business processes within each clus-
ter were subdivided and presented through

value added chain (VAC) diagrams, where
each VAC diagram contained one or mul-
tiple sub-processes (Figure 3). Each element
of the VAC ended up with the final process
described through an “event driven process
chain” (EPC) (Figure 4). In order to produce
a detailed description of each EPC diagram,
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Figure 4 Example of Value added chain (VAC) diagram developed for the business process described as“Student
testing”. A) The left panel presents the whole structure of the business process. B) The selected part of the pro-
cess represents a small segment marked with the red square on the left panel.

the processes were presented as series of at-
tributes. The most important attributes were
function, event, operators, responsible per-
son or organizational unit, necessary docu-
ments or software application (Figure 4).
The whole structure and all business pro-
cesses can be accessed on the project website
http://genom.mefst.hr/ARIS/.

Detection of failures and weak points

The analysis of the documented business
processes revealed 80 weak points (WP,
Table 1). The term weak point encompasses

business processes that are missing or are
deficient. The identified WPs were related to
missing (n=13) or incomplete (n=19) pro-
cesses, processes without defined deadlines
(n=4) or even to processes which were in
collision with current laws and institutional
bylaws (n=14). The remaining weak points
were identified in processes that lacked de-
scription of involved persons / institutional
units (n=11), lack of necessary documents,
archiving procedures or defined ways of
making the results of the process available to
stakeholders (n=15), as well as lack of equip-
ment or necessary software (Table 1).
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Table 1 The description and number of weak points encountered within the University of Split School of

Medicine

Lack of process 2 1 5

Lack of equipment /
software

Incomplete process 10 2 5

Document / web
management 4 2 =
problem

Collision with
laws / institutional 7 2 5
bylaws

No defined deadline - 1 1

Person or institutional 10 . 1
unit not defined

= = - - 11

Total 33 9 18

10 8 1 1 80

Analysis of weak points

The analysis of identified weak points re-
vealed processes which could be substantial-
ly shortened by reducing number of unnec-
essary steps, documents and/or people in-
volved. The analysis was performed by mod-
eling and the comparison of current (“as is”)
and modeled (“as if”) business processes. A
precise analysis allowed us to determine the
reduction of costs and/or working hours for

Figure 5 Example of improvement modeling of busi-
ness processes related to purchasing procedures.
Improvement is presented as reduction in working
hours between “as is” and “as if” conditions.

specific processes upon improvement. As an
example, the Figure 5 depicts the reduction
of the working time necessary for purchas-
ing procedures. Improvement of purchas-
ing processes resulted in 53% reduction in
working hours for that specific process.

The actual improvements based on im-
plementation of the analysis of the weak
points depended on the readiness of the
school management to enforce these chang-
es, attitude towards changes of the current
school management, financial issues, and
priorities set up by different school manage-
ments.

Discussion

The ARIS platform provides a suitable BPA
tool for the medical school setting, and we
believe that it may be used as a possible
reference model for developing common
QM frameworks according to the plan-do-
study-act (PDSA) cycle of continuous im-
provement (11).

Our present work is the first step in QM
implementation within the University of
Split School of Medicine. Its main result was
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the description and analysis of all business/
work processes within the School. The ap-
plication of the ARIS BPA tool helped the
School start its own QM system as an initial
step towards a comprehensive QM system.

There is no single (or simple) definition
of quality, inasmuch as this term has differ-
ent meanings to different professionals (12,
13). The issue of QM in higher and medical
education has been the objective of many
international organizations, including the
European Association for QA in Higher Ed-
ucation (ENQA) and the World Federation
for Medical Education (WFME) which de-
veloped a set of standards, procedures and
guidelines on QM (7, 8, 14). QM of medical
education implies a well-planned assessment
of the structure, process and the outcome of
education based on defined standards and
objectives.

Published examples of business process
modeling in medical education and health
care practice are scarce (15-20), and none of
them presents a comprehensive documen-
tation and analysis of processes within the
whole institution. In most cases these ex-
amples present a small segment of business
processes generally oriented only towards
educational processes, while neglecting
other important processes such as manage-
ment, research or support.

In our opinion this presents serious
drawbacks because a segmented approach
seriously limits the potential for the imple-
mentation of IT solutions that can manage
business/work operations and customer sat-
isfaction. We adopted a different, compre-
hensive, “business-oriented” approach, in-
asmuch as we have been aware that efficacy
of the educational processes depend on the
workflow and harmonization of all support-
ing processes in the medical school. How-
ever, to our knowledge, this notion has not
been tested directly.

Quality management practices in the
Croatian academic community have never

been adopted in full. In 2005 the Croatian
Parliament established the Agency for Sci-
ence and Higher Education (AZVO) that
has been organizing a system of quality as-
surance in higher education and science.
AZVO is the key institution performing ex-
ternal accreditation of academic institutions
according to ISO 9001:2008 standard. In
2009 the State Parliament introduced a legal
act regarding quality assurance in science
and higher education, (21) but academic in-
stitutions still did not adopt proper mecha-
nisms of QM. However, most of the pro-
posed activities are related to accreditation
procedures and not to other aspects of QM.

In conclusion, we have shown that ex-
isting business process analysis tools can
be important part of quality management
implementation in medical schools. Precise
analysis of medical school business process-
es allows identification of weak points for
specific processes that need improvement.
Our approach can be considered a possible
reference model for the development of a
common QM framework which will allow
for continuous quality control, adjustments
and adaptation in medical schools and other
higher education institutions.

What is already known on this topic

The quality management is necessary for organizing better
and more cost-efficient management of medical schools. The
standards and requirements for quality management in medi-
cal education are well defined, but other important aspects like
professional, scientific, support and management processes
within medical school organization are completely neglected.

What this study adds

The study presents description and analysis of all business pro-
cesses within our medical school. That analysis can be consid-
ered as a first step in the development of a comprehensive qual-
ity management system. The business process analysis tools
are important part of quality management implementation
in medical schools. Precise analysis of medical school business
processes allows the rationalization of working hours for spe-
cific processes that need improvement.

Acknowledgements: The members of the project
team that developed database of business processes at
the University of Split School of Medicine were: Davor




Luksi¢, Frane Mihanovi¢, Vana Kosta, Lana Barad, Jo-
sip Bari¢, Asija Petrasi¢ and Mijo Kardum from the
IDS Scheer. The head of the project team were Damir
Sapunar and Katarina Dobroni¢ from the IDS Scheer.

Authors’ contribution: Conception and design: DS,
IG, DL, and MM; Acquisition, analysis and interpreta-
tion of data: DS, IG, DL and MM Drafting the article:
DS; Revising it critically for intellectual content: IG,
DL and MM; Approval of final version to be pub-
lished: DS, IG, DL and MM.

Conflict of interest: The authors declare that they
have no conflict of interest.

References

1. Flexner A. Medical Education in the United States
and Canada: A Report to the Carnegie Founda-
tion for the Advancement of Teaching in Bulletin.
Boston: The Merrymount Press; 1910.

2. Chen L, Berlinguer G. Health equity in a globaliz-
ing world. In: Evans T, Whitehead M, Diderichsen
E, Bhuiya A, Wirth M, editors. Challenging ineq-
uities in health: from ethics to action. New York:
Oxford University Press; 2001. p. 35-44.

3. Frenk J, Chen L, Bhutta ZA, Cohen J, Crisp N,
Evans T, et al. Health professionals for a new cen-
tury: transforming education to strengthen health
systems in an interdependent world. Lancet.
2010;376(9756):1923-58.

4. Schieffler DA, Azevedo BM, Culbertson RA, Kahn
M]J. Financial implications of increasing medical
school class size: does tuition cover cost? Perm J.
2012;16(2):10-4.

5. Maslov Kruzicevic S, Barisic KJ, Banozic A, Es-
teban CD, Sapunar D, Puljak L. Predictors of
attrition and academic success of medical stu-
dents: a 30-year retrospective study. PLoS One.
2012;7(6):e39144.

6 Barrows H, Tamblyn R. Problem-based learning:
an approach to medical education. Medical Edu-
cation. New York: Springer Publishing Company;
1980.

7. WEME - World Federation for Medical Educa-
tion. Postgraduate medical education - WEME
global standards for quality improvement. Copen-
hagen: Kandrups Bogtrykkeri; 2003.

8. ENQA - European Association for Quality Assur-
ance in Higher Education. Standards and Guide-
lines for Quality Assurance in the European High-
er Education Area. Brussels: ENQA; 2015.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Damir Sapunar et al.: Business process management in medical schools

Sweeney J, Heaton C. Interpretation and varia-
tions of IS 9000 in acute health care. Int ] Qual
Health Care. 2000;12(3):203-9.

Grkovic I, Sapunar D, Marusic M. Ways to ad-
dress the challenges of a modern medical cur-
riculum: living academic medicine at the Univer-
sity of Split, School of Medicine. Acta Med Acad.
2012;41(1):7-17.

Moen RD, Norman CL. Clearing up myths about
the Deming cycle and seeing how it keeps evolv-
ing. Quality Progress. 2010;11:22-8.

Tariq M, Ali SA. Quality assurance and its applica-
tion in medical education. J Coll Physicians Surg
Pak. 2014;24(3):151-2.

Joshi MA. Quality assurance in medical educa-
tion. Indian J Pharmacol. 2012;44(3):285-7.

Eriksen SD. TQM and the transformation from an
elite to a mass system of higher education in the
UK. Qual Assur Educ. 1995;3(1):14-29.

Rojo MG, Rolon E, Calahorra L, Garcia FO, San-
chez RP, Ruiz E, et al. Implementation of the Busi-
ness Process Modelling Notation (BPMN) in the
modelling of anatomic pathology processes. Di-
agn Pathol. 2008;3(Suppl 1):S22.

Dieter PE. Quality management of medical educa-
tion at the Carl Gustav Carus Faculty of Medicine,
University of Technology, Dresden. Ann Acad
Med Singapore. 2008;37(12):1038-40.

Dieter PE. A faculty development program can
result in an improvement of the quality and
output in medical educaton, basic science and
clinical research and patient care. Med Tech.
2009;31(7):566-9.

Scheuerlein H, Rauchfuss F Dittmar Y, Molle
R, Lehmann T, Pienkos N, et al. New methods
for clinical pathways-Business Process Model-
ing Notation (BPMN) and Tangible Business
Process Modeling. Langenbecks Arch Surg.
2012;397(5):755-61.

McClintock DS, Lee RE, Gilbertson JR. Using
computerized workflow simulations to assess the
feasibility of whole slide imaging full adoption
in a high-volume histology laboratory. Anal Cell
Pathol (Amst). 2012;35(1):57-64.

Barbagallo S, Corradi L, de Ville de Goyet J, Ian-
nucci M, Porro I, Rosso N, et al. Optimization and
planning of operating theatre activities: an origi-
nal definition of pathways and process modeling.
BMC Med Inform Decis Mak. 2015;15:38.

Law on Quality Assurance in Science and High-

er Education [in Croatian]. Narodne Novine;
45:2009.

33



34

Original article

Acta Medica Academica 2016;45(1):34-38
DOI: 10.5644/ama2006-124.154

Management of teaching processes using the Share point
platform: A case study from the University of Split School of

Medicine

Damir Sapunar’, Ivica Grkovi¢, Davor Luksi¢, Matko Marusi¢

University of Split School of Medicine
Split, Croatia

*Corresponding author:

ds@mefst.hr
Tel.: + 38521 557 809
Fax.: + 38521 557 811

Received: 24 February 2016
Accepted: 12 April 2016

Key words: Medical education = Medical
school = Organization = Teaching load.

Introduction

Objective. To develop a software tool that will combine teaching
timetables with the generation of reports on teaching load. Methods.
The University of Split School of Medicine project team and the ex-
ternal experts from the company LAMA, LLC. determined necessary
functionalities and developed the software platform as an extension
of the existing software solutions already in use by the Croatian aca-
demic community. Results. By combining comprehensive scheduling
functionality with planned and performed teaching activities we de-
termined the teaching load and realized automatic generation of pay-
ments for adjunct lecturers. The implementation required perfecting
of the human resources services, brought about a manifold alleviation
of the work of the entire school’s administration and substantially in-
creased the effectiveness of the quality management. The software is
currently managing 54,676 teaching hours, 841 teaching staff member,
111 teaching rooms, 8 study programs, and 645 courses. Conclusion.
The program resolved several administrative problems of the school
and is an example of successful implementation of IT technology in
medical school management.

gets can be determined are scarce (2). If the
budget is considered a function of the cost

Medical education in Croatia is based on
a six-year integrated program (1) offered
in four medical schools at the Universi-
ties of Osijek, Rijeka, Split, and Zagreb. All
four schools are a part of public universi-
ties and are funded by the Ministry of Sci-
ence, Education and Sports. The process of
budget allocation to an individual medical
school is not a result of a defined funding
system but is largely based on old practice
inherited from times before Croatia became
an independent country. Currently there are
no clear monetary allocation principles, and
the documents from which the schools’ bud-

per graduating student, the largest amount
is spent at the medical school in Zagreb
(US$ 90,000 per student, for the six-year
study program). The amount per graduating
student in US dollars in Rijeka is $ 40,000,
$ 30,000 in Split, and $ 29,000 in Osijek (3).
These amounts and the lack of budget allo-
cation principles are still not provoking seri-
ous discussion and analysis in the respective
professional circles.

The only fixed factor that directly affects
the above mentioned costs is the number
and structure of employed faculty members.
Salaries make up an average of 50% to 60% of

Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



the expenditures (54% at the medical school
in Split in 2009, data in the possession of
the authors). Because the main criterion for
the opening of new positions is the teaching
load, there is a serious need for the transpar-
ent determination of the teaching load for
each academic staff member, department,
and the school as a whole. One would there-
fore expect that schools, universities, and
the relevant Ministry officials would seri-
ously scrutinize teaching loads. The need for
a precise analysis of the teaching load is ad-
ditionally emphasized by the phenomenon
of professorial “moonlighting” (the practice
of academics teaching at several schools and
receiving salaries from all of them), which
has become a serious problem in the aca-
demic community (4).

Without a proper information technol-
ogy (IT) solution it is quite difficult to deter-
mine the total teaching load at a particular
school and, consequently the budget for the
salaries. The budget calculation is further
complicated by the additional cost of ad-
junct lecturers, mainly clinicians who teach
part-time.

When confronted with this problem,
we reckoned that the IT approach would
be the right strategy to solve the proper al-
location of salaries based on teaching load.
The main software platform for the manage-
ment of educational processes in Croatia is
the Information System for Higher Educa-
tion (ISVU) (5), and has been in use at the
medical school in Split since 2007. How-
ever, this platform does not assist in deter-
mining either teaching loads or associated
costs. Also, various software solutions used
in other Croatian medical schools provide
only scheduling capabilities without options
for calculating the teaching load. The lack
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of this important functionality required an
extremely tedious and relatively imprecise
“manual” labor by the schools’ administra-
tion to compose the reports required by the
university and the Ministry of Science, Edu-
cation and Sports, which subsequently led
to the imprecise determination of budget
allocation.

Methods

We decided to develop a software platform
that will enable us to combine teaching
timetables with the generation of reports
on teaching load, planned and performed
teaching activities, and the automatic gener-
ation of payments for adjunct lecturers. The
project team at the University of Split School
of Medicine determined the necessary func-
tionalities for the platform and engaged
LAMA, LLC, an external IT company, with
the aim of developing new software that will
be compatible with the existing ISVU soft-
ware solution.

The requirements for the new program
are from a business process analysis per-
formed at our school (6) and divided into
two main functionalities (Figure 1). The
first functionality addressed planning and
scheduling of teaching and extracurricular
activities, generation of a web-based time-
table of all teaching/space allocation mo-
dalities: room, teacher, student group, type
of teaching (lecture, seminar, practical) and
topic — all on an a daily and hourly basis..
The second functionality was related to the
key problem of the calculation of teaching
load, generation of the reports on planned
and performed teaching activities and the
automatic generation of payment contracts
for adjunct lecturers or teachers (Figure 1).
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Figure 1 The functionalities of the software tool that combines teaching
timetables with generation of reports on teaching load at the University of
Split School of Medicine. By combining a comprehensive scheduling func-
tionality with planned and performed teaching activities, we achieved the
main goal of the program, i.e., determination of the teaching load and auto-
matic generation of payments for adjunct lecturers or teachers.

Results

The result of the project was the develop-
ment of the EduPlan/EX software based on
Microsoft Sharepoint, SQL and ASPNET
technologies implemented through a virtu-
alized environment on two Microsoft Win-
dows Server. Usage of MS Active Directory
repository allows authentication and autho-
rization based on previously granted user
rights by system administrator and distin-
guished user roles. Access to the EduPlan/
EX application is through a web browser.

The system has an internal fully functional
interface for authenticated faculty staff, an
external presentation interface with limited
functionality and read only access at http://
nastava.mefst.hr:10000/.

The first step in implementation of the
program is completing the main catalogues
(list or record of buildings, teaching rooms,
departments and teachers). Administrators
from the Office of Student Affairs and the IT
Department entered catalogue data.

The teachers/administrators selected by a
particular department execute the teaching




timetable. The planning, particularly in the
block-based organization of the curriculum,
is a demanding and complex task, which
requires a specific user-friendly computer
interface. Planning includes entry of all ele-
ments of the teaching based on one teaching
hour as the core unit that comprises course,
topic, time, teaching room, teacher, type of
the teaching, and the student group. Based
on entered data, the system provides real
time availability information for all teaching
locations. This functionality provides a key
point of resource sharing and the efficient
management of teaching resources.

Teaching reports can be automatically
produced for all these entries: teaching load
for an individual teacher, course, depart-
ment, and for the school as a whole. Hours
of lectures, seminars, and practical classes
are all exportable as lists into different for-
mats such as Portable Document Format
(pdf), Microsoft (MS) Word, or MS Excel.

Our team entered the complete plan
for all courses into the program before the
start of the academic year. At the inception
of this program (academic year 2011/12),
planning and entering data required a lot of
time and effort since we had to deal with a
large number of teaching hours. However,
in subsequent years the work was much less
demanding, because the educational frame-
work did not change and the program allows
copy and paste changes of dates, teacher
names, and lectures.

Currently, the program deals with 54,676
teaching hours distributed over four inte-
grated programs (medicine, dental medi-
cine, pharmacy, medical studies in English),
and three postgraduate (doctoral) programs.
However, the application of this program
for the first time in 2011 had additional
outcomes. First, we discovered discrepan-
cies between the educational program of
several subjects and their plans for the cur-
rent school year, as well as numerous dis-
crepancies between the teaching plans and
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data entered in the program. This clear-cut
and quantitative insight enabled us to syn-
chronize subsequently the data to a satisfac-
tory level. Second, we were able to identify
departments with high teaching loads from
adjunct faculty, distribute that teaching load
to employed faculty, and by doing so re-
duced the costs of adjunct lecturers.

Currently, the EduPlan/EX contains
841 teaching staff members, 111 teaching
rooms, 8 study programs, and 645 courses.
Notably, our business solution program had
the highest business value recognition at the
Windays 2012 conference (7).

Discussion

With EduPlan/EX we achieved all planned
functionalities and resolved one of the main
administrative problems in the manage-
ment of resources at our school. The sched-
uling functionality allowed us to have pre-
cise timetables several months before the
start of the academic year, to provide online
access to timetables, and to avoid conflicts
in classroom booking. The biggest tangible
gain was the drastic reduction in adminis-
trative work to collect data on the teaching
workload from all teachers all of whom have
numerous variations in their contracts, aca-
demic status, planned and completed teach-
ing hours. We also achieved a reduction in
the automatic generation of contracts for
adjunct lecturers or teachers (about 500 pro-
fessionals). Weeks of exhausting and prone-
to-error work by several offices to com-
pose hundreds of employment contracts to
achieve contractal payments are now short-
ened to a direct printing of the contracts
from to the EduPlan/EX program. The satis-
faction of the finance and education admin-
istrative staff is worth noting in this report.
The lack of quantitative outcomes following
the implementation of the EduPlan/EX pro-
gram was a limitation of the study. However,
the quantification can be considered unnec-
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essary when we know that all presented out-
comes were unavailable before implementa-
tion of the program.

The program allowed us to keep track of
the changes in the planned teaching activi-
ties due to engagement of different teach-
ers. This was necessary because all teachers
cannot plan their extracurricular or other
obligations the whole year in advance. The
changes (replacing the names of absent
teachers with those who substituted them)
turned out to be relatively frequent and dif-
ficult to manage on time, mainly due to the
lack of control of the communication be-
tween the teachers in question and persons
in charge of the EduPlan/EX in a specific
department. Endowing the teachers with
personal electronic cards, which they would
activate at the beginning of the lecture/sem-
inar/practical class, so that subsequently the
program automatically changes the names
in its database, provides an elegant solution.
An additional way of registering a teacher
could be through logging into a classroom
computer or by a smartphone, all with the
ultimate goal of full automatization. The ex-
pansion of the currently used version of the
program is aiming in that direction.

What is already known on this topic

Currently there are no well-defined principles for budget allo-
cation to Croatian medical schools while salaries make up on
average 50% to 60% of the expenditures. The teaching load is
the main argument for opening new positions in the Croatian
academic community. There are no information technology
(IT) solutions for the automatic calculation of the teaching
load.

What this study adds

This study describes the development of a software tool that
combines teaching timetables with the generation of reports on
teaching load. The combination of comprehensive scheduling
functionality with planned and performed teaching activities
allows the determination of the teaching load and automatic
generation of payments for adjunct lecturers or teachers. The
program resolved several administrative problems at the medi-

cal school. With the success of our resource saving software in
medical school management, perhaps other medical schools in
the region may benefit from this software as well.
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Introduction

Objective. To compare lung ultrasound (LUS) with auscultation find-
ings in children with clinical suspicion of pneumonia. Patients and
methods. A prospective study including 95 patients (age: from 2
months to 17.5 years; mean age: 5.1 y, SD 4.5 y) with referral diag-
nosis of suspected pneumonia. In all patients LUS and auscultatory
examinations were performed within an hour. These findings were
compared separately in each hemithorax. The radiologist performing
LUS was blinded to the patient’s clinical information. Positive aus-
cultatory findings included: crackles and/or abnormal breath sounds
(decreased, asymmetric, absent, or bronchial). For LUS examinations
a combined transthoracic - transabdominal approach was used. A
pneumonia-positive LUS finding included subpleural consolidation
with air-bronchogram, or an adjacent area of interstitial edema. For
each subpleural consolidation the cranio-caudal (CC) diameter was
measured, and 95% confidence intervals (CI) of the sizes of subpleu-
ral consolidations for positive and negative auscultatory findings were
compared. The p-value between LUS and auscultation was calculated
using McNemar’s test. Results. LUS and auscultation showed pneu-
monia-positive findings in 98 and 64 hemithoraces, i.e. in 67 and 45
patients respectively. In positive auscultatory findings the CI for CC
diameters of subpleural consolidations ranged from 32.46 to 54.14 mm,
and in negative auscultatory findings the CI was between 16.52 and
29.83 mm, which showed a statistically significant difference. McNe-
mar’s test showed a statistically significant difference between LUS
and auscultation. Conclusions. LUS showed positive findings in more
hemithoraces than auscultation in children with suspected pneumonia.
A cranio-caudal size of subpleural consolidation of less than 30 mm
significantly reduces the possibility of auscultatory detection.

However, it still cannot be claimed that itis a
widely acknowledged imaging tool in every-

Lung ultrasound (LUS) has recently been
recognized as an even more reliable imag-
ing modality in detection and follow-up of
pneumonia than chest X-ray (CXR), both in
children and adults, and even to some extent
rivaling computed tomography (CT) (1-11).

day clinical practice. On the other hand, the
stethoscope has been a broadly accepted di-
agnostic tool of every single medical student
and doctor since the early 19th century, and
represents a symbol of the medical profes-
sion.

Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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Among a growing number of stud-
ies comparing LUS primarily with CXR,
but also CT findings, we found only one
comparing LUS and auscultatory findings,
which was performed in adult patients with
acute respiratory distress syndrome, and not
a single one considering the pediatric popu-
lation (12).

Therefore, the aim of this study was to
compare LUS and auscultatory findings in
children with a referral diagnosis of pneu-
monia.

Patients and methods

A prospective study was carried out at the In-
stitute for Children and Adolescents Health
Care of Vojvodina, Novi Sad, Serbia, in asso-
ciation with the Pediatric Emergency Depart-
ment and Radiology Department, from 01
November 2012 to 30 May 2013. It included
95 outpatients with referral diagnosis of sus-
pected pneumonia [59 males and 36 females;
aged 2 months - 17.5 years, mean age 5.1 y
(SD=4.5 y)] set at the Pediatric Emergency
Department of the Institute. Inclusion crite-
ria were as follows: 1) LUS and auscultatory
examinations performed within an hour in
the same child; 2) the availability of a pedi-
atric radiologist (J.L.) with 7 years of experi-
ence in performing and interpreting LUS; 3)
the radiologist performing LUS was blinded
to all the patients’ information, apart from
the referral diagnosis (suspicion of pneumo-
nia); 4) auscultatory examinations were per-
formed by pediatricians (not pediatric resi-
dents); 5) only children with no former his-
tory of chronic lung disease (asthma, cystic
fibrosis, bronchopulmonary dysplasia, etc.),
immunosuppressive disorder, or malignant
disease were included.

LUS examinations included both trans-
thoracic (TT) and trans-abdominal (TA)
approaches, using a linear probe of 9 MHz
for TT, and a convex probe of 5 MHz for
TA approach (Acuson $2000, Siemens, Er-

langen, Germany). The average time needed
for LUS examinations with standard devia-
tion (SD) was calculated. The trans-thoracic
approach comprised examination in supine
and both lateral decubitus positions of the
anterior (between the sternum and the ante-
rior axillary line), lateral (between the ante-
rior and posterior axillary lines) and poste-
rior (between the posterior axillary line and
the spine) lung areas, from the apex to the
lung base. The US examination of each lung
area consisted of longitudinal and transver-
sal (intercostal) sections. The trans-abdom-
inal approach included trans-hepatic and
trans-splenic US scans in supine position
to examine both lung bases. The US probe
was angulated from the most anterior to the
most posterior sections. A normal trans-
abdominal US finding of the lung bases was
presented with the acoustic phenomenon of
“mirror image”, which is a supra-diaphrag-
matic projection of liver or spleen (13).

Each US finding of subpleural consoli-
dation, with or without air-bronchogram,
as well as consolidation with the adjacent
area of B lines (vertically oriented “comet-
tail” artifacts arising from the pleural line,
reaching the edge of the screen, erasing the
A lines, and moving with lung sliding) was
considered as pneumonia-positive. Accord-
ing to the current literature, these findings
included children in the study with US fea-
tures of both bacterial and viral pneumo-
nia (14, 15). Positive auscultatory findings
included: crackles and/or abnormal breath
sounds (decreased, asymmetric, absent, or
bronchial). Auscultatory and LUS findings
were compared separately in each hemitho-
rax. Moreover, US findings were compared
with CT and video-assisted thoracoscopy
(VATS) in two children.

Ethics statement

The Ethical Committee approved the re-
search and informed consent was obtained




from the parents of each examined child, as
well as from the older children and adoles-
cents themselves.

Statistical analysis

Each subpleural consolidation had the cra-
nio-caudal (CC) diameter measured by ul-
trasound, and 95% confidence intervals (CI)
of the sizes of subpleural consolidations for
auscultatory positive and auscultatory nega-
tive findings were compared. In hemithora-
ces with two or more subpleural consolida-
tions, the largest was used for calculation
of CI. McNemar’s test was performed using
IBM SPSS statistics for Windows software,
version 21.0 (Inc., Chicago, IL, USA), with
calculation of the P-value between the two
diagnostic modalities (LUS and ausculta-
tion). A P-value below 0.05 was considered
as statistically significant.

Results

Out of 95 children (i.e. 190 hemithoraces)
included in the study, LUS and auscultation
showed pneumonia-positive findings in 98
and 64 hemithoraces, i.e. in 67 and 45 pa-
tients respectively. There were no hemitho-
races with an auscultatory positive and LUS
negative finding of pneumonia (Table 1,
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Figure 1). In one patient, pneumonia was re-
vealed using the trans-hepatic approach only,
and proved afterwards by CXR (Figure 2).

Pleural effusion was detected by ultra-
sound in 14 hemithoraces. In two hemitho-
races, LUS findings completely matched the
VATS finding (Figure 3). In one child with
CT performed within 24 hours after LUS,
and before VATS, necrotizing pneumonia
and pleural effusion initially detected by
LUS were confirmed by CT examination
(Figure 4). However, in the same patient,
LUS detected loculated pleural effusion with
multiple fibrin strands, indicating organiza-
tion of the effusion, whilst CT did not rec-
ognize them.

In the group of patients with positive aus-
cultatory findings, the CI for CC diameters
of subpleural consolidations ranged from
32.46 mm to 54.14 mm, and in patients with
negative auscultatory findings, the CI was
between 16.52 mm and 29.83 mm, which
showed a statistically significant difference,
based on the absence of the overlap between
the two Cls.

The two-tailed P-value between LUS and
auscultation, calculated with McNemar’s
test, was less than 0.0001, which, by conven-
tional criteria, is considered to be extremely
statistically significant. The average time of
LUS examination was 5.7 minutes (SD 1.63).

Table 1 Distribution of the number of hemithoraces with and without pneumonia diagnosed by ultrasound

and auscultation

Auscultation

Ultrasound Total
Positive Negative

Positive 64 34 98

Negative 0 92 92

Total 64 126 190
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Figure 1 Subpleural pneumonic consolidations in
patients with both auscultation and lung ultrasound
positive findings (a-d): a) branching air bronchogram
within a large consolidation (arrow heads), b) pneumo-
nia affecting two pulmonary lobes with clearly visual-
ized pleura within an interlobar fissure (arrow heads),
c) small consolidation at the lung base (marked with
arrow heads, cranio-caudal diameter of 18 mm), but
with a clearly observable branching air bronchogram,
d) consolidation (C) almost completely without air
bronchogram (hepatization), but with a marked hyper-
emia on color Doppler with dichotomous branching
of lung vessels, and a small pleural effusion (*). ) The
largest subpleural consolidation (C) that was not de-
tected by auscultation (cranio-caudal diameter of 54
mm), with a discreet air bronchogram (arrow heads).
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Figure 2 a) Chest X-ray showing a pulmonary consolidation within the right lung base (arrows). This consoli-
dation went unmarked using a trans-thoracic lung ultrasound approach before CXR. However, trans-hepatic
examination of the right lung base (b - e), from the most anterior (b) to the most posterior (e) section detected
this pulmonary pathology. Images b and e show a normal ultrasound pattern of the “mirror image” phenom-
enon (N), while in the middle sections of the right lung base there are lung consolidations marked with arrows
(c) and asterisks (d), with a discreet air-bronchogram. Note the normal lung ultrasound pattern adjacent to
them (N), especially important laterally, because pneumonia does not abut on the lateral pleural surface which
is accessible by a low trans-thoracic approach. L - liver. f) Scheme of the right lung with an area within the lung
base (marked with oblique lines), which is only accessible to visualization by ultrasound when using the trans-
hepatic approach. This area is not in contact with either anterior, or lateral, or posterior pleura, which is manda-
tory for trans-thoracic visualization, but only with basal pleura.
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Figure 3 A 16-year old boy was provided with ambulatory care for 9 days and antibiotic therapy for a week. On
admission he was dyspneic, febrile (38.7°C), and was coughing heavily, with oxygen saturation 91%-97%, and
auscultatory finding of decreased breath sounds on the left. Lung ultrasound was performed on admission and
video-assisted thoracoscopic surgery (VATS) the next day. There was a complete match of lung ultrasound (a)
and VATS (b) findings of massive dense pleural effusion (¥), with thick fibrin layers on both visceral and pari-
etal pleural surfaces (o), and numerous fibrin filaments and strands floating within the pleural effusion (arrow
heads). C - consolidation. ) VATS showing an extensive fibrinous coating of both visceral and parietal pleural
surface after evacuation of the pleural effusion.
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Figure 4 A 3-year old girl who was treated as an outpatient for 8 days by a local pediatrician, receiv-
ing antibiotic therapy for 5 days, was admitted to the Pediatric Emergency Department with tachypnea,
tachycardia, and fever (38.3°C). Auscultation showed asymmetric breath sounds, and both early and late
inspiratory crackles on the right. Lung ultrasound (a, c) and CT performed the next day (b, d) showed lung
consolidations (C) with necrotic areas (o) and a small amount of air (arrow heads), as well as massive pleu-
ral effusion (*). However, lung ultrasound, unlike CT, detected numerous fibrin strands within the pleural
effusion. L - liver. e, f) Video assisted thoracoscopy confirmed the ultrasound finding of multiple fibrin
strands within the pleural space.
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Discussion

Although LUS has been used for a shorter
period of time than CT, and especially CXR,
we cannot refer to it as a new diagnostic
technique. It simply has not been as widely
excepted as perhaps it should be. A large
number of studies have already compared
LUS with CXR, and proved its superiority in
the evaluation of not only the pleural space,
but also the lung parenchyma, especially in
detecting pneumonia, both in adults and
children (1-4, 6, 8, 9, 16-19). Only a few
studies have compared LUS with CT find-
ings, which is highly reasonable consider-
ing the ionizing radiation and consequent
ethical issue (2, 4, 5, 7, 10, 11). However,
we found only one study comparing LUS
and auscultation findings, but not a single
study comparing them in children with sus-
picion of pneumonia (12). In that one study,
Lichtenstein et al. showed the higher diag-
nostic accuracy of LUS in comparison to
auscultation and bedside CXR in detection
of pleural effusion, alveolar consolidation
and alveolar-interstitial syndrome (12). It is
well known that the diagnosis of pneumonia
simply by physical examination, history tak-
ing, and specific auscultatory findings is not
reliable, even in expert hands (20). However,
on the other hand, when there is a diagnos-
tic modality such as LUS, which has still not
been widely accepted, it is expected and un-
derstandable that clinicians are suspicious of
positive US findings which they do not rec-
ognize using auscultation. This was the rea-
son why we focused our study almost solely
on a comparison of findings from an ultra-
sound probe and a stethoscope, in children
with suspected pneumonia.

LUS has been used as a routine diagnos-
tic procedure in our tertiary health care,
regional children’s hospital for seven years,
and during this period it has served as a very
reliable imaging method. We mostly use it in
detecting pneumonia in children of all ages,

and pulmonary diseases in preterm infants,
as well as for their follow-up, which has been
reported in three of our studies (18, 21, 22).
The use of LUS in newborns was also re-
ported by Copetti et al. (23, 24). On the ba-
sis of a number of studies showing the high
sensitivity and specificity of LUS in detect-
ing pneumonia, greater than CXR, as well
as our substantial experience derived from
everyday clinical practice, all patients with
LUS positive findings are treated as having
pneumonia.

Comparing the groups with positive and
negative auscultatory findings with regard
to the 95% CI of the CC diameter of lung
consolidations, we determined that there
is a 30 mm threshold size of the consolida-
tion for auscultatory findings. This suggests
that in 95% of auscultatory examinations it
is not possible to determine the presence of
the consolidation of lung parenchyma with
a CC diameter less than 30 mm, which in-
dicates the limited possibilities of physical
diagnostics, predominantly in early pneu-
monic changes and those of smaller extent.
McNemar’s test showed a statistically sig-
nificant difference in performance between
LUS and auscultation.

We compared LUS with VATS and CT
findings in only 2 children (1 VATS, 1 VATS
and CT), and the match was almost per-
fect. In one child, LUS proved even more
reliable in evaluating the internal compo-
nents of pleural effusion in comparison to
the CT, which was in concordance with the
published data (5, 10, 11). This information
had an important impact on the therapy,
because a pediatric surgeon decided to per-
form VATS, instead of only placing a chest
tube. In the second child, a 16-year old boy,
information provided by US led directly to
the VATS procedure, which was performed
without a previous chest CT examination.
LUS served here as an outstanding tool in
avoiding the patient’s exposure to a very




high effective dose of potentially harmful
ionizing radiation.

We have already proposed the use of a
combined, trans-abdominal and trans-tho-
racic approach (18, 21, 22). This was based
on the observations made in our daily clini-
cal practice, indicating that the TA approach
can occasionally provide additional infor-
mation about the extensiveness of patholog-
ical findings within the lung base. However,
for the first time, in one child, we faced the
situation where a positive US finding was
detected using the trans-hepatic approach,
whereas the TT approach showed a nor-
mal LUS pattern. The pathological finding
within the right lung base was seen medially
in its middle section when angulating the
probe from the most anterior to the most
posterior position. In entirely anterior and
posterior sections of the right lung base, the
US findings were normal, presenting with
the acoustic phenomenon of “mirror image”
The reason why these pulmonary changes
were undetected by the TT approach is
probably their position within the centre of
the right lung base, not reaching the ante-
rior, lateral, or posterior costal pleural sur-
faces (which would be mandatory for the
trans-thoracic visualization), but only the
basal pleura. This is the reason why the TT
approach should be accompanied by the TA
approach, although even recently published
studies, both in children and adults, have
reported only the TT approach as a suffi-
cient LUS technique to diagnose pneumonia
(1, 2, 16, 17). It is important to say that the
low TT approach used in these studies is ex-
actly the same as the TA approach with re-
gard to the costo-phrenic angles, but should
not be equated with regard to the lung base
parenchyma, because using solely the TT
technique would have resulted in one false-
negative finding of pneumonia in our study,
which is not negligible. This case of pneumo-
nia was proved using CXR. The pathological
US finding observed within the lung base
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by the TA approach only was completely re-
solved after antibiotics treatment. The regu-
lar use of the additional trans-abdominal
US approach might increase the sensitivity
of the LUS, which is already high. The im-
plementation of the additional TA approach
would decrease the delay, especially in the
diagnosis of early stages of pneumonia in
some patients, which is extremely important
from the aspect of potential complications
in children with pneumonia which is unrec-
ognized at the time of the first LUS examina-
tion.

LUS imaging for the detection of pneu-
monia is highly reliable, but like most diag-
nostic tests, it is not perfect. It is very hard
to strictly define a pneumonia-positive US
finding, because there is a wide range of
positive findings, depending on the stage
of pneumonia caught at the time of exami-
nation. These findings may encompass the
following: solely the areas of confluent B
lines, subpleural consolidations, without an
air bronchogram (so called hepatization),
subpleural consolidations with adjacent ar-
eas of B lines, extremely small subpleural
consolidations with sizes of less than 5 mm,
and subpleural consolidation with an air-
bronchogram as a most typical US finding
(1-3, 14, 15, 25). It is also hard to distinguish
bacterial pneumonic consolidation from
subsegmental atelectasis due to viral pneu-
monia. Anyhow, we have to be aware that
in some cases LUS findings are non-specific
and have to be compared to and associated
with clinical findings, so that we may deter-
mine the true etiology of pulmonary chang-
es (21). Auscultation does, and will always
have its place in diagnosing pulmonary dis-
eases, especially those with a very limited or
the still insufficiently explored role of LUS,
such as acute bronchitis or bronchiolitis.
Therefore, we propose the use of LUS when-
ever the physical finding is unclear, without
exposing children to unnecessary CXRs.
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Anyone accessing the world of lung ultra-
sonography has to be aware of its limitations,
such as the inability to detect pulmonary
changes not abutting pleura, pathological
findings within hilar regions, and air-filled
lung abscesses. However, the current litera-
ture suggests that most consolidations (up
to 98%) will contact the pleura and are US
detectable (26). As with any other US appli-
cation, operator competency is very impor-
tant, and error may occur if the operator is
not properly trained and experienced. In our
study, all LUS examinations were performed
by a pediatric radiologist very experienced
in this field. This fact probably resulted in
the very short average time needed for LUS
examination (5.7 minutes). However, this
time can be quite variable, depending on the
age of the child (older child - larger thorax
surface to examine), the child’s cooperation
during the exam, as well as the complexity
of the finding (more complicated finding -
longer exam and report).

This study has several limitations. In the
course of our study the greatest problem was
the lack of a gold standard for diagnosis of
pneumonia. It was not feasible to prove all
the LUS and auscultatory findings by CT,
which is considered to be the diagnostic
gold standard in this field, but it cannot be
used on a regular basis for ethical reasons,
namely due to the high exposure to ionizing
radiation. This was the reason why we could
not calculate the sensitivity and specificity of
LUS and auscultation. The pediatric radiolo-
gist performing LUS was aware of the clini-
cal referral diagnosis. However, the great
majority of children sent to the Radiology
Department of our hospital for LUS have a
clinician’s referral diagnosis of pneumonia,
so it is very easy to work it out even when
this information is not immediately accessi-
ble. Furthermore, each LUS was performed
and interpreted by a single pediatric radi-
ologist, which creates a bias in the research.
However, in real life, we believe that each

clinician would prefer to have a finding from
an experienced operator rather than from
someone who is still becoming familiar with
the technique, which is the case with other
pediatric radiologists from our department.
The operator tried to preserve objectivity by
not knowing anything else about the patient,
except the referral diagnosis. It was not pos-
sible to define bacterial and viral pneumo-
nias clearly (blood culture, when obtained,
was negative due to antibiotic treatment
before admission to our hospital, and serol-
ogy for respiratory viruses, Chlamydia and
Mycoplasma pneumoniae when performed
were negative). However, no distinction
between bacterial and viral pneumonia has
been made in most articles dealing with
this topic (1-3, 4, 6). In clinical practice, es-
pecially in underdeveloped countries, it is
often virtually impossible to distinguish be-
tween bacterial and viral pneumonia, so an-
tibiotic treatment is mostly empirical, based
on the age and current epidemiological situ-
ation (27).

Conclusion

In conclusion, in children with clinically
suspected pneumonia, lung ultrasound
showed a positive finding in more hemitho-
races than auscultation. A cranio-caudal size
of a subpleural consolidation of less than
30 mm significantly reduced the possibil-
ity of auscultatory detection. The use of an
additional trans-abdominal US approach,
along with the standard trans-thoracic ap-
proach, is expected to result in a further in-
crease of ultrasound sensitivity in diagnos-
ing pneumonia, which is already high. Lung
ultrasound is a reliable diagnostic tool, and
should be implemented in everyday clinical
practice whenever physical findings need to
be complemented with imaging findings. Its
application might to a certain extent exclude
the need for imaging modalities based on




ionizing radiation, which would strongly
support the Image Gently campaign.

What is already known on this topic

Lung ultrasound is an extremely valuable diagnostic tool in
detecting pneumonia in children of all ages, with higher sen-
sitivity and specificity than chest X-ray, shown by a number of
studies. However, only one study in the published literature has
compared lung ultrasound and auscultation findings, but not
in pediatric patients with suspicion of pneumonia.

What this study adds

Our study shows more positive lung ultrasound findings com-
pared to auscultation in children with suspected pneumonia,
and establishes the threshold size of subpleural consolidations
below which it is highly unlikely that pneumonia will be de-
tected by auscultation. This is very important from the aspect
of expectations from both diagnostic methods, and their reli-
ability in everyday clinical practice. When the physical finding
is unclear, lung ultrasound can provide valuable information
for the clinician, without using ionizing radiation in children,
supporting the “Image gently” campaign.
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Introduction

Objective. The goal of this ultrasound based cross-sectional study was
to make use of ultrasound to determine the position of the mental
foramen in relation to hard tissue landmarks. Material and methods.
One hundred Black and Caucasian subjects were included. An ultra-
sound transducer was used to locate the mental foramina. Distances to
various landmarks were measured and compared. Results. All mental
foramina were visualised ultrasonographically. The mean distances to
various landmarks from the mental foramen for the entire group on
the right and left sides respectively were as follows: a) 22.8 mm (SD
2.04 mm) and 22.8 mm (SD 2.0 mm) to the cusp of the related tooth,
b) 13.2 mm (SD 1.6 mm) and 13.2 mm (SD 1.6 mm) to the inferior
border of the mandible. The mean position of the mental foramen was
found to be 63.4% (SD 1.8%) of the distance from the cusp of the relat-
ed tooth to the inferior border of the mandible on the right and 63.3%
(SD 1.7%) on the left. There were statistically significant differences
between race groups and genders, but not between age groups. Con-
clusion. These results suggest that ultrasound is a sensitive modality
to locate the mental foramen. There are minor, statistically significant
(but clinically insignificant) differences in the position of the mental
foramen with regard to various hard tissue landmarks.

procedures (3, 4). Procedures important to
the anatomy of the mental foramen include:

The mental foramen is located on either side
of the mandible just below the corners of the
lips, around the region of the root of the sec-
ond premolar tooth (1). The mental nerve
emerges from the mental foramen and pro-
vides sensation to the lower central portion
of the face (1, 2).

Dentists, oral maxillofacial surgeons,
emergency physicians, and plastic and re-
constructive surgeons are required to be
knowledgeable regarding the anatomy of the
mental foramen and variations in its posi-
tion, for the purpose of achieving local an-
aesthesia as well as planning various surgical

tooth extractions, root canal treatment, scal-
ing, polishing, treatment of gingival disease,
removal of cysts and tumors, repair of lower
lip and chin lacerations, reconstructive soft
tissue procedures, endodontic/orthogenetic
surgery, fixation of bone fractures and im-
plant placement (5-7). Variation in the anat-
omy and position of the mental foramen,
with regard to race, age and gender, play an
important role (8-12). The mental foramen
and the various modalities useful in locating
the mental foramen have been reviewed in
detail elsewhere (13).

Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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Local anaesthesia infiltration and surgi-
cal procedures in the vicinity of the mental
nerve may be complicated by temporary or
permanent sensory dysfunction and par-
aesthesia as a result of injury to the mental
nerve (14, 15). Therefore the accurate deter-
mination of the position of the mental fora-
men is important to all clinicians concerned.

The aim of this ultrasound based cross
sectional study was to determine the posi-
tion of the mental foramen in relation to
hard tissue landmarks using ultrasound.

Materials and methods

In the preparation prior to this study, ultra-
sound echogenic markers were placed at the
mandibular border and cusp tip to ensure
that the image limits seen on the monitor
screen correlated with the distances mea-
sured without markers (Figure 1 and 2).

In this study we enrolled 100 Adult
Black and Caucasian (White and Asian)
patients, older than 18 years who present-
ed to the CMJAH ED (Figure 3). Patients

Figure 1 Ultrasound image showing the inferior border of the mandible and the mental

foramen.

Figure 2 Ultrasound image showing cusp tips of the 2" premolar teeth with interposing

1 mm hypoechoeic spacer.
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Figure 3 Exclusions and final sample for analysis.

Figure 4 Ultrasound image of the mental foramen and its hard tissue relations. The mental foramen
is easily identified as a break in the continuity of the bone in the vicinity just below the corner of the

mouth.

were randomly selected from the ED queue
at a time convenient to the researcher. The
last patient waiting in the ED queue to see
a doctor for his/her presenting complaint
was approached first for participation in
the study. Patients were approached in this
manner so as not to lengthen their waiting
time in the ED queue for the purpose of
their visit. Potential participants were given
an information leaflet. Eligible volunteers,
who consented to participate in the study,
were made to lie in the supine position in
an examination cubicle. We used a Toshiba
diagnostic ultrasound system (model SSA-
510A) and a high frequency (8MHz) trans-
ducer (PLE805ST) with the machine set on

the “small parts” preset mode. The length
of the transducer covered the distance be-
tween the related cusp tip and the inferior
border of the mandible in all cases. Sonar
gel (Konix ultrasound gel, Sanichem, Dur-
ban, South Africa) was applied to the ul-
trasound transducer once the machine was
in running mode. The transducer, with the
marker facing cranially, was gently applied
just lateral to the mentum. The mental fo-
ramen was identified and the appropriate
image frozen (Figure 4). The cusp to men-
tal foramen and the inferior border of the
mandible to mental foramen distances were
measured and documented. Participants
were asked to maintain a neutral facial ex-
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pression during measurements. The above
procedure was repeated on the opposite side
of the face. After documenting relevant data,
excess gel was gently cleaned off and the vol-
unteer thanked. Any difficulties experienced
during the investigation were documented.
Individuals with congenital / acquired facial
distortion, a history of mandibular surgery
and patients who had mandibular teeth
missing between the right and left lower 1st
molars were excluded from the study. De-
tails of patient recruitment and exclusion
are listed in the flow diagram in figure 3.

Patient confidentiality was respected
at all times. Data collection sheets did not
include personal data. Only relevant demo-
graphic data was included. The information
gathered was protected by a coded number-
ing system, which was stored in a password-
protected computer that was only accessible
to the researcher.

Ethics statement

Permission to conduct the study was ob-
tained from the head of department (H.O.D)
of the CMJAH ED and the hospital manage-
ment. Clearance was obtained from the Hu-
man Research Ethics Committee of the Uni-
versity of the Witwatersrand (certificate no.
M110920).

Statistical analysis

All data were captured from the data collec-
tion sheets by the primary investigator and
entered into an electronic spreadsheet (Mi-
crosoft® Excel®). STATA® version12.1 soft-
ware (StataCorp LP) was used to analyze all
data. Each volunteer was placed into an age
category: a) 18-30 yrs, b) 31-40 yrs, c) 41-
50 yrs, d) 51-60 yrs, e) 61-70 yrs. Means and
standard deviations were calculated for con-
tinuous variables (measurements obtained).

The means of measurements obtained (con-
tinuous variable) for age group, gender and
race (categorical variables) were compared.
Normal (Gaussian) distribution and equal
variance of the data were confirmed using
the Kolmogorov-Smirnov and Barnetts
tests, respectively. Data were statistically
analyzed using one-way ANOVA. Where
appropriate, the Student’s-T-test and Bon-
ferroni post hoc analysis were performed.
The level of significance was set at a=0.05,
CI=95%. Study reporting conformed to
STROBE guidelines (16).

Results

The total sample of 100 subjects consisted of
50 Blacks (27 males and 23 females) and 50
Caucasians (23 males and 27 females). The
Caucasians were further subdivided into
25 Asians (13 males and 12 females) and
25 Whites (10 males and 15 females). The
overall sex distribution was equal and (50
males and 50 females). The overall mean age
of the study population was 35.7 years (SD
1.9 years).

All mental foramina (100%) were ultra-
sonographically identified. Figures 5 and
6 respectively describe the hard tissue dis-
tances that were measured and the mean
measurements for the entire group. Table 1
describes the age group frequencies of the
various race groups studied and Table 2 de-
scribes the impact of race, gender and age
on the position of the mental foramen, with
regard to distances to hard tissue landmarks.

A significant difference was found be-
tween races and between genders for the
distances from the mental foramen to the
various hard tissue landmarks. However
there were no statistically significant differ-
ences between age categories. This is pre-
sented in Table 2.
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MCR=Vertical distance from the mental foramen to the cusp of the concerned tooth on the right. MIR=Vertical distance from the mental fora-
men to the inferior border of the mandible on the right. %R=The proportion of the distance (in percentage) of the position of the mental fora-
men from the cusp of the related tooth to the inferior border of the mandible on the right (i.e. MCR / MCR + MIR). MCL=Vertical distance from
the mental foramen to the cusp of the concerned tooth on the left. MIL=Vertical distance from the mental foramen to the inferior border of the
mandible on the left. %L=The proportion of the distance (in percentage) of the position of the mental foramen from the cusp of the related
tooth to the inferior border of the mandible on the left (i.e. MCL / MCL + MIL).

Figure 5 Frontal view of the mandible showing horizontal hard tissue measurements.

Figure 6 Frontal view of the mandible showing the various mean horizontal hard tissue measurements for the
entire group of participants.
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Table 1 Age group frequencies of the various race groups studied

Age Group (yrs)
Race

18-30 31-40 41-50 51-60 61-70 Mean (SD)
Black 18 20 8 3 1 34.7 (10.4)
Asian 13 6 3 3 - 33.5(11.6)
White 9 3 5 7 1 39.9(11.6)
Total 40 29 16 13 2 35.7(11.1)

Table 2 The impact of race, gender and age with regard to the distance from the mental foramen to various

hard tissue landmarks

All Race Gender Age group (years)
Distances .
patients Black Asian  White Female Male 18-30 31-40 41-50 51-60 61-70
Mean 22.8 235 22.1 219 215 24.0 223 234 233 222 20.9
g SD 2 2.0 1.8 1.7 1.7 1.7 1.9 24 24 0.6
(mm)
ANOVA (p=0.0009) T test (p=0.0000) ANOVA (p=0.0671)
Mean 228 235 22.1 221 216 24.0 224 224 234 223 20.8
g SD 2 1.9 1.7 2.0 1.7 1.7 1.9 2.3 24 0.6
(mm)
ANOVA (p=0.0023) T test (p=0.0000)  ANOVA (p=0.0842)
Mean 13.2 13.9 12.2 12.8 14.2 12.6 13.7 134 12.9 12.4
Ll SD 1.6 1.4 1.5 1.6 13 1.6 1.6 1.7 19 0.4
(mm)
ANOVA (p=0.0000) T test (p=0.0000)  ANOVA (p=0.2487)
Mean  13.2 13.9 12.2 12.7 14.2 12.8 13.7 133 129 125
s SD 1.6 1.4 1.4 1.6 1.3 1.5 1.5 1.8 1.8 0.8
(mm)
ANOVA (p=0.0000) T test (p=0.0001)  ANOVA (p=0.2263)
Mean 634 629 64.5 634 63.9 62.9 63.6 63.2 63.6 63.2 62.8
0
i SD 1.8 1.3 2.0 2.0 1.5 2.0 1.4 1.8 19 0.0
(mm)
ANOVA (p=0.0007) T test (p=0.0037)  ANOVA (p=0.8039)
Mean 63.3 62.8 64.3 634 63.9 62.8 63.6 63.1 63.5 63.1 62.4
V)
5 SD 1.7 1.5 1.8 1.9 1.6 19 1.6 1.8 1.6 1.0
(mm)

ANOVA (p=0.0020)

T test (p=0.0019)

ANOVA (p=0.6668)

MCR=Vertical distance from the mental foramen to the cusp of the concerned tooth on the right; MIR=Vertical distance from the mental fora-
men to the inferior border of the mandible on the right; %R=The proportion of the distance (in percentage) of the position of the mental fora-
men from the cusp of the related tooth to the inferior border of the mandible on the right (i.e. MCR MCR + MIR); MCL=Vertical distance from
the mental foramen to the cusp of the concerned tooth on the left; MIL=Vertical distance from the mental foramen to the inferior border of the
mandible on the left. %L=The proportion of the distance (in percentage) of the position of the mental foramen from the cusp of the related

tooth to the inferior border of the mandible on the left (i.e. MCL/MCL+MIL).

Discussion

This was a prospective, cross-sectional ob-
servational study of patients who presented
to a single center ED (Charlotte Maxeke Jo-
hanesburg Academic Hospital (CMJAH),
Johannesburg, South Africa) between Feb-
ruary 2012 and March 2013. CMJAH is a
tertiary care facility in a large urban envi-

ronment, and is affiliated with the Univer-
sity of the Witwatersrand.

In this study, we identified 100% of men-
tal foraminae by ultrasound. By applying the
ultrasound probe just lateral to the mentum,
the mental foramen is easily recognized as
a break in the continuity of the bone. There
are no other similar ultrasonographic struc-
tures that may be confused with the mental
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foramen in this region. Jacobs et al. reported
detection of the mental foramen in 94% of
panoramic radiographs, and only 49% were
clearly visible (17), whilst the mental fora-
men was visualized in only 84.2% of cases
in an Iranian study that also assessed pan-
oramic radiographs (18). An earlier study
that assessed periapical films reported de-
tection rates of the mental foramen in only
46.8% of cases (19). Therefore the use of
ultrasonography to identify the mental fo-
ramen may be regarded as superior to pan-
oramic and periapical films. It is also a safer
option, with no known side effects or risk of
radiation exposure (20).

Sixty-nine percent of subjects were under
the age of 40 years and only 2% of subjects
were older than 60 years. The reason that most
of our subjects were under 40 years of age was
due to the fact that with advancement in age,
the incidence of missing teeth between the
right and left mandibular 1st molars is higher.
Therefore, many potential subjects that were
approached to participate in the study were
excluded as they had missing teeth between
the right and left 1st mandibular molars.

The mean vertical distance of the entire
group of subjects from the buccal cusp tip of
the concerned tooth to the mental foramen
was 22.8mm (SD 2.0 mm) on the right and
22.8 mm (SD 2.0 mm) on the left side. Differ-
ences between all race groups were minimal
at around 1 mm. Although these differences
are statistically significant, they are however
minimal and are not regarded significant
from a practical or clinical point of view. In
males, the mean distances were about 2.5
mm longer than in females (p<0.05). Av-
erage distances of 23.34mm and 25.69mm
have been recorded in Chinese and Korean
populations respectively (21, 22).

The mean vertical distance of the entire
group of subjects from the inferior border of
the mandible to the mental foramen was 13.2
mm (SD 1.6 mm) on the right and 13.2 mm
(SD 1.6 mm) on the left side. The mean dif-

ference between racial groups was approxi-
mately 1 mm (p<0.05). In males the mean
distances were about 2 mm longer than in
females. In studies on American and Indian
subjects, the mean distance has been re-
ported as 12.9 mm and 16.5mm respectively
(9, 23). Other studies documented distances
between the above (10, 21, 22, 24-28).

No previous published studies have com-
pared differences between race groups, be-
tween genders or between age groups with
regard to the buccal tip to mental foramen
distance or the inferior border of the man-
dible to mental foramen distance. However
the distance from the mental foramen to the
symphysis menti, and from the mental fo-
ramen to the posterior border of the ramus
has been previously studied and compared
between population groups (10, 29, 30).

The mean position of the mental fora-
men for the entire group of subjects in this
study was 63.4% (SD 1.8%) of the distance
from the cusp of the related tooth to the in-
terior border of the mandible on the right
(%R) and 63.3% (SD 1.7%) on the left (%L)
side. The mean position of the mental fora-
men was lowest in Asians, then Whites and
then Blacks. They were all however within
2% of each other. The mental foramen was
located about 1 mm lower in females com-
pared to males (p<0.05). An American study
located the mental foramen at an average of
approximately 60% of the distance between
the buccal cusp tip and the inferior bor-
der of the mandible (31). A Korean study
compared dry skulls with panoramic radio-
graphs, and concluded that the average dis-
tance ratio from the buccal cusp tip to the
inferior border of the mandible was 60.6%
on dry skulls and 63.6% on panoramic ra-
diographs (22). A study using panoramic
X-ray images looked at ideally positioned
and systematically mis-positioned skulls, to
evaluate for errors in linear measurements
and symmetry ratios. The study concluded
that panoramic radiographs should be in-
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terpreted with caution for absolute measure-
ments or relative comparisons, even when
internal fiducial calibration for image dis-
tortion of anatomy is used (32). Ultrasono-
graphic techniques make use of direct mea-
surement and do not have the negative effect
of radiographs, where angles and curves are
not taken into account.

A limitation to the use of ultrasound in-
cludes the fact that ultrasonography is op-
erator dependent. Therefore, all ultrasound
examinations and data collection were con-
ducted by the primary investigator, who is
certified for emergency ultrasound by the
College of Emergency Medicine of South
Africa. The study was fully supervised by a
faculty member of the division of emergen-
cy ultrasound of the College of Emergency
Medicine of South Africa. Another limita-
tion to our study is that we excluded patients
with congenital / acquired facial distortions,
patients with a history of mandibular sur-
gery, and patients who had mandibular
teeth missing between the right and left low-
er 1st molars. Perhaps the mental foramen
may not have been as easily found with ul-
trasonography in these patients as a result of
positional change or distortion of the men-
tal foramen. Studies have reported a change
in the position of the mental foramen with
regard to hard tissue landmarks in subjects
with advanced age, tooth wear and loss of
teeth (8, 11, 12, 33). We did not find any
statistically significant differences between
age groups in our study. A likely reason is
that more than two thirds of the subjects in
our study were under 40 years old, and only
2% of the subjects were older than 60 years.
Further studies using ultrasonography and
hard tissue landmarks will be required to see
if the same holds true in patients with ad-
vanced age, tooth wear and tooth loss.

Conclusion

Ultrasonography, regarded as the 21st cen-
tury stethoscope in the Emergency Depart-

ment (34), is a cost effective, time saving,
non-invasive, safe modality, with no risk of
radiation exposure (20). It has many uses
in the Emergency Department, including
regional nerve block anesthesia, and can
be used as a diagnostic, as well as an inter-
ventional tool (35). Theoretically, the use of
ultrasonography for mental nerve blocks
would decrease the need for local anesthe-
sia, increase first time success rates and de-
crease complication rates. Traxler et al. used
ultrasound in 1992 to determine the alveolar
ridge width for purposes of dental implants.
They also commented that ultrasound pro-
vided accurate information about the position
of the mental foramen, as a secondary finding
(36). Recently, Moystad and colleagues used
ultrasound to evaluate the size of the mental
foramen in patients with unilateral neurosen-
sory dysfunction after third molar removal
(37). More recently, Chan and colleagues, in
a proof of concept study, compared CBCT
scans with real-time ultrasound. They com-
mented that hard tissue surfaces, including
enamel, root dentin, and bone, as well as soft
tissues and the mental foramen, were easily
visualized. Various ultrasonographic mea-
surements correlated well with the measure-
ments obtained from CBCT scans (38). Point
of care / hand held ultrasound devices, as well
as recent advances in 3D ultrasonography,
have the potential to revolutionize the prac-
tice of dento-maxillofacial surgery. A limita-
tion to the use of ultrasonography is that it is
operator dependent (34).

What is already known on this topic

The mental foramen is an important landmark for dentists,
oral maxillofacial surgeons, emergency physicians, and plas-
tic and reconstructive surgeons. The position of the mental
foramen and nerve has been well reported in the dento-max-
illofacial setting on cadaver specimens, intra-operatively and
radiologically. The literature regarding the role of ultrasound
in finding the mental foramen and other oro-facial structures
is rather sparse.

What this study adds

Ultrasound has 100% sensitivity in accurately locating the
mental foramen in normal human mandibles. There were mi-
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nor, statistically significant (but clinically insignificant) differ-
ences in the position of the mental foramen across race, gender
and age, with regard to various hard tissue landmarks. Point of
care / hand held ultrasound devices have the potential to revo-
lutionize the practice of dento-maxillofacial surgery.
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Introduction

In this article we will review the benefits of a system built on part-
nership of physicians and their patients, highlight some of the factors
which impede this transition, and propose ways to address these fac-
tors. Also, we are going to analyze the educational environment in Bos-
nia and Herzegovina and Croatia concerning ethics and communica-
tion skills. Personal responsibility of patients for their health should
be reflected in their joint involvement in health decisions with their
physicians. Patients, insecure about their individual competence sur-
rounding their health decisions, tend to shy away from responsibility,
whereas physicians, pressured by the responsibilities of the profession,
do not always show sensitivity to all of the patient’s concerns. They
often treat illnesses instead of patients. A more open and collabora-
tive relationship between the patient and the physician through shared
decision making would be a better alternative. In the end, the patient
ultimately decides whether a health intervention was satisfactory in
fulfilling his or her specific needs. Transition from a paternalistic to a
mutual relationship between doctors and patients has already begun.
In an era of intense information sharing, shared decision making is a
sensitive, ethical, legal, and political concept which needs empathic
doctors with well-developed communication skills to integrate their
clinical knowledge with patient-centered care. Conclusion. Transition
from paternalistic to partner relation between physicians and patients
is moving slowly ahead in Croatia and Bosnia and Herzegovina. Edu-
cational environment is improving but needs intense efforts to develop
further.

In this article we will review the benefits
of a system built on partnership, highlight

Over the last several decades, medicine has
undergone a paradigm shift from a model
based on paternalism to one based on part-
nership (1). This transition from a paternal-
istic system to a system built on partnership
has not been uniform across the globe. Dif-
ferent countries have different cultural, his-
torical, and political factors which affect the
speed and shape of this transition.

some of the factors which impede this tran-
sition, and propose ways to address these
factors.

Factors and benefits of the transition

As technology improves and is used more
frequently, a feeling of distance between the

Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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patient and the doctor emerges (2). This can
cause patients to become confused or over-
whelmed, leading to a loss of trust toward
both the doctor and the healthcare system.
Consequently, this can result in low adher-
ence to the prescribed regimens by patients.
Conversely, a new concept known as shared
decision-making (SDM) can effectively limit
confusion and dissatisfaction surrounding
health decisions, lead thus often to better
compliance, improved health outcomes,
fewer lawsuits, and more meaningful inter-
actions with health care professionals (2).

The SDM concept is defined as “an ap-
proach where clinicians and patients share the
best available evidence when faced with the
task of making decisions, and where patients
are supported, while considering their op-
tions, to achieve informed preferences” (3). It
is a patient-centered system which aims for a
better means of communication and trust. Its
implementation includes options, discussion,
and decision making (4). The patient must feel
free to discuss personal goals or concerns,
and find a way to align them with available
treatments that are supported through evi-
dence-based medicine (EBM) (5).

Furthermore, the concept of SDM aligns
well with todays legal requirements. As
early as 1978, the Declaration of Alma-Ata
recognized that “people have a duty and a
right to become involved participants in
their healthcare” (1). Additionally, the Dec-
laration highlighted that health is not only
the “absence of disease” but, rather, is “the
state of complete physical, mental, and so-
cial wellbeing” (6).

Through SDM, both the physician and
the patient feel more assured that they have
established an accurate diagnosis and subse-
quent follow-up procedures. With this im-
proved decisiveness, there is a reduction in
avoidable costs for specialty care visits and
diagnostic tests (7). Furthermore, more en-
gaged patients tend to decide against costly
invasive treatments. In fact, according to a

2014 Cochrane systematic review, more en-
gaged and properly informed patients tend
to decide against costly invasive treatments
which can lessen costs and hospital burdens
(RR 0.79; 95% CI 0.68 to 0.93) (8). Under-
standably, physicians are most concerned
with the eradication of illness, whereas the
patients are more concerned about their
well-being and will consequently be more
concerned with potential side effects of pro-
cedures than the physicians (9).

Challenges to shared decision making

Although the interest in supporting the
adoption of SDM is growing, actual imple-
mentation is slow, and faces many chal-
lenges. There are extensive systemic barriers
which prevent physicians from being able to
champion SDM (10). The three most often
reported barriers to SDM are: time con-
straints, lack of applicability due to patient
characteristics, and the clinical situation
(11). Additionally, patients may be initially
reluctant to fully participate in the decision
making process. Strong emotions such as
anxiety, fear, and anger may interfere with
the patient’s ability to process information
for good decision making; low health lit-
eracy, cultural and religious differences may
cause disagreement with the physician (12).
Decision aids provide pertinent infor-
mation for selected patient conditions, sup-
ported by credible research through EBM.
The information can be provided through
videos or audiotapes, workbooks, pam-
phlets, etc. (13). Decision aids are used as an
addition to discussions with physicians, and,
therefore, are provided in a distinctly neu-
tral and informative manner. It is important
to note that they are not a method of acquir-
ing informed consent. Their purpose is to
equip the patient with pertinent material for
future discussion during doctor visits (13).
It has been demonstrated in multiple
randomized control trials that their use:
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1) improves patient knowledge; 2) lowers
decisional conflict; and 3) increases active
patient decision making (14). A 2014 Co-
chrane review of 115 studies (8) highlight-
ed that, when compared with patients who
received usual care, those who used deci-
sion aids had increased knowledge, more
accurate risk perceptions, reduced internal
conflict about decisions, and a greater like-
lihood of receiving care aligned with their
values. Moreover, fewer patients were unde-
cided or passive in the decision-making pro-
cess — changes that are essential for patients’
adherence to therapies. However, despite
this evidence, decision aids are still not be-
ing sufficiently implemented. Their distribu-
tion remains relatively low due to the slow
progress of physician adaptation to patient
involvement and a lack of proper education
in decision aids (15). Therefore, in order to
successfully begin SDM, it is imperative that
decision aids are correctly administered and
implemented, with constant adjustment to
new relevant science.

During the War for Independence, Croa-
tia and Bosnia and Herzegovina (BH) faced
devastating losses to their health infrastruc-
tures, funding, and professional personnel,
and have been forced to make more efficient
use of now severely limited resources (16).
The concept of patient-centered medicine
through active SDM has great benefits in the
form of reduced overall workload, making it
a natural fit for a health care system that still
faces many burdens.

Unfortunately, although sufficient legis-
lature is in place, implementation is lacking
in Croatia and BH, where the culture of phy-
sician omnipotence has just recently been
challenged. Concerning patients’ health
concerns, many patients may feel that their
physicians are not open to discussion. Many
of the patients do not even object to this
one-sided relationship because they fear the
effort would be fruitless and would simply
cause more strain. It is, therefore, important

that both physicians and patients are better
informed of their rights and responsibilities
regarding their collaboration.

Regret is a common consequence of de-
cisions and greatly influences overall par-
ticipation in SDM, yet the instruments to
measure this are still undeveloped (17). Al-
though there has been the development of
many scales in English and other languages,
which indicates growing research efforts in
various countries (18), the methodological
guidelines that could improve future prefer-
ence-match studies of the patient-physician
interaction are still missing. Adoption of
patient-match assessment and intervention
strategies are both necessary, and should
be used as an addition to patient-centered
and shared decision-making approaches
(19). However, the latest Cochrane review
revealed uncertainty in whether interven-
tions to improve the adoption of SDM were
effective, given the low quality of the evi-
dence (20). However, the authors conclude
that any intervention that actively targets
patients, healthcare professionals, or both, is
“better than none”.

Public notion of SDM in Croatia and BH
does not seem to be very high and academic
research on SDM in these regions remains
fairly rare. Only recently have some stud-
ies started to address the benefits of SDM.
In 2013 and in 2014, two studies argued its
benefits in respect to flu vaccination and
cardiovascular health in female patients
respectively (21, 22). The few studies intro-
ducing the practice of SDM to the Croatian
community mirror those conducted in Bra-
zil or Chile, where actual research in SDM
remains in its infancy (23, 24).

A call to action: Proper training and
decision aids

In order for patients to become more in-
volved in health decisions, it is essential that
they are treated as equal partners, meaning
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that physicians are required to create a pleas-
ant environment where the patient would
feel that his or her input is welcome. Physi-
cians need to be trained in advance on how
to create a rapport with patients surround-
ing health decisions. Consequently, medical
education and training should include both
communication skills and ethics focusing
on patient-centeredness (20). These topics
should be emphasized more in undergradu-
ate medical studies where students would
become more familiar with possible scenar-
ios and adequate and sensitive reactions to
patient needs (25). This training would pro-
vide better skilled and empathetic clinicians.
In order to better prepare future physicians,
undergraduate and postgraduate training
should integrate a more patient-centered
approach.

Table 1 gives an overview of ethics and
communication courses in medical schools
in Croatia, BH, Macedonia, Montenegro,
Serbia, Kosovo, and Albania, and repre-
sents the picture of continuous efforts for
improvement. This data was obtained from
primary care physicians gathered in an ini-
tiative called the ”Split Initiative”, which
consists of a series of conferences attended
by representatives from each of the regional
family medicine departments from their
respective schools of medicine (26). These
conferences, held so far in Split, Ljubljana,
Zagreb, and Podgorica, allowed sharing of
knowledge and experiences regarding fam-
ily medicine teaching methods, patient-
doctor relations, and international research
collaboration. In total, data from 14 schools
of medicine were analyzed; 4 from Croatia
(all), 5 from BH (all), 1 from Macedonia, 1
from Montenegro, 1 from Serbia (the oldest
and largest university), 1 from Kosovo, and
1 from Albania.

Both ethics and communication skills
classes are already available in the majority
of medical schools included in this analysis.
However, they are not equally emphasized in

each of the curricula. When comparing the
availability of either ethics or communica-
tion skills courses in neighboring countries,
such as in Italy, there is also a similar lack
of emphasis in such courses (27). Overall,
it is clearly necessary for these universities
to offer more credit hours on these subjects.
Communication skills should be more than
an elective course, and should provide stu-
dents with more real life practice, including
training in both face-to-face and electronic
communication. The way to improve pa-
tient-doctor communication is by under-
standing the theory behind good doctor-
patient communication, and by practicing
these skills while maintaining the capability
of modifying communication styles in ac-
cordance to specific situations (28).

In the similar light of encouraging eth-
ics and communication classes, related SDM
training could also be provided through the
use of several specialized toolkits. These in-
clude: face-to-face encounters for physician
training purposes, on-the-fly coaching and
feedback to health care providers during
training, as well as reminder cards, cue post-
ers and decision aids (29). While this sort of
training has the potential to benefit health
care providers at any stage of their profes-
sional career, ideally it would be implement-
ed as an elective undergraduate class, in or-
der to introduce the aspiring physicians to
the concept of SDM as early as possible.

Croatian medical professionals have gen-
erally recognized the value of applying data
supported by EBM. In fact, Cochrane Croa-
tia was established by the medical school
in Split with the aim to promote the devel-
opment and usage of EBM for physicians,
students, and patients. More than 1,000
Cochrane summaries have already been
translated into Croatian and further trans-
lation activities are currently being planned
(30, 31). In 2013, the 5th annual Croatian
Cochrane Symposium was dedicated to lay
users, e.g., patients. Efforts in popularizing




Marta Vucemilovic et al.: Shared decision making

Table 1 Details from ethics and communication skills curricula at medical schools in Croatia, Bosnia and
Herzegovina, Macedonia, Montenegro, Serbia, Kosovo and Albania (data from 2014)*

Split University
(HR)

Subject: Ethics in “Medical humanistic science”

Subject: “Psychological medicine”

Years Hours/Year  Type

BE 25 S

Subject: “Family medicine”

Years Hours/Year  Type

6" 2 S

Elective subject: “Communication skills”

Years Hours/Year Type Years Hours/Year  Type
2nd, 3rd, 4th 5t gth 15 L6, S9 4th 25 =
Subject: “Medical Ethics” Subject: “Basics of physicians’ knowledge”
(Z:g)reb i Years Hours/Year Type Years Hours/Year  Type
5t 45 L4, S41 156t 30 P
Subject: "Medical Ethics”
(F:_Iljs)k LT Years Hours/Year Type None
6 45 L15,530
Subject: “Medical Ethics” Subject: “Family medicine”
Years Hours/Year Type Years Hours/Year  Type
Osijek University 6" 40 120,520 6" 2 S
(HR) Elective subject: "How to apply Hippocrates oath” Elective subject: "Communication skills”
Years Hours/Year Type Years Hours/Year  Type
st = = 4th 25 L15,510
Subject: “Medical Ethics and bioethics” Elective subject:,Communication skills”
;\gz;tar Uimihsiiz Years Hours/Year Type Years Hours/Year  Type
156t 10 L5, S5 1 - -
Subject: “Introduction to medicine”
Years Hours/Year Type
- Subject: "Psychology of communication”
Tuzla University 1 3 L2,P1
(BA) Subject: “"Family medicine”
Years Hours/Year Type Years Hours/Year  Type
6t 2 L2 1 3 L2,P1
Subject: “Medical Ethics and sociology”
(SBa:;Jevo University Years Hours/Year Type None
1 45 L30, P15
Subject: "Ethics” Subject: “Clinical Praxis II”
Eastern Sarajevo
University Years Hours/Year Type Years Hours/Year  Type
&) 1t 25 = 2nd 30 L15+ P15
Bania Luk Subject: "Family Medicine”
anja Luka
University None Years Hours/Year  Type
(BA)
6 2 S
Subject: “Medical Ethics” Subject: “Medical Psychology and Sociology”
(S,\I;T(?Je il Years Hours/Year Type Years Hours/Year  Type
'I st 60 - 'l st - -
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Continuation of Table 1 Details from ethics and communication skills curricula at medical schools in Croatia,
Bosnia and Herzegovina, Macedonia, Montenegro, Serbia, Kosovo and Albania (data from 2014)*

Medical School Ethics

Communication skills

Subject: “Medicine and Society”

Years Hours/Year Type
Subject: "Family Medicine”
st
Podgorica University ! B B
(ME) Subject: “Family Medicine”
Years Hours/Year Type Years Hours/Year  Type
4t 1 L 6t 1 L
Subject: “Medicine and Society”
Years Hours/Year Type
- 20 S
Elective subject: “Bioethics 3" Elective subject: "Communication in Medicine”
?;g;grad SRS Years Hours/Year Type
3w 30 L15,P15
Elective subject: “Bioethics 5”
Years Hours/Year Type Years Hours/Year  Type
5th 30 L15,P15 = 30 L15, P15
Subject: “Medical Ethics” Subject: “Medical Psychology and communication
skills”
Pristina University
(RKS) Years Hours/Year Type Years Hours/Year  Type
‘IS( ‘Is( - -
Subject: “Medical Ethics” Subject: “Communication in health care”
Tirana University
(AL) Years Hours/Year Type Years Hours/Year  Type
1t 25 L13,512 1 35 L15,520

*Types of classes: L=Lectures, S=Seminars, P=Practicals. HR=Croatia; BA=Bosnia and Herzegovina; MK=Macedonia; ME=Montenegro; RS=Serbia;

AL=Albania; RKS-=Kosovo.

Cochrane have been started in BH, where
a conference about the perspectives of Co-
chrane and EBM was organized at the Sara-
jevo Medical School in October 2015, and
although this symposium was targeted at
academia and decision makers, the efforts
will be continued to better present evidence
to the lay public.

Due to the fairly regular media cover-
age of such events and programs that raise
awareness about EBM, professional meet-
ings in both countries seem to be a fairly
effective method of relaying the importance
of EBM to health care system policy-makers
and regulatory officials (such as the top of-
ficials at ministries and institutes of public
health and heads of hospital departments).
As such events become more frequent, per-

haps their message could be disseminated
through a top-down movement resulting in
a systemic change toward the implementa-
tion of SDM and EBM.

Aside from physician education, patients
should also be better educated regarding
their health. Demand for patient education
is demonstrated by the involvement of the
Croatian Patient Association in the Interna-
tional Association of Patient Organizations.
Through this organization, patients have ex-
pressed demands for greater involvement in
decision making on the health policy level
(32). Patients should be both properly in-
formed about their condition and about as-
sociated risks of each treatment, so that they
could be involved in effective conversations.
The issues of time constraint and insufficient
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patient medical literacy can be overcome by
utilizing decision aids. Yet, there is a lack of
translated material, which is an issue that
Cochrane Croatia will tackle by pursuing
the translation of decision aids in coop-
eration with the Patient Decision Aids Re-
search Group. This research group in Cana-
da is exemplary, being famous for its Ottawa
Personal Decision Guide and various tool-
kits, along with other materials available on-
line for free (33). Overall, the current level
of development of decision aids in Croatia
again seems to be similar to the situation in
neighboring Italy, where there are still insuf-
ficient examples of decision aids structured
around SDM. One critical point which pre-
vents a stronger movement in Croatia and
BH toward their production is a lack of spe-
cific evaluation tools which can track SDM
progress. This is in contrast to the progress
in Italy where versions of the OPTION scale
and the SDM-Q are already instilled, which
supply reliable outcome measures (27).

Some attempts to give public lectures
and workshops with the aim of introduc-
ing the concept of SDM have already been
made in Split, but have so far failed due to a
lack of resources. Another way to put SDM
into the spotlight with the general public
might be through the media, such as local
TV, radio stations, or newspapers, especially
in programs or news articles which focus on
health information and advice.

Conclusion

Transitioning to SDM has become a glob-
al initiative because it gives any growing
health care system a more efficient method
for providing the highest quality care. In
addition, the physician has the obligation,
both legal and moral, to stop practicing
medicine in a paternalistic manner. Patients
have expressed their desire to become more
involved in the decision making process,
and are unsatisfied when their input is un-

derestimated. The physician can no longer
rely only on professional opinion, but must
become open to accepting patients’ choices.
This trend, although definitely present, has
been developing more slowly in Croatia and
BH. However, with the help of international
collaborations, academic research done by
scientists from Croatia and BH, decision
aids, and proper training of ethics and com-
munication skills in medical schools, SDM
will become more widely practiced. Soon,
this culture of productive collaboration will
provide the many benefits necessary to im-
prove the health care system.

What is already known on this topic

Shared decision making is becoming more and more impor-
tant, as there is a lot of medical information publicly available.
Not all patients are capable or willing to share all the decisions
all the time. The greatest challenge is to communicate informa-
tion and willingness to share with the individual patient.

What this study adds

In this paper we aimed at defining risks, benefits and barri-
ers to shared decision making. As physicians’ communication
skills seem to be the corner stone of quality SDM, we collected
data on teachings on ethic and communication skills at medi-
cal schools in Croatia, BH, Macedonia, Montenegro, Serbia,
Kosovo and Albania Universities.
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Objective. We present a case of chronic total occlusion (CTO) ap-
proached with LASER endovascular intervention by radial artery
approach using a 5 French sheath. Case report. A 57-year-old man
presented to our hospital having had retrosternal chest pain for two
days. Physical examination was normal at the time of presentation.
The laboratory tests were within normal limits, including cardiac en-
zymes except the lipid panel which showed hypertriglyceridemia. The
patient underwent a myocardial perfusion scintigraphy stress test that
revealed inferior wall ischemia, with normal left ventricular ejection
fraction. A 5-French vascular sheath was placed in the right radial
artery. Selective coronary artery angiography was performed, which
showed right coronary artery (RCA) CTO. A 5-French JR4 guide
catheter successfully engaged the RCA and Laser angioplasty was per-
formed across the CTO into the RCA. A marked improvement of flow
was evident thereafter. Conclusion. To best of our knowledge this is
the first case report showing the feasibility of laser atherectomy using
the 5 French sheath system in a coronary arterial CTO.

Introduction

Chronic total occlusion of the coronary
(CTO) artery is defined as occlusion lon-
ger than 3 months after a clinical event, or
sometimes of an unknown duration (1). A
successful CTO revascularization is asso-
ciated with improved long term survival,
especially in the case of a viable myocar-
dium supplied by the occluded vessel, fewer
symptoms, improved left ventricular func-
tion, and reduced need for coronary artery
bypass surgery (2). Even though the femo-
ral artery is the usual route for percutane-
ous coronary intervention for CTO in most
cardiac laboratories, the transradial route is
now becoming more popular, with the main
advantages of early mobilization of patients
post procedure and less vascular complica-

tions when compared to the transfemoral
route. (3). Most arterial sheets involved in
percutaneous coronary intervention (PCI)
for CTO are the 6-7 Fr sheath system.

We report a patient with CTO who had
PCI with the 5Fr system transradial system.

Case report

A 57-year-old man with a history of diabe-
tes mellitus, hypertension, coronary artery
disease, peripheral vascular disease, and
obstructive sleep apnea, presented to our
hospital with retrosternal chest pain over
the previous two days. The pain was exer-
tional, with episodes lasting 5 minutes, and
it was relieved by nitroglycerine. He had no
history of diaphoresis, nausea, or peripheral
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edema. The patient had a history of coro-
nary angiography two years before this pre-
sentation that showed diffuse right coronary
(RCA) disease. The physical examination
was normal at the time of presentation. The
laboratory tests were within normal limits,
including cardiac enzymes, except the lipid
panel which showed hypertriglyceridemia.
Transthoracic echocardiography showed an
ejection fraction of 45% with no regional
wall motion abnormalities with normal left
ventricular pressure. The patient underwent
a myocardial perfusion scintigraphy stress
test that revealed inferior wall ischemia with
a normal left ventricular ejection fraction.
On the basis of these findings and given his
history of RCA disease, the decision was
made to perform coronary angiography.

Access to the right radial artery was
achieved by a modified Seldinger technique,
and a 5-French vascular sheath was placed.
A pigtail catheter was used to engage the left
ventricle. Left ventriculogram, left ventricu-
lar end diastolic pressure and pullback pres-
sures were performed. The Tiger catheter
was used to engage the left coronary artery.
Another Tiger catheter was used to engage
the right coronary artery. Selective coronary
artery angiography was performed in mul-
tiple projections, and it showed distal RCA
CTO (Figure 1).

The 5-French EBU 3.0 guide catheter
was unable to engage the RCA. Therefore, it
was exchanged by a 5-French JR4 guide. A
Pilot-200 cm guide wire was advanced into
the distal posterior left ventricular branch
(PLV) after some effort, with utilization of a
quick cross catheter (Figure 2).

We could not advance the 2.0x30 mm
over-the- wire Sprinter balloon for angio-
plasty and the decision to perform excimer
laser coronary angiography was made. La-
ser angioplasty was performed across the
CTO into the distal RCA, and a marked
improvement of flow was evident thereaf-
ter. A 2x40 mm Apex Flex balloon was ad-

Khaled Sherif et al. : Transradial LASER endovascular intervention for CTO

Figure 1 Diagnostic angiogram showing CTO of the
distal RCA.

Figure 2 The Pilot 200 guide wire passed into the dis-
tal RCA with the help of a quick cross catheter.

vanced into the distal RCA and inflations
were performed at 6 atmospheres (ATMs)
40 seconds, 12 ATMs for 40 seconds, 16
ATMs for 40 seconds and finally 20 ATMs
for 40 seconds. Check angiography showed
significantly improved flow. A Medtronic
1.5x20 mm Sprinter balloon was inflated
further distally at 7 ATMs for 60 seconds.
A Taxus Atom 2.25x32 mm stent was ad-
vanced without any difficulty in the distal
RCA, and another Taxus Atom 2.25x28 mm
was overlapped proximally at 14 ATMs for
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30 seconds. Then, the Taxus Liberté 2.5x32
mm stent was overlapped more proximally
and inflated at 14 ATMs for 33 seconds. Fi-
nally, the Taxus Liberté 2.75x16 mm stent
was inflated more proximally at 16 ATMs
for 30 seconds. The final angiography dem-
onstrated an excellent result with TIMI III
flow in the RCA (Figure 3) showing the fea-
sibility of the transradial 5 French system in
LASER endovascular intervention (EVI) in
coronary CTOss.

Figure 3 Final angiographic image showing success-
ful CTO PCl, with flow visible in PLV and PDA.

Discussion

CTOs are more complex and time consum-
ing to revascularize, but successful revascu-
larization of CTOs may lead to a ten-year
survival advantage compared to failed treat-
ment (4). PCI for CTO has been limited
due to low success and high restenosis rates.
However, the success has increased in recent
years as the result of improvement of pro-
cedural techniques and devices. The femoral
artery is the usual vascular route used in PCI
for CTOs in most cardiac catheterization
laboratories. However, there has been grow-
ing interest in transradial PCI because of its

fewer complications at the puncture site, pa-
tient convenience, early discharge, and short
hospitalization (5). The factors that affect
success of PCI for CTO include the chronic-
ity of the lesion, the presence or absence of
side branches and bridging collateral vessels,
occlusion length, reference diameter less
than 3 mm and occlusion morphology (5).

Most cardiac catheterization laboratories
use 6 and 7 Fr sheaths and related guiding
catheters for PCI in patients with CTOs (6).
However, there are benefits from using a 5
Fr system guiding catheter instead. First, it
reduces the amount of contrast used during
the procedure. This is an important strategy
in patients with chronic kidney disease, to re-
duce the risk of acute kidney injury in those
patients. The second reason is the favorable
impact of using a 5 Fr guiding catheter on
vascular complications (6). Finally, as in
our case, the 5Fr guiding catheter is used to
finish a difficult laser atherectomy for CTO
in patients with small radial vessels. There
are difficulties that may occur from a small
size guide catheter in radial access, such as
crossing the lesion with the balloon. Here, it
may be necessary to use another therapeutic
strategy such as laser atherectomy, as in our
patient.

Conclusion

To best of our knowledge this is the first case
report describing successful LASER EVI of a
coronary CTO with a 5 French radial sheath.
This approach shows that smaller sheath siz-
es can be used despite the procedural com-
plexities that come with LASER EVT in the
coronary arterial system.

What is already known on this topic

Chronic total occlusion intervention in the coronary artery is
both complex and time consuming, but has been associated
with better long term outcomes. The femoral artery is the usual
route for percutaneous coronary intervention for CTO in most
cardiac laboratories, and most arterial sheets involved in PCI
for CTO are from the 6-7 Fr sheath system.




What this case adds

We report a patient with CTO who had PCI using a 5Fr system
transradial system.
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A

A 61 year old woman was admitted to our
hospital for acute anginal pain which had
occurred two hours before she was admitted.
The symptoms started after she experienced
psychological stress, due to her daughter’s
divorce. Her personal anamnesis was nega-
tive for coronary artery disease. An electro-
cardiogram (ECG) showed sinus rhythm
with ST-segment elevation of 2 mm in leads
V2-V3and negative T waves in leads DI, DI,
AVL, and V2-V6 (Panel A). Her troponin I
level was 1196 pg/ml (normal range <30 pg/
ml). A transthoracic echocardiogram esti-
mated the left ventricular ejection fraction
at 35%, with evidence of segmental motion
abnormalities in the medioapical segments
of the anterior, septal, inferior wall, with
moderate mitral regurgitation. Coronary

angiography was performed and we found
normal coronary arteries, with left ventricu-
lar apical ballooning and hypercontraction
of the basal segment (Panel B; (http://ama.
ba/index.php/ama/article/view/264/264-
845-1-PC.HTML?2). On the basis of these
findings and anamnesis, Takotsubo cardio-
myopathy or broken heart syndrome (1) was
diagnosed. She was treated with medical
therapy (diuretics, beta blockers, anticoagu-
lant therapy, ACE-inhibitors) and after one
month her echocardiogram was without any
abnormalities. Also, the ECG normalized
without any sign of myocardial ischemia.
Although it has unclear pathogenesis, stud-
ies have shown that this cardiomyopathy is
associated with a large quantity of catechol-
amines produced as a response to stress (2).

Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



Therefore, it is very important for physicians
to recognize this very rare and frequently
unrecognized cardiomyopathy, which can
often mimic acute coronary syndrome.

Key words: Takotsubo cardiomyopathy = Acute coro-
nary syndrome.
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Respiratory tract infections are a significant
cause of pediatric morbidity and mortal-
ity. Chest radiography is the most common
diagnostic imaging. Current guidelines
suggest that a diagnosis of pneumonia can
only be made considering clinical history,
respiratory rate, fever, respiratory signs and
symptoms limited the use of radiography
to severe or complicated cases only (1). Up
till now lung ultrasound (LUS) has not been
mentioned as a diagnostic tool in current
guidelines.

Although LUS is not in the guidelines, it
has gained a value in the clinical practice in
the last 15 years. It moved from the tradi-
tional assessment of pleural effusions and
thoracic masses towards the imaging of the
pulmonary parenchyma, mainly as a point-
of-care technique (2). As a technique LUS
has many advantages. It is quick to preform,
repeatable, and radiation-free compared to

chest radiography or computer tomography.
It has been proved that the learning curve of
LUS is relatively short (“easy-to-learn tech-
nique”), less technically demanding than
other sonographic examinations. In ad-
dition, the main advantage of LUS in chil-
dren is related to the small size of the chest,
which allows quite optimal (still indirect)
visualization of the lungs by the point-of-
case technique. However, ultrasonographers
should be aware of its limitations. US waves
are reflected by alveolar air and bones of
the thoracic cage. Pulmonary changes are
detected only when the lesion reaches the
lung surface. Pathological findings within
hilar regions are missed, and there is a prob-
lem in detection of air-filled lung abscesses.
Despite these limitations LUS has proved to
be useful in the evaluation of many clinical
pulmonary conditions, acute or chronic, in
children and adults.

Most of the published studies compared
chest radiography with LUS in pediatric
population. It was shown that LUS is espe-
cially valuable in detecting pneumonia in
children, with sensitivity even higher than
that of chest radiography. A meta-analysis
including 8 pediatric studies comparing
LUS with X-ray was performed by Pereda
et al. (3); LUS had a sensitivity of 96% and
specificity of 93%, and positive and negative
likelihood ratios were 15.3 and 0.06, respec-
tively.

Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



Lovrenski et al. (4) presented a unique
prospective study comparing LUS and lung
auscultation using stetoscope, a widely ac-
cepted diagnostic tool. The technique of
LUS is a well described, standardized us-
ing trans-thoracic and transabdominal ap-
proach. In experienced hands the exami-
nation is relatively short (average time 5.7
minutes). Of course, the examination time
depends on the size of the thorax, a child’s
cooperation and the complexity of the find-
ings. The wide range of positive findings de-
pending on the stage of pneumonia at the
time of examination is also well described
and explained. LUS has proved to show
more positive findings compared to auscul-
tation in children with suspected pneumo-
nia. A very important scientific contribution
is the determination of the threshold size of
subpleural consolidations below which it is
highly unlikely that pneumonia will be de-
tected by auscultation: a cranio-caudal size
of subpleural consolidation of less than 30
mm significantly reduced the possibility of
an auscultatory detection. The limitations of
LUS and study were discussed.

How can LUS be introduced in diagnos-
tic algorithm in children with suspected
pneumonia? Is its place in diagnostical algo-
rithms? Iorio et al. proposed LUS as initial
imaging in children with suspected pneu-
monia (5). According to the published data
by Lovrenski et al. (4) LUS should be used
whenever physical findings are unclear and
in cases with a negative auscultation and
strong clinical suspicion of pneumonia.
Consequently, children would not be ex-
posed to unnecessary chest radiography.

In conclusion, LUS is a promising
method in the evaluation of children with

Damjana Kljucevsek: Lung ultrasonography imaging of pneumonia in children

suspected pneumonia, with many advan-
tages and some limitations, which should
be respected. LUS has a great potential to be
implemented in everyday clinical practice
in detecting and following pneumonia and
some of its complications. Its role should
be further evaluated. Every study from that
field contributes a piece in the mosaic. In the
future, there is hope that the introduction
of LUS in diagnostic algorithm will dimin-
ish the use of radiation to a certain degree,
which is in concordance with the nowadays
strategy regarding radiation in children.
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Chest radiography is the primary imaging
modality utilized for the evaluation of pneu-
monia in children. When cross sectional im-
aging is needed, CT and increasingly MRI
are the preferred modalities. Ultrasound has
received increasing attention in recent years
as a tool to evaluate the lungs given its lack
of ionizing radiation, portability, and ease
of use (1). Advances in ultrasound imag-
ing technology including higher resolution
transducers and harmonic-imaging have
made high quality sonography of the chest
more feasible. Children tend to have better
sonographic windows than adults, and fac-
tors including unossified costal cartilage,
less subcutaneous fat, and the ability to use
the thymus as a sonographic window make
chest ultrasound an attractive consideration
in children.

Chest ultrasound is most commonly
utilized to evaluate an opacity that is first
seen on chest radiographs, and has a long-
established role in the evaluation of the

completely opacified hemithorax, pleural
effusion, diaphragmatic motion, and chest
wall lesions (2). Though radiographs are
most commonly the first imaging test per-
formed in the evaluation of suspected pneu-
monia, ultrasound may be performed before
chest X-ray in some critical and emergency
settings. When pneumonia is peripherally
located, and not covered by aerated lung,
consolidation can frequently be visualized.
Unlike in normal lung, where sound waves
are immediately reflected back to the trans-
ducer by the aerated lung, consolidated lung
will transmit sound waves through fluid-
filled alveoli causing an appearance similar
to the liver, leading to the term hepatization
(2). Branching echogenic air will often be
seen within the bronchi, leading to sono-
graphic air-bronchograms. Investigations in
adults have shown that ultrasound without
chest radiography can be fairly sensitive and
specific for the diagnosis of pneumonia (3).
Ultrasound may even be equivalent to CT
in the detection of several complications of
pneumonia including loculated pleural ef-
tusion, lung necrosis, and lung abscess (4).
Though the results of these studies are en-
couraging, ultrasound of the central por-
tions of the lungs is subject to acoustic shad-
owing from overlying aerated lung, which
is a major technical limitation. This limited
ability to assess central portions of the lung
make it unlikely that ultrasound will ever
completely replace chest X-ray as the prima-
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ry imaging test for evaluating pneumonia,
however ultrasound can play an important
role.

In the current issue of Acta Medica Aca-
demica Lovrenski et al. (5) take an interest-
ing approach to the role of lung ultrasound
in pneumonia by comparing it with lung
auscultation. They found that in children
with suspected pneumonia, lung ultrasound
was positive in more cases than chest aus-
cultation. The authors also found that in
those cases with normal auscultatory find-
ings and abnormal ultrasound findings, the
ultrasound findings tended to be smaller.
This suggests that if one is suspicious for
pneumonia but auscultation is negative, ul-
trasound could be considered as a method
that will detect findings of pneumonia more
often than chest auscultation alone.

This study is limited because other mo-
dalities, such as chest radiographs or CT,
were not incorporated into the analysis.
Though ultrasound is being utilized with in-
creased frequency and several studies have
demonstrated its utility in the diagnosis of
pneumonia, most practitioners still consid-
er chest X-ray to be the standard first-line
imaging test for the evaluation of suspected
pneumonia and CT to be the gold stan-
dard. It is difficult to know how many cases
in this study were true-positives and if any
cases may have been false-positives due to
another entity such as atelectasis. It is also
unknown how many cases were false nega-
tives, if for instance breath sounds were nor-
mal and a centrally-located consolidation
was obscured by overlying aerated lung on
ultrasound. Though ultrasound does have
the benefit of utilizing no ionizing radiation,
chest radiographs use a very low amount of

Mark C. Liszewski: Lung Ultrasound in children with pneumonia

ionizing radiation, ranging from 0.01-0.02
mSv for a standard PA chest radiograph,
and most consider them relatively safe. As
the authors point out, chest CT utilizes a
larger amount of radiation and it would not
be appropriate to perform CT in the entire
patient population.

Pneumonia is a common disease in chil-
dren, and ultrasound can play a role in its
diagnosis as a non-invasive imaging test
which does not utilize ionizing radiation. As
Lovrenski et al. (5) found, ultrasound may
detect findings of pneumonia in a larger
number of patients than auscultation alone,
and may play a role in detecting small ab-
normalities that are too small to cause ab-
normal breath sounds.
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Children with community acquired pneu-
monia may present with a wide spectrum
of different clinical signs and symptoms as
fever, tachypnoea, breathlessness or dif-
ficulty in breathing, cough, wheeze, chest
pain, tachycardia, rales, rhonchi, crackles,
decreased breath sounds, low oxygen satu-
ration. These findings, especially in infants,
are highly specific and greatly increase the
likelihood of pneumonia when present.
However, their absence does not rule out
pneumonia, and the accuracy of any indi-
vidual sign or symptom is limited (1).

According to current guidelines, chest
radiography should not be routinely per-
formed in an ambulatory setting, and di-
agnosis is therefore frequently committed
to clinical evaluation alone (2). Recently,
current evidences have been included in a
meta-analysis which confirmed the high ac-
curacy of lung ultrasound in the diagnosis of
pneumonia in children (3).

Lovrenski and colleagues (4), compared
lung ultrasound with auscultation findings
in children with clinical suspected pneumo-
nia and demonstrated that lung ultrasound
showed positive findings in more hemitho-
races than auscultation. These data are very
interesting and impose a serious reflection
about the objective limits of classic semeiot-
ics. The stethoscope is the symbol of doctors,
and palpation, percussion and auscultation
represented for nearly two centuries the art
of the physical examination. The doctor who
was exploring the patient’s body in the nine-
teenth century and the first decades of the
twentieth century, probably thought to have
the sensibility of an artist, and perhaps the
ear of a musician. This semeiotics has been
the essence of the so called “medical art”
The explosive growth of medical technology
in the last fifty years has limited the use of
the senses for patients’ examination and has
stripped its limits.

Lovrenski and colleagues (4) demon-
strated that in about 95% of auscultatary
examinations it is not possible to determine
the presence of the consolidation of the lung
parenchyma with a cranio-caudal diameter
less than 30 mm. These measures are often
found in the early stage of pneumonia. This
means that we need to fill the gap between
semeiotics and its limits. Another inter-
esting point of the paper of Lovrenski and
colleagues (4), is the suggestion to perform
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lung examination with a combined trans-
abdominal and trans-thoracic approach. In
one child trans-hepatic examination of the
lung base detected a consolidation not vis-
ible only with the trans-thoracic approach.
Doubtless this recommendation might in-
crease the sensitivity of lung ultrasound.

Ultrasound is a radiation free technique
and this is an undoubted advantage in the
pediatric population in which serious con-
cerns about radiation exposure have been
raised. It is high time to consider ultrasound
the best stethoscope in our hands. It is high
time to include lung ultrasound in the inter-
national guidelines and in our clinical prac-
tice.

The basic form of the stethoscope was in-
vented by the French physician René-Théo-
phile-Hyacinthe Laénnec who published
a description of the instrument in 1819. In
1821 Laénnec’s book was translated into
English by sir Johan Forbes that in the pref-
ace wrote: "... notwithstanding its value, [ am
extremely doubtful; because its beneficial
application requires much time, and gives a
good deal of trouble both to the patient and
the practitioner ..” (5).

It makes me smile to think that to-
day there is still someone who think the
same about the using of lung ultrasound in

the routinely clinical practice. It’s time to
change!
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The interest in lung ultrasound (LUS) for the
use in the diagnosis and follow-up of pediat-
ric pneumonia increased during the last few
years. However, it still has not been widely
excepted routine imaging tool in every day
clinical practice as it should be in my opin-
ion.

Pediatric pneumonia is the leading cause
of illness and death in children worldwide
and still remains a diagnostic challenge (1).
Clinical signs and symptoms of pneumo-
nia vary depending on a child’s age and the
etiology of infection. Presenting signs and
symptoms have poor diagnostic specificity,
which may further complicate the diagnosis.
Traditionally, the diagnosis of pneumonia is
mainly based on physical examination in-
cluding auscultation, chest radiograph and
laboratory evaluation. Within the physical
examination, the stethoscope is broadly ac-

cepted diagnostic tool in every day clinical
practice (2).

Although chest radiography has been
widely used for the diagnosis of pneumo-
nia because of its convenience and ease of
access, some studies have shown substan-
tial variability in the interpretation of chest
radiographs. On the other hand, the fact is
that a negative chest radiograph does not
eliminate the possibility of having pneu-
monia. Thoracic CT scan is considered the
“gold standard” for detection of pneumonia
and other pulmonary lesions in adults, but
due to high radiation dose it cannot be used
as a first-line radiological examination in
pediatric patients with suspected pneumo-
nia (3).

The lung is not an ideal target for ultra-
sonography, but once fluid or solid material
has accumulated in the lung it can more eas-
ily be visualized on an ultrasound scan. That
is the reason that lung ultrasonography is
being increasingly utilized in the diagnosis
of pediatric pneumonia. Furthermore, ad-
vances in ultrasound technology have made
lung ultrasound an attractive, safe, portable
and inexpensive option for the diagnosis
of pneumonia (4). To identify pneumonia
by LUS, a consolidation needs to reach the
pleura and be within an intercostal window.
In children, the former is offset by the rela-
tive small lung size, and may explain the rel-
ative high sensitivity. The characteristic so-
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nographic sign of lung consolidation is a sub
pleural, echo-poor region with air or fluid
bronchograms, comet-tail reverberation ar-
tifacts at the far-field margin, and a vascular
pattern within the consolidation (2, 5, 6). It
is also useful in following up the progress
of pneumonia. Multiple studies have shown
LUS is sensitive diagnostic imaging tool to
identify pneumonia in children, more accu-
rate in comparison with conventional chest
radiography. LUS is suggested as comple-
mentary tool to chest radiography in the di-
agnosis of pneumonia in children and that
the follow up of pneumonia, which can re-
duce the exposure of children to ionizing ra-
diation. According to a meta-analysis, LUS
had high specificity and sensitivity in the
hands of trained clinicians (7). As with any
other ultrasound applications, LUS is oper-
ator-dependent and correct diagnosis can-
not be made if the operator is insufficiently
trained or inexperienced. Fortunately, it ap-
pears that the learning curve for LUS is eas-
ier and faster than for other ultrasound ap-
plications. Recommendations to train gen-
eral pediatricians on LUS for the diagnosis
of childhood pneumonia could have an im-
portant impact in different clinical settings,
especially in limited resources countries and
small primary care clinics where radiog-
raphy may not be commonly available (7).
Furthermore, it is very important that its ap-
plication might to a certain extent exclude
the need for imaging modalities based on
ionizing radiation, strongly supporting the
Image Gently campaign (8).

In Conclusion at the current stage, LUS is
a complementary tool to chest radiography
and physical examination in the diagnosis
and the follow-up of pneumonia in children,
allowing reduction of exposure to ionizing
radiation, which is exceptionally impor-

Goran Roi¢: Lung ultrasound in paediatric pneumonia

tant. Lung ultrasound is a reliable, safe, in-
expensive and portable diagnostic tool, and
should be implemented in everyday clinical
practice whenever physical findings need to
be complemented with imaging findings.
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Materials and methods, Resultsand Conclusion.
Abstracts for Case reports also need to have the
following subtitles: Objective, Case report, and
Conclusion and for Review articles: Objective,
Background, Methods, Discussion and Conclu-
sion. Abstracts for Short communication (150
words) should not be structured but should end
with Conclusion. Following the abstract, authors

provide, and identify as such, 3 to 5 key words
or short phrases that capture the main topics of
the article. The key words should not repeat the
title of the manuscript. Terms from the Medical
Subject Headings (MeSH) list of Index Medicus
should be used; MeSH terms are available from:
www.nlm.nih.gov/mesh/.

Third page

Should carry the manuscript of article. Text
should be under the following headings:

Introduction. Needs to be short and to spec-
ify to the reader, clearly and with arguments,
reasons for the research presentation, and the
novelties that the article brings. In Introduction
maximum 3 to 4 pertinent and directly related
works need to be cited. At the end of Introduc-
tion, an author needs to clearly specify the set
aim of the research.

Methods. This part needs to provide the
following information: selection and descrip-
tion of participants, precise technical informa-
tion about all methods (describe the methods,
apparatus, and procedures in sufficient detail to
allow other workers to reproduce the results;
givereferences to established methods, including
statistical methods; identify precisely all drugs
and chemicals used, including generic names,
doses, and routes of administration and other
specificities related to the presented research).
Upon reporting about humane experiments,
an author needs to indicate if the used proce-
dures were in accordance with the Declaration
of Helsinki from 1975 and its amendments from
1983. In addition, there needs to be stated if
and which ethical committee gave consent for
carrying out the research. A separate subtitle is
Statistical Analysis. Authors need to indicate all
statistical tests that were used. In addition, there
needs to be stated the level of significance selected
beforehand (p), that is which value p the authors
considered to be statistically important (ex. 0.05
or 0.01, or some other). The results should be
stated with pertaining confidence intervals (CI).

The editorship recommends to the authors
to follow STARD instructions published in 2003
in the researches of diagnostic accuracy. At the
end of the paragraph authors need to state which
computer statistical program they have been us-
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ing, as well as indicate the manufacturer and ver-
sion of the program.

Results. Present your results in logical se-
quence in the text, tables, and illustrations, giv-
ing the main or most important findings first.
Restrict tables and figures to those needed to
explain the argument of the paper and to assess
its support. Use graphs as an alternative to ta-
bles with many entries; do not duplicate data in
graphs and tables. The text must contain a clear
designation as to where the tables and illustra-
tions are to be placed relative to the text. Do not
duplicate data by presenting it in both a table
and a figure.

Discussion. Emphasize the new and impor-
tant aspects of the study and the conclusions that
follow from them. Do not repeat in detail data or
other material given in the Introduction or the
Results section. For experimental studies it is
useful to begin the discussion by summarizing
briefly the main findings, then explore possible
mechanisms or explanations for these findings,
compare and contrast the results with other rele-
vant studies, state the limitations of the study; and
explore the implications of the findings for future
research and for clinical practice.

Conclusion. Link the conclusions with the
goals of the study but avoid unqualified state-
ments and conclusions not adequately supported
by the data. In particular, authors should avoid
making statements on economic benefits and
costs unless their manuscript includes the ap-
propriate economic data and analyses. Avoid
claiming priority and alluding to work that has
not been completed. State new hypotheses when
warranted, but clearly label them as such.
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wards the study by making substantial contribu-
tions to conception, design, acquisition of data,
or analysis and interpretation of data, or who
was involved in drafting the manuscript or revis-
ing it critically for important intellectual content,
but who does not meet the criteria for authorship.
List the source(s) of funding for the study and for
the manuscript preparation in the acknowledge-
ments section.

Authors' contributions (eg. Authors’ con-
tributions: Conception and design: XX and YY;
Acquisition, analysis and interpretation of data:
YY and ZZ; Drafting the article: XX, YY and ZZ;
Revising it critically for important intellectual

content: XX, ZZ; Approved final version of the
manuscript: XX, YY and ZZ.

Conflict of interest (eg.): The authors de-
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References. Need to be on a separate page.
Small numbers of references to key original pa-
pers will often serve as well as more exhaustive
lists. Avoid using abstracts as references. Referenc-
es to papers accepted but not yet published should
be designated as “in press” or “forthcoming”; au-
thors should obtain written permission to cite
such papers as well as verification that they have
been accepted for publication. If the paper has
been published in electronic form on PubMed the
confirmation of acceptance is not needed. Infor-
mation from manuscripts submitted but not ac-
cepted should be cited in the text as “unpublished
observations” with written permission from the
source. Avoid citing a “personal communication”
unless it provides essential information. For sci-
entific articles, authors should obtain written per-
mission and confirmation of accuracy from the
source of a personal communication.

References should be numbered consecutive-
ly in the order in which they are first mentioned
in the text. Identify references in text, tables, and
legends by Arabic numerals in parentheses at
the end of a sentence. Use the same number in
the reference list. References cited only in tables
or figure legends should be numbered in accor-
dance with the sequence established by the first
identification in the text of the particular table
or figure.

The titles of journals should be abbreviated
according to the style used in PubMed. Consult
NLM Catalogue: Journals referenced in the
NCBI Databases available at: http://www.ncbi.
nlm.nih.gov/nlmcatalog/journals.

Tables. Need to be submitted separate from
the main text. The preferred software for tables is
Microsoft Excel (save each table in a file with single
worksheet). Only tables made with table tools in
Microsoft Word are acceptable. For the paper ver-
sion, type or print each table on a separate sheet
of paper. Number tables consecutively in the or-
der of their first citation in the text. Use Arabic
numerals. Each table needs to have an explana-
tory title. Place the title above the table. Give each
column a short or abbreviated heading. Also,
visibly indicate the position of each table in the
text, using its assigned numeral at the end of the
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sentence which is relevant to the table(s). Tables
should be positioned in the text where the au-
thor feels is appropriate but the Editor reserves
the right to reorganize the layout to suit the print-
ing process. Authors need to place explanatory
matter in footnotes, not in the heading. Explain
in footnotes of the table all nonstandard abbrevi-
ations. For footnotes use the following symbols,
in sequence:*, 1, £, §, ||, €, **, 11, ++. Identify sta-
tistical measures of variations, such as standard
deviation and standard error of the arithmetic
mean. Be sure that each table is cited in the text. If
you use data from another published or unpub-
lished source, obtain permission and acknowl-
edge them fully.

Figures. (illustrations: diagram, photograph,
photomicrograph, radiograph, drawing, sketch,
picture, outline, design, plan, map, chart, etc.).
Need to be submitted separate from the main
text. They need to be submitted as photographic
quality digital prints or, exceptionally; as profes-
sionally drawn and photographed original il-
lustrations. Figures should be in a digital format
that will produce high quality images. Formats
recommended include: JPEG, GIE TIFE Micro-
soft Word, Excel. Sending original photographs
and slides is permissible when they cannot be
digitized without professional help. In this case,
send an explanation in the coverletter. Using Ara-
bic numerals, number figures consecutively in the
order of their first citation in the text. Also, vis-
ibly indicate the position of each figure in the
text, using its assigned numeral in parentheses.
Figures should be positioned in the text where
the author feels is appropriate but the Editor re-
serves the right to reorganize the layout to suit
the printing process.

Supply a legend for each figure. Titles and
detailed explanations belong in the legends, how-
ever, not on the figures themselves. Figures should
be made as self-explanatory as possible. Letters,
numbers, and symbols on figures should there-
fore be clear and even throughout, and of suffi-
cient size that when reduced for publication each
item will still be legible. Photomicrographs should
have internal scale markers. Symbols, arrows, or
letters used in photomicrographs should contrast
with the background. If photographs of people are
used, either the subjects must not be identifiable
or their pictures must be accompanied by written
permission to use the photograph.

Legends for Figures need to be included in the
main manuscript text file,on a separate page im-
mediately following the references. Type or print
out legends using double spacing. For each fig-
ure, the following information should be pro-
vided: figure number (in sequence, using Ara-
bic numerals - i.e. Figure); title of the figure; all
necessary explanations. When symbols, arrows,
numbers, or letters are used to identify parts of
the illustrations, identify and explain each one
clearly in the legend.

Units of measurement

Measurements of length, height, weight, and vol-
ume should be reported in metric units (meter,
kilogram, or liter) or their decimal multiples. Tem-
peratures should be in degrees Celsius. Blood pres-
sures should be in millimeters of mercury, unless
other units are specifically required by the journal.

Abbreviation, Acronyms and Symbols

If possible for metric units use standard abbre-
viations. Non-standard abbreviations should be
defined when first used in the text.

Sample references

Articles in journals

Standard journal article (List the first six authors
followed by et al.):
Halpern SD, Ubel PA, Caplan AL. Solid-organ
transplantation in HIV-infected patients. N
Engl ] Med. 2002;347(4):284-7.

More than six authors:
Rose ME, Huerbin MB, Melick J, Marion DW
Palmer AM, Schiding JK, et al. Regulation of
interstitial excitatory amino acid concentra-
tions after cortical contusion injury: Brain Res.
2002;935(1-2):40-6.

Organization as author:
Diabetes Prevention Program Research
Group. Hypertension, insulin, and proinsulin
in participants with impaired glucose toler-
ance. Hypertension. 2002;40(5):679-86.

No author given:
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21st century heart solution may have a sting
in the tail. BMJ. 2002;325(7357):184.
Volume with supplement:

Geraud G, Spierings EL, Keywood C. Tolerabil-
ity and safety of frovatriptan with short- and
long-term use for treatment of migraine and
in comparison with sumatriptan. Headache.
2002;42(Suppl 2):593-9.

Issue with supplement:
Glauser TA. Integrating clinical trial data
into clinical practice. Neurology. 2002;58(12
Suppl 7):S6-12.

Issue with no volume:
Banit DM, Kaufer H, Hartford JM. Intra-
operative frozen section analysis in revi-
sion total joint arthroplasty. Clin Orthop.
2002;(401):230-8.

Letters or abstracts:

Tor M, Turker H. International approaches to
the prescription of long-term oxygen therapy
[letter]. Eur Respir J. 2002;20(1):242.;
Lofwall MR, Strain EC, Brooner RK, Kind-
bom KA, Bigelow GE. Characteristics of old-
er methadone maintenance (MM) patients
[abstract]. Drug Alcohol Depend. 2002;66
Suppl 1:5105.

Article republished with corrections:
Mansharamani M, Chilton BS. The reproduc-
tive importance of P-type ATPases. Mol Cell
Endocrinol. 2002;188(1-2):22-5. Corrected
and republished from: Mol Cell Endocrinol.
2001;183(1-2):123-6.

Article with published erratum:
Malinowski JM, Bolesta S. Rosiglitazone in
the treatment of type 2 diabetes mellitus: a
critical review. Clin Ther. 2000;22(10):1151-
68; discussion 1149-50. Erratum in: Clin
Ther. 2001;23(2):309.

Article published electronically ahead of the
print version:
Yu WM, Hawley TS, Hawley RG, Qu CK. Im-
mortalization of yolk sacderived precursor
cells. Blood. 2002 Nov 15;100(10):3828-31.

Epub 2002 Jul 5.

Books and other monographs

Personal author(s):
Murray PR, Rosenthal KS, Kobayashi GS,
Pfaller MA. Medical microbiology. 4th ed. St.
Louis: Mosby; 2002.

Editor(s), compiler(s) as author:
Gilstrap LC 3rd, Cunningham FG, VanDor-
sten JP, editors. Operative obstetrics. 2nd ed.
New York: McGraw-Hill; 2002.

Organization(s) as author:
Royal Adelaide Hospital; University of Ade-
laide, Department of Clinical Nursing. Com-
pendium of nursing research and practice
development, 1999-2000. Adelaide (Austra-
lia): Adelaide University; 2001.

Chapter in a book:
Meltzer PS, Kallioniemi A, Trent JM. Chro-
mosome alterations in human solid tumors.
In: Vogelstein B, Kinzler KW, editors. The ge-
netic basis of human cancer. New York: Mc-
Graw-Hill; 2002. p. 93-113.

Conference paper:

Christensen S, Oppacher E An analysis of
Koza’s computational effort statistic for ge-
netic programming. In: Foster JA, Lutton E,
Miller ], Ryan C, Tettamanzi AG, editors. Ge-
netic programming. EuroGP 2002: Proceed-
ings of the 5th European Conference on Ge-
netic Programming; 2002 Apr 3-5; Kinsdale,
Ireland. Berlin: Springer; 2002. p. 182-91.

Dissertation:
Borkowski MM. Infant sleep and feeding:
a telephone survey of Hispanic Americans
[dissertation]. Mount Pleasant (MI): Central
Michigan University; 2002.

Other published material

Newspaper article:
Tynan T. Medical improvements lower homi-
cide rate: study sees drop in assault rate. The
Washington Post. 2002 Aug 12;Sect. A:2 (col. 4).

Dictionary and similar references:
Dorland’s illustrated medical dictionary. 29th
ed. Philadelphia: W.B. Saunders; 2000. Fila-
min; p. 675.
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Press; 2001 [cited 2002 Jul 9]. Available from:
http://www.nap. edu/books/0309074029/html/.

Electronic material

CD-ROM:
Anderson SC, Poulsen KB. Anderson’s elec-

tronic atlas of hematology [CD-ROM]. Phil- Cancer-Pain.org [homepage on the Internet].
adelphia: Lippincott Williams & Wilkins; New York: Association of Cancer Online Re-
2002. sources, Inc.; 2000-01 [updated 2002 May 16;

Audiovisual material: cited 2002 Jul 9]. Available from: http://www.
Chason KW, Sallustio S. Hospital prepared- cancer-pain.org/.

ness for bioterrorism [videocassette]. Secau-
cus (NJ): Network for Continuing Medical
Education; 2002.

Homepage/Web site:

Part of a homepage/Web site:
American Medical Association [homepage
on the Internet]. Chicago: The Association;

Journal article on the Internet: €1995-2002 [updated 2001 Aug 23; cited

Abood S. Quality improvement initiative in
nursing homes: the ANA acts in an advisory
role. Am ] Nurs [serial on the Internet]. 2002
Jun [cited 2002 Aug 12];102(6):[about 3 p.].

2002 Aug 12]. AMA Office of Group Practice
Liaison; [about 2 screens]. Available from:
http://www.ama-assn.org/ama/pub/catego-
ry/1736.html.

Available from: http://www.nursingworld.

Org/A]N/ZOOZ/]une/WaWatChhtm Database on the Internet:

Who'’s Certified [database on the Internet].
Evanston (IL): The American Board of Medi-
cal Specialists. c2000 - [cited 2001 Mar 8].
Available from: http://www.abms.org/news-
earch.as.

Monograph on the Internet:
Foley KM, Gelband H, editors. Improving
palliative care for cancer [monograph on the
Internet]. Washington: National Academy
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