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Abstract
Objective. Orthodontic anomalies with impaired facial aesthetics and disturbed oral functions have a major effect on emotional 
and social development. It is necessary to determine the degree of acceptance of treatment. This study includes an evaluation of 
the Index of Orthodontic Treatment Need (IOTN) according to the Aesthetic Component (AC) of dental health in schoolchil-
dren. Methods. The research included 300 schoolchildren (150 girls, 150 boys) with an age range from 12 to 15 years. An evalu-
ation of the need for orthodontic treatment according to the AC consisted of a ten-grade scale illustrated with a sequence of ten 
intraoral photographs showing different degrees of acceptability of dental appearance. Results were expressed as absolute and 
relative frequencies. The Chi-square test (in the absence of the expected frequencies of Fisher’s Exact test) was used for testing 
the significance of differences. Cohen’s kappa statistic measure was used for measuring the agreement between the children and 
dentists. Results. There is a significant substantial agreement between children and dentists in assessing the need for orthodon-
tic treatment. Differences in assessment of the degree of orthodontic anomalies by the doctor of dental medicine with respect to 
boys and girls, are negligible, and statistical analysis did not show any significant difference. Analysis of the need for orthodontic 
treatment with respect to the age of the children showed a significant difference. Conclusion. The need for orthodontic treat-
ment is more pronounced in older children, and there is no difference between boys and girls.

Key Words: Orthodontic Anomalies  Aesthetic Component (AC)  Index of Orthodontic Treatment Need (IOTN).

Introduction

Disturbances caused by occlusal anomalies, such 
as irregular teeth positions in the dental arches 
and an irregular proportion between the lower 
jaw and the skull base, are numerous. Dento-facial 
anomalies are conditions with deviations between 
the regular morphology, size and function of indi-
vidual parts or the entire craniofacial complex (1). 
They are clinically identified as disorders of oral 
function: phonation, deglutition and mastication, 
where the greatest personal disturbance caused by 
these conditions is a facial aesthetics disorder in 
both children and adults. Abnormal arrangement 
of teeth in the dental arches during eruption, es-

pecially their compaction, results in the inability 
to eliminate food residues, even with regular oral 
hygiene. This is related to the development of 
bacterial flora, as the food gets stuck in retention 
spaces. Food residues and bacteria products initi-
ate a fermentation process, where acid leads to the 
demineralization of the firm dental tissues, and 
has a pathological effect on the periodontal tis-
sues, hence representing a direct aetiological fac-
tor for the occurrence of caries and periodontitis 
(2, 3). Aesthetics are one of the main reasons for 
undergoing orthodontic treatment, and therefore 
it is considered that the aesthetic component must 
be represented in diagnostic tools (4). It was clear 
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that the patients’ perception of their own maloc-
clusion needs to be taken into account. 

Orthodontic anomalies, besides functional limi-
tation, also cause psychological effects (5). Orth-
odontic anomalies, especially in schoolchildren, have 
gained epidemic proportions. Therefore, countries 
with well-developed oral health care are conducting 
active research in order to identify the need for orth-
odontic treatment, since early treatment significantly 
reduces the consequences of impaired oral health 
and facial aesthetics (6). Pronounced orthodontic 
anomalies in children, accompanied by impaired fa-
cial aesthetics and disturbed oral function (speech in 
particular), have a major effect on emotional and so-
cial development in children and adults alike. In chil-
dren, this occurrence causes introversion, avoidance 
of contact with the environment, and often such chil-
dren are ridiculed and taunted by their peers (7). The 
key to determining prevalence is diagnostics based 
on carefully aligned criteria, in order to set treat-
ment priorities. Usually this is achieved by means 
of the Index of Orthodontic Treatment Need, us-
ing a Dental Health Component (DHC) and an 
Aesthetic Component to determine different lev-
els of these needs (8, 9). In this undeveloped re-
gion of Bosnia and Herzegovina, where oral health 
care is inadequate, there has been no research on 
this topic so far. Hence, this research was oriented 
towards the need for orthodontic treatment using 
the AC. Since most schoolchildren do not readily 
accept orthodontic treatment, it is necessary to 
determine the degree of acceptance of treatment 
based on their own assessment and assessment by 
a doctor of dental medicine. 

The aim of this study was to analyze the need for 
orthodontic treatment in schoolchildren of both 
genders, aged 12 to 15, based on the AC and an as-
sessment by a dental medicine doctor. The research 
objectives were also to investigate the acceptance 
of orthodontic treatment by schoolchildren of both 
genders with a moderate to major IOTN.

Materials and Methods 

The research included 300 schoolchildren of both 
genders (150 girls and 150 boys) aged 12 to 15 years. 

The study was approved by the Ethics Committee 
of the Rama Community Health Center, in accor-
dance with the Helsinki Declaration. Informed 
consent was obtained from the parents. The chil-
dren were informed about the study in an appro-
priate way and only those children who agreed to 
participate were included in the study. The sample 
size calculation was performed by considering the 
54.3 percent prevalence of orthodontic treatment 
need, as measured by the DAI, with a confidence 
interval of 95% and 5% of level of precision. Dur-
ing sampling, the following exclusion criteria were 
applied: 1) No history of orthodontic treatment, 2) 
No ongoing orthodontic treatment. This study was 
conducted in two primary schools in the Prozor-
Rama Municipality from 2015 to 2016. This is a 
territory where people traditionally live in an envi-
ronment of similar economic, cultural and educa-
tional development, with shared financing institu-
tions and health system organization. At this age, 
most permanent teeth have erupted (except for the 
third molar), so the research was not undertaken 
on individual age groups, but aggregately. Ev-
ery person had their own health record, showing 
they had not undergone any form of orthodontic 
treatment before. All schoolchildren included in 
the study filled in a questionnaire about their as-
sessments of orthodontic treatment need, and de-
clared their acceptance of treatment. 

For examination of the AC of the orthodon-
tic treatment need, we used the model applied 
by Brock and Shaw (10) for this type of research 
(Figure 1). The model consists of a ten-grade scale, 
illustrated by a sequence of ten intraoral photo-
graphs showing different degrees of acceptable 
dental appearance. Considering the orthodontic 
treatment need, the photographs were grouped 
into three categories for the purposes of this re-
search: Group 1: 1-4 “no need for treatment“; 
Group 2: 5-7 “moderate need for treatment“; 
Group 3: 8-10 “pronounced need for treatment“.

According to quantification with the attached 
ten-grade scale, subjects with occlusal anomalies 
graded 1-4 do not require any or require minor 
orthodontic treatment, while the conditions in 
photographs 5-7 and 8-10 show a moderate or 
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1. 2.

3. 4.

5. 6.

7. 8.

9. 10.

Figure 1. Aesthetic Component of the Index of Orthodontic Treatment Need Scale (photographs 1–10): 1-4 “no Need for 
Treatment”; 5-7 “moderate Need for Treatment “; 8-10 “Pronounced Need for Treatment “.
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major need for treatment so they are considered 
as priorities. The results were formed by means 
of assessment by the participants and by a doctor 
of dental medicine. One researcher, an expert in 
orthodontics, previously trained in the use of the 
index, collected the data for each subject. All the 
participants with an identified moderate or ma-
jor need for orthodontic treatment (photographs 
5-10) were polled and asked whether they would 
accept the treatment. There were three possible 
answers: I accept orthodontic treatment. I do not 
have any particular opinion on the matter, and I do 
not accept orthodontic treatment. 

Statistical Analysis

IBM SPSS Statistics 25.0 was used for statistical 
analysis. Results were expressed as absolute and 
relative frequencies. The Chi-square test (in the 

absence of the expected frequencies of Fisher’s 
Exact test) was used for testing the significance of 
differences. Cohen’s kappa statistic measure was 
used for measuring the agreement between chil-
dren and dentists. The significance limit was set 
at P=0.05. P values less than 0.05 indicate statis-
tical significance. P values that could not be ex-
pressed up to three decimal places were expressed 
as P<0.001.

Results

There is a significant substantial agreement be-
tween children and dentists in assessing the need 
for orthodontic treatment (Table 1).

Significant substantial agreement in assessing 
the need for orthodontic treatment was also found 
in the analysis according to gender: boys and den-
tists, girls and dentists (Table 2).

Table 1. The Need for Orthodontic Treatment (AC-IOTN): Assessment by Children and Dentists

Dentist

Children

TotalNo need Moderate need Pronounced need

N (%) N (%) N (%)

No need 260 (86.7) 7 (2.3) - 267 (89.0)

Moderate need 2 (0.7) 17(5.7) - 19 (6.3)

Pronounced need 3 (1.0) 2 (0.7) 9 (3.0) 14 (4.7)

Total 265 (88.3) 26 (8.7) 9 (3.0) 300 (100)

Cohen’s Kappa = 0.774; P<0.001

Table 2. The Need for Orthodontic Treatment (AC-IOTN): Assessment by Children and Dentists according to Gender

Dentist

Children

TotalNo need Moderate need Pronounced need

N (%) N (%) N (%)

Boys

No need 129 (86.0) 7 (4.7) - 136 (90.7)

Moderate need - 8 (5.3) - 8 (5.3)

Pronounced need - 2 (1.3) 4 (2.7) 6 (4.0)

Total 129 (86.0) 17 (11.3) 4 (2.7) 150 (100)

Cohen’s Kappa = 0.774; P<0.001

Girls

No need 131 (87.3) - - 131 (87.3)

Moderate need 2 (1.3) 9 (6.0) 0 11 (7.3)

Pronounced need 3 (2.0) - 5 (3.3) 8 (5.3)

Total 136 (90.7) 9 (6.0) 5 (3.3) 150 (100)

Cohen’s Kappa = 0.835; P<0.001
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Significant substantial agreement in assessing 
the need for orthodontic treatment was also found 
in the analysis according to age: 12-13 year old 
children and dentists, 14-15 year old children and 
dentists (Table 3).

Comparing boys and girls, the results show a 
greater need for orthodontic treatment in boys, but 
the difference is not statistically significant (Table 4). 

Analysis of the need for orthodontic treatment 
with respect to the age of the children showed a sig-
nificant difference (Table 4). The need for orthodon-
tic treatment is more pronounced in older children.

Acceptance of Orthodontic Treatment by 
Schoolchildren

The objectives of this research included determi-
nation of quantification and standardization of 

orthodontic treatment need, and setting priorities 
for orthodontic treatment based on examples of 
similar research studies conducted worldwide (8, 
9). Assessment by the dentists showed: 14 boys 
and 19 girls (according to gender) and seven 12-
13 year old children and twenty-six 14-15 year 
old children (according to age) had a moderate 
to major need for orthodontic treatment. No sig-
nificant difference was found in the acceptance of 
orthodontic treatment according to gender, nor 
according to age (Table 5).

Regarding their negative view of the treatment, 
the subjects pointed out the discomfort of wear-
ing of orthodontic appliances for a long time, and 
their concerns as to the positive outcome of the 
treatment.

Table 3. The Need for Orthodontic Treatment (AC-IOTN): Assessment by Children and Dentists according to Age

Dentist

Children

TotalNo need Moderate need Pronounced need

N (%) N (%) N (%)

Age: 
12-13

No need 145 (96.0) 0 0 145 (96.0)

Moderate need - 5 (3.3) - 5 (3.3)

Pronounced need - - 1 (0.7) 1 (0.7)

Total 145 (96.0) 5 (3.3) 1 (0.7) 151 (100)

Cohen’s Kappa = 1.000; P<0.001

Age: 
14-15

No need 115 (77.2) 7 (4.7) - 122 (81.9)

Moderate need 2 (1.3) 12 (8.1) - 14 (9.4)

Pronounced need 3 (2.0) 2 (1.3) 8 (5.4) 13 (8.7)

Total 120 (80.5) 21 (14.1) 8 (5.4) 149 (100)

Cohen’s Kappa=0.709; P<0.001

Table 4. The Need for Orthodontic Treatment (AC-IOTN) according to Gender and Age: Assessment by Children

Children 

Need for orthodontic treatment (AC-IOTN)

TotalNo need Moderate need Pronounced need

N (%) N (%) N (%)

Boys 129 (86.0) 17 (11.3) 4 (2.7) 150 (100)

Girls 136 (90.7) 9 (6.0) 5 (3.3) 150 (100)

χ2=2.764; P=0.297; Fisher’s Exact test

Age: 12-13 145 (96.0) 5 (3.3) 1 (0.7) 151 (100)

Age: 14-15 120 (80.5) 21 (14.1) 8 (5.4) 149 (100)

χ2=17.919; P<0.001; Fisher’s Exact test

Ruzica Zovko et al: Acceptance of Orthodontic Therapy
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Discussion

This study of the IOTN performed using the AC in 
two primary schools in the Prozor-Rama Munici-
pality with respect to children aged 12-15 years, 
showed a very high degree of malocclusions. We 
also quantified the degree and priority of treatment 
due to the high percentage of malocclusions. The 
research results indicate that, out of the total num-
ber of subjects (300, 150 boys and 150 girls aged 
12-15 years), 33 of them (or 11%) had a moderate 
or major need for orthodontic treatment. Similar 
studies performed in this region verified the exis-
tence of malocclusions, but did not determine their 
degree in order to ascertain treatment priorities 
(11). Using the IOTN, in different countries, dif-
ferent rates of these needs have been determined. 
In India, Tak M et al. showed that malocclusion 
and orthodontic treatment need was reported 
among 33.3% of the study subjects (12). In Europe, 
in primary school children in Italy, 59.5% had a 
need for orthodontic treatment (8), whereas 15-
26% children aged 12-14 in Great Britain had this 
need (13), and 28.9% of children aged 8-16 years 
in Scotland (14). Linder-Aronson et al. conducted 
a study in Scotland and showed that the prevailing 
objective and subjective need for treatment varied 
in the areas studied (14). The highest prevalence 
of treatment need was found in areas with a large 
immigrant population. The prevalence of objec-
tive need for treatment varied between 23.8% and 
28.9%. The subjective need for treatment ranged 
from 21.6% to 30.3%. A similar study performed 
in Germany showed that 26.2% of the examined 

children had a need for orthodontic treatment 
(15). Many studies have shown a major discrep-
ancy between the orthodontic treatment need as-
sessed using the Aesthetic Component (AC), due 
to the fact that a dento-facial anomaly, such as a 
lack of teeth in the lateral area, does not always 
have an effect on aesthetics (16, 17, 18). Cai et al. 
showed that a positive relationship (P < 0.001) ex-
isted between the young adults’ AC and the ortho-
dontist’s AC (r=0.275) (19). Taibah et al. showed a 
statistically significant but fair agreement between 
the clinician’s AC and students’ AC assessments in 
different age groups (20). It is noteworthy that no 
significant differences in the need for orthodon-
tic treatment between males and females were 
observed in the present study. The differences in 
assessment of the degree of occlusal anomalies by 
a doctor of dental medicine are negligible with 
respect to both boys and girls, and they do not 
show statistical significance. The negative view of 
treatment is explained by the discomfort of long-
term use of orthodontic appliances, and concerns 
regarding its positive outcome. In regions without 
an adequate preventive programme there are a 
large number of malocclusions in children caused 
by early loss of either primary or permanent teeth.

In addition, the demand for orthodontic treat-
ment has increased due to increasing awareness 
and perception, resulting in extensive waiting lists. 
It is essential, therefore, that orthodontists should 
carefully prioritize and plan the provision of orth-
odontic treatment. In comparison to other studies, 
the results obtained in this study are very similar, 
although our country ranks quite low in socio-

Table 5. Acceptance of Orthodontic Treatment According to Gender and Age

Children 

Acceptance of orthodontic treatment

Would accept orthodontic treatment Would not accept orthodontic treatment
No opinion Total

N (%) N (%)

Gender

Boys 10 (71.4) 1 (7.1) 3 (21.4) 14

Girls 16 (84.2) 2 (10.5) 1 (5.3) 19

χ2=2.003; p=0.459; Fisher’s Exact test

Age

12-13 6 (85.7) 1 (14.3) 0 7

14-15 20 (76.9) 2 (7.7) 4 (15.4) 26

χ2=1.300; P=0.600; Fisher’s Exact test
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economic terms. The availability of preventive 
programs and programs related to oral health care 
are still not satisfactory. Preventive programmes 
for early childhood caries are lacking, so this is 
a direct aetiological factor related to the higher 
prevalence of orthodontic anomalies (21). 

Limitations of the Study

It is important to point out some limitations of this 
study. The IOTN is basically an epidemiological in-
dex that has limitations in assessing the treatment 
needs of individual patients. The studied indices 
are epidemiological tools that aim to assess the de-
gree of need for treatment, not to make diagnoses 
or assist in orthodontic planning.

Conclusions

The IOTN may be adequate for public health plan-
ning and epidemiological purposes. On the basis 
of the results of this research, it may be concluded 
that there is still high prevalence of occlusal anom-
alies in the examined region, especially those with 
a moderate or major need for orthodontic treat-
ment. The need for orthodontic treatment is more 
pronounced in older children, and there is no dif-
ference between boys and girls.

What Is Already Known on this Topic:
Professional specialist assessment of malocclusion involves assessing 
both objective and subjective factors, but the patient’s self-perception 
and aesthetic perceptions cannot be underestimated. Many occlusal in-
dexes have been established to perform such estimations and categorize 
treatment need severity, such as the occlusal index, treatment priority 
index, and dental aesthetic index.

What this Study Adds:
A better understanding of patients’ perception of their malocclusion se-
verity is an essential step in orthodontic treatment planning. It is neces-
sary to measure their aesthetic self-perception and the degree of accep-
tance of the treatment. This would give the orthodontist information 
about the patient’s expectations and improve cooperation with patients.
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Abstract
Objective. The aim of this study was to investigate adverse effects, progression free survival (PFS), one-year local control (LC) 
and one-year overall survival (OS) of patients with liver oligometastases treated with stereotactic body radiotherapy (SBRT), 
and whether there was a significant difference in these parameters in patients with primary colorectal cancer compared to other 
tumor localizations. Patients and Methods. Patients were simulated using four-dimensional computed tomography (4DCT). 
Using volumetric modulated arc therapy (VMAT) technique, SBRT was performed on 16 patients with <3 liver metastases. The 
prescribed dose was 60 Gy in 8 fractions (BED 105 Gy). Cone beam CT (CBCT) was used for image guidance before each frac-
tion with online correction. Results. There were no adverse effects. Median PFS for all patients, patients with primary colorectal 
cancer, and patients with primary non-colorectal cancer was 11 months (SE 2.1), 16 months (SE 2.8), 6 months (SE 2.4), re-
spectively. There was no significant difference in the PFS for these two observed groups (P=0.09). The one-year LC was 62.5%. 
Patients with primary colorectal cancer had one-year LC of 87.5%, while the group of patients with primary non-colorectal 
cancer had one-year LC of 37.5% (P=0.063). The total one-year OS was 87.5%. In the group of patients with primary colorectal 
cancer, the one-year OS was 100%, while in the group of patients with primary non-colorectal cancer, the one-year OS was 75% 
(P=0.317). Conclusion. SBRT with 8 × 7.5 Gy can be safely delivered and is effective method of treating liver oligometastases.

Key Words: SBRT  Liver  Oligometastases.

Introduction

Metastases in the liver cause significant morbid-
ity, causing pain and anorexia, among others, 
while significant liver dysfunction worsens gen-
eral condition of the patient and is one of signifi-
cant causes of mortality in patients with malignant 
diseases (1). Liver is one of the most common 
sites for metastatic spread. The largest number of 
liver metastases are of colorectal cancer origin (2, 
3). Although it is a metastatic disease, if it is lim-
ited in number and localization only to the liver, 
these patients are candidates for local therapy (4, 
5). Surgery is the first option for local treatment, 
with long-term good results in the control of 
oligometastatic liver disease (6-8). Unfortunately, 

only 10-20% of metastases in the liver are resect-
able, which is why most patients are treated with 
systemic therapy. Although new combinations of 
chemotherapeutic agents and targeted drugs lead 
to better results, they do not do so without signifi-
cant toxicity. Other methods of local ablative ther-
apies that have shown benefit are stereotactic body 
radiotherapy (SBRT), radiofrequency and micro-
wave ablation, transarterial chemoembolization, 
cryoablation and alcohol injection (9-11). Radio-
therapy is a proven palliative treatment method, 
and in patients with painful metastases in the liver, 
even one fraction of irradiation of the whole liver 
could achieve a significant reduction in symptoms 
and lead to improved quality of life in most pa-
tients (12, 13).

Clinical Science
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Due to the low tolerance of the liver paren-
chyma to radiation and high risk of damage to the 
healthy liver parenchyma, the standard form of 
external radiotherapy to a larger volume of liver 
tissue is not an option for treating liver metasta-
ses (RILD, Radiation Induced Liver Damage) (14-
16). Technological advances have improved plan-
ning systems and imaging methods which made 
it possible to apply high doses of radiation in a 
smaller number of fractions to a limited volume 
in the liver parenchyma while maximally sparing 
the surrounding healthy parenchyma (17-21). By 
increasing the dose that can be safely applied to 
the tumor, the ability to control the tumor also 
increases. Numerous studies have been investigat-
ing the possibilities of application, efficiency and 
safety of stereotactic radiation of liver metastases.

The aim of this study is to investigate adverse 
effects, period up to disease progression (PFS,  
Progression Free Survival), one-year local control 
(LC) and one-year overall survival (OS) of patients 
with liver oligometastases treated with SBRT, as 
well as whether there is a significant difference in 
these parameters in patients with primary colorec-
tal cancer compared to other tumor localizations.

Patients and Methods

Patients

This retrospective study included patients who 
were treated consecutively in the period from Au-
gust 2016 to June 2019. Sample size was formed in 
the way that patients were censored at the time of 
analysis (June 2020), so each patient had a follow-
up time of at least one year. Inclusion factors for 
SBRT of liver metastases were: liver metastases 
that were unresectable or medically inoperable 
due to comorbidities and which were verified by 
biopsy or CT / MR / PET imaging with an increase 
in tumor markers, <3 size metastases, size ≤6 cm, 
stable primary tumor, good liver function, in good 
general condition (ECOG 0-2). Exclusion factors 
were observed and later confirmed, through diag-
nostic tests, disease progression at the time of CT 
simulation and crossing the dose constraints on 
healthy tissues.

Methods

Patients were simulated using four-dimensional 
computed tomography (4DCT, GE LightSpeed, 
16 slice, slice thickness 1.25 mm) in supine posi-
tion using abdominal compression (Macromed-
ics), with or without intravenous contrast (22). 
For more accurate visualization and delineation, 
available pre-therapeutic diagnostic tests were 
registered (contrast-enhanced CT, MR, PET/
CT). The target volume was contoured at the fol-
lowing phases of 4DCT: fb (free breathing), 0, 50, 
90 and Min-IP (Minimal Intensity Projection) 
in the ARIA radiotherapy system (Varian Medi-
cal Systems Inc, Palo Alto, CA, USA), with target 
volume position check on all available diagnostic 
and 4DCT simulation images. By combining the 
contours in the mentioned phases, ITV (Internal 
Tumor Volume) was defined, which was named 
iGTV, and then PTV with a margin of 3-5 mm. 
Organs at risk were contoured according to the 
RTOG atlas and included: liver (liver contoured 
on fb series and Avg (Average) series, oesophagus, 
small intestine, large intestine, stomach, kidneys, 
spinal cord, spinal cord PRV, ribs and skin.  

The prescribed dose was 60 Gy in 8 fractions 
(7.5 Gy daily; BED 105 Gy, α/β=10), every other 
day. Planning was done using the Eclipse planning 
system, and the Acuros XB algorithm was used 
to calculate the dose. The two half-arc volumetric 
modulated arc therapy (VMAT) technique with a 
treatment couch rotation of ±10° was used (Figure 
1). The treatment was performed on a Varian Clin-
ac DHX linear accelerator. Before each fraction, 
cone beam CT (CBCT) and online verification and 
correction of the patient’s position and metastasis 
or metastases were performed. Checking the po-
sition of the target volume was controlled so that 
liver contour on the obtained CBCT image over-
lapped with the liver contour obtained on the Avg 
series of simulation 4DCT, which was considered a 
surrogate for the liver position during treatment if 
metastases were not clearly visible (23, 24).

Patients were monitored prospectively with 
control laboratory tests (blood count, liver bio-
chemical tests) and radiological imaging. First 
control laboratory tests were 2 weeks after treat-
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ment and then at quarterly intervals. Radiographic 
response assessment was performed quarterly ac-
cording to RECIST 1.1 criteria and was classified 
as complete response (CR), partial response (PR), 
stable disease (SD) or progressive disease (PD). 
CR is defined as the total radiographic disappear-
ance of all lesions. PR is defined as at least a 30% 
reduction in the amount of diameter of the target 
lesions. PD is defined as at least a 20% increase in 
the diameter of the target lesions. In addition to 
a relative increase of 20%, the lesion also had to 
show an absolute increase of at least 5 mm. The 
appearance of one or more new lesions was also 
considered progression. SD is defined as neither a 
sufficient decrease to qualify for PR, nor a suffi-
cient increase to qualify for PD (25).

Progression of the disease is considered to be the 
progression of the treated lesion, appearance of new 
metastases in the liver, distant organs and/or in the 
lymph nodes. One-year local control is met if the 
treated lesion is without signs of disease progres-
sion. Patients were followed for local control for up 
to a year in case of disease progression which was 
not a consequence of the progression of the treated 
lesion. In case the patient dies within one year from 
the beginning of the treatment, it was considered 
that the local control was not met. One-year overall 
survival was measured from the day of commence-
ment of the stereotactic radiotherapy treatment.

Statistical Analysis 

Standard descriptive methods (arithmetic mean 
with standard deviation, median with standard 
error, range of numerical feature from minimum 
to maximum value) were used in statistical data 
analysis. Survival analysis was performed using 
the Kaplan-Meier method. Survival curves were 
compared using the Log Rank test. The difference 
was considered significant if P<0.05. IBM SPSS 
statistics software (ver. 1.0.0.1406) was used for 
statistical analysis.

Results

There were no treatment side effects or changes in 
blood counts and liver biochemical parameters. 
Number of eligible patients was 16 (6 male and 10 
female patients), none met the criteria for exclu-
sion. The mean age for the 16 patients analysed 
(Table 1) was 63 years (standard deviation 15.64, 
minimum 17, maximum 78). The most numerous 
were the patients with primary colorectal cancer (8 
patients). Four patients had primary breast cancer, 
2 had primary cancer of the hepatobiliary tract, 1 
had primary lung cancer and 1 had hepatocellular 
carcinoma. The total number of treated metastases 
was 21. Ten patients received chemotherapy due to 
liver metastases before treatment with SBRT, while 

Dejan Cazic and Goran Marosevic: SBRT for Liver Oligometastases

Figure 1. SBRT Plan for Liver Metastasis.
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Table 1. Patients Characteristics

Characteristic
All patients
N (%)

Male
N (%)

Female
N (%)

Number of patients 16 6 (37.5) 10 (62.5)

Age (years)

<65 7 (43.7)  1 (6.3) 6 (37.5)

≥ 65 9 (56.3) 5 (31.2) 4 (25)

Median age 63  (range 18-78) 73 (range 62–78) 56 (range 18-76)

Primary tumor

Colorectal cancer
Breast cancer 

8 (50)
4 (25)

5 (31.2)
-

3 (18.8)
4 (25)

Lung cancer 1 (6.3) 1 (6.3) -

Hepatobiliary tract cancer 2 (12.5) - 2 (12.5)

Primary liver cancer 1 (6.3) - 1 (6.3)

Number of liver metastases per patient

One 11 (68.8) 3 (18.8) 8 (50)

Two 5 (31.3) 3 (18.8) 2 (12.5)

Size of the metastases (cm)

<2 7 - -

2-4 8 - -

4-6 6 - -

Figure 2. Progression Free Survival (PFS) Plot.

P=0.09
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in 6 patients SBRT was the first therapy for oligo-
metastatic liver disease.

The median PFS for all patients was 11 months 
(standard error 2.1, minimum 3 months, maxi-
mum 28 months). In the group of patients with 
primary colorectal cancer, the median PFS was 16 
months (standard error 2.8, minimum 3 months, 
maximum 28 months). In the group of patients 
with primary non-colorectal cancer, the median 
PFS was 6 months (standard error 2.4, minimum 3 
months, maximum 24 months). There was no sig-
nificant difference in the disease progression free 
survival for these two observed groups (P=0.09) 
(Figure 2). Sample mean follow-up time was 12.2 
months (standard deviation 8.3).

The one-year LC was 62.5%. In the group of 
patients with primary colorectal cancer, the one-
year LC was 87.5%, while in the group of patients 
with primary non-colorectal cancer, the one-year 
LC was 37.5%. There is no significant difference 
in one-year LC for patients with colorectal can-
cer compared to patients with primary tumor of 
other localizations (P=0.063). The total one-year 
OS was 87.5% (14 of 16 patients). In the group of 
patients with primary colorectal cancer, the one-
year OS was 100%, while in the group of patients 
with primary non-colorectal cancer, the one-year 
OS was 75%. There was no significant difference 
in the one-year OS for these two observed groups 
(P=0.317).

Discussion

This study investigates the safety and efficacy of 
SBRT in the treatment of patients with oligometa-
static liver disease and it examines whether there is 
a difference in prognosis if the patient has primary 
colorectal cancer compared to other primary tu-
mors. Compared to other studies (Rusthoven et al. 
PFS 6.1 months; Lee et al. PFS 3.9 months, Nicosia 
et al. PFS 7 months), an enviable median progres-
sion free survival has been achieved, especially for 
the group of patients with colorectal cancer (26-
28). Despite not having statistically significant dif-
ference in PFS for patients with colorectal cancer 
compared to other primary tumors (P=0.09), dif-

ference in median time until disease progression is 
clinically significant (16 months vs. 6 months), in 
favour of patients with primary colorectal cancer.

The achieved one-year LC of 62.5% is slightly 
lower, while the one-year LC of 87.5% for patients 
with colorectal cancer is in line with the results of 
LC from other studies, ranging from 71% to 95% 
(26, 27, 29-31). This study shows that there is no 
significant difference in LC in patients with colorec-
tal cancer compared to other histologies (87.5% vs 
37.5%, P=0.063). An explanation of the results of 
one-year LC can be found in the prescribed dose 
and size of treated metastases. The higher the dose, 
the greater the possibility of LC, as the study by Rule 
et al. shows that there is a significant difference in 
the two-year control between 30 Gy in 3 fractions 
and 60 Gy in 5 fractions (56% vs 100%, P=0.009) 
(32). One-year LC is 94% and 95% for the pre-
scribed doses of 75 Gy in 3 fractions and 60 Gy in 
3 fractions (26, 31). Dose escalation in these stud-
ies is safe in terms of tolerance and toxicity, if dose 
volume limits and liver volume are to be spared. 
According to the study by Rusthoven et al. 100% 
two-year control was achieved for metastases of 
size <3 cm, while for metastases >3 cm it was 77% 
(P=0.015) (26). In the group of patients this study 
analysed, only one third of patients had metastases 
<2 cm, while other metastases were >2 cm, which 
potentially affected somewhat lower total LC.

The one-year OS for all patients, patients with 
colorectal cancer, and patients with other prima-
ry tumors is 87.5%, 100%, and 75%, respectively. 
No significant difference in one-year survival is 
achieved between the observed groups (P=0.317). 
The results of other studies range from 68.6% to 
83.5% (28-31). Rusthoven et al. showed that there 
was a group of favorable histologies, which in-
cluded colorectal cancer, breast and kidney can-
cer, carcinoids, GIST and sarcomas, which had a 
significantly longer median survival of 32 months 
compared to other adverse histologies with a me-
dian survival of 12 months (P=0.001) (26). The 
difference in PFS and one-year LC shows that in 
patients with oligometastatic liver disease, prima-
ry colorectal cancer has a good prognosis, which is 
confirmed by the study of Andratschke et al. (29).

Dejan Cazic and Goran Marosevic: SBRT for Liver Oligometastases
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The disadvantage of this study is the relatively 
small number of patients, which led to the forma-
tion of a group with combined patients with pri-
mary tumors other than colorectal cancer. That 
prevented individual comparison of outcomes be-
tween different primary tumors. The small sample 
also affected the result of PFS and one-year OS, i.e. 
the inability to obtain a significant difference be-
tween the observed groups.

Conclusion
In conclusion, patients treated with 8 × 7.5 Gy 
SBRT experienced no treatment-related adverse 
effects. This dose-fractionation regime can be ef-
fective as a local ablative treatment of oligometa-
static liver disease. 

What Is Already Known on this Topic:
Liver metastases are significant cause of morbidity and mortality in pa-
tients with malignant diseases. Most patients are treated with systemic 
therapy. When these patients are candidates for local therapy, surgery is 
the first option. Stereotactic body radiotherapy (SBRT) shows benefit in 
patients who are not surgical candidates.

What this Study Adds:
This study showed that SBRT (8 × 7.5 Gy) can be safely delivered and 
have positive effect in the treatment of liver metastases. We evalu-
ated adverse effects, PFS, one-year local control and one-year over-
all survival of patients with liver oligometastases treated with SBRT. 
In addition, better prognosis for patients with colorectal cancer is 
observed.
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Abstract 
Objectives. The goal of this study was to determine the sealing ability of MTA, Biodentine, and Fuji IX as root-end materials 
after ultrasonic retrograde preparation using a dye penetration method. Materials and Methods. Seventy permanent anterior 
teeth were used in this study. Root canals were prepared using rotary endodontic files, and obturated using the lateral condensa-
tion technique. The resection of the root apices was performed perpendicularly to the long axis, and 3 mm deep retrocavities 
were made by ultrasonic tips. The samples were randomly divided into three experimental groups (N=20) and two control 
groups (N=5). The root-end cavities were filled with mineral-trioxide aggregate (Rootdent MTA, TehnoDent, Russia) in Group 
1, Biodentine (Septodont, Saint Maur des Fossés, France) in Group 2 and Fuji IX GP (GC Corporation, Tokyo, Japan) in Group 
3. The retrocavities of the positive control group were left unfilled, while retrocavities in the negative control group were sealed 
using a flowable composite material. The samples were made transparent, and dye penetration was assessed under a stereomi-
croscope (x10). The data were analyzed with the Kruskal-Wallis test and the Mann-Whitney U-test. Results. The Biodentine 
group had a lower mean leakage value than the MTA and Fuji IX groups, and the difference was statistically significant (P<0.01). 
No statistical difference in apical microleakage was found between the MTA and Fuji IX groups (P>0.05). Conclusion. Within 
the limitations of this study, it was concluded that Biodentine provides better sealing ability as a root-end material than MTA 
and Fuji IX. There was no statistically significant difference between the sealing ability of MTA and Fuji IX as root-end materials.

Key Words: Sealing Ability  Root-End Material  MTA, Biodentine  Fuji IX.

Introduction
Elimination of inflamed and necrotic pulp tissue, 
and cleaning and shaping root canals with proper 
obturation are the main purposes of conventional 
endodontic treatment. Conventional root canal 
treatment is the first therapeutic choice, since 
this approach results in a high success rate of up 
to 86-98% (1). In the case of initial treatment fail-
ure, retreatment is inidicated. Endodontic surgery 
becomes the next therapeutic option to save the 
tooth’s biological function (2) only if non-surgical 
retreatment is impossible or would not achieve a 
better result (3). Surgical endodontic treatment 
involves resectioning the root apex, preparation 

of the root-end cavity, and forming an apical plug 
with adequate root-end filling materials. 

The choice of the proper material for the retro-
grade cavity is still an open question in endodontic 
surgery. The sealing ability of root-end materials is 
the ability to make intimate contact with the sur-
rounding tissue (4). Microleakage is the constant 
passage of irritants from the root canal into peri-
apical tissue (and vice versa) through gaps and 
cracks in the material, or attachment with the sur-
rounding tissues (5). According to Tang et al. (6) 
sealing ability is a key characteristic of root-end 
materials that determines the success of periapical 
surgery. 
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Mineral Trioxide Aggregate (MTA) has be-
come the gold standard material (7) for retrograde 
obturation due to its desirable sealing ability, bio-
compatibility, and potential to stimulate apical tis-
sue regeneration (8). Biodentine (Septodont, Saint 
Maur des Fossés, France) is a modified formulation 
of tricalcium silicate cement with similar desirable 
characteristics as MTA and simplified application 
(9). The glass ionomer cement Fuji IX (GC Corpo-
ration, Tokyo, Japan) has been used as a restorative 
material because of its ability to form a chemical 
bond with hard dental tissues, biocompatibility, and 
antibacterial effects (10). As already mentioned, 
Fuji IX is restorative material and the manufacturer 
does not suggest its application as root-end material 
in the instructions for use. However, findings from 
previous studies (3, 4, 11), as well as the desirable 
properties of Fuji IX, initiated interest in evaluat-
ing its application in endodontic surgery.

The retrograde cavity preparation technique 
significantly affects the sealing ability of root-end 
materials (12). The introduction of ultrasonically 
driven micro tips to apical surgery improved acces-
sibility to the resected apical part of the root, and 
enables the preparation of a small, deep, and cen-
trally placed retrocavity (12). This retrograde cavity 
design favors the marginal adaptation of the root-
end filling materials and prevents leakage (13). 

This in vitro study aimed to determine the 
sealing ability of MTA, Biodentine, and Fuji IX 
as root-end materials after ultrasonic retrograde 
preparation, using a dye penetration method. We 
hypothesized that there would be no statistical 
differences in sealing ability between these three 
root-end materials.

Materials and Methods

Sample Selection

Seventy extracted single-rooted teeth (maxillary/
mandibular incisors and canine), with a fully de-
veloped apex, were selected for this study. The teeth 
were collected from patients of the Department of 
Oral Surgery, Faculty of Dental Medicine in Sara-
jevo. Previously endodontically treated teeth, teeth 
with incomplete root development, and teeth with 

obvious fractures, multiple and obliterated canals 
and root resorption were excluded from the study. 

Sample Preparation
After extraction, the samples were immersed in 
3% sodium hypochlorite for disinfection and 
stored until the beginning of the experiment. All 
debris and deposits were scraped from the sample 
surface, the samples were sectioned at the gingival 
part of the root, and the root length was standard-
ized to 18 mm. The three phases of the experimen-
tal part were: 1) Root canal instrumentation with 
obturation; 2) Ultrasonic retropreparation, the ap-
plication of root-end materials with sample group-
ing; 3) Clearing technique procedure.

Root Canal Instrumentation with Obturation 

Reamer #15 (VDW GmbH, Munich, Germany) 
was introduced into the canal for patency determi-
nation. The working length was estimated by ream-
er #15, subtracting one mm from the major apical 
foramen. According to the manufacturers’ instruc-
tions, the root canals were instrumented using 
Mtwo® rotary endodontic files (VDW GmbH, Mu-
nich, Germany) with 1.5% sodium hypochlorite 
irrigation and EDTA lubrication (FileCare® EDTA, 
VDW GmbH, Munich, Germany). The apical 
parts of the samples were uniformly enlarged (ISO 
#40/.04) at 1 mm from the tooth apex. Gutta-per-
cha cones (ISO #40/.04) were coated with AH Plus 
sealer (Dentsply De Trey GmbH, Germany), fitted 
to the working length, and the root canals were ob-
turated using the lateral condensation technique. 
Subsequently, composite resin material (Herculite 
XRV, Kerr, Germany) was used to seal the coronal 
surface of the root canals. The samples were stored 
in saline for one week at room temperature until 
the sealer setting time had passed.

Ultrasonic Retropreparation and the Application 
of Root-End Materials 

The apical part of the specimens was resected per-
pendicular to the longitudinal axis of the tooth, 
taking care that the resected part was not longer 
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than 3 mm. Retropreparation was performed us-
ing an NSK Variosurg (Ultrasonic Bone Surgery 
System) with an ultrasonic microtip (MODEL: 
E32D-S for anterior teeth/90˚). The depth of in-
tracanal preparation was also 3mm. A small 0.9 
mm diameter round filling condenser was used to 
check the width of the retropreparation.

Sample Grouping

The samples (N=70) were randomly divided into 
3 experimental groups, and two control groups 
(positive and negative). Twenty samples were used 
in each experimental group, while the positive and 
negative groups consisted of 5 samples each.  

Retrograde Cavities in Group 1 were filled 
with Rootdent MTA (TehnoDent, Belgorod region, 
Russia). The root-end material was mixed accord-
ing to the manufacturer’s instructions (1 dose-0.25 
g of powder with two drops of distilled water), and 
a paste suitable for manipulation was obtained after 
30 to 40 seconds of mixing. The paste was applied 
into the retrograde cavities with a plastic instru-
ment, and compacted with a ball-ended burnisher 
(diameter of 0.9 mm). A wet cotton ball was ap-
plied to the retrocavity surface to provide a moist 
environment for the material to set sufficiently. 

The Retrograde Cavities in Group 2 were 
filled with Biodentine (Septodont, Saint Maur des 
Fossés, France). The material was mixed accord-
ing to the manufacturer’s instructions: 5 drops of 
liquid from a single-dose container were added to 
the powder capsule and mixed mechanically for 30 
s at 4500 rpm using an amalgamator. The material 
was inserted into the retrocavities using a plastic 
instrument and compacted with a ball-ended bur-
nisher (0.9 mm diameter).

The Retrograde Cavities in Group 3 were filled 
with GC Fuji IX (GC Corporation, Tokyo, Japan). 
The material was mixed according to the manufac-
turer’s instructions: 1 scoop of powder and 1 drop 
of liquid were mixed until a creamy paste was ob-
tained. Twenty retrograde cavities were filled with 
this paste using a plastic instrument and a 0.9 mm 
diameter ball-ended burnisher.

Positive and Negative Control Groups The 
retrocavities of the positive control group were left 
unfilled. After adhesive procedures were complet-
ed, the retrocavities of the negative control group 
were sealed using a flowable composite material 
(Tetric® EvoFlow, Ivoclar Vivadent). 

Clearing Technique Procedure

The external surface of the samples in the experi-
mental groups and the positive control group were 
coated with two layers of nail varnish, except api-
cal 3 mm. The samples of the negative control 
group were wholly isolated, with two layers of nail 
varnish. After one week of immersion in Indian 
ink, the nail varnish was scraped from the sample’s 
surfaces. To achieve demineralization, the samples 
were stored in 5% nitric acid solution for 5 days 
at room temperature, with daily changes of acid. 
Increasing concentrations of ethyl alcohol (70%, 
95%, 99%) were used for a period of 12 hours to 
achieve dehydration. The dehydrated samples 
were placed in methyl salicylate for a period of 24 
h to enhance translucency.

Evaluation of Apical Microleakage

The specimens in the experimental groups were 
analyzed under a stereomicroscope (Novex RZ-se-
ries, Euromex microscopes BV, Netherlands) at x10 
magnification. Measurement of apical dye leakage 
was performed with calipers on images captured 
by a digital camera (Euromex 5.0 Mpx CCD digi-
tal camera). The extend of linear dye penetration 
measured in millimeters was assessed from the 
root apex to the most prominent coronal point of 
dye penetration (Figure 1). One sample from each 
experimental Group 2 (Biodentine) and Group 3 
(Fuji IX) was excluded from further analyzes due 
to extensive leakage and complete dye penetration 
along the interface of the root canal filling and the 
root canal walls. In subsequent evaluations, these 
two experimental groups (Biodentine and Fuji IX) 
included 19 samples each.
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Statistical Analysis

Data were analyzed using the SPSS (Statistical Pack-
age for the Social Sciences) version 23. Preliminary 
analyses were conducted to specify the distribu-
tion of the dependent variables. Apical leakage data 
showed non-parametric distribution. In further 
analysis, the Kruskal-Wallis test and the Mann-
Whitney U-test were used to determine the statisti-
cal differences in microleakage between the three 
experimental groups, at a significance level of 5%.

Results

All the samples in the positive control group 
showed maximum values of apical microleakage, 
but no apical leakage was observed in the negative 
control group (Figure 1).

T﻿he descriptive values of apical microleakage 
are shown in Table 1. The positive asymmetry of 
the distributions was confirmed statistically: the 
values of Skewness and Kurtosis exceeded the 
values of the corresponding standard errors more 
than 3 times in each distribution (Table 1). The 
highest median value of microleakage was deter-
mined in the MTA group (Mdn=0.39 mm; value 
range: 0-2.60 mm), while median values in the 
Biodentine and Fuji IX groups were zero (Table 
1). The Kruskal-Wallis test revealed a statistically 
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Figure 1. (A) The sample of the MTA group. The arrow shows apical dye leakage on the interface of the root-end materials 
and the walls of the retrograde cavity. (B) The samples of the Biodentine group and (C) the Fuji IX group, show a complete 
apical plug where no apical leakage was found. (D) The positive control group revealed maximum leakage, while the nega-
tive control group (E) was completely clear, without the evidence of dye penetration.  

Table 1. Descriptive Values of Apical Microleakage (mm) for Three Different Types of Root-End Material 

Root-end material N M sd Min Q1 Med Q3 Max
Skewness Kurtosis

(SE) (SE)

MTA 20 0.55 0.64 0.00 0.06 0.39 0.70 2.60
2.11 5.15

(0.51) (0.99)

Biodentin 19 0.08 0.33 0.00 0.00 0.00 0.00 1.46
4.36 19.00

(0.52) (1.01)

Fuji IX  19 0.41 0.67 0.00 0.00 0.00 0.68 2.34
2.03 3.83

(0.52) (1.01)

MTA=Mineral trioxide aggregate; N=Sample size; M=Arithmetic mean; SD=Standard deviation; Min=Minimal value in distribution; Q1=First quartile, i.e. 25th 
percentile of the data; Med=Median, i.e. 50th percentile of the data; Q3=Third quartile, i.e. 75th percentile of the data; Max=Maximal value in distribution; 
SE=Standard error.
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significant difference in microleakage between the 
experimental groups X2(2)=14.83, P<0.01. Ad-
ditional post hoc analysis (Table 2) showed sta-
tistically significant differences in microleakage 
between Biodentine and MTA (Mann-Whitney 
U=63.00, Z=-4.00, P<0.01, r=-0.89) and Bioden-
tine and Fuji IX (Mann-Whitney U=116.00, Z=-
2.53, P=0.01, r=-0.58). No statistically significant 
difference in microleakage was found between 
MTA and Fuji IX (Mann-Whitney=148.50, Z=-
1.21, P>0.05, r=-0.27). 

Discussion

The results of apical microleakage are affected by 
several factors. Besides the properties of root-end 
materials and their sealing ability, the methodol-
ogy of assessment, root canal morphology and the 
diameter of the root canal may have an influence 
on the sealing ability results.

Various methods of microleakage evaluation 
have been used, such as dye penetration, fluid fil-
tration method, bacterial leakage, radioactive iso-
topes, scanning electron microscopy and others. It 
is important to emphasize that no standard meth-
od of microleakage assessments exists, and there 
is a lack of technical standardization even when 
the same methodology is used (14-16). The lack of 
standardization is probably the main reason why 
there are so many different methods to study the 
same phenomenon. 

Dye penetration methods are commonly used 
in the detection of apical leakage. In our research, 

the clearing technique was used, primarily due to 
the possibility of three-dimensional observation of 
the apical microleakage. It is a simple, inexpensive 
procedure, on a biological substrate that is not de-
stroyed by the evaluation method itself (14). The 
application of the clearing techique is based on the 
possibility of a dye to penetrate voids and cracks 
formed on the interface between the material and 
dental tissue. At the end of the clearing procedure, 
the tooth becomes completely transparent, allow-
ing the precise measurement of the dye penetra-
tion inside the root canal in tenths of millimeters 
(17). The high-resolution images can be acquired 
and the specimen can be preserved for a long time 
at different study periods.

Also, the clearing technique has the limitations. 
When the clearing procedure is not performed 
correctly (e.g. reduction of demineralization pe-
riod), the samples are opaque and dye penetration 
readings are not possible. The entrapped air could 
block the dye penetration, and applications of dif-
ferent types of dye may change the result (18). This 
method has been criticized because of its limited 
clinical relevance, but it is also a proven and effi-
cient method to diagnose and visualize cracks and 
voids inside root canals (11).

Complete debridement of the root canals with 
complex root canal morphology is difficult to ob-
tain, and most previous studies have comprised 
the evaluation of sealing ability on single root 
canals (19). Maxillary incisors and canines were 
selected as they have a simple root canal morphol-
ogy. CBCT evaluations of root canal morphology 
revealed that 97-100% of maxillary incisors and 
canines have one root and one canal (20). Com-
pared to maxillary incisors, mandibular incisors 
have one root (99.92-100%), and more frequently 
two canals (14.4-20.2%) (20). The mandibular ca-
nine has one root (98.57% of samples) and one ca-
nal (92.4% of samples) (20).  

More interesting is research related to the di-
ameter of the root canal. Wu et al. (21) analyzed 
root canal diameters at a different distance from 
the apex, and found that the occurrence of the 
long oval canal was >50% in some tooth groups at 
5 mm from the apex. In particular the mandibular 

Table 2. Mann-Whitney Test Statistics for Differences in 
Apical Microleakage Values (mm) between Different Types 
of Root-Ending Material

Root-end 
material

Mean 
range

Mann-Whitney 
U

Z P r

MTA 26.35
63.00 -4.00 0.0001 -0.89

Biodentine 13.32

MTA 22.08
148.50 -1.21 0.2269 -0.27

Fuji IX 17.82

Biodentine 16.11
116.00 -2.53 0.0115 -0.58

Fuji IX 22.89

MTA= Mineral trioxide aggregate.
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incisors are considerably broader buccolingually 
than mesiodistally (20), and oval-shaped canals 
in the apical third were not uncommon (22, 23). 
NiTi rotary files are less effective in the instrumen-
tation of oval-shaped canals (24) and some root 
canal surfaces may remain untreated. These are fa-
vorable conditions for the accumulation of debris 
and microorganisms (25), are difficult to clean and 
shape, and become obturated. Extensive leakage 
was seen in two samples from the Biodentine and 
Fuji IX groups. This result might be attributed to 
the inability of the lateral condensation technique 
to fill the untreated surfaces of the samples with 
oval-shaped root canals.

Apical microleakage was observed in all the 
experimental groups, however the results of this 
study show the advantage of Biodentine over MTA 
and Fuji IX in terms of their sealing ability. The 
results of this study are in agreement with previous 
studies (26-29). Khandelwal et al. compared the 
effects of ultrasonic and conventional techniques 
of retropreparation on the sealing ability of Bio-
dentine and MTA under a confocal laser scanning 
microscope (26). Biodentine and ultrasonic prepa-
ration showed significantly less microleakage than 
MTA. Naik at al. evaluated the apical seal of min-
eral trioxide aggregate (MTA) and Biodentine as 
root-end materials after irrigation with MTAD 
(a mixture of doxycycline, citric acid and a deter-
gent). Compared to MTA, the apical seal obtained 
with Biodentine was superior (27). Chakmakchi 
et al. evaluated the sealing ability of Biodentine, 
MTA and glass iomomer cement (GIC) using a 
dye penetration model on longitudinal sections. 
The results of their study indicated that Biodentine 
provides a better seal as a retro filling material than 
MTA and GIC. In agreement with our results, no 
statistically significant difference in sealing ability 
was found between MTA and GIC (28). Pathak et 
al. analyzed the sealing ability of MTA, Bioden-
tine, GIC and IRM using a scanning electron mi-
croscope and a stereomicroscope on longitudinal 
sections (29). It was concluded that Biodentine 
exhibited better sealing ability compared to MTA, 
GIC and IRM. In that study, no statistically signifi-
cant difference between the materials was found, 

probably because of the smaller sample size than 
in the present study.

The better sealing ability of Biodentine may be 
related to its smaller particle size and low poros-
ity. According to Camilleri et al., Biodentine ex-
hibited a low average pore diameter in a range of 
0.01–0.05 μm, and low porosity (30). During hy-
dration reactions, the hydration products fill the 
gaps between the un-hydrated cement grains (30). 
These physical properties contribute to better mar-
ginal adaptation to the cavity walls and decrease 
the chances of leakage. The small pore volume 
of the material allows better penetration into the 
dentine tubules. The lower sealing ability of MTA 
may be attributed to its greater particle size (27). 
This is supported by the findings of Ravichandra 
et al., who reported that Biodentine showed bet-
ter marginal adaptation as root-end material than 
MTA and Glass ionomer cement (31). 

In our study, the pre-dose capsulate formula-
tion of Biodentine was used. Consequently, varia-
tions in water/powder ratio were reduced to a 
minimum, and a homogeneous consistency was 
obtained by mixing the material in an amalgam-
ator. However, MTA was mixed manually and, ac-
cording to the manufacturer’s instructions, it was 
permitted to add more liquid to obtain paste con-
sistency. In this way, the liquid/powder ratio var-
ies in each preparation. Excess water leads to void 
formation, increases the porosity of the root-end 
material (30), and affects the sealing ability results. 
The results of this study may be attributed to the 
formation of tag-like structures at the material-
dentin interface. Biodentine and MTA generated 
uptake of calcium and silicate ions in the adja-
cent root canal dentine in the presence of phos-
phate-buffered saline (32). Formation of tag-like 
structures alongside an interfacial layer was more 
prominent in Biodentine than MTA (32, 33). This 
crystal formation has the potential to increase the 
sealing ability of Biodentine (34), because apatite 
crystals fill the gaps along with the interface of the 
tricalcium silicate cement and root dentin.

Dimensional changes in root-end materials in 
different environments may affect apical microle-
akage. In dry conditions, MTA did not show any 
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dimensional changes, while Biodentine demon-
strated shrinkage and crack formation. In wet con-
ditions, Biodentine and MTA showed expansion, 
but in blood, both materials presented shrinkage 
through time. Dimensional changes of root-end 
materials disrupt marginal adaptation and lead to 
microleakage (35).

At the end of the clearing procedure, it was evi-
dent that some root-end materials were lost and 
missing from the retrograde cavity. Washout is the 
tendency of freshly prepared cement paste to disin-
tegrate in contact with blood or other fluids. It has 
been reported that Biodentine has a very high wash-
out tendency (36) and solubility (37). The clearing 
technique used in this study implies the application 
of different solutions for several days. This may ex-
plain the most frequent loss of retrograde filling 
from the Biodentine group in our study.

Limitations of the Study

The limitation of the present study was the evalua-
tion of apical microleakage in in vitro conditions for 
a relatively short period. Nabeel et al. (2019) showed 
a difference in the leakage values at different time 
intervals between MTA and Biodentine (38). 

Conclusion
Within the limitation of this study, it was conclud-
ed that Biodentine provides better sealing ability 
as a root-end material, than MTA and Fuji IX. 
There were no statistically significant differences 
between the sealing ability of MTA and Fuji IX as 
root-end materials.

What Is Already Known on this Topic:
The success of endodontic surgery is closely related to the selection of ap-
propriate root-end filling materials. These materials should hermetical-
ly seal the retrograde cavity and prevent the passage of microorganisms 
and/or their toxins through the apical foramen into the periapical tis-
sues, and vice versa. Currently, no root-end filling material has achieved 
a fluid-tight seal. Therefore, the search for the root-end material of good 
sealing ability continues.

What this Study Adds:
Evaluation of the sealing ability of MTA, Biodentine and Fuji IX as 
root-end materials by the clearing technique was not found in any pre-
vious study. The results of this study contribute to knowledge about op-
timal root-end material in daily practice.
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Abstract
Objective. The use of complementary and alternative medicine (CAM) among healthy population and in patients with certain 
health conditions has been investigated in Croatia; however, no studies have been carried out among health studies students 
and professionals. The aim of the study was to measure the extent of CAM use among health studies students. Materials and 
Methods. An online survey was used to question students enrolled at the Faculty of Health Studies, University of Rijeka, Croa-
tia. The questionnaire entailed several parts, including sociodemographic data, frequency of use of 31 CAM methods, the source 
of obtaining CAM information, as well as the main reason for using CAM. Results. Seven hundred and twenty-three students 
were invited to take part in the survey, of whom 207 (29%) responded, mostly females (N=172; 83.1%). The median age of the 
respondents was 22 years. More than half of the respondents (N=113; 54.6%) were employed. The most used CAM methods 
were natural products, such as vitamins and minerals (93.2%), probiotics (80.7%) and herbs (78.3%).  The most used mind and 
body practices were massages (76.3%), deep breathing (61.4%), and spirituality and prayer (56%). The main source of informa-
tion on CAM was the Internet (N=151; 72.9%). Maintenance/improvement of health was the most common reason for using 
CAM (49.3%). Conclusion. The findings in this study suggest that the most used CAM methods among students were similar 
to general population; moreover, information about CAM is mostly derived from the Internet.

Key Words: Complementary Therapies  Students  Health Occupations  Usage.

Introduction
Complementary and alternative medicine (CAM) 
is not easy to define, as it implements a wide spec-
trum of therapies and medication (1-6). CAM 
includes two terms: “complementary medicine”, 
which refers to the treatment procedures used in 
addition to conventional medicine, and “alterna-
tive medicine”, which refers to treatments used 
instead of conventional medical treatments (2, 6). 
The use of CAM is becoming increasingly popu-
lar all around the world, both in developed and 
developing countries (3-6). The National Center 

for Complementary and Integrative Health (NC-
CIH) is the leading agency in the USA for scien-
tific research on the variety of medical and health 
systems, practices and products that are not part of 
conventional medicine. According to the NCCIH, 
the term “alternative health approaches” should 
be used instead of the term “alternative medicine”, 
and “complementary health approaches” instead of 
“complementary medicine”. However, the definition 
of the two terms remains the same: using uncon-
ventional products or practices with, or instead of 
conventional medicine products or practices (1, 3).
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According to the NCCIH, CAM, or comple-
mentary health approaches, are classified into three 
groups (1, 4): (a) natural products: herbs (also 
known as botanicals), vitamins and minerals, pro-
biotics, special diets, other nutritional supplements; 
(b) mind and body practices such as guided imag-
ery, hypnotherapy, meditation, deep breathing ex-
ercises, progressive muscle relaxation, acupuncture, 
Tai Chi, Reiki, Qi Gong, Yoga, chiropractic manipu-
lation, osteopathy, massage, reflexology, movement 
therapies, etc. and (c) other complementary health 
approaches: traditional healers, Ayurvedic medi-
cine, traditional Chinese medicine, naturopathy, 
homeopathy and functional medicine (1, 4).

According to Clarke et al. (7) more than 30% 
of adults in the USA used some sort of comple-
mentary health approach in 2012; furthermore, 
Kemppainen et al. found that 25.9% of the gen-
eral population in Europe used some sort of CAM 
methods during a 12-month period (8). Most re-
search on the knowledge, attitude, and the use of 
CAM among medical and health studies students 
has been conducted in Asia, Africa, and the USA 
(3-5, 9-12). The results of these studies showed 
that the use of herbal medicine/supplements (9-
11), meditation/Yoga/relaxation/imagery, mas-
sage (10), spiritualty and prayer (4, 10) have been 
found to be very popular. In their study Saha et al. 
(3) reported that homeopathy was mostly used by 
pharmacy students. Kampo (Japanese traditional 
medicine) was most practised among Japanese 
dental students (12). The most common sources 
of information on CAM among many students are 
the Internet (3, 10, 11), the media (TV, journals) 
(4, 9, 10, 11), books (3, 4, 9, 10) along with faculty 
(9), family and friends (3, 5, 9, 11). 

Croatia’s health care ensurance is mandatory 
for all employed citizens. Retired and people with 
low income are also insured.  Most of CAM prac-
tices are not covered by in the standard insurance. 
However, acupuncture treatment and biofeedback 
are covered by the Croatian basic health insurance 
and may only be performed by licensed physicians 
(13). According to the WHO, 103 member states 
have authorised acupuncture treatment, out of 
which 18 of them have included it in their health 
care insurance system (14).

The use of CAM in healthy population and in 
patients with certain health conditions has been 
investigated in Croatia (15-17). The attitudes of 
325 Croatian health workers were investigated and 
physicians had a more negative attitude towards 
CAM than nurses, technicians, and physical thera-
pists (18). However, to our knowledge, the use of 
CAM has not been conducted with health studies 
students and practicians. 

The aim of this study was to examine the use of 
CAM among students at the Faculty of Health Stud-
ies. We investigated the frequency of use of various 
CAM methods, the main reasons for using CAM, 
and sources of information concerning CAM.

Materials and Methods

Study Design and Setting

A cross-sectional study was conducted with stu-
dents from the Faculty of Health Studies (FZSRI) 
at the University of Rijeka, Croatia. Participation 
in the survey was voluntary and anonymous. All 
research participants were informed about the re-
sarch purpose, voluntary consent, confidentiality 
of the data ensurance, as well as the protection of 
the participants’ identity and information use. In-
formed consent was given by the participants.  

Participants

A total of 723 students from the Faculty of Health 
Studies in Rijeka, Croatia were included (academic 
year 2018/2019). Undergraduate physiotherapy, 
nursing, midwifery and radiology technology stu-
dents, along with graduate physiotherapy, nursing 
- health management and mental health promo-
tion, clinical nutrition and physiotherapy bridging 
programme students were included. 

Complementary and Alternative Medicine Use 
Questionnaire (CAMUQ) 

A questionnaire entitled “Complementary and 
Alternative Medicine Use Questionnaire” (CA-
MUQ) was designed, which included questions on 
sociodemographic data, frequency and reasons for 
CAM use, and sources of information on CAM. 

Tajana Doko et al: Complementary and Alternative Medicine Use 
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The first part of the questionnaire (8 questions) 
related to participants’ sociodemographic data, in-
cluding gender and age of the respondents, year of 
study at FZSRI, employment and workplace. The 
second part (3 questions) examined the frequency 
in which 31 CAM methods had been used in the 
past year on a scale ranging from never (0), rarely 
(1-2x/year), periodically (3-4x/year), often (1-2x/
month) to very often (1 or more times/week). 
CAM methods were divided into 3 large groups: 
natural products (5 methods), mind-body prac-
tices (21 methods) and other complementary ap-
proaches (5 methods). Finally, the last part of the 
CAMUQ examined the sources of information 
on CAM and the main reasons for using CAM 
(closed-ended questions - YES / NO).

Procedure

The CAMUQ was distributed through the free 
Google Form application. The invitation to par-
ticipate in the study and link to the questionnaire 
was distributed online via e-mail and the social 
network Facebook. Data were collected on three 
occasions over a period of two months (from the 
28th November, 2018 until the 27th January, 2019).

Ethics Statement

This research was conducted in accordance with 
the fundamental ethical and bioethical principles 
and in accordance with the most recent revision of 
the Declaration of Helsinki and was approved by 
the Ethical Committee at the University of Rijeka, 
Faculty of Health Studies (Number of approval: 
Class: 602-01/18-01/55; Registration number: 
2170-15-18-1).

Statistical  Analysis

Categorical data is presented with frequency (N) 
and relative frequency (%) (19). Difference in pro-
portions was calculated with a test of proportions 
(“N-1” Chi-squared test). Quantitative data is pre-
sented with appropriate mean and variability mea-
sures depending on the type of distribution (tested 
with the Kolmogorov-Smirnov test). All findings 
with a P<0.05 level were considered statistically 

significant. The collected data was exported from 
Google Form application, recorded in spread-
sheets formatted in MS Excel (Microsoft Corpora-
tion, USA), and statistically processed in MedCalc 
19.17.7 (MedCalc Software, Ostend, Belgium).

Results
Response Rate

A total of 207 students participated in this research, 
which represents an average response rate of 29% 
(Supplement 1). The highest response rates were re-
corded from physiotherapy graduate students (44.1%) 
and undergraduate midwifery students (37.5%). The 
lowest response was observed among nursing - health 
management graduate students (12.7%).

Table 1. Participants’ Characteristics 

Variable N (%)

Gender

Females 172 (83.1)

Males 34 (16.4)

Missing 1 (0.5)

Total 207 (100)

Year of study

1st year of Undergraduate Study 63 (30.4)

2nd year of Undergraduate Study 38 (18.4)

3rd year of Undergraduate Study 42 (20.3)

1st year of Graduate Study 31 (15.0)

2nd year of Graduate Study 25 (12.1)

Bridging programme 8 (3.9)

Total 207(100)

Working place

Primary health care 12 (10.6)

General / County Hospital 8 (7.1)

Special hospital 13 (11.5)

Clinical Hospital Centre 34 (30.1)

Private practice 13 (11.5)

Other 33 (29.2)

Total 113 (100 )

Participants’ Characteristics

Out of 207 respondents, 172 were female (83.1%), 
34 were male (16.4%), while one participant failed 
to complete this category (0.5%). The average 
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mean age of the respondents was 22 years (rang-
ing from 18-58 years of age). Most of the respon-
dents (N=63, 30.4%) were first year students of an 
undergraduate study programme, and the smallest 
number of respondents (N=8; 3.9%) attended the 
bridging programme (Supplement 1).  

More than half (N=113; 54.6%) of the respon-
dents were employed (Table 1). Of those employed, 
100 (88.5%) of them worked in their field of ex-
pertise. Most of them were employed in clinical 
hospital centers (N=34; 30.1%); the fewest number 
worked in general/county hospitals.

Complementary and Alternative Medicine Use

The results of the use of natural products are present-
ed in Table 2. The most used natural products were 
vitamins and minerals (N=48; 23.2%). More than 
half of the respondents (N=128; 61.8%) had never 
used special diet methods. Herbs were occasionally 
used by a quarter of the respondents (N=54; 26.1%).

Concerning mind and body practices, 5 (2.4%) 
respondents stated that they had used the Qi Gong 
method. Furthermore, 35 (16.9%) respondents re-
vealed that they used spirituality and prayer very often, 
26 (12.6%) did deep breathing exercises very often, 
and 39 of them (18.8%) often got massages (Table 3).

Table 2. Frequency of Use of Natural Products

Natural products
Frequency of use N (%)

Never Rarely* Periodically† Often‡ Very often§,

Herbs 45 (21.7) 63 (30.4) 54 (26.1) 28 (13.5) 17 (8.2)

Vitamins and minerals 14 (6.8) 64 (30.9) 43 (20.8) 38 (18.4) 48 (23.2)

Probiotics 40 (19.3) 67 (32.4) 49 (23.7) 33 (15.9) 18 (8.7)

Other nutritional supplements 62 (30) 70 (33.8) 37 (17.9) 16 (7.7) 22 (10.6)

Special diets 128 (61.8) 53 (25.6) 13 (6.3) 4 (1.9) 9 (4.3)

*1-2×/year; †3-4×/year; ‡1-2×/month; §1 or more times/week.

Table 3. Frequency of Use of Mind and Body Practices

Mind and body practices
Frequency of use N (%)

Never Rarely* Periodically† Often‡ Very often§

Biofeedback 169 (81.6) 22 (10.6) 8 (3.9) 4 (1.9) 4 (1.9)

Guided imagery 179 (86.5) 14 (6.8) 8 (3.9) 1 (0.5) 5 (2.4)

Hypnotherapy 200 (96.6) 5 (2.4) 2 (1.0) 0 0

Meditation 140 (67.6) 32 (15.5) 15 (7.2) 11 (5.3) 9 (4.3)

Deep breathing exercises 80 (38.6) 53 (25.6) 36 (17.4) 12 (5.8) 26 (12.6)

Spirituality and prayer 91 (44) 43 (20.8) 14 (6.8) 24 (11.6) 35 (16.9)

Expressive art therapies 174 (84.1) 21 (10.1) 6 (2.9) 4 (1.9) 2 (1)

Progressive muscle relaxation 144 (69.6) 29 (14) 20 (9.7) 10 (4.8) 4 (1.9)

Yoga 148 (71.5) 29 (14) 9 (4.3) 11 (5.3) 10 (4.8)

Tai-chi 192 (92.8) 12 (5.8) 2 (1) 1 (0.5) 0 (0)

Chiropractic 174 (84.1) 20 (9.7) 9 (4.3) 3 (1.4) 1 (0.5)

Osteopathy 192 (92.8) 7 (3.4) 3 (1.4) 2 (1) 3 (1.4)

Massage 49 (23.7) 73 (35.3) 33 (15.9) 39 (18.8) 13 (6.3)

Movement Therapies 153 (73.9) 21 (10.1) 13 (6.3) 7 (3.4) 13 (6.3)

Needle acupuncture 186 (89.9) 12 (5.8) 5 (2.4) 2 (1) 2 (1)

Reflexology 179 (86.5) 19 (9.2) 4 (1.9) 3 (1.4) 2 (1)

Reiki 199 (96.1) 6 (2.9) 1 (0.5) 0 (0) 1 (0.5)

Qi Gong 202 (97.6) 4 (1.9) 0 (0) 0 (0) 1 (0.5)

Touch healing 197 (95.2) 6 (2.9) 2 (1) 1 (0.5) 1 (0.5)

Electromagnetic therapy 175 (84.5) 21 (10.1) 6 (2.9) 2 (1) 3 (1.4)

Aromatherapy 130 (62.8) 44 (21.3) 20 (9.7) 6 (2.9) 7 (3.4)

*1-2×/year; †3-4×/year; ‡1-2×/month; §1 or more times/week.
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Other complementary health approaches were 
generally rarely used by respondents (Supplement 
2). Out of 207 respondents, 201 (97.1%) had never 
used traditional healers’ services. Furthermore, tra-
ditional Chinese medicine and homeopathy were 
used very often by only two respondents (1.0%). 

Sources of Information and Reasons for Using CAM

Most of the respondents received information 
on CAM via the Internet (N=151; 72.9%), and a 
smaller proportion of respondents (N=12; 5.8%) 
through formal education. All differences were sig-
nificant for individual sources (P<0.001) (Table 4).

The most common reason for using CAM 
(Table 5) for most participants was maintaining/
improving health (N=102; 49.3%), while the least 
common reason (N=6; 2.9%) was relief of symp-

toms caused by allergies. Forty-six respondents 
(22.2%) stated that they had not used CAM. 

Discusion

The results of this study are new for the South 
European region and give an insight in the most 
used CAM methods among health sciences stu-
dents. Our participants used natural products, 
massages, deep breathing exercises, and spiritu-
ality and prayer the most. Regarding the type of 
natural products used, the majority of respondents 
(93.2%) used vitamins and minerals, 80.7% used 
probiotics, while herbs were consumed by 78.3% 
of the respondents. In the study carried out by 
Ameade et al. (9), 117 (57.6%) out of 203 medi-
cal students in Ghana used CAM, and most of 
them used herbal medicines. Furthermore, James 
and Bah (4) showed that among 90 undergradu-
ate pharmacy students from University of Sierra 
Leone, herbals/botanicals/supplements were the 
most frequently used CAM modalities (N=63; 
70%). Research related to the mind and body 
practices varies depending on the practice itself. 
According to the results of National Health Sur-
vey conducted in the USA in 2012 (7), the most 
popular CAM methods used by adults included 
deep breathing exercises, Yoga, Tai Chi and Qi 
Gong, chiropractic or osteopathic manipulation, 
as well as meditation. Kemppainen et al.’s (8) study 
showed that the most frequently used CAM treat-
ments among the general population in Europe 
were massages, homeopathy, osteopathy, herbal 
treatments, acupuncture, chiropractic, reflexology 
and spiritual healing. Kemppainen et al.’s findings 
indicated that CAM is commonly used for health-
related problems; moreover, it was typically used 
in a complementary way. 

This study revealed that respondents were ei-
ther not familiar with, or rarely practiced most 
of the suggested mind and body practices.  The 
most used practices included massages, which 
were used by 76.3% of the subjects, followed by 
deep breathing exercises (61.4%), and spirituality 
and prayer (56%). A study by Kanadiya et al. (10) 
examined the attitudes and use of CAM among 

Table 5. Reasons for Using Complementary and Alternative 
Medicine.

Main reason for using CAM N (%)

I do not use CAM methods 46 (22.2)

Maintaining/improving health 102 (49.3)

Mitigating psychological problems 13 (6.3)

Mitigating the side effects of conventional medicine 8 (3.9)

Other 18 (8.7)

To relieve symptoms caused by allergies 6 (2.9)

Treatment of chronic pain 14 (6.8)

Total 207 (100)

Table 4. Information Sources on Complementary and 
Alternative Medicine (N=207)

Sources of information about 
CAM

Yes; N (%) No; N (%) P*

The Internet 151 (72.9)   56 (27.1) <0.001

The media (TV, radio, journals) 64 (30.9) 143 (69.1) <0.001

Professional literature 50 (24.2) 157 (75.8) <0.001

Health professionals 61 (29.5) 146 (70.5) <0.001

Faculty 55 (26.6) 152 (73.4) <0.001

Formal education beyond 
study

195 (94.2) 12 (5.8) <0.001

Family/friends 73 (35.3) 134 (64.7) <0.001

Other 34 (16.4) 173 (83.6) <0.001 

*”N-1” Chi-squared test.
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635 osteopatic medical students. The most used 
CAM methods were meditation/Yoga/relaxation/
imagery, massages, and spirituality/prayer (10). 
Moreover, spirituality/prayer followed by massage 
therapy were often used by pharmacy students in a 
study by James and Bah (4). 

Other complementary health approaches, such 
as the preference for traditional healers, tradition-
al Chinese medicine and naturopathy were never 
used by most of the respondents in this study. Ho-
meopathy was used by 14.5% of respondents, while 
Ayurveda by 8.2%. This result can be explained by 
the increasing influence of Eastern practices, meth-
ods and philosophies, along with other comple-
mentary methods among the Western society, all 
with the purpose of maintaining or improving men-
tal and physical health. In a cross-sectional study by 
Saha et al. (3) on the knowledge, attitude, percep-
tion and use of CAM among Bangladesh pharmacy 
undergraduate students (N=250), researchers found 
that homeopathy (59%), Ayurveda (30%) and med-
itation were commonly practiced (29%). Given that 
the research by Saha et al. was conducted in a South 
Asian country, where these approaches are part 
of the culture and civilization, the difference with 
our European sample was expected. Homeopathy 
seems to be a popular complementary approach 
in Europe as well. Specifically, 5.7% of the respon-
dents confirmed using this method (8).

Internet was the main source of information on 
CAM for the majority of our respondents (73%), 
while only 6% recieved information through 
formal education on CAM outside their stud-
ies. Furthermore, 73% of respondents stated that 
they had not received information on CAM dur-
ing their studies, and among 71% of respondents, 
information on CAM was not provided by the 
healthcare professionals. These results could sug-
gest a potential need for CAM implementation in 
health studies curricula. In other studies, students 
reported the Internet (10), media (4, 9) and fam-
ily and friends (3, 5, 9, 11) as the main source of 
information on CAM. Certain CAM methods are 
part of Asian culture; however they are not widely 
implemented in the standard curriculum. Arai, 
Nakada and Izumi (20) investigated the use of and 

the involvement of traditional Japanese medicine 
(Kampo) during and after medical residency in 
Japan. One fifth of the hospitals they investigated 
taught Kampo medicine, and this mostly referred 
to hospitals with 50 or more residents. Great ma-
jority of the residents (96%, N=93) believed that 
traditional Japanese medicine has its’ place in hos-
pitals and 73% of them considered that it should 
be introduced into the curricula (20). India has 
57 traditional medicine universities and a number 
of research councils, where traditional medicine 
is studied and practiced (21). Then as well, the 
South Korea has established 12 universities, and a 
number of research councils in which traditional 
Korean medicine is studied and CAM treatment 
sponsored by the government (21). Along with the 
traditional Chinese medicine taught and practiced 
in medical institutions in China, western medicine 
and CAM are gaining more and more attention in 
their education curricula (14). 

Maintaining or improving health was the main 
reason for using CAM according to nearly half 
(49%) of our respondents. The reasons for using 
CAM in other studies are diverse. For example, 
health care was the main reason for using CAM 
among osteopathy students in the study carried 
out by Kanadiya et al. (10), while Iranian medical 
students specified neuromuscular disorders and 
back pain as the main reason for CAM use (11). 
In the study conducted by Saha et al., respondents 
mostly used CAM to relieve cases of the common 
cold and flu (3).

A possible limitation of this research is a rela-
tively small response rate. However, given that the 
survey questionnaire was conducted online, this 
response rate was expected and appropriate. Our 
sample was gender skewed as we had more female 
participants. Also, we did not test the participants’ 
knowledge on CAM, but we believe that their us-
age presumes some pre-knowledge on the subject. 
Investigating the Internet sources on CAM should 
have been tested in more detail. It would be inter-
esting to examine the stance on CAM, as well as the 
readiness to use it, among practitioners of various 
other health professions, such as medicine, dental 
medicine, medical biochemistry and pharmacy. 

Tajana Doko et al: Complementary and Alternative Medicine Use 
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Conclusion

Our research showed that Croatian health studies 
students who participated in this study used a va-
riety of CAM methods, including natural products, 
massage, deep breathing exercises, and spirituality 
and prayer. Maintaining and improving health was 
the main reason for using CAM, while the main 
source of information on the topic was the Internet. 
Considering that most of the respondents had not 
received information on CAM at the faculty or from 
healthcare professionals, implementation of CAM 
courses in the study curriculum should be evaluated.  

What Is Already Known on this Topic:
Complementary and alternative medicine (CAM) includes the term 
“complementary medicine”, which refers to the treatment procedures 
used in addition to conventional medicine, and the term “alternative 
medicine”, which refers to treatments used instead of conventional 
medical treatments. The use of CAM among healthy populations and 
in patients with certain health conditions was investigated extensively; 
however, to our knowledge, no such research had been conducted with 
health studies students in Croatia. 

What this Study Adds: 
The use of 31 complementary and alternative medicine (CAM) methods 
among health studies students, the source of their information on CAM 
and the main reason for using CAM was investigated in this study. The 
results of this study revelaed a need for additional education on CAM 
among health studies students.  
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Supplements
Supplement 1. Participants’ Response Rates at the Faculty of Health Studies in Rijeka 

Study programme at the Faculty of Health Studies in Rijeka
Total number of students 
at FZSRI; N (%)

Participants in the 
study; N (%)

Response 
rate; %

Undergraduate Physiotherapy Study 103 (14.3) 34 (16.4) 33.0

Undergraduate Nursing Study 252 (34.6) 65 (31.4) 25.8

Undergraduate Radiology Technology Study 51 (7.1) 19 (9.2) 37.3

Undergraduate Midwifery Study 56 (7.8) 21 (10.1) 37.5

Graduate Physiotherapy Study 93 (12.9) 41 (19.8) 44.1

Graduate Nursing - Mental Health Promotion Study 43 (6) 8 (3.9) 18.6

Graduate Nursing - Health Management Study 79 (11) 10 (4.8) 12.7

Graduate Clinical Nutrition Study 31 (4.3) 5 (2.4) 16.1

Physiotherapy  Bridging programme 15 (2.1) 4 (1.9) 26.7

Total 723 (100) 207 (100) 28.6

FZSRI=Faculty of Health Studies in Rijeka.

Supplement 2. Frequency of Use of Other Complementary Health Approaches

Other complementary health approaches
Never 
N (%)

Rarely*

N (%)
Periodically† 
N (%)

Often‡ 
N (%)

Very often§ 
N (%) 

Tradicional healers 201(97.1) 6 (2.9) - - -

Ayurvedic medicine 190 91.8) 10 (4.8) 5 (2.4) 2 (1.0) 0

Tradicional Chinese medicine 195 (94.2) 8 (3.9) - 2 (1.0) 2 (1.0)

Naturopathy 197 (95.2) 8 (3.9) 2 (1) - -

Homeopathy 177 (85.5) 20 (9.7) 7 (3.4) 1 (0.5) 2 (1.0)

*1-2×/year; †3-4×/year; ‡1-2×/month; §1 or more times/week.
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Abstract
Objective. The aim of the present preliminary study was to assess whether the sternomental distance ratio (SMDR) could be 
suitable as a predictor of difficult laryngoscopy, in both normal surgical patients and patients scheduled to undergo thyroid 
tumor surgery. Methods. Two hundred and twenty-one consecutive adult patients (among them 122 patients with presumed 
normal airways and 33 patients with thyroid tumors), scheduled to undergo elective surgery under general anesthesia, were 
included in this study. Physical and airway characteristics, SMDR, difficult laryngoscopy (using Cormack-Lehane scale) and 
any kind of assisted intubation were assessed. Results. Decreased SMDR demonstrated a strong correlation with difficult laryn-
goscopy in both thyroid tumor (Kendall’s tau-b -0.578 (P=0.004) and normal patients -0.362 (P<0.001). Difficult laryngoscopy 
was 0 at SMDR>1.9 and 33% at SMDR <1.55 (P<0.001). The higher the SMDR was, the better the glottic view obtained. Conclu-
sions. Α SMDR>1.9 indicates an easy laryngoscopy, whereas SMDR <1.55 indicates a difficult one in both thyroid tumor and 
normal patients. SMDR is an objective test to assess difficult airway in thyroid surgery. 

Key Words: Laryngoscopy  Sternomental Distance Ratio  Thyroid Surgery  Thyroid Tumor.

Introduction

Patients undergoing thyroid tumor surgery are 
at risk of difficult intubation and consequent in-
creased morbidity and mortality (1-5). The rate of 
difficult laryngoscopy in thyroid surgery patients 
may range from 6% up to 9% (6, 7) and head, 
neck, ear, nose and throat surgeries may account 
for more than 20% of malpractice claims related to 
difficult tracheal intubation (5). 

Several predictive tools for difficult laryngosco-
py have been proposed, but with limited accuracy 
(8-10). Sternomental distance and neck extension 
are two of these predictive tests (11, 12). Further-
more, short neck and limited cervical spine ex-
tension are among the common (10% and 16% 
respectively) predictors of difficult tracheal intu-
bation recognized in a large closed claims analysis 

(5). Combined tests have been reported to be more 
accurate in predicting difficult laryngoscopy (8-
10). However, cervical spine mobility is not easy to 
quantify objectively (8, 12). The ratio of the sterno-
mental distance in neutral and full extension head 
positions combines the aforementioned predictors 
accurately and objectively. 

Inadequate airway assessment can be a signifi-
cant contributor to patient harm (5), especially in 
a setting, such as thyroid surgery that may lead to 
an increased incidence of difficult intubation (6). 
No single predictive test that identifies difficult 
laryngoscopy and correlates well with both “nor-
mal” subjects and thyroid surgery patients has yet 
been found. 

The aim of the present preliminary study was 
to assess whether the sternomental distance ratio 

Clinical Science
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(SMDR) could be a suitable predictor of difficult 
laryngoscopy in both normal patients and patients 
scheduled to undergo thyroid tumor surgery.  

Methods

This masked, preliminary study included 221 
consecutive adult patients from 29/05/2013 to 
02/11/2013, scheduled to undergo elective surgery 
under general anesthesia, and was performed in a 
secondary general hospital, the Thriasion General 
Hospital of Elefsina, Greece. Individual written 
informed consent was obtained, as well as institu-
tional Ethics Committee approval (Nr 01/17-01-
2013). Pregnant patients, minors, emergency cas-
es, American Society of Anesthesiologists (ASA) 
status IV patients, and patients with a history of 
failed or difficult tracheal intubation were exclud-
ed from the study. Preoperative patient assessment 
was performed by a senior anesthesiologist blind-
ed to the study interventions.  

The following variables were recorded on a 
separate sheet for the study purposes: age, gender, 
body mass index (BMI), Mallampati classification 
(Mall), upper lip bite test (ULBT), thyromental 
distance (TMD), and type of surgery. Further-
more, the sternomental distance (the distance 
from the mentum to the sternal notch) was mea-
sured in two different positions: with the neck in 
full extension as classically described (10), and in a 
neutral position. The ratio was recorded of the full 
neck extension sternomental distance to the neu-
tral position sternomental distance. This variable 
was named the SMDR (Figures 1 and 2).

All patients fasted preoperatively, as per the Eu-
ropean Society of Anaesthesiology (ESA) guide-
lines (13). Standard monitoring, including ECG, 
SpO2 and NIBP, was applied to all patients, and 
an 18G intravenous cannula was inserted. Muscle 
relaxation was assessed with train-of-four (TOF) 
monitoring using a peripheral nerve stimula-
tor (Innervator 252, Fisher & Paykel Electronics 
Ltd, Auckland, New Zealand) placed in the ulnar 
nerve. Premedication with intravenous midazol-
am 1-2 mg was administered to all patients. Pre-
oxygenation was performed with 100% O2 via face 

mask; anesthesia was induced with propofol (2-3 
mg.kg-1) and fentanyl (1-2 μg.kg-1). Rocuronium 
0.6 mg.kg-1 was administered for tracheal intuba-
tion. After adequate muscle relaxation had been 
achieved, as assessed by a TOF value of 0 in the 
nerve stimulator, laryngoscopy was attempted by 
a second senior anesthesiologist, blinded to the 
airway assessment and the study protocol. The 
Cormack/Lehane (C/L) scoring system was used 
to assess the glottic views obtained during laryn-
goscopy (14). Any aiding technique, such as exter-
nal laryngeal pressure, backwards-upwards-right-
wards manoeuver, gum elastic bougie, change of 
anesthetist, 3rd attempt with a video-laryngoscope, 
was recorded as “assisted intubation” for the study 
purposes. 

Figure 1. Sternomental Distance in Neutral Head Position.

Figure 2. Sternomental Distance in Full Neck Extension.
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Statistical Analysis

Continuous variables are presented as mean val-
ues ± standard deviation, whereas categorical vari-
ables are presented as absolute and relative (%) fre-
quencies. The association between normally dis-
tributed continuous variables and binary variables 
categories was evaluated through Student’s t-test 
for independent samples. In the case of categorical 
variables with >2 categories, one-way analysis of 
variance (ANOVA), was applied after checking for 
homoscedacity. Due to the multiple comparisons, 
the Bonferroni rule was applied to correct for the 
inflation of type-I error. Whether these variables 
were normally distributed was tested through the 
P-P plot and equality of variances through Lev-
ene’s test. Associations between categorical vari-
ables and sample categories were tested by the 
use of the chi-squared test. Non-parametric tests 
(i.e. Spearman’s ρ and Kendal’s tau-b) were ap-
plied to estimate the correlations between SMDR 
with glottic view. Given the fact that there are no 
data in the international literature for this predic-
tive factor, the values obtained were divided into 4 
quadrants for initial evaluation (<1.55, 1.55-1.72, 
1.73-1.90, >1.90) and correlation with somatomet-
rics, indicators of difficult laryngoscopy and glot-
tic views obtained. The receiver operating charac-
teristic (ROC) curve identified the best sensitiv-
ity and specificity cut-off point as a SMDR value 
of 1.7 (Fig. 3). By using the ratio 1.7 as a cut-off 
point, a binary covariate of SMDR (<1.7 vs. ≥1.7) 

was created. The statistical calculations were per-
formed on the SPSS version 21 (IBM Hellas, Ath-
ens, Greece). 

Results

The study included 221 patients who were all intu-
bated after a maximum 3 attempts and no adverse 
events. Of the 221 patients, 122 were considered as 
normal, i.e. not having any visible facial, head and 
neck deformity during preoperative assessment, 
and served as a control group for the SMDR test. 
Of the remaining 99 patients, the second study 
group comprised 33 patients with thyroid tumors 
(10 previously operated, and 23 to be operated). 
The remaining 66 patients were excluded from the 
present analysis, as they presented characteristics 
that could influence laryngoscopy (protruding 
teeth, prognathism and poor dentition).

The characteristics of the study population are 
presented in Table 1. In the three groups assessed 
(normal population, previous thyroid tumor sur-
gery and scheduled thyroid tumor surgery), no 
significant differences were observed in the pa-
tients’ somatometrics, difficult laryngoscopy indi-
cators, laryngoscopy views, or assisted intubation 
rates. Furthermore, no significant differences were 
observed in the SMDR values between normal pa-
tients and thyroid surgery patients. 

The SMDR values obtained from the patients 
were divided into four groups, as mentioned in 
the Methods section (Table 2). It appeared that the 
higher the SMDR was, the better the glottic view 
obtained (lower C/L class). A SMDR above 1.9 led 
to zero assisted intubations and 89% good or ex-
cellent glottic views, whereas when it fell to 1.55, 
the good or excellent glottic views fell to 65% and 
the rates of assisted intubation accounted for one 
in three cases (33%). 

When applying a cut-off point of 1.7 for the 
SMDR, as assessed by ROC analysis, poor or bad 
glottic views accounted for 13.3% for SMDR>1.7, 
compared to 48.1% for SMDR<1.7. As depicted in 
Table 3, according to the Kendall rank correlation 
coefficient, the binary variable SMDR (<1.7 and 
>1.7) was significantly negatively correlated with 

Evangelia Kopanaki, et al: Sternomental Distance Ratio Glottic View Predictor

Figure 3. Receiver Operating Characteristic Curve for Ster-
nomental Distance Ratio (SMDR).
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Table 1. Patients' Characteristics

Characteristics
Total Normal subjects Previous thyroid tumor surgery Thyroid tumor surgery ANOVA 

P-value(n=221) (n=122) (n=10) (n=23)

Age, years mean (SD) 54 (17) 45 (13) 42 (15) 51 (12) 0.086 

Men number (%) 84 (38) 41 (33.6) 4 (40); P=0.68 vs normal 9 (39.1); P=0.61 vs normal _

BMI (kg/m2) 27.1 (5.1) 26.9 (5.5) 23.8 (4.7) 29.6 (5.1) 0.159

TMD (cm) 8.5 (1.3) 8.8 (1.3) 8.4 (1.1) 8.4 (1.2) 0.281

SMDR 1.74 (0.28) 1.73 (0.26) 1.78 (0.31) 1.76 (0.22) 0.76

Upper lip bite test

 I 60% 56% 40%; P=0.33 vs normal 52%; P=0.52 vs normal _

 II 38% 41% 60%; P=0.24 vs normal 48%; P=0.53 vs normal _

 III 2% 3% 0%; P=0.58 vs normal 0%; P=0.40 vs normal _

Mallampati score 

  I 45% 46% 40%; P=0.71 vs normal 26%; P=0.076 vs normal _

 II 39% 41% 50%; P=0.58 vs normal 43%; P=0.86 vs normal _

 III 13% 12% 0%; P=0.25 vs normal 22%; P=0.20 vs normal _

 IV 3% 1% 10%; P=0.034 vs normal 9%; P=0.018 vs normal _

Glottic view

 I 50% 43% 60%; P=0.30 vs normal 48%; P=0.65 vs normal _

 II 21% 25% 10%; P=0.28 vs normal 18%; P=0.47 vs normal _

 III 27% 30% 30%; P=1.0 vs normal 30%; P=1.0 vs normal _

 IV 2% 2% 0%; P=0.65 vs normal 4%; P=0.56 vs normal _

Assisted intubation 16% 18% 20%; P=0.88 vs normal 17%; P=0.91 vs normal _

SD=Standard Deviation; BMI=Body mass index; TMD=Thyromental distance; SMDR=Sternomental distance ratio.

Table 2. Patients' Characteristics according to Different SMDR Value Ranges

Patients’ characteristics

SMDR >1.90 1.90-1.73 1.72-1.55 <1.55
P-value

Number (N=53) (N=56) (N=57) (N=55)

Mean % 38 27 40 47 0.16

BMI kg/m2 mean (SD) 27.6 (4.8) 26.7 (5.3) 26.6 (5.1) 27.6 (5.3) 0.65

TMD cm, mean (SD) 8.4 (1.2) 8.4 (1.3) 8.8 (1.3) 8.5 (1.5) 0.38

Upper Lip Bite Test

I         68(%) 68(%) 56(%) 49(%) 0.27

II 30(%) 32(%) 40(%) 49(%) 0.27

III   2(%)   0(%)   4(%)   2(%) 0.27

ASA Status 

ASA I 43(%) 48(%) 55(%) 49(%) 0.42

ASA II 49(%) 45(%) 33(%) 35(%) 0.42

ASA III   8(%)   7(%) 12(%) 16(%) 0.42

Mallampati Score

I 55(%) 50(%) 44(%) 33(%) 0.33

II 32(%) 38(%) 35(%) 49(%) 0.33

III   9(%) 12(%) 14(%) 15(%) 0.33

IV   4(%)   0   7(%)   3(%) 0.33

Cormack/Lehane Glottic View

I 66(%) 59(%) 47(%) 29(%) <0.001

II 23(%) 27(%) 16(%) 18(%) <0.001

III 11(%) 14(%) 35(%) 47(%) <0.001

IV   0   0   2(%)   6(%) <0.001

Assisted intubation   0   7(%) 25(%) 33(%) <0.001

SMDR=Sternomental Distance Ratio; BMI= Body Mass Index; SD=Standard Deviation; TMD=Thyromental Distance.
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the Cormack/Lehane scores (glottic views). In 
other terms, the higher the SMDR, the lower the 
C/L score, hence the better the glottic view.  

Furthermore, this also seemed to apply for the 
patients scheduled to undergo thyroid tumor sur-
gery. This correlation also existed for the patients 
who had already undergone thyroid surgery, al-
though it was not significant, probably due to the 
small sample. 

Discussion

Numerous preoperative tests are continuously be-
ing proposed and assessed in order to predict dif-
ficult laryngoscopy, particularly in especially chal-
lenging settings, such as thyroid surgery (15). Ster-
nomental distance has been proposed as a good 
predictor for difficult laryngoscopy, but various 
cut-off points have been proposed without being 
sufficiently accurate (16). The same applies for cer-
vical spine movement (8-10, 12). The incidence of 
difficult airways in thyroid surgery varies widely 
(from 5.3% to 13.6%), depending on the report 
(17-21). 

In the present study, in thyroid surgery patients 
there were extremely poor glottic views in 4%, and 
the rate of assisted intubation was 11%. However, 
these results are not comparable for several rea-
sons. First of all, none of the samples in the afore-
mentioned studies was homogenous. The patients 
included in these studies varied from simple thy-
roid nodule cases to extremely large goiters.

SMDR has the advantage of combining neck 
height, neck mobility and mandibular space, in an 
accurate and objective way. In the present sample 
no differences were identified in the rates of dif-
ficult laryngoscopy or assisted intubation between 
patients undergoing thyroid surgery and other pa-
tients. However, this was not the aim of the study, 

but to assess whether the SMDR would correlate 
with difficult laryngoscopy in both thyroid tumor 
surgery and normal airway patients. In the present 
study, a SMDR value below 1.55 led to 53% of poor 
laryngoscopic views, whereas a SMDR value above 
1.9 almost certainly led to an easy laryngoscopy in 
all types of patients, including thyroid tumor sur-
gery patients. 

An important limitation of the present study 
(as in all preliminary studies) is its small sample, 
and the fact that no sample size calculation was 
performed. Furthermore, regarding the method-
ology of the study, in order to better evaluate the 
prognostic performance of SMDR, a simultaneous 
comparison with a combination of several pre-
dictive tests could perhaps also have been under-
taken. Of course, this additional set of variables 
would require an even larger sample, but would 
have provided more conclusive results. 

Conclusions

SMDR is a quick and objective test to assess a pa-
tient’s airway. In this preliminary study, SMDR 
appeared to correlate significantly with difficult la-
ryngoscopy in both normal and in thyroid tumor 
patients. However, larger studies are necessary in 
order to provide further data.  

What Is Already Known on this Topic:
Patients undergoing thyroid tumor surgery are at risk of difficult in-
tubation and consequent increased morbidity and mortality. Several 
predictive tools for difficult laryngoscopy have been proposed, but with 
limited accuracy. A recent study reported that sternomental distance 
difference in neutral head position and in full neck extension could be a 
good predictor of difficult laryngoscopy. 

What this Study Adds:
A cut-off point based on a distance difference is very difficult to define, 
whereas a cut-off point based on an analogy may be easier to assess. In 
the present study, a sternomental distance ratio (SMDR) >1.9 indicated 

Table 3. Rank Correlation between SMDR with the Cormack/Lehane Scores, in the Total Sample and in Study Subgroups

Kendall’s tau-b 
(P-value)

Total population
(N=221)

Normal subjects
(N=122)

Previous thyroid surgery
(N=10)

Thyroid tumor surgery
(N=23)

Sternomental distance ratio

Cormack/Lehane
(Glottic view)

-0.356
(P<0.001)

-0.362
(P<0.001)

-0.420
(P=0.19)

-0.578
(P=0.004)

Evangelia Kopanaki, et al: Sternomental Distance Ratio Glottic View Predictor
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an easy laryngoscopy whereas a SMDR <1.55 indicated a difficult one 
in both thyroid tumor and normal patients. SMDR is an objective test to 
assess difficult airway in thyroid surgery. This is the first study assessing 
this novel predictor of difficult laryngoscopy in thyroid surgery patients. 
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Abstract
Objective. This study aimed to describe Salmonella epidemiology and antimicrobial resistance in Greek children over the pe-
riod of 2011-2017. Materials and Methods. A 7-year retrospective study (2011-2017) was performed, based on data recorded 
by the National Reference Centre for Salmonella, among children aged ≤14 years. Epidemiological data, serovar distribution 
and antimicrobial resistance patterns were recorded. Results. Overall, 2347 Salmonella isolates were collected (27 typhoid-
paratyphoid). Salmonellosis cases increased by almost 2-fold in 2017 compared to 2011. The highest rates were reported in 
August, with infants being the most vulnerable group (17.9%). The majority of isolates were identified in stool samples (91%). 
Boys slightly outnumbered girls (~1.05:1). Salmonella Enteritidis was the most prevalent serovar (28.5%), followed by Salmo-
nella Typhimurium (12.2%) and Salmonella monophasic Typhimurium (10.4%). Non-typhoid isolates displayed low resistance 
rates to 3rd generation cephalosporins (1%) and ciprofloxacin (0.3%), while the corresponding resistance of typhoid isolates 
was 10% and 5% respectively. An increasing trend of Salmonella monophasic Typhimurium was recorded, associated with high 
rates of multidrug resistance, reaching a percentage of 97.8% in 2017. Conclusions. Salmonellosis epidemiology in Greek chil-
dren is comparable to previously published European data. Antimicrobial resistance rates to 3rd-generation cephalosporins and 
ciprofloxacin for non-typhoid and typhoid-paratyphoid remain low. Notably, there is an increasing prevalence of Salmonella 
monophasic Typhimurium isolates, associated with multiple antimicrobial resistance.

Key Words: Salmonella  Epidemiology  Antimicrobial Resistance  Serovars  Children.

Introduction

Salmonella infection (Salmonellosis) is a global pub-
lic health problem, predominantly among children, 
associated with significant morbidity and mortal-
ity (1). Salmonella species (Salmonella spp.) cause 
typhoid fever and non-typhoid salmonellosis that 
causes gastroenteritis, rarely associated with com-
plications, such as reactive arthritis and bacteremia. 

Salmonella serotype Typhi and Salmonella sero-
type Paratyphi A, B, and C (ie, typhoidal Salmonella) 
are responsible for causing typhoid fever in humans, 
an illness that is most burdensome in the developing 

world. The World Health Organization (WHO) esti-
mates 16 to 33 million cases of typhoid fever causing 
500,000 to 600,000 deaths worldwide annually (2). 

Non-typhoidal Salmonella (NTS) species, 
which are found widely in animals, are estimated 
to cause more than 90 million illnesses worldwide, 
and to account for approximately 155,000 deaths 
each year (2). The transmission of salmonellosis 
is frequently associated with the consumption of 
contaminated water and food of animal origin 
(i.e. eggs, meat, dairy products), and is facilitated 
by conditions characterized by poor hygiene (3). 
Young children and infants are at increased risk 
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of acquiring salmonellosis, while children with 
certain underlying conditions (such as hemoglo-
bin disorders, infection with human immunode-
ficiency virus (HIV), malignancy, or other causes 
of immune suppression) have an increased risk of 
severe disease and death from complications (3).   

Salmonella monitoring and control programs 
have been recently implemented in the European 
Union (EU). In contrast to the earlier declining 
trend of human salmonellosis (4), there have been 
some unfavorable changes on this trend since 2016 
in Europe (5). In self-limiting gastrointestinal in-
fections, antimicrobial treatment is not required. 
On the other hand, antimicrobial treatment is es-
sential and life-saving in cases of invasive salmo-
nellosis, mainly among children, the elderly and 
the immunocompromised (6).

The increasing resistance rates against tradi-
tional agents (aminopenicillins, trimethoprim-sul-
famethoxazole, and chloramphenicol) have caused a 
shift to fluoroquinolones and 3rd-generation cepha-
losporins in empirical treatment of salmonellosis 

(7, 8). Nevertheless, under selection pressure, resis-
tance to fluoroquinolones and extended-spectrum 
β-lactamases (ESBL) has been reported, and multi-
drug resistant (MDR) Salmonella spp. isolates have 
emerged (9-11). Several factors contribute to reduc-
ing the efficiency of a targeted antimicrobial treat-
ment, such as: subpopulations of Salmonella show-
ing increased survival after exposure to antibiotics 
(12), the presence in the host of more than one strain 
with different antimicrobial susceptibility (13), the 
selection pressure and the possibility of trans-
ferring the resistance between bacteria through 
mobile genetic elements conferring resistance 
(14-16). Given the importance of salmonellosis in 
global foodborne illnesses and in childhood diar-
rhea, knowledge of local epidemiology and antibi-
otic resistance patterns is important to determine 
suitable therapeutic and control strategies. 

This study aimed to describe the epidemiologi-
cal data, serovar distribution and antimicrobial re-
sistance of Salmonella spp. isolates among children 
aged ≤14 years old in Greece, based on data record-
ed by the National Reference Centre for Salmonella 
(NRCS) over the period from 2011 to 2017. 

Materials and Methods

All human salmonellosis cases diagnosed by clinical 
and diagnostic laboratories are mandatorily reported 
to the Hellenic Centre for Disease Control and Pre-
vention (HCDCP); Salmonella isolates are voluntarily 
forwarded to the NRCS for serotyping and antimicro-
bial susceptibility testing. A 7-year retrospective study 
(2011 - 2017) was carried out, through the NRCS 
data, among children aged ≤14 years old. When two 
or more specimens corresponded to the same case-
infectious episode, the latter was separately defined 
in the analysis to exclude duplicate surveillance data. 
Epidemiological data were recorded, while serotyping 
was performed according to the White–Kaufmann–
Le Minor Scheme. Susceptibility testing was assessed 
using the disk diffusion method. Antimicrobial agents 
appropriate for monitoring the antibiotic resistance 
in human Salmonella isolates were tested, according 
to the relevant EU protocol (17). The antimicrobial 
agents were evaluated, including: ampicillin, amox-
icillin-clavulanic acid, amikacin, ceftazidime, cipro-
floxacin, chloramphenicol, cefotaxime, tobramycin, 
netilmicin, nalidixic acid, streptomycin, sulfamethox-
azole (that was available only during the sub period of 
2014 to 2017), tetracycline and trimethoprim. Multi-
drug resistance was defined as acquired non-suscep-
tibility to at least one agent in three or more classes of 
antimicrobials. The EU Antimicrobial Susceptibility 
Testing breakpoints (2010) were applied. Isolates that 
displayed intermediate susceptibility to the antimi-
crobial agent being tested were classified as resistant, 
since even if they inhibit the bacterium in vitro, they 
are excluded from routine clinical practice. The Lo-
cal Institute Ethics Review Board approved the study 
protocol (35/1625/2011). 

Statistical Analysis

A descriptive statistical analysis was performed. 
Categorical variables (gender, age, specimen source, 
geographical data, antimicrobial resistance) are ex-
pressed as frequencies and percentages. Time trends 
in the occurrence of salmonellosis were assessed with 
time series analysis (ARIMA modeling procedure). 
Analyses were undertaken with the SPSS v. 18.0. 
P<0.05 was considered the criterion of significance.
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Results
Epidemiology

In the 7-year period spanned by this study, NRCS 
received 2347 Salmonella spp. isolates from chil-
dren aged ≤14 years old (Figure 1A). Overall, 117 
different serovars were identified. A similar trend 
was observed in the total number of salmonello-
sis cases reported during the study period, in all 
age groups (children 
and adults) (Figure 1A) 
(http://www.mednet.
gr/whonet/). Salmonel-
losis cases observed in 
children aged ≤14 years 
constantly represented a 
higher proportion of the 
total salmonellosis cases 
(Figure 1B). 

Data on the date of 
collection were available 
for 2170 cases (92.5%). 
The seasonal variation of 
salmonellosis is shown 
in Figure 2, while Figure 
3 shows age distribution. 
Gender data were avail-
able for 2302 clinical iso-
lates (98.1%). Boys slight-
ly outnumbered girls 
(overall ratio ~1.05:1), 
and this difference re-
mained fairly constant 
during the whole study 
period (P=0.44, >0.05). 
For all the cases included 
in our study, specimen 
source data were avail-
able. The majority of iso-
lates were identified from 
stool samples (91%), fol-
lowed by blood (3%) and 
urine (0.7%). Geographi-
cal data were available 
for 2321 clinical isolates 
(98.9%). The majority 

were recorded in Athens, where rates remained al-
most stable over the first 5 years of the study pe-
riod, ranging from 173 to 215, but significantly in-
creased in the last two years, 2016 and 2017, (346 
and 384 respectively) (P<0.05). 

All the cases were acquired in Greece, with 1 
possible exception of a child with enteric fever 
caused by Salmonella Typhi, who had history of 
recent travel to France. 
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Figure 1. A: Annual rates of Salmonellosis cases in children ≤14 years old, Greece, 2011-
2017; B: Percentage distribution of Salmonellosis cases in children ≤14 years old and adults 
by year. Greece, 2011-2017.
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Serovars and Antimicrobial Resistance
According to serovar distribution, shown in Figure 
4, only 27 cases (1.1%) were positively identified 
as typhoid salmonellosis (12 cases of Salmonella 
Typhi, 44.4%, and 15 cases of Salmonella Paraty-
phi B, 55.6%). Salmonella Enteritidis, Salmonella 
Typhimurium and Salmonella monophasic Typhi-
mutrim represented 51.2% in total (Figure 5). Oth-
er Salmonella spp. serovars were encountered far 
less commonly, but accounted for 47.7% in total 

(Figure 5). The increase observed in salmonello-
sis cases in 2015 and 2016 was predominantly due 
to an increase in the rates of other Salmonella spp. 
serovars, while the increase in 2017 was attributed 
to an increase in both the rates of other Salmonella 
spp. serovars and the rates of Salmonella monopha-
sic Typhimurium isolates (Figure 5).

Τhe antimicrobial resistance pattern was as-
sessed for 1456 isolates (62%; 1436 non-typhoid: 
20 typhoid). Table 1 presents the resistance of non-
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Figure 2. Seasonal percentage distribution of Salmonellosis cases in children aged ≤14 years old, Greece, 2011-2017. 
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typhoid Salmonella spp. isolates during the study 
period. Resistance to ciprofloxacin, ceftazidime 
and cefotaxime was low. Resistance to chloram-
phenicol also remained low (3.6%). Intermediate 
rates of resistance were observed against ampicillin 
and trimethoprim, (17.1% and 10.6% respectively). 
Sulfamethoxazole was associated with the highest 
resistance rates (51.4%), even though it was only 
available during the sub period of 2014-2017.  

Antimicrobial resistance was tested for 414 Sal-
monella Enteritidis isolates (62% of the 669 that 
were identified during the study period). Salmo-
nella Enteritidis exhibited low resistance rates to ce-
fotaxime and ceftazidime (0.4% each), while there 
was no isolate that was resistant to ciprofloxacin. 
The percentage of the identified MDR isolates also 

remained low (6/414 
cases, 1.5%). 

Antimicrobial re-
sistance data was as-
sessed for 218 Salmo-
nella Typhimurium 
isolates (89% of the 
245 that were totally 
isolated in the study). 
All Salmonella Ty-
phimurium isolates 
were susceptible to 
ciprofloxacin, while 
resistance to cefo-
taxime and ceftazi-
dime was low, 0.5% 
and 1% respectively. 
Significant resistance 
rates were recorded 
to ampicillin, strep-
tomycin, tetracycline 
and sulfamethoxa-
zole (49%, 53%, 55% 
and 80%, respective-
ly). A considerable 
percentage of MDR 
isolates was also re-
corded (45/218 cas-
es, 20.6%). 

Regarding Sal-
monella monophasic Typhimurium, antimicrobial 
resistance was tested for 226 Salmonella mono-
phasic Typhimurium isolates out of the 287 cases 
that were identified (79%). Salmonella monophasic 
Typhimurium resistance rates were low for cefo-
taxime, ceftazidime and ciprofloxacin.  (0%, 0.7%, 
and 0.6% respectively). However, high rates of re-
sistance were recorded to ampicillin, streptomycin, 
tetracycline, sulfamethoxazole (82%, 85%, 90% 
and 89% respectively). Remarkably, 72.1% of the 
isolates during the whole study period were MDR, 
reaching the percentage of 97.8% in 2017. 

Antimicrobial resistance patterns were avail-
able for 20 of the 27 typhoid Salmonella spp. iso-
lates (Table 1). Eight typhoid Salmonella spp. iso-
lates were susceptible to all antibiotics tested. All 
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Figure 4. Distribution of Salmonella serovars by year in children ≤14 years old, Greece,  
2011-2017. 
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Figure 5. Percentage distribution of Salmonella serovars by year, in children ≤14 years old, 
Greece, 2011-2017. 
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typhoid Salmonella spp. isolates were susceptible 
to cefotaxime and ceftazidime, but two Salmonella 
Paratyphi B isolates that were resistant (10%). All 
typhoid Salmonella spp. isolates were susceptible to 
ciprofloxacin, apart from one Salmonella Typhi iso-
late that was resistant (5%). It is noteworthy that ty-
phoid Salmonella isolates were considerably resis-
tant to nalidixic acid and sulfamethoxazole, (30% 
and 25% respectively), whereas they displayed 
lower resistance profiles to ampicillin and chloram-
phenicol (15% and 10% respectively). Two typhoid 
Salmonella isolates (one Salmonella Typhi and one 
Salmonella Paratyphi B) were MDR (10%).

Bacteremia 
Seventy cases of Salmonella bacteremia were iden-
tified during the study period. Nine of these chil-
dren also yielded Salmonella spp. in their stool 
cultures (13%). Out of the twenty-seven different 
serovars identified in blood, the most common 
one was Salmonella Enteritidis (10 cases, 14.3%), 
followed by Salmonella Oranienburg (8 cases, 
11.45%) and Salmonella Typhi (6 cases, 8.6%). The 
highest rate of Salmonella bacteremia was record-

ed in 2017 (14 cases, 20%). The majority of cases 
occurred in August, and the lowest in February. 

The age distribution of salmonellosis bacteremia 
cases is shown in Fig. 6. Boys outnumbered girls 
(ratio~1.8:1). Most cases were recorded in Athens 
(64.3%). Antimicrobial resistance was assessed for 
41 salmonellosis bacteremia isolates (58.6%). The 
highest resistance rates were recorded to sulfa-
methoxazole (56%), followed by ampicillin (14.6%), 
streptomycin (19.5%), tetracycline (9.7%), trim-
ethoprim (9.7%) and chloramphenicol (7.3%). Re-
sistance rates were low for the 3rd generation cepha-
losporins and ciprofloxacin (2.4% each). Twenty-
seven Salmonella bacteremia isolates (out of 41 for 
which antibiotic resistance pattern was available) 
were susceptible to all antimicrobial agents tested 
(65.9%), while 7 isolates were MDR (17%).  

Discussion

To our knowledge, our study is one of a few reports 
that have been published so far on salmonellosis 
epidemiology and antimicrobial resistance rates in 
children. Salmonellosis rates in children aged ≤14 
years old remained almost unchanged during the 

Table 1. Resistance of Salmonella Isolates to the Antimicrobial Agents Tested, among Children ≤14 Years Old, Greece, 
2011-2017

Antimicrobial agent
Non-Typhi/Paratyphi  isolates Typhi/Paratyphi  isolates

Number* % Number* %

Ampicillin 245/1436 17.1 3/20 15

Amox/clav† 21/1436 1.5 0/20 0

Ceftazidime 15/1436 1 1/20 5

Cefotaxime 15/1436 1 1/20 5

Amikacin 5/1436 0.3 0/20 0

Gentamycin 8/719 1.1 0/20 0

Tobramycin 69/1436 4.8 1/20 5

Netilmicin 9/1436 0.6 0/20 0

Streptomycin 348/1436 24.2 1/20 5

Sulfamethoxazole 370/719 51.4 5/20 25

Trimethoprim 152/1436 10.6 1/20 5

Tetracycline 292/1436 20.4 1/20 5

Chloramphenicol 52/1436 3.6 2/20 10

Nalidixic acid 84/1436 5,9 6/20 30

*Number of resistant isolates/Number of total isolates for which the corresponding resistance data was available; †Amoxicillin/Clavulanic Acid.
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2011-2014 period, albeit they were significantly 
higher in the following years (2015-2017). A simi-
lar trend has been previously reported in salmo-
nellosis rates in all age groups in Greece, most like-
ly attributed to improved hospital staff compliance 
with reporting procedures, especially following a 
study highlighting salmonellosis underreporting 
in Greece compared to other countries (18, 19). 
Alternatively, a recently established weekly com-
parison of NRCS data with those reported to the 
HCDCP may have contributed to the increase in 
salmonellosis rates during the 2015-2017 period. 
Additionally, this increase was in line with an in-
crease in the number of Salmonella outbreaks in 
other countries across Europe (19). In detail, on 
the basis of data of the European Centre for Dis-
ease Prevention and Control (ECDC), salmonello-
sis rates in Europe gradually decreased during the 
2007-2013 period. The implementation of an inte-
grated legislative approach by food business oper-
ators and policy makers in Europe, to monitor and 
control salmonellosis  along the food chain from 
primary production to consumption, over the 
last 10 years thus brought about important prog-
ress. Nevertheless, in the years that followed, an 
increasing trend was observed (19). Alternatively, 
travel-associated cases may have contributed to 
this increase. However, Greece was among the 
countries with the highest proportion of domestic 
cases versus travel-associated cases, ranging from 
86% to 100% (19). 

In our study, the most commonly identified se-
rovars were Salmonella Enteritidis, Salmonella Ty-
phimurium and Salmonella monophasic Typhimuri-
um. The last is a monophasic variant of Salmonella 
serovar that lacks the second-phase flagellar anti-
gen encoded by the fljB gene, and its exact antigen-
ic formula is 4,[5],12:i:1,2. Salmonella Enteritidis 
and Salmonella Typhimurium were also the most 
common serovars in previous studies conducted 
in Greece (20-23). Our results agree with those re-
ported by the WHONET, Greek System for the Sur-
veillance of Antimicrobial Resistance. Similar trends 
have been reported in other European countries 

(24-26). Low percentages of Salmonella Typhi and 
Salmonella Paratyphi B were recorded in our study, 

in accordance with other studies reporting low rates 
of typhoid Salmonella cases (~1-2%) (24-26). The 
remaining serovars, although quite rarely reported, 
accounted for nearly half of all reported cases, in 
agreement with other European reports (24-26). 
Remarkably, Salmonella monophasic Typhimurium 
cases increased substantially during the study pe-
riod, being the second most prevalent serovar in 
2017. The first description of a monophasic  Sal-
monella  Typhimurium epidemic in Europe was 
that of a “Spanish clone,” in 1997 (24-26). Since 
then, many European countries have reported the 
increased incidence of this serovar responsible for 
foodborne disease, particularly associated with pig 
herds, but later with cattle (27, 28).  

The majority of salmonellosis cases were report-
ed among infants, as previously described (29). Re-
markably, salmonellosis rates in children were con-
sistently higher compared to adults, since children 
often present with more severe symptoms and are 
more frequently admitted (24). Therefore, salmo-
nellosis in children is more likely to be recorded, 
compared to adults, who most often present with 
mild symptoms and do not refer to a physician. 

The vast majority of salmonellosis cases were re-
ported in Athens, most likely implying better com-
pliance with the reporting procedures. Indeed, city 
hospitals have easier access to diagnostic procedures 
compared to regional ones. Continuous monitoring 
and better staff training in the reporting procedures 
are required to overcome this problem.

Our results support recently published European 
data showing low resistance rates to 3rd generation 
cephalosporins among non-typhoid Salmonella 
serovars (19). All non-typhoid Salmonella spp. iso-
lates were susceptible to ciprofloxacin, although 
higher resistance rates have been reported in Europe 
(~11%) (24-26). Resistance rates of non-typhoid Sal-
monella serovars to chloramphenicol also remained 
low. Non-typhoid Salmonella spp. isolates displayed 
considerable resistance rates to sulfamethoxazole, 
streptomycin, tetracycline and ampicillin, as previ-
ously described (24-26). No non-typhoid Salmonella 
spp. isolate was resistant to ciprofloxacin and cefo-
taxime. This finding agrees with European data re-
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porting that combined resistance to ciprofloxacin 
and cefotaxime was 0.6% (24).  

Salmonella Enteritidis isolates displayed low re-
sistance rates to 3rd generation cephalosporins; re-
sistance rates to ciprofloxacin were also low (0%). 
Other European data show that Salmonella Enteriti-
dis resistance rates to 3rd generation cephalosporins 
were also low, whereas a higher proportion of Sal-
monella Enteritidis isolates (12.3%) were resistant 
to ciprofloxacin (24-26). Overall, resistance rates 
of Salmonella Enteritidis were lower compared to 
a previous study conducted in Greece (23). Salmo-
nella Typhimurium and monophasic Typhimurium 
isolates also exhibited low resistance rates to 3rd 
generation cephalosporins and ciprofloxacin, as 
previously described in Europe (24-26).  

Notably, an increasing prevalence of MDR Sal-
monella monophasic Typhimurium isolates was 
observed among children in our study. A similar 
trend has been previously described in Europe and 
the USA among the general population. Currently, 
there are no available data showing that there was 
also such an increase among the subpopulation of 
children (30-31). 

The antimicrobial resistance profile of typhoid 
Salmonella isolates in our study is similar to that 
reported by other European countries (17). Im-
portantly, antimicrobial resistance rates to 3rd gen-
eration cephalosporins and ciprofloxacin remain 
low (19). Significant resistance rates have been 
reported to ampicillin, chloramphenicol, nalidixic 
acid and sulfamethoxazole (19). Notably, 10% of 
isolates were MDR, while in endemic regions in 
Sub-Saharan Africa and South-East Asia the cor-
responding percentage was >33.3% (32). 

Salmonella bacteremia most commonly af-
fected infants and young children <5 years of age, 
with a slight predominance of boys, similarly to 
previous reports (22). Salmonella Enteritidis was 
the most common isolate associated with bactere-
mia, also frequently isolated in stool cultures, as 
previously described in Greece (22). Salmonella 
Typhimurium, Salmonella Enteritidis and Salmo-
nella Dublin are the most frequently related with 
bacteremia worldwide (33). Antimicrobial resis-
tance rates to clinically important 3rd generation 

cephalosporins and ciprofloxacin for Salmonella 
isolates causing bacteremia remained low (34). In 
our study, almost one in five Salmonella bactere-
mia isolates (17.1%) were MDR, similarly to previ-
ous studies reporting that MDR isolates are most 
frequently associated with bacteremia (9-11).  

Our study has several limitations, mainly as-
sociated with its retrospective design. Firstly, 
supplementary epidemiological data are often un-
derreported, confounding our results. However, 
we assume that weekly validation of our data with 
the HCDCP may have minimized this possibil-
ity. Secondly, hospital staff in regional areas (apart 
from Athens) often do not comply with the report-
ing procedures, implying that continuous training 
is required to increase the salmonellosis reporting 
rates. Besides, most comparisons have been made 
with studies conducted among adults. Although 
Salmonella serovars that cause disease in adults 
and children do not differ significantly, underlying 
conditions or previous antibiotic use in adults may 
affect antimicrobial resistance patterns. Further-
more, large amounts of data on epidemiological 
characteristics and antimicrobial resistance were 
missing. To overcome this problem, we mentioned 
the precise number of cases for which the corre-
sponding data were available. Besides, this study 
was based on data recorded by the NRCS over the 
period 2011 to 2017. Apart from epidemiological 
data i.e age, gender, specimen source, geographical 
data and recent travel abroad, other data regard-
ing the clinical course are not routinely provided. 
Therefore, such an analysis was not feasible. The 
inclusion of sulfamethoxazole data for only 4 of 
the surveillance years is a notable limitation, but 
that did not preclude us from unveiling the high 
rates of antimicrobial resistance to this important 
antimicrobial during the years that it was avail-
able. Finally, resistance rates to azithromycin, that 
is currently an important clinical choice, were not 
evaluated in our study.  

Conclusion 
In conclusion, we have provided a blueprint of 
current serovar prevalence and antimicrobial re-
sistance of Salmonella isolates among children 
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in Greece. Salmonellosis epidemiology in Greek 
children is comparable to previously published 
European data.  Antimicrobial resistance rates to 
3rd generation cephalosporins and ciprofloxacin 
for non-typhoid and typhoid-paratyphoid remain 
low. Notably, there is an increasing prevalence of 
Salmonella monophasic Typhimurium isolates, as-
sociated with multiple antimicrobial resistance. 
Hence, continuous surveillance is mandatory, to 
monitor such trends. 

What Is Already Known on this Topic:
Salmonellosis is a major health problem worldwide. Resistance to the 
current 1st line antibiotics, such as ciprofloxacin and 3rd-generation 
cephalosporins, the higher rates of Salmonella spp. isolates resistant to 
fluoroquinolones, as well as the emergence of ESBL and MDR clinical 
isolates are important clinical concerns. This problem has become even 
worse among children who predominantly present with severe salmonel-
losis. However, hardly any studies exist describing Salmonella epidemi-
ology and antimicrobial resistance among this vulnerable population. 

What this Study Adds:
This study presents the epidemiological data, serovar distribution and 
antimicrobial resistance patterns of Salmonella spp. isolates among 
children aged ≤14 years old in Greece. This information allowed a 
comparison between Salmonella surveillance data in this population 
and European data among adults already published, encouraging clini-
cians to feel comfortable prescribing 3rd generation cephalosporins and 
fluoroquinolones as the 1st line empirical treatment of salmonellosis in 
children. This approach, together with control measures (i.e. avoiding 
unnecessary antibiotic therapy) will lead to the more judicious use of 
antimicrobials for the treatment of salmonellosis, with the potential to 
suppress antimicrobial resistance further with continuous surveillance 
of salmonellosis epidemiology and antimicrobial resistance.   
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Abstract
Objective. The SYNTAX trial was designed to evaluate whether multivessel disease patients could benefit from percutaneous 
or surgical revascularization using a paclitaxel eluting stents, but after the introduction of second generation stents, this score 
needs to be reevaluated. The aim of our study was to analyze the association between SYNTAX score and the prognosis of mul-
tivessel patients submitted to percutaneous coronary intervention (PCI) and second generation everolimus eluting stents (EES) 
implantation. Materials and Methods. Data on 289 patients with multivessel coronary artery disease submitted to PCI with EES 
were stored in a dedicated database and retrospectively analyzed. During a mean follow-up period of 14.4±6.4 months, major 
adverse cardiac and cerebrovascular events (MACCE) including death from any cause, myocardial infarction, target lesion 
revascularization (TLR) and stroke, were systematically assessed. Results. The incidence of MACCE at follow-up was 13.1%; 
death from any cause occurred in 19 patients (6.6%) and myocardial infarction in 9 patients (3.1%). TLR was detected in 2.7% of 
patients and stroke was observed in 2 patients. The SYNTAX score did not prove to be an independent predictor of overall death 
at multivariable analysis. Conclusion. At mid-term follow-up, the incidence of MACCE in multivessel disease patients submit-
ted to PCI and EES implantation was low; no significant association was found between SYNTAX score severity and MACCE at 
follow-up, suggesting that it should be modified after the introduction of EES. 

Key Words: Multivessel Disease  Percutaneous Coronary Intervention  SYNTAX Trial  Dual Antiplatelet Therapy  Out-
come.

Clinical Science

Introduction
Revascularization treatments for patients with com-
plex coronary lesions are continuously evolving and 
new scores to choose the best approach for revascu-
larization have been investigated. Despite this, the 
indications for coronary revascularization continue 
to be debated between interventional cardiologists 
and surgeons, who have experience with new drug-
eluting stents (DES) and percutaneous coronary 
intervention (PCI) techniques, as well as new coro-
nary artery bypass graft (CABG) strategies, in their 
daily practice. In the Synergy between PCI with 
Taxus and Cardiac Surgery  (SYNTAX) trial (1) PCI 
with paclitaxel eluting stents (PES) was compared 
to CABG as the primary treatment option for pa-
tients with de novo coronary three-vessel disease, 

and/or left main (LM) disease. CABG resulted in 
significantly more favourable outcomes for the inci-
dence of target lesion revascularization (TLR), and 
major adverse cardiac and cerebrovascular events 
(MACCE), after twelve months in patients with a 
SYNTAX score ≥33 (2). The SYNTAX score is a 
tool to characterize coronary anatomy on the basis 
of nine anatomical criteria, including the number, 
the site and the complexity of coronary lesions, ob-
taining a score for each lesion and an overall score 
for each patient. The score obtained is divided into 
three classes [low (≤22), intermediate (23-32) and 
high (≥33)].  Apart from patients with low SYN-
TAX score (≤22) for whom PCI is preferred over 
CABG, for patients with a SYNTAX score of 23-32, 
the SYNTAX trial does not furnish strict recom-
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mendations, reporting only a higher, though not 
significantly, incidence of MACCE in PCI patients 
(16.7% versus 12.4% in CABG patients) (1). Recent 
data reporting the 5 year follow-up of this trial have 
shown that in patients with a SYNTAX score higher 
than 22, CABG with respect to PCI demonstrated 
clear superiority in terms of MACCE, death, MI, 
and repeat revascularization (3). Nevertheless, pre-
vious studies demonstrated that the introduction of 
everolimus eluting stents (EES) has been associated 
with a reduction in events with respect to PES (4-6), 
suggesting that the use of the anatomical SYNTAX 
score needs to be reevaluated. Moreover, in a wide 
open-label randomized trial, PCI with EES in pa-
tients with multivessel coronary artery disease was 
not inferior in respect to CABG, despite a similar 
anatomical SYNTAX score (7). 

In addition to this, other SYNTAX derived scores 
have been developed in the last few years to better 
guide decision-making between CABG and PCI, that 
combine the anatomical SYNTAX score with other 
clinical variables (8, 9) and have been demonstrated 
superior to the purely angiographic score (10, 11).

The aim of our study was to evaluate the associa-
tion between the SYNTAX score and the outcome 
of 289 unselected multivessel patients, consecutively 
submitted to PCI and EES implantation in the Gen-
eral Cardiology Unit of the Department of Cardio-
vascular and Thoracic Medicine of the Azienda Os-
pedaliero-Universitaria Careggi in Florence (Italy).

Material and Methods
Patient Population and Study Design 

In our study we analyzed the data of 349 patients 
with multivessel coronary artery disease who 
were admitted to the General Cardiology Unit of 
the Department of Cardiovascular and Thoracic 
Medicine of the Azienda Ospedaliero-Univer-
sitaria Careggi in Florence (Italy) from January 
2010 to December 2010 for stable angina (SA) 
(N=88), non-ST acute coronary syndrome (NST-
ACS) (N=182) or ST elevation myocardial infarc-
tion (STEMI) (N=79). Among these, 289 patients 
(83%) underwent PCI and 60 (17%) CABG, and 
the latter were excluded from the analysis, which 
was based on PCI patients alone. The selection 

of patients for CABG was based not only on the 
SYNTAX score (mean 43.8±10.3) but also on 
clinical and instrumental assessment, taking into 
consideration the presence of a concomitant val-
vulopathy, the possible contraindications to dual 
antiplatelet therapy (DAPT), or the presence of 
comorbidities. The clinical, biohumoral and an-
giographic data of multivessel patients submitted 
to PCI were collected and stored in a dedicated da-
tabase and analyzed retrospectively. In particular, 
data on gender, age, arterial hypertension, obesity 
(defined as a body mass index >30 Kg/m2), diabetes 
mellitus, dyslipidemia, smoking habit, chronic ob-
structive pulmonary disease, and a family history of 
cardiovascular disease were collected. The presence 
of peripheral arteriopathy was diagnosed by means 
of Doppler ultrasound. Renal failure was defined 
as an estimated glomerular filtration rate (eGFR) 
<30 ml/min measured using Cockroft-Gault equa-
tion. The EuroSCORE I was calculated as previ-
ously reported (12). Doppler echocardiography was 
performed in all patients to exclude the presence of 
severe valvulopathy, as well as to evaluate left ven-
tricular ejection fraction. Blood chemistry included 
the measurement of troponin I, CK-MB, creatine 
phosphokinase and creatinine values.  

Coronary angiography and PCI were performed 
as previously described according to the Interna-
tional Guidelines (13); in the majority of patients 
(92.3%) radial access was employed. In 104 patients 
(35.9%), PCI was staged in several sessions depend-
ing on lesion complexity, hemodynamic status or as-
sociated renal failure; exclusively Xience V everoli-
mus stents were implanted in all patients. This kind 
of stents was the only second generation stent avail-
able in our hospital during the study period. 

Chronic total occlusion (CTO) was defined as 
the complete occlusion of the vessel by heavy ath-
erosclerotic plaque that had been present for at least 
3 months. Vessels with CTO were treated with PCI 
only after demonstration of ischemia viability in the 
segment of the myocardium supplied by the index 
vessel, and in the presence of favourable anatomi-
cal characteristics. A revascularization was defined 
“complete” if all stenotic vessels ≥2.5 mm were re-
vascularized (anatomic revascularization) (14).
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SYNTAX Score Calculation

The SYNTAX score is a tool to characterize coro-
nary anatomy on the basis of nine anatomical cri-
teria, including the number, the site and the com-
plexity of coronary lesions, obtaining a score for 
each lesion and an overall score for each patient 
(1). The score is given by the sum of the scores of 
each individual lesion >50% in vessels with a di-
ameter >1.5 mm. The coronary tree is divided into 
16 segments based on the AHA classification. Each 
segment is assigned a score of 1 or 2 which is based 
on the presence or absence of atherosclerotic dis-
ease, and this score is weighed on the location of 
the disease in the different coronary segments 
(from 3.5 for the proximal left anterior descending 
to 5.0 for the left main). Vessels less than 1.5 mm 
in diameter are not included in the score calcula-
tion. A multiplication factor of x 2 is used for non-
occlusive and x 5 for total occlusions, reflecting 
the difficulty of the angioplasty revascularization 
procedure. The computerized algorithm calculates 
the total score based on 12 main questions that can 
be divided into two groups. The first three ques-
tions determine the coronary dominance, the total 
number of lesions and the coronary segments in-
volved. The other nine questions refer to the mor-
phological characteristics of the lesions and are 
repeated for each lesion. For example, one point 
is given for bifurcations of type A, B or C, 2 points 
for D, E, F, or G, and one point is given for bifurca-
tion angles greater than 70°. The scores obtained 
with the SYNTAX score can be divided into 3 
classes, [low (≤22), intermediate (23-32) and high 
(≥33)]. A high SYNTAX score, indicating a more 
complex coronary picture, suggests the high risk 
of submitting the patient to a mechanical revascu-
larization strategy, and is related to a poor progno-
sis (therefore CABG is better), while a low score 
favours PCI. An important feature of the score is 
that it is weighed exclusively on anatomical lesion 
criteria, and a separate score is calculated for each 
lesion. The total score is then calculated from the 
sum of the individual scores.   

Antiplatelet Therapy and Other Therapeutic 
Measures

All patients received a loading dose of acetilsalycil-
ic acid (ASA) 325 mg and clopidogrel 300 mg the 
day before the PCI in the elective procedures, and a 
loading dose of ASA 325 mg and clopidogrel 600 mg 
in the catheterization laboratory for urgent PCI. Af-
ter the procedure, all patients were treated with ASA 
100 mg/day and clopidogrel 75 mg/day. Moreover, 
in these patients platelet aggregation was evaluated 
with Light Transmittance Aggregometry (LTA) in-
duced by ADP (10 micromol/L) and arachidonic 
acid (2 mmol/L) in platelet rich plasma, in order to 
estimate the Residual Platelet Activity (RPA) on anti-
platelet therapy (15). Responders were identified by 
a RPA <70% for ADP and <20% for arachidonic acid 
(15). Non-responder patients were switched from 
clopidogrel to prasugrel (that was the only alterna-
tive P2Y12 receptor inhibitor available at the time of 
the study), and from ASA 100 mg to a higher dose 
(160-325 mg), as previously reported (16).

To prevent contrast induced nephropathy 
(CIN), elective patients underwent hyper-hydra-
tion with saline solution and intravenous admin-
istration of N-Acetyl Cisteyn 600 mg twice/day. 
Patients affected by Chronic Renal Failure with 
eGFR <30 ml/min were submitted to continuous 
renal replacement therapy (CRRT) before and af-
ter contrast medium administration (13).

All patients gave their informed consent for 
participation in the study, and all the procedures 
followed were in accordance with the ethical stan-
dards of the responsible committee on human ex-
perimentation, and with the Helsinki Declaration 
of 1975, as revised in 1983.

Follow-Up

Clinical follow-up was scheduled at 1, 6 and 12 
months, and performed in all 289 patients (100%) 
by independent research personnel who were un-
aware of the study objectives. During the scheduled 
visit electrocardiography and Doppler echocar-
diography were performed. A stress test was sched-
uled in all patients in the following 6-12 months, 
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and coronary angiography was only performed in 
patients with documented ischemia or those who 
had undergone very complex procedures, or who 
had unequivocal clinical symptoms of angina. In 
case of hospitalization, data were obtained by a 
systematic review of the hospital records.

The primary end-point of the study included 
MACCE, consisting in death from any cause, myo-
cardial infarction, TLR and stroke as in the SYN-
TAX trial, and the secondary end-point included 
cardiovascular death, stable angina, CIN and bleed-
ings, and their correlation with SYNTAX score. 

Data regarding the primary and secondary 
end-points were systematically assessed during a 
mean follow-up period of 14.4±6.4 months.

Myocardial infarction was defined after the de-
tection of a rise and/or fall in cardiac biomarker 
values [preferably cardiac troponin I (TnI)] with at 
least one value above the 99th percentile upper ref-
erence limit and with at least one of the following: 
1) symptoms of ischemia; 2) new or presumed new 
significant ST-segment - T wave changes or new left 
bundle branch block; 3) development of pathologi-
cal Q waves in the ECG; 4) imaging evidence of new 
loss of viable myocardium or new regional wall mo-
tion abnormality; 5) identification of an intracoro-
nary thrombus by angiography or autopsy (17). 

TLR was defined as a PCI of the target lesion due 
to restenosis or re-occlusion within the stent or in 
an adjacent segment of 5 mm distally or proximally 
to the edges of the stent (18). Stroke was defined as 
rapidly developing clinical signs of focal (or glob-
al) disturbance of cerebral function, lasting more 
than 24 hours or leading to death, with no apparent 
cause other than that of vascular origin. Cardiovas-
cular death was defined as death resulting from an 
acute myocardial infarction, sudden cardiac death 
or death due to heart failure, stroke, cardiovascu-
lar procedures, cardiovascular haemorrhage, and 
to other cardiovascular causes. Stable angina was 
defined as chest pain or discomfort occurring most 
often with activity or emotional stress. 

CIN was defined as a 25% increase in creatinine 
compared to its baseline value after PCI. Major 
bleedings were classified according to TIMI criteria 
as a decrease in haemoglobin >5 g/dl or at least 15% 

in haematocrits; minor bleedings were classified 
according to TIMI criteria as a decrease in haemo-
globin >3 g/dl or at least 10% in hematocrits (19). 
Follow-up data were obtained either by hospital re-
cords or by phone by two physicians unaware of the 
patients’ in-hospital course, and were verified by the 
Registry Office of the Florence Health Authority.

Statistical Analysis

Data were stored in a dedicated database and ana-
lyzed with the IBM-SPSS 20.0 statistical package 
(SPSS Inc. Chicago, IL, USA). Continuous variables 
were tested for normality with the Kolmogorov-
Smirnov one sample test, and reported as mean 
± SD or median and interquartile range when ap-
propriate. Categorical variables were expressed as 
frequency and/or percentage. Between-group com-
parisons were performed with Student’s t and chi-
square (or Fisher’s when needed) tests, respectively. 
A two-tailed p-value less than 5% was considered 
significant. Unadjusted OR and their relative 95% 
confidence intervals for the occurrence of MAC-
CE were calculated either considering a one unit 
step increase in the SYNTAX score and different 
classes of SYNTAX score [class 2 (23-32) vs. class 
1 (≤22), class 3 (≥33) vs. class 1 (≤22) and class 3 
(≥33) vs. class 2 (23-32)] for each cardiovascular 
event. Outcomes which were significantly associ-
ated with SYNTAX score (one unit step increase) at 
univariate analysis were further adjusted at multi-
variable analysis for clinical, angiographic and lab-
oratory data related to the antiplatelet response sig-
nificantly associated with the outcome examined 
at univariate analysis. Multivariable analysis was 
performed to evaluate the independent association 
between adverse events significanly associated 
with the SYNTAX score at univariate analysis, and 
other clinical, angiographic and laboratory data 
significantly associated with the outcome analyzed 
at univariate analysis. Considering overall death as 
an independent variable, we adjusted the analysis 
for renal dysfunction, EuroSCORE I and response 
to ADP. Taking into account the number of events 
(19 overall deaths occurred at follow-up) only 
two predictors were added simultaneously to the 
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model of multivariable analysis. A ROC curve was 
built to evaluate the value of SYNTAX score with 
a higher specificity/sensitivity ratio in predicting 
cardiovascular events.

Results

The baseline clinical characteristics of patients 
submitted to PCI and analyzed in the study are re-
ported in Table 1. 

Table 1. Baseline Clinical and Laboratory Characteristics with Data Related to Response to Standard Antiplatelet Therapy 
of Multivessel Patients Submitted to PCI

Characteristics PCI patients  (N=289)

Age (years), mean ± SD 69 ± 11

Male gender, N (%) 219 (75.8)

Admission diagnosis, N (%)

STEMI 73 (25.3)

ACS 142 (49.1)

Stable angina 74 (25.6)

Cardiovascular risk factors, N (%)

Arterial hypertension 215 (74.4)

Obesity (BMI >30 kg/m2) 37 (12.8)

Diabetes mellitus 93 (32.2)

Dyslipidemia 149 (51.6)

Smoking habit 152 (52.6)

Family history of cardiovascular disease 101 (34.9)

Comorbidities

Peripheral arteriopathy, N (%) 118 (40.8)

Renal failure (eGFR <30 ml/min), N (%) 23 (8.0)

COPD, N (%) 33 (11.4)

EuroSCORE I, median (25th-75th percentile) 9.61 (0.88; 59.33)

Clinical history, N (%)

Heart failure 32 (11.1)

Associated valvulopathy 4 (1.3)

Previous MI 57 (19.7)

Previous PCI 89 (30.8)

Blood chemistry

TnI peak (mcg/L), median (25th-75th percentile) 5.29 (0.67 – 43.76)

CK-MB peak (ng/mL), median (25th-75th percentile) 16.6 (4.25 – 76.65)

CPK peak (U/L), median (25th-75th percentile) 346.0 (120.5 – 1109.0)

Creatinine (mg/dL), mean ± SD 1.4 ± 0.6

Response to antiplatelet therapy

Response to ADP, N (%)

RPA >70% (responder to clopidogrel) 234 (80.9)

RPA <70% (not responder to clopidogrel) 55 (19.0)

Shift to Prasugrel, N (%) 53 (18.3)

Response to Arachidonic Acid, N (%)

RPA < 20% (responder to ASA) 210 (72.6)

RPA > 20% (not responder to ASA) 79 (27.3)

Shift to higher-dose aspirin, N (%) 27 (9.3)

Continuous variables are presented as mean ±1 SD or median (25th-75th percentile); discrete variables are presented as N (percentage). PCI=Percutaneous coro-
nary intervention; STEMI=ST elevation myocardial infarction; ACS=Acute coronary syndrome; BMI=Body mass index; COPD=Chronic obstructive pulmonary 
disease; eGFR=estimated Glomerular filtration rate; MI=Myocardial infarction; TnI=Troponin I; CK-MB=Creatine phosphokinase-MB; CPK=Creatine phosphoki-
nase; ADP=Adenosine diphosphate; RPA= Residual platelet activity; ASA=Acetylsalicylic acid.
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Table 2 shows the angiographic characteristics 
of patients who underwent PCI. About 70% of pa-
tients had a SYNTAX score higher than 22; 62% of 
patients had three vessel disease and left main was 
involved in 7.9% of patients. Complete revascu-
larization was obtained in a high percentage of pa-
tients (86.5%). In 21 out of 49 patients with CTO 
(42.8%), the CTO was not treated with PCI be-
cause of the lack of demonstration of ischemia/vi-
ability in the corresponding myocardial segment. 
In the remaining 28 patients, ischemia/viability 
was demonstrated and 17 of them (60.8%) were 
successfully treated with PCI. Nineteen percent of 
patients showed a high RPA by ADP, and 27.3% 
by arachidonic acid: most of them were shifted to 
prasugrel and/or to a higher dose of ASA to obtain 
a RPA <70% for ADP and <20% for arachidonic 
acid, when not contraindicated. None of the pa-
tients in whom CIN occurred underwent chronic 
hemodialysis. 

During a mean follow-up of 14.4 ±6.4 months, 
the incidence of MACCE (death from any cause, 
myocardial infarction, TLR and stroke) was 13.1% 
and TLR was detected in 2.7% of patients (Table 
1). No patient developed any definite stent throm-
bosis, only one patient (0.3%) presented a pos-
sible stent thrombosis. Moreover, the incidence 
of bleedings was 1.4%, occurring in 4 patients: 2 
patients developed major bleeding and other 2 pa-
tients developed minor bleeding.

No significant differences were observed in the 
clinical, angiographic and laboratory data between 
patients experiencing MACCE and those who did 
not, except for a higher prevalence of severe renal 
dysfunction (P<0.001), higher mean values of the 
EuroSCORE I (P<0.001) and higher values of re-
sidual platelet reactivity by ADP (P=0.011), as an 
index of poor response to clopidogrel, in patients 
in whom MACCE occurred (Table 3).

Moreover, we evaluated the SYNTAX score as 
a predictor of adverse events at univariate analy-
sis (Table 4 Panel A). Considering MACCE as a 
composite end-point we did not observe any re-
lationship with the different classes of the SYN-
TAX score. Accordingly, when we considered 
the single adverse events that composed the pri-

Table 2. Angiographic Data and Adverse Events at Follow-
Up of Multivessel Patients Submitted to PCI

Variables PCI patients N=289

SYNTAX score, mean ± SD 24.52 ±7.18

SYNTAX score classes, N (%)

≤ 22 84 (29.0)

23-32 145 (50.1)

> 33 60 (20.7)

3-vessel disease, N (%) 178 (61.6)

2-vessel disease, N (%) 111 (38.4)

Critical stenoses, N (%)

Total 525 (100)

LM 23 (7.9) 

LAD 193 (66.7)

CX 162 (56.0)

RCA 147 (50.8)

Chronically occluded vessels, N (%)

Total 49 (16.9)

LM 0 

LAD 11 (3.8)

CX 14 (4.8)

RCA 24 (8.3)

Total stents implanted (N) 708

Complete revascularization, N (%) 250 (86.5)

Stents length (mm), mean ± SD 51.32 ± 31.23

Post procedural TIMI flow grade III, N (%) 547 (99.8)

Primary Outcomes, N (%)

MACCE 38 (13.1)

Death from any cause 19 (6.6)

Target lesion revascularization 8 (2.7)

Myocardial infarction 9 (3.1)

Stroke 2 (0.7)

Secondary Outcomes, N (%)

Cardiovascular death 13 (4.5)

Stable angina 19 (6.6)

Contrast induced nephropathy 21 (7.3)

Bleedings 4 (1.4)

Others

Left ventricular ejection fraction (%), 
mean ± SD

48 ±14

Length of hospital stay (days), mean 
± SD

9.0 ± 2.3

Continuous variables are presented as mean (±SD); Categorical variables 
are presented as N (percentage). PCI=Percutaneous coronary intervention; 
LM=Left main; LAD=Left anterior descending artery; CX=Circumflex artery; 
RCA=Right coronary artery; TIMI=Thrombolysis in myocardial infarction; 
MACCE=Major adverse cardiac and cerebrovascular events.
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mary end-point MACCE (death from any cause, 
myocardial infarction, TLR and stroke)  and the 
secondary end-point (stable angina, CIN, cardio-
vascular death and bleedings) comparing patients 
with low-SYNTAX score (0-22) and intermediate 
SYNTAX score (23-32), no significant difference 
in event rates between the two groups was ob-
served. In contrast, when we compared patients 
with  high SYNTAX score (≥33) with patients with 
low SYNTAX score (0-22) we observed a signifi-
cant difference  between the two groups in relation  
to  death from any cause and CIN that was higher 
in patients with SYNTAX score ≥33. Considering 
instead SYNTAX score by unit step increase (Table 
4 Panel B) we observed a significant increase in 
death from any cause and cardiovascular death.

However, at multivariable analysis, EuroS-
CORE I (1 unit step) was shown to be the only 
independent predictor of overall mortality after 
adjustment for renal failure, response to ADP (1% 

step) and SYNTAX score (1 unit step) in a model 
in which variables were added separately (P<0.001 
in comparison with all the variables), while SYN-
TAX score was not shown to be independently 
associated with death from any cause after adjust-
ment for EuroSCORE I (OR 1.05 95%CI 0.98-1.13, 
P=0.179).

Finally, it was possible to identify a cut-off 
value of SYNTAX score by ROC curve analysis, 
under which the risk of adverse events was lower. 
In fact, the best specificity and the best sensitiv-
ity of SYNTAX score to cardiovascular events 
was 29.75 (Figure 1). The ROC curve (outcome: 
MACCE) for SYNTAX score showed an AUC of 
0.68 (95%CI 0.53 to 0.83, P=0.028) with a value 
of 29.75 as the best discriminant (sensitivity 54%, 
specificity 79%).

Table 3. Clinical Data, Angiographic Variables and Antiplatelet Response Values in Relation to Major Cardiac and 
Cardiovascular Events

Variables
No MACCE
N=251 (86.9%)

MACCE
N=38 (13.1%)

P value

Cardiovascular risk factors, N (%)

Arterial hypertension 186 (74.1) 29 (76.3) 0.771

Diabetes mellitus 76 (30.3) 17 (44.7) 0.075

Dyslipidemia 130 (51.8) 19 (50.0) 0.837

Smoking habit 134 (53.4) 18 (47.4) 0.489

Family history of cardiovascular disease 89 (35.5) 12 (31.6) 0.640

Comorbidities

Peripheral arteriopathy, N (%) 36 (14.3) 8 (21.1) 0.283

Renal failure (eGFR <30 ml/min), N (%) 15 (6.0) 8 (21.1) <0.001

Chronic obstructive pulmonary disease, N (%) 26 (10.4) 7 (18.4) 0.145

EuroSCORE I (units), mean±SD 8.29±9.02 18.14±16.00 <0.001

Angiographic data

SYNTAX score (units), mean±SD 24.6±7.1 26.7±8.4 0.169

Left main involvement, N (%) 20 (8.0) 3 (7.9) 0.988

2-vessel disease, N (%) 99 (39.4) 11 (28.9)
0.214

3-vessel disease, N (%) 152 (60.6) 27 (31.1)

Stents implanted (N), mean±SD 1.86±0.95 1.90±1.08 0.865

Antiplatelet therapy, mean±SD

Response to ADP - RPA (%) 49.5±19.3 58.2±17.9 0.011

Response to Arachidonic acid - RPA (%) 20.3±15.0 24.4±18.4 0.142

Continuous variables are presented as mean (± 1 SD); Discrete variables are presented as frequency (percentage). eGFR=estimated Glomerular filtration rate; 
ADP=Adenosine diphosphate; RPA=Residual platelet activity.
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Table 4. Association between Syntax Score, Either Considered by Classes (≤22, 22-32 and ≥33) (Panel A) and by One Unit 
Step Increase (Panel B), and Adverse Events

Panel A

Adverse Events in relation to Syntax Score Classes Unadjusted OR 95%CI P value

MACCE (N=38)

Class 2 (23-32) vs. Class 1 (≤22) 1.01 0.42-2.40 0.982

Class 3 (≥33) vs. Class 1 (≤22) 2.15 0.84-5.52 0.111

Death from any cause (N=19)

Class 2 (23-32) vs. Class 1 (≤22) 2.66 0.56-12.62 0.218

Class 3 (≥33) vs. Class 1 (≤22) 6.50 1.33-31.90 0.021

TLR (N=8)

Class 2 (23-32) vs. Class 1 (≤22) 0.14 0.02-1.24 0.076

Class 3 (≥33) vs. Class 1 (≤22) 0.70 0.12-3.98 0.691

Myocardial Infarction (N=9)

Class 2 (23-32) vs. Class 1 (≤22) 0.85 0.14-5.18 0.858

Class 3 (≥33) vs. Class 1 (≤22) 3.00 0.53-16.98 0.214

Stroke (N=2); NA (only 2 cases observed, all of them in Class 2)

Cardiovascular death (N=13)

Class 2 (23-32) vs. Class 1 (≤22) 4.13 0.50-34.16 0.189

Class 3 (≥33) vs. Class 1 (≤22) 7.75 0.88-68.22 0.065

Stable Angina (N=19)

Class 2 (23-32) vs. Class 1 (≤22) 1.04 0.37-2.94 0.936

Class 3 (≥33) vs. Class 1 (≤22) 0.46 0.09-2.35 0.349

CIN (N=8)

Class 2 (23-32) vs. Class 1 (≤22) 1.96 0.52-7.34 0.318

Class 3 (≥33) vs. Class 1 (≤22) 4.28 1.08-16.92 0.038

Bleedings (N=4)

Class 2 (23-32) vs. Class 1 (≤22) 0.56 0.08-4.06 0.567

Class 3 (≥33) vs. Class 1 (≤22) No bleeding in Class 3

 
Panel B

Adverse Events
PCI pts N=289

Unadjusted OR 95%CI P value
N (%)

MACCE 38 (13.1) 1.04 0.99-1.09 0.115

 Death from any cause 19 (6.6) 1.08 1.02-1.15 0.012

 TLR 8 (2.7) 0.97 0.88-1.08 0.629

 Myocardial Infarction 9 (3.1) 1.06 0.97-1.15 0.206

 Stroke 2 (0.7) 1.03 0.86-1.24 0.755

Cardiovascular  death 13 (4.5) 1.09 1.01-1.17 0.022

Stable Angina 19 (6.6) 0.99 0.93-1.06 0.796

CIN 21 (7.3) 1.06 0.99-1.12 0.062

Bleedings 4 (1.4) 0.87 0.74-1.03 0.111

PCI=Percutaneous coronary intervention; MACCE=Major adverse cardiac and cardiovascular events; TLR=Target lesion revascularization; NA=Not applicable; 
CIN=Contrast induced nephropathy. 
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Figure 1. Analysis by ROC Curve of the Optimal Cut-Off 
Value of SYNTAX Score for the Occurrence of Major Cardiac 
and Cardiovascular Events.

Discussion

The main finding of the present study was that, in 
our study population, the different classes of SYN-
TAX score, as defined in the homonymous trial (1) 
did not result clearly related to the adverse events 
at mid-term follow-up. On univariate analysis, 
when we considered overall MACCE as a com-
posite end-point, we did not observe any relation-
ship with any class of the SYNTAX score. On the 
contrary, when we considered the single adverse 
events that composed MACCE (death from any 
cause, myocardial infarction, TLR and stroke), the 
patients in class 3 showed a higher incidence of 
deaths from any cause in comparison with the pa-
tients in classes 1 and 2. However, on multivariable 
analysis, the SYNTAX score did not prove to be an 
independent predictor of overall mortality at mid-
term follow-up after adjustment for other varia-
bles. It should also be noted that, in our case series, 
overall and cardiovascular mortality were higher 
than that in the SYNTAX trial, and this may have 
several explanations. First, in our study there was 
a higher percentage of acute coronary syndrome 
(ACS) patients than in the SYNTAX trial; about 
75% of patients enrolled were ACS and a quarter 
of them were STEMI, while in the SYNTAX trial 

acute myocardial infarction was an exclusion cri-
teria. Second, our mean follow-up was longer than 
in the SYNTAX trial (14.4 vs. 12 months). Finally, 
in our case series, the high rate of overall death was 
also caused by an increased number of non-cardi-
ovascular deaths including neoplasms, infections 
or fatal traumas. 

Our results are not in agreement with a re-
cent review by Head et al. that found CABG has 
a mortality benefit over PCI, and this was associ-
ated with the anatomical SYNTAX score complex-
ity (20). However, that review included studies in 
which PCI was also performed with bare metal 
stents (26.6%) and first generation DES (39.2%), 
and this might have impacted the outcome un-
favourably; moreover, data from that review also 
demonstrated that 5-year all-cause mortality was 
similar after CABG or PCI, regardless of the de-
gree of anatomical complexity, confirming the pre-
vious results of the EXCEL trial (21). 

Our results also differ from those of Garg et al. 
showing that the SYNTAX score is able to stratify 
risk in a population of patients treated with PCI 
and second generation DES (22). However, the 
percentage of patients with multivessel disease, the  
SYNTAX score cutoff and the type of stent ana-
lyzed were different from those of our study popu-
lation. A second interesting finding of our study is 
that we observed a low incidence of MACCE and 
other complications, such as CIN or major bleed-
ings, at mid-term follow-up.

When we compared our results with those of 
multivessel patients enrolled in the SYNTAX study 
and treated with PCI, we observed that the inci-
dence of TLR and MACCE were significantly lower 
in our study population: 2.7% versus 13.7% and 
13.1% versus 17.8%, respectively. Also comparing 
the subgroups of patients matched for SYNTAX 
score categories, the incidence of MACCE was sig-
nificantly lower than that reported in the SYNTAX 
study: 13.6%, 16.7% and 23.4% in patients with low, 
intermediate and high scores in the SYNTAX trial, 
8.3%, 14.3% and 16.7% in our population. Unlike 
the SYNTAX trial that reported a higher risk of car-
diovascular events in patients with SYNTAX score 
>22, in our study population even patients with 

Cristina Giglioli et al: Multivessel Disease and Second Generation Stent
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SYNTAX score >22 showed a very low incidence of 
adverse events, and the ROC curve analysis showed 
a higher cut-off of the score predicting cardiovas-
cular events, equal to 29.75. These results suggest 
that the differences observed in patient outcome 
between our study and the SYNTAX trial are not 
exclusively ascribable to anatomical complexity.

There are several possible reasons for this: first 
of all, the relatively small sample size of our popu-
lation could have favourably impacted the inci-
dence of adverse events. Moreover, in our group 
of patients, the percentage of those with a SYN-
TAX score >32 was about 20% versus 33% in the 
SYNTAX study, and the mean value of the SYN-
TAX score was 24.5 versus 29, respectively. An-
other main difference was the kind of stent used 
in our patients: the Xience V stent instead of the 
now obsolete Taxus, a paclitaxel eluting stent 
(PES), which has not been used in daily practice 
since the availability of EES; the Xience V stent 
has a less inflammatory impact and, consequently, 
earlier coverage than the Taxus stent (23), and re-
cent evidence suggests that EES is associated with 
a lower incidence of MACCE with respect to PES 
(4-6, 24, 25). Moreover, in our population in a 
high percentage of patients (86.5%) we achieved 
complete anatomical revascularization that is as-
sociated with a better outcome (26-28). Even if the 
concept of complete revascularization has mainly 
been emphasized as a point in favour of cardiac 
surgery, our results demonstrated, according to a 
recent study (29), that complete anatomical revas-
cularization can be achieved in a high percentage 
of multivessel patients treated with PCI. The main 
reason for failure to achieve complete anatomic 
revascularization in our study population was 
represented by CTO not associated with regional 
ischemia (21 patients) or unsuccessful treatment 
with PCI (11 patients). Moreover, also the “com-
plete revascularization” provided by CABG has 
limitations such as: 1) the proximal part of native 
coronary arteries bypassed frequently undergoes 
occlusion after the intervention; 2) when a steno-
sis is located before a bi- or trifurcation, only one 
branch is usually bypassed; 3) venous grafts have a 
short duration (30). 

In addition, the radial artery as the first line 
approach in the majority of patients (92.3%), with 
the consequent reduction in peripheral complica-
tions and bleedings, the choice of a tailored DAPT 
strategy, the systematic prevention of CIN with 
hyper-hydration, and the use of CRRT in patients 
with eGFR <30ml/min, might have favourably 
impacted our patients’ outcome, independently 
of the SYNTAX Class. With these considerations, 
we do not deny the importance of the anatomical 
complexity on the outcome of patients submitted 
to PCI, but we would like to underline that the re-
sults of PCI are due to a “sum of care”, including 
not only the skills and the tools of interventional 
cardiologists, but also a holistic approach to the 
patients. Similarly, the patient’s outcome is the re-
sult not only of anatomical complexity but also of 
other clinical potent factors that should be weight-
ed in the choice of the revascularization strategy. 
In an attempt to consider these factors, after the 
conclusion of our study, a number of new predic-
tive models, have been built with encouraging 
results (31). Among them, the SYNTAX score II 
combines the anatomical SYNTAX score with sev-
eral clinical, demographic and functional variables 
(8, 9) and has superior results to the purely angio-
graphic SYNTAX score in predicting 2 year and 
long-term mortality in patients with severe CAD, 
undergoing PCI or CABG (10, 11) also in diabetic 
patients (32-35). Moreover, SYNTAX II showed 
the ability to detect several clinical characteristics 
in favour of PCI or CABG (36-38). However, the 
search for more complete prognostic scores is con-
tinuing and more recently the SYNTAX score III 
has been introduced, which integrates comorbidi-
ties and anatomy with a functional assessment of 
stenotic lesions by means of fractional flow reserve 
(39, 40). 

Limitations of Study

Our study retrospectively analyzed the data of 
multivessel patients who underwent PCI at our In-
stitution in the course of one year. Our population 
was relatively small, unselected and heterogeneous 
regarding the clinical presentation of coronary dis-
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ease at hospital admission, including patients with 
stable angina, non-ST elevation ACS, and STEMI. 
However, by including patients with STEMI in our 
study population, we strengthened the importance 
of our results since MACCE, bleedings, access site 
complications and CIN are known to be usually 
higher in this group of patients than that we ob-
served.

Conclusions

In our study of multivessel disease patients treated 
with PCI and Xience V stents, the SYNTAX score, 
that is an index of anatomic complexity, does not 
seem to be an independent predictor of MACCE 
or any other post-treatment outcome. Moreover, 
in our study population the incidence of MACCE 
is lower than that previously reported for multi-
vessel disease patients treated with angioplasty and 
first generation DES. These results can be mainly 
ascribed to the technical characteristics of the new 
generation of stents implanted, as well as to the ho-
listic approach carried out on our patients, which 
mainly consists of optimization of antiplatelet 
therapy, as well as procedural and periprocedural 
management. The continuous search for new pre-
dictive scores, considering not only anatomical 
complexity but also several clinical and functional 
factors to increase the accuracy of outcome, indi-
rectly corroborate our results. 

What Is Already Known on this Topic:
The SYNTAX trial demonstrated the superiority of coronary artery by-
pass graft (CABG) over percutaneous coronary intervention (PCI) in 
patients with multivessel and/or left main disease and a high SYNTAX 
score. However, in that trial, first generation drug eluting stents (DES) 
were used. The results of more recent studies exploring the use of second 
generation DES, with a better safety profile, have allowed interventional 
cardiologists to consider PCI even for more complex coronary disease 
patterns for which CABG should be recommended according to the 
SYNTAX trial.

What this Study Adds:
In patients with multivessel disease treated with PCI and second gen-
eration DES, the SYNTAX score is not an independent predictor of 
MACCE or any other post-treatment outcome. Moreover, in our study 
the incidence of MACCE was lower than that previously reported with 
first generation DES, with a higher percentage of complete revascular-
ization. These results suggest that PCI with newer DES and optimized 

therapeutic and periprocedural management should also be considered 
in patients with a SYNTAX score higher than the cut-off suggested in the 
homonymous trial above which CABG would be recommended. 
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Abstract
Norovirus is a substantial burden on the U.S. We compared norovirus outbreaks before and during COVID-19. There were 
fewer norovirus outbreaks during COVID-19 compared to a similar time period in 2019 (326 versus 638, P<0.001). Conclusion. 
COVID-19 public health interventions may be considered to decrease the burden of norovirus. This demonstrates the ability of 
more restrictive interventions to decrease other outbreaks of known or emerging viruses.  

Key Words: Coronavirus  Norovirus  Public Health.

Public Health

Introduction 
Norovirus places a substantial burden on the U.S., 
with 19-21 million illnesses and 109,000 hospi-
talizations per year and an estimated annual cost 
of $6.2 billion (inflation adjusted for 2020) (1, 2). 
Norovirus, like coronaviruses, can spread through 
person-to-person contact. Interventions to pre-
vent COVID-19 infection should also decrease 
norovirus infection. Stay-at-home (“lockdown”) 
orders to decrease the spread of COVID-19 were 
implemented in 32 states by 31 March, 2020 (3). 
There is evidence suggesting that COVID-19-re-
lated restrictions decreased influenza rates in the 
United States (R.P. Lennon, E.L. Miller, H. Dong, 
D. Rabago, A.E. Zgierska, unpublished data, Au-
gust 2020). To our knowledge, the impact of CO-
VID-19-related restrictions on norovirus infection 
rates has not been evaluated. 

Our objective was to compare norovirus infec-
tion rates in the U.S. before and after COVID-19 
lockdown.

Materials and Methods 
Data from the Centers for Disease Control and Pre-
vention (CDC), which collects norovirus outbreak 
data reported by health departments through the 
National Outbreak Reporting System (NORS), were 
used to compare weekly norovirus outbreak rates 
during the pre-COVID-19 2018-19 and 2019-20 
seasons (August 1 through January 30) (4). In ad-
dition, weekly outbreaks rates after the COVID-19 
lockdown (February 6 through June 6, 2020) were 
compared to the pre-COVID-19 rates (February 6 
through June 6, 2019). This research is exempt per 
45 CFR 46.101(b) (4). The differences in outbreak 
rates were assessed with a Wilcoxon signed rank 
test, with significance level established at two-tailed 
P<.05, using R statistical software, Version 3.6.2. 

Results 

There were no significant differences (P=0.384) in 
pre-COVID-19 norovirus weekly outbreak rates 

mailto:rlennon@pennstatehealth.psu.edu
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between 2018-19 and 2019-2020 seasons through 
January 30, 2020 (Table 1). There were fewer noro-
virus weekly outbreaks post-COVID-19 lockdown 

in 2020, compared to a similar time period in 2019 
(326 versus 638, P<0.001) (Table 1) 

Table 1. Comparison of Norovirus Outbreaks Pre- and Post -COVID-19 

Weeks Norovirus outbreaks* Norovirus outbreaks† Key events Wilcoxon rank test, 2-tailed to 95% confidence

Pre-COVID-19 lockdowns in the United States

1-Aug 8 5 -

Comparing outbreaks per week from August 
1, 2019 through January 30, 2020
P=0.384

8-Aug 4 4 -

15-Aug 5 2 -

22-Aug 7 6 -

29-Aug 7 11 -

5-Sep 4 9 -

12-Sep 11 11 -

19-Sep 8 11 -

26-Sep 6 12 -

3-Oct 5 6 -

10-Oct 13 10 -

17-Oct 10 15 -

24-Oct 11 12 -

31-Oct 13 23 -

7-Nov 12 25 -

14-Nov 21 24 -

21-Nov 40 17 -

28-Nov 54 52 -

5-Dec 62 48 -

12-Dec 79 43 -

19-Dec 36 48 -

26-Dec 67 46 -

2-Jan 81 59 -

9-Jan 65 41 -

16-Jan 56 46 First U.S. case (5)

23-Jan 61 49 -

30-Jan 48 57 -

Post-COVID-19 lockdowns in the United States

6-Feb 53 55 U.S. declares public health emergency (5)

Comparing outbreaks per week from February 
6, 2020 through June 5, 2020

P<0.001

13-Feb 50 48 -

20-Feb 49 57 -

27-Feb 68 61 -

6-Mar 53 33 -

13-Mar 49 34 Lockdowns start (3)

20-Mar 51 13 -

27-Mar 47 10 32 States in lockdown (3)

3-Apr 53 7 -

10-Apr 32 1 -

17-Apr 21 2 -

24-Apr 18 1 -

1-May 22 1 -

8-May 27 0 -

15-May 10 1 -

22-May 16 2 -

29-May 11 0 -

5-Jun 8 0 -

*2018-2019; †2019-2020.
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Discussion

During the COVID-19-related lockdown period, 
the norovirus outbreak rates were lower than the 
year prior. Limitations of this comparison include 
potential changes in public care-seeking behaviors 
or physician testing patterns during the COVID-19 
pandemic, and the NORS system approach to data 
collection, which relies on voluntary reports by 
health departments. Further, the 2020 norovirus 
data will not be finalized until 12-18 months after 
the end of the current season and, therefore, these 
estimates may still change. 

Conclusion

The reductions in norovirus burden associated 
with COVID-19 restrictions suggest the power of 
restrictive public health measures to impact infec-
tious disease burden more generally. Such mea-
sures may be considered for other high-burden 
outbreaks of known and emerging viruses now 
and in the future.
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Abstract
This short biography details the life and medical activities of Rosa Einhorn, mariée Bloch (1872–1950), who practised as an 
Austro-Hungarian (AH) official female physician in Travnik in occupied Bosnia and Herzegovina (BH) from 1902 to 1904, and 
as a semi-official private physician from 1905 to 1912/13. Born in Hrodna district in the Russian Pale of Crescent, Einhorn had 
qualified and practised as a “feldsheritsa” in Russia and went to Switzerland to study medicine in 1896. Upon receiving her medi-
cal doctorate from the University of Lausanne in 1901, she became recommended as a particularly adequate candidate for the 
not-yet-created position of an AH official female physician in BH. After Einhorn functioned as a general practitioner for women 
and children in Travnik and the adjacent districts for two years, the AH public health authorities officially dismissed her due 
to her engagement and marriage to the AH judiciary Sigismund Bloch (1850–1927). However, she obtained a right to private 
practice in 1905 and was employed as a private physician in AH anti-syphilis campaigning. Struggling for her reinstatement as 
an official female physician in Travnik, she also strove for the accreditation of her Swiss diploma in Austria, though in vain. After 
two attempts to emigrate to the United States in 1904 and 1913, Rosa Einhorn finally left Europe to work as a physician in the 
United States and Mandatory Palestine/Eretz Israel in 1923. She died in New York on May 27, 1950. Conclusion. Rosa Einhorn 
was employed as a provisory official female physician in Travnik in 1903/1904, the AH authorities accepting her only as a lo-
cal private female physician after her marriage in 1905. Struggling in vain for her reinstatement, she finally left Bosnia in 1913.

Key Words: AH Official Female Physicians  Rosa Einhorn  Travnik  Bosnia and Herzegovina.

Introduction

In February 1903, a Viennese daily newspaper 
published a brief report on the medical activities 
of Rosa Einhorn among Muslim women in Bos-
nian Travnik and a hand drawing showing “Miss 
Doctor” at work in her local outpatient ward (Pic-
ture 1) (1). Attentive readers may have noticed that 
the press reported in December 1902 that a “fifth” 
official female physician had been appointed in 
Bosnia and Herzegovina (BH) (2). Although Rosa 
Einhorn is the only Austro-Hungarian (AH) of-
ficial female physician in BH who has ever been 
featured in the German Austrian daily press, a de-

tailed biography has never been dedicated to her. 
The reason for this is not least that Einhorn was 
dismissed as a still provisory officer in 1904, al-
though official Austrian sources continued to list 
her as a private physician settled in Travnik (3).

The Czech historian Ctibor Nečas, author of a 
historical study of the AH extraordinary institu-
tion of publicly employed female physicians for 
Muslim women in BH, briefly mentioned Ein-
horn as an official female doctor who never ac-
quired permanent status because of her marriage 
to the locally settled AH judiciary Sigismund 
Bloch (1850–1927) in 1905 (4). Nečas suggested 
that Rosa Einhorn, mariée Bloch functioned like 

Historical Article
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Gisela Januszewská in Banja Luka1 as a semi-offi-
cial female physician of Travnik, as she was not re-
placed with another official. Barbara Martin, who 
evaluated the AH sources concerning Einhorn in 
a grey literature research report (5), revealed that 
Nečas avoided mentioning the bullying that Ein-

1Fuchs B, Tahirović H. Gisela Januszewska (née Rosenfeld), 
an Austro- Hungarian ‘Woman Doctor for Women’ in Ban-
jaluka, 1899–1912. Acta Med Acad. 2020;49(1):75-83. [cited 
2020 Aug 12]. Available from: https://pubmed.ncbi.nlm.nih.
gov/?term=Tahirovic+h&filter=simsearch1.fha

horn experienced from the local 
authorities and AH physicians in 
Travnik. When she reacted with 
a months-long absence over leave 
from her service, she legitimised 
her dismissal in November 1904. 
As soon as she returned in 1905, 
she married her fiancé and strug-
gled for her reinstatement as an 
official female physician. Her only 
success was that she was granted 
the right to practice as a private 
physician with a Swiss diploma in 
BH in 1905 because the provincial 
public health authorities sought to 
keep a female physician for syphi-
lis eradication on site (4, 5). How-
ever, it is uncertain whether the 
hostility was directed predomi-
nantly against Einhorn’s person or 
her office as a modernising agent 
in which she incorporated and 
was considered to facilitate the 
recognition of female physicians 
in Austria and Hungary.

Against this background, Ein-
horn’s presence and medical prac-
tice in Travnik went largely un-
noticed by its residents (5). She 
was mentioned neither in the con-
temporary Travnik daily press (5) 
nor in the memories of the local 
Sephardi, who gave prominence 
to AH medical institutions and 
Ashkenazi physicians who came 

in from 1879 to 1918, because of their tradition 
as medical practitioners (6, 7, 8, 9). Few narrative 
sources exist on Einhorn’s life except the docu-
ments she and AH authorities in BH produced in 
the outlined conflict. Therefore, the following frag-
mentary biography of Rosa Einhorn is based in the 
administrative traces she left, particularly in BH, 
on her numerous transatlantic passages, and final-
ly, as a physician in the United States and Manda-
tory Palestine/Eretz Israel. Rosa Einhorn’s life and 
medical activities are the subjects of this review. 

Picture 1.  ‘At Miss Doctor’s. The Treatment of Muslim Women’. Source: Neuig-
keitsweltblatt, 19 February 1903, s.p.
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Einhorn’s Family Background and Education

Rosa Einhorn was born on April 24, 18722 in 
Suchowola, then a small city situated in the Rus-
sian Pale of Crescent in Hrodna (then Grodno), 
Belarus, today situated in Eastern Poland. She was 
the fourth child of local Rabbi Avraham Einhorn 
(died in 1911) and his wife Sara(h) Hoffmann (10, 
11, 12). Among her older siblings was Max Einhorn 
(1862–1953) (Picture 2) who, after studying medi-
cine in Kiev and Berlin, emigrated to the United 
States in 1885 and subsequently became one of the 
most renowned gastroenterologists of his time (13, 
14, 15). Max Einhorn noted in an autobiographical 
sketch published in 1929 that his family lived in 
materially modest circumstances and that he had 
to fund his studies himself (13). He is the one who 
ensured that his younger sisters were able to study 
at ‘German’ universities in the 1890s.

Rosa Einhorn attended a girls’ gymnasium in 
Hrodna and took her school-leaving examination 
with honours in 1889.3 Subsequently, she attended 
medical courses for ‘learned midwives’ (‘uchenye 
akusherki’) at the Military Medical Surgery Acad-
emy in St. Petersburg (16). These courses provided 
a qualification equivalent to a medical degree un-
til 1882 but were downgraded afterwards. In light 
of the low quota for Jewish students introduced in 
1886 to Russian higher and academic education,4 

2When Einhorn petitioned for her US-nationalization in 1928, 
she gave 1874 as her year of birth; before her US-emigration, 
she used to give – quite probably correctly – her year of birth 
as 1872; see “Rosa Einhorn”; New Jersey, U.S., Naturalization 
Records, 1878-1945. The National Archives at Washington, 
D.C.; Washington, D.C.; Series Title: Petitions for Natural-
ization from the U.S. District Court for the District of New 
Jersey at Newark, New Jersey, 1924-1945; Series Number: 
M2123; Record Group Title: Records of the Immigration and 
Naturalization Service, 1787-2004; Record Group Number: 
85; NARA Microfilm Number: 040 [Ancestry.com. New Jer-
sey, U.S., Naturalization Records, 1878-1945 Lehi, UT, USA: 
Ancestry.com Operations, Inc., 2016 [database on-line; cited 
2020 Nov. 18].
3Rosa Einhorn’s petition for reinstatement as an official physi-
cian in Travnik from April 23, 1912, ABH, ZMF No. 6212, 
April 26, 1912.
4Both the downgrading of the courses (1882) and the low quota 
for Jewish students (1886) in Russia contributed to the flow of 
young women aspiring academic education in Switzerland and, 

Einhorn could not consider studying medicine but 
passed her midwife exam in December 1892. In the 
same year, her brother Max was married in New 
York to Flora Strauss (1863–1934), the US Macy’s 

after 1900, also in Prussia. According to Daniela Neumann 
(1987: 75c) the share of Russian-Jewish female students study-
ing at Swiss universities increased from 10% in the 1870-s to 
60-80% between 1880 and 1914 (17). The willingness of Eastern 
Jewish parents to let their daughters acquire an academic quali-
fication (abroad) has been attributed besides a secularized pref-
erence for ‘studying’ to the fact that studying was considered 
still less expensive than a marriage (dowry), cf. Hirsch 2013 
(18). The overrepresentation of Jewish women particularly 
among female medicine students and physicians in both Prus-
sia and Austria has been demonstrated by Harriet Freidenreich 
1996; 2002 (19, 20) and Miriam Offer 2020 (21); for female Jew-
ish students in Germany, see also Grossmann 1994 (22).

Picture 2. Rosa Einhorn’s brother Prof. Dr. Max Einhorn 
(1862-1953), inventor of surgical instruments, first professor 
of gastroenterology at the New York Post-Graduate Medi-
cal School and Hospital and physician at the then ‘German’ 
Lenox Hill Hospital in New York. 



284

Acta Medica Academica 2020;49(3):281-291

department store owner’s daughter, thus becom-
ing a wealthy man (15). Einhorn started to study 
medicine in St. Petersburg, although she was not 
entitled to graduate as a woman. After completing 
an internship in two clinics in St. Petersburg, she 
accepted the strenuous and poorly paid position as 
a community (zemstvo) “feldsheritsa” (paramedic) 
in Afanasyeva Sloboda, a rural village in the Oblast 
of Pskow in north-western Russia in 1895 (4, 5). 

Perhaps encouraged by her brother, she gave 
up her service after one year, with the zemstvo au-
thorities attesting to her ‘exemplary diligence and 
humane demeanour towards patients’ (5). In 1896, 
she and her younger sister Rahel left Russia for 

Berlin (18). Einhorn enrolled at the 
medical faculty of Berlin Univer-
sity and completed another intern-
ship at the local ophthalmological 
clinic (5). Still, in 1896, she moved 
her medical studies to Berne, Swit-
zerland (16). Einhorn elaborated 
her thesis on lower limb fractures 
titled “Beitrag zur Kenntnis der 
Unterschenkelfracturen“ (23) at 
the University Clinic of Berne un-
der the auspices of its director, the 
Swiss surgeon Theodor Kocher 
(1841–1917). Based on the clinic’s 
collection of lower limb fractures, 
she developed analytically impres-
sive systematics published also 
in Archiv für klinische Chirurgie 
(1901) (24). However, she did not 
finish her studies in Berne but en-
rolled at the University of Lausanne 
(25) in the spring of 1900, where 
she received her doctorate on May 
17, 1901 (Picture 3).

She could not turn her pref-
erence for orthopedic surgery, 
which she might have practiced as 
a “feldsheritsa”, into a career, how-
ever. Upon finishing her studies, 
Rosa Einhorn completed numer-
ous internships at various clinics 
and hospitals first in Berlin,5 then 

in Vienna (5). Among others, she volunteered at 
the dermatological clinic of Vienna University 
where she met the head Professor Isidor Neumann 
(1832–1906) (5). Neumann was the consultant 
for syphilis eradication at the ‘Bosnian Bureau’ – 
the supreme authority of BH at the AH Ministry 
of Finance – and was the first to recommend the 
use of female doctors for this purpose. Neumann’s 
recommendation was taken up by the AH Minis-
ter of Finance and governor of BH, Beni de Kállay, 

5In her Petition for Reinstatement, 1912 (see note 2), she 
claimed that she had been employed as an assistant physician 
at the Gynaecological Clinic in Berlin for two years before she 
left Berlin for Travnik in December 1902.

Picture 3. Rosa Einhorn’s award certificate of her doctor-title from the Univer-
sity of Lausanne, dated from 17 May 1901. Source: Vgl. ABH, ZVS 1902, Signa-
turengruppe 52-113, kut. 151 [cited 2020 Nov 2].
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who personally took care of institutionalising offi-
cial female physicians (26).6 Neumann kept push-
ing the supreme authority to extend the system of 
official female physicians across all BH districts. 
Neumann probably considered Einhorn a highly 
adequate candidate and invited her to apply for 
a never officially advertised position in Travnik 
(5).7 In February 1902, Einhorn applied to the AH 
provincial public health authorities in Sarajevo 
who, after scrutinising her credentials and police 
records concerning her political behaviour and 
moral conduct in St. Petersburg and Berne, recom-
mended her appointment (4). As soon as Einhorn 
had acquired Austrian citizenship in Götzendorf, a 
village at Vienna’s outskirts, she was appointed as a 
provisional female official physician of Travnik by 
decree on November 25, 1902 (4, 5). She left Berlin 
and arrived at Travnik on December 22, 1902, to 
work as an official female physician.

Einhorn’s Professional Activities as an 
Official Female Physician 1903 − 1904
When Rosa Einhorn arrived at Travnik (Picture 
4), the city had about 7000 inhabitants (includ-
ing the present AH civil and military population), 

6De Kállay died in office in 1903, and his successor Bilinski 
showed all the less interest in the matter that the academic 
education for women had meanwhile been established.
7Both Ctibor Nečas (1991: 105) and Barbara Martin (2018: 5) 
point at the fact that Einhorn left behind Carola Meyer (also 
Maier, Meier) Milobar, MD (1876-1945) who obviously had 
been promised (unofficially) the not yet created office of a fe-
male physician of Travnik (cf. ABH, ZMF 13246, November 
19, 1900). Carola Meyer, the renowned Croatian gastroenter-
ologist, was originally a German citizen who had grown up 
in Switzerland and finished her medical studies in Zurich. 
After marrying the Croatian conservative philosopher and 
politician Fran Milobar (1869-1945), she came to BH and 
worked as an assistant physician at the provincial hospital in 
Sarajevo. When Rosa Einhorn turned up as new candidate, 
Milobar’s application as an official female physician was re-
jected, because she was considered “too academic” and did 
not speak the “popular language”. Milobar left BH, obtained 
an imperial special permission to practice as a female physi-
cian in Austria and opened a private medical office in Zagreb 
in 1906.  Sertić K. Karola Maier Milobar – The first female 
doctor in Croatia [in Croatian] [updated 2019 March 19; cit-
ed 2020 July 17]. Available from https://www.zeneimediji.hr/
karola-maier-milobar-prva-lijecnica-u-hrvatskoj/

who were 42% Muslim, 41% Roman Catholic, 10% 
Orthodox, and 7% Israelite according to the AH 
Census of 1910 (27). Travnik served as an AH 
garrison with a military hospital and comprised a 
community-funded hospital with 44 hospital beds, 
relocated and enlarged in 1899 (28). Travnik, situ-
ated at an elevation of 514 m, was BH’s capital in 
the 18th and early 19th centuries and was consid-
ered an attractive place by the AH occupants.

Einhorn took her oath of office on December 
23, 1902 and started to work without delay. As 
demonstrated by the mentioned daily press feature, 
she had established her outpatient ward within a 
few weeks of her arrival. According to her reports 
for the first half of 1903, she had been consulted 
by 554 local women for all kinds of disorders, and 
55% of the women were Muslims (5). In the sum-
mer of 1903, she was called on her first official trip 
to the subdistricts of Bugojno, Jajce, Zenica, and 
Žepče and treated 520 patients (5). 

Having just returned to Travnik, she was among 
the victims of a fire disaster caused by a spark 
jumping from a locomotive that destroyed the his-
toric city of Travnik on September 3 and 10, 1903. 
More than 3000 residents were left homeless and 
sheltered in barracks, military tents, and rural 
emergency quarters (7, 29). Rosa Einhorn’s outpa-
tient ward burnt down (30), but her report suggests 
that she treated more women than ever from Sep-
tember to December in 1903. She apparently saw 
the disaster as an opportunity to examine and treat 
as many women as possible, although local women 
(of any religion) were probably unprepared to con-
sult modern physicians, even if they were female.

The report indicates the incredible number of 
2450 (female) patients, 1376 of whom Einhorn 
must have visited in their emergency quarters. 
Following the AH conceptualisation of her office, 
she preferentially ‘targeted’ Muslim women be-
cause her statistics indicate that two-thirds of her 
patients were Muslims (5). Additionally, she vac-
cinated 3260 persons in 1903 (5). Therefore, Ein-
horn proved to be the most effective AH official 
female physician ever; even Teodora Krajewska in 
Sarajevo did not treat more than a maximum of 
1500 patients per year (27).

https://www.zeneimediji.hr/karola-maier-milobar-prva-lijecnica-u-hrvatskoj/
https://www.zeneimediji.hr/karola-maier-milobar-prva-lijecnica-u-hrvatskoj/
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Einhorn’s preserved report for the second quar-
ter of 1904 again provided the extraordinary cy-
phers of 674 (female) patients treated for all kinds 
of disorders predominantly during her official 
trips from April to June (5). While her status had 
not been made permanent at the end of her pro-
visory year in December 1903, it seems that the 
public health authorities informed her of her immi-
nent dismissal in July 1904. The allegations brought 
against her bluntly stated that ‘people disliked’ her 
and that she lacked politeness and exceeded her 
competencies (5). Among others, she made herself 
unpopular by taking advantage of the emergency 
in Travnik to compel the local Muslim women to 
undergo medical examinations. Einhorn seems to 
have been bullied predominantly because of her al-
leged overzealousness, although she carried out her 
duties exactly according to the service description for 
AH female official physicians. Representing herself 
as a zealous moderniser in 1903 (1), she believed in 
female physicians’ civilising mission in the sense of 
the top-down approach promoted by Teodora Kra-
jewska8 (31), the official female physician of Sarajevo. 

8Fuchs B, Tahirović H. Teodora Krajewska: Medical Practitio-
ner, Woman of Science, Polish Patriot and Feminist. Acta Med 

This bullying was even less scrupu-
lous due to Einhorn’s engagement 
to Sigismund Bloch in late Autumn 
1903 when the authorities informed 
her immediately that marrying a 
court official would not only result in 
her dismissal but a professional ban 
in her husband’s judiciary district.9

Learning that she would be dis-
missed, Einhorn did not react in a 
well-conceived way. She applied for 
a two-month leave ‘in the monar-
chy’, from which she did not return 
until 1905. After visiting her sister 
in Vienna, Einhorn embarked for 
New York in Cuxhaven in mid-Au-
gust and asked her superiors only 
at that point for an extension of her 
leave to attend a medical congress in 
the United States (5). Upon entering 
the United States, she stated that she 

was visiting her brother ‘Prof. Dr. Max Einhorn’ 
and did not plan to return.10 She participated as a 
guest in an international meeting of the US Asso-
ciation of Military Surgeons held in St. Louis, Mis-
souri from October 10 to 15, 1904 (32, 33). Sub-
sequently, Einhorn passed the state examination at 
Columbia University in New York, entitling her to 
practice as a physician in the United States and was 
employed at the Gynaecological Department of the 
University Hospital in St. Louis.11 As she admitted 
later, she had never had the intention to return at 
that point. In late 1904, the public health authori-
ties sent her certificate of dismissal to the United 
States and gave her months-long absenteeism in 
BH as the main reason (5). Rosa Einhorn changed 
her mind and decided to return in spring 1905. She 
excused her long absence with a medical certificate 

Acad. 2019;48(3):317-27. [cited 2020 Aug 12]. Available from:  
https://pubmed.ncbi.nlm.nih.gov/32124632/
9Einhorn’s Petition for Reinstatement 1912, see note 2.
10New York Passenger Arrival Lists (Ellis Island), 1892-1924, 
database with images, Family Search, Rosa Einhorn, 1904. 
[cited 2019 Aug. 20]. Available from: https://familysearch.
org/ark:/61903/1:1:JNMB-822 
11Einhorn’s Petition for Reinstatement 1912, see note 2.

Picture 4. Travnik at the time when Rosa Einhorn started working there. Pub-
lished with kind permission of the Museum of Travnik.
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attesting that she had suffered from abdominal ty-
phoid and its consequences (5). Back in Travnik, 
she commenced a long struggle for her reinstate-
ment as an official physician in the district. 

Rosa Einhorn’s Activities as a Private 
Physician, 1905−1912

After Rosa Einhorn returned to Travnik in spring 
1905, she married Sigismund Bloch at the end of 
the year12 and called herself from that point on 
‘Einhorn–Bloch’13. On October 30, 1906, she gave 
birth to a son, Hermann. As indicated by her in-
volvement in a committee that sought to establish 
children’s convalescent homes in Crikvenica on 
the Croatian Adriatic coast in 1910 (34), her son 
might have been of frail health. 

In 1905, she obtained an imperial special per-
mission to practise as a private physician with a 
Swiss diploma in BH. Her petition was endorsed 
by the BH provincial public health authorities (5), 
and we might assume that, while still in the United 
States, she had been unofficially informed that she 
would be used, like Gisela Januszewská in Banja 
Luka, as a semi-official private physician. However, 
things turned out badly for Rosa Einhorn-Bloch. 
Her private practice seems to have been only mod-
erately popular, as expected in a rural area. She 
was called upon for official syphilis eradication 
campaigning in 190814 and 1909 (4) but declined 
participation in 1910 when she filed a petition to 
the provincial authorities stating that she should 
either be reinstated as an official female physician 
or be replaced (5). 

In 1912, she directed a last appeal for either 
reinstatement ‘or possibly any other position’ to 
Governor Leon de Bilinski (1846–1923) personal-
ly because the provincial public health authorities 
had conditioned her possible reinstatement at that 
point on the accreditation of her Swiss diploma for 
Austria (‘nostrification’). She asked the governor 
12Ibidem.
13It was common that female professionals combined the father’s 
name with the husband’s name upon marriage. However, the au-
thorities insisted on the reverse order, in this case “Bloch-Einhorn”.
14Einhorn’s Petition for Reinstatement 1912, see note 2.

to refrain from nostrification in her case, explain-
ing that she had already spent five months volun-
teering at hospitals in Graz and Vienna to become 
considered but wished not to be separated any lon-
ger from her family in Travnik (Picture 5).15 Her 
reemployment efforts as an official physician in 
BH and for accreditation in Austria proved to be in 
vain, however, and Rosa Einhorn-Bloch decided to 
leave Bosnia forever.

Figure 5. Rosa Einhorn’s Petition for Reinstatement to Gov-
ernor Leon de Bilinski from April 23, 1912. Source: Vgl. ABH, 
ZMF 6212, BH 1912, kut. 29 [cited 2020 Nov 2].

Emigration to the United States

At the end of 1912, Rosa Einhorn-Bloch’s situation 
as a professional in the Austro-Hungarian Empire 
was desperate. She decided to move to the United 
15Einhorn’s Petition for Reinstatement 1912, see note 2.
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States and embarked with her son for New York in 
late March 1913.16 In the United States, she start-
ed to work as a physician in Newark, New Jersey 
in the New York metropolitan area in 1914.17 On 
March 30, 1914, her son Hermann died in a sana-
torium in New York of ‘lobar pneumonia’ at the 
age of seven and was buried in Mt. Judah Cem-
etery in New York.18 Rosa Einhorn was still listed 
as a physician living in Newark, Peshine avenue in 
1915.19 It is uncertain whether she ever returned to 
Travnik, although she returned to Europe during 
World War I. Martin’s thorough archival research 
reveals that she was employed as an assistant phy-
sician in a mental asylum in Münsterlingen in 
Thurgau, Switzerland from April to November 
1917 (5; note 149). Her husband joined her at this 
location for some weeks (ibid.).

Moreover, quite probably, the couple divorced 
at that point. When Rosa Einhorn took her pas-
sage to the United States in 1923, she called herself 
‘Einhorn’ again and registered her status as sin-
gle.20 She stated she was a Polish citizen and des-
ignated a sister-in-law, Mina Einhorn in Bialystok, 
as her next relative. She gave Cairo, Egypt as her 
latest permanent residence.21 Cairo is indicative 

16Rosa Einhorn-Bloch, 1913; Hermann Einhorn-Bloch, 1913; 
New York Passenger Arrival Lists (Ellis Island), 1892-1924, da-
tabase with images, Family Search. Available from: https://fam-
ilysearch.org/ark:/61903/1:1:JJM4-QZH [cited Aug 16, 2019].
17Rosa Einhorn, 1950. United States Deceased Physician File 
(AMA), 1864-1968”, database with images, FamilySearch. 
Available from: https://familysearch.org/ark:/61903/1:1: 
WDDR-GNZM [cited Sept 2, 2019].
18Herman Block [sic; recte: Bloch], New York City Depart-
ment of Records & Information Services; New York City, New 
York; New York City Death Certificates; Borough: Brooklyn; 
Year: 1914. (Ancestry.com. New York, New York, Index to 
Death Certificates, 1862-1948 Lehi, UT: 2020 [database on-
line, cited Sept 7, 2020].
19Einhorn, Rosa MD 1915; Newark, New Jersey, City Direc-
tory, 1915 (Physicians, p. 1617). U.S., City Directories, 1822-
1995. Provo, UT, USA: Ancestry.com Operations, Inc., 2011 
[database on-line, cited 2020 Nov 15].
20See also Einhorn’s Petition for Nationalization, cf. note 1.
21Rosa Einhorn, 1923. New York Passenger Arrival Lists (El-
lis Island), 1892-1924, database with images, FamilySearch. 
[cited 2019 June 16]. Available from:  https://familysearch.
org/ark:/61903/1:1:JNQX-6ZG; https://familysearch.org/
ark:/61903/1:1:JNQX-6ZG

that Rosa Einhorn may have considered settling in 
Palestine/Eretz Israel after the region had become 
controlled by the British in 1917 and obtained a 
mandatory status in 1920. The British Mandate ad-
ministration granted at least a physician’s license 
‘No 140’ to Rosa Einhorn, who was living in Tel 
Aviv in the 1930s.22

After immigrating to the United States in 1923, 
“Rosa Einhorn, MD” is recorded in the Newark 
City directories at an address on Clinton avenue 
from 1924 to 1928.23 She officially practised as a 
physician in Newark until 1929 and subsequently 
moved to Manhattan, New York.24 The 1930 US 
census data show her as a ‘roomer’ in Manhattan.25 

She probably left for Mandatory Palestine in 
1930 or during the early 1930s, after receiving US 
citizenship in February 1929. Her name appears 
in an address booklet of physicians in Tel Aviv,26 
which was a rapidly growing city at the time due 
to middle-class immigration from Soviet Russia, 
Austria, Hungary, and Germany. She shared an ad-
dress with a physicians’ couple from Soviet Russia, 

22Rosa Einhorn. List of Doctors, Pharmacists, Dentists and 
Midwives who have been licensed (םיחקור, םיאפור לש המישר 
 Medical .1939 ;1938 ;1936 ,(ןוישירב וכז תודליימו םייניש יאפור,
Practitioners 1921-1948 (1948-1921האופר ידבוע) database, page 
17, IGRA number 8234 (original records: National Library of 
Israel (תימואלה היירפסה) [on-line database; cited on 2020 Dec 7].
23Rosa Einhorn MD. Newark, New Jersey, City Directory, 
1925; 1926; 1927; 1928. Ancestry.com. U.S., City Directories, 
1822-1995 Provo, UT, USA: Ancestry.com Operations, Inc., 
2011 [database on-line; cited 2020 Nov 19].
24Rosa Einhorn, 1950. United States Deceased Physician File 
(AMA), 1864-1968, database with images, Family Search 
(https://familysearch.org/ark:/61903/1:1:WDDR-GNZM: 2 
September 2019). [cited 2020 Nov 5]. Available from: https://
www.familysearch.org/ark:/61903/3:1:3QS7-99QG-599Y-W?
i=322&cc=2061540&personaUrl=%2Fark%3A%2F61903%2
F1%3A1%3AWDDR-GNZM.
25Ross Einhorn [sic]; 1930; Manhattan, New York, New York; 
Page: 28A; Enumeration District: 0443; FHL microfilm: 
2341291. Ancestry.com. 1930 United States Federal Census 
Provo, UT, USA: Ancestry.com Operations Inc, 2002. Origi-
nal data: United States of America, Bureau of the Census. Fif-
teenth Census of the United States, 1930. Washington, D.C.: 
National Archives and Records Administration, 1930. T626, 
2,667 rolls [database on-line; cited 2020 Nov 18].
26“Rosa Einhorn”. List of Doctors, Pharmacists, Dentists and 
Midwives who have been licensed (םיחקור, םיאפור לש המישר 
.see note 20 ;1936 ,(ןוישירב וכז תודליימו םייניש יאפור,
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Simon and Esther Baskin Einhorn, who practised 
at municipality-funded Tel Aviv ‘Health House’ 
founded in 1932. 

The ‘Health House” was one of three venues for 
sexual consultation as conceptualised by the Eu-
ropean contemporaneous East-Central European 
movement for sexual reform (35, 36) that, while 
aiming at popularising birth control, also pur-
sued a civilising mission vis-à-vis the traditional 
(“Mizrahi”) populations (37). Rosa Einhorn was 
an experienced expert in this matter, though it is 
not clear whether she regularly practised or vol-
unteered at the Tel Aviv ‘Health House’ or was 
even among its organisers. When the movement 
for sexual reform came to a halt in the run-up to 
World War II, Einhorn left the country in 1938 for 
the United States.27 

In New York, she asked the local public health 
authorities about the possibility of obtaining a li-
cense for California.28 However, she abandoned 
27Rosa Einhorn (1938); New York, New York Passenger and Crew 
Lists, 1909, 1925-1957. Havre, France, New York, New York, 
United States, NARA microfilm publication T715 (Washing-
ton, D.C.: National Archives and Records Administration, n.d.). 
[Cited 2019 June 17]. Available from: https://www.familysearch.
org/ark:/61903/3:1:33S7-95NZ-9R5N?i=65&cc=1923888 „Rosa 
Einhorn, MD“ had travelled between Tel Aviv, Europe and the 
U.S. also in 1934 and 1937 (ibidem).
28Rosa Einhorn, 1950. “United States Deceased Physician File 

this plan and settled in Manhat-
tan.29 As indicated in an obitu-
ary for Max Einhorn, ‘Dr. Rosa 
Einhorn’ spent much time with 
her widowed brother, providing 
him ‘considerable comfort until 
she also died’ (14). Rosa Einhorn, 
MD, died on May 27, 1950, of 
coronary occlusion and was bur-
ied on May 28 in Mount Judah 
Cemetery in Queens, New York 
(Picture 6).30

Concluding Remarks

After qualifying as a ‘learned 
midwife’ in St. Petersburg in 1892, 
Rosa Einhorn left no stone un-

turned to acquire her MD. Her brother, the reput-
ed US gastroenterologist Max Einhorn, probably 
encouraged and supported her medical studies in 
St. Petersburg (where women were not permitted 
to graduate) and, subsequently, in Berlin, Vienna, 
Berne, and Lausanne. Her enthusiasm to augment 
her medical knowledge is outstanding and related 
to her idea that modern medicine and physician-
modernisers might change the world for the better. 

In fulfilling this mission, she developed an ex-
traordinary degree of mobility and determination. 
Though she may have settled as a physician in the 
United States after being dismissed as an official 
female physician in Bosnia in 1904, she preferred 
to continue her work in Bosnia. Moreover, she 
also preferred working in Mandatory Palestine on 
modernising Mizrahi women over her practice in 
the United States. Having received her doctorate 

(AMA), 1864-1968,” database with images, FamilySearch. 
[cited 2020 Sept 2]. Available from: https://familysearch.org/
ark:/61903/1:1:WDDR-GNZM 
29Rosa Einhorn MD; New York, New York, City Directory, 
1942; 1943; 1946; 1948; Ancestry.com. U.S., City Directories, 
1822-1995. Provo, UT, USA: Ancestry.com Operations, Inc., 
2011. [database on-line; cited 2020 Nov 16].
30Rosa Einhorn, 1950; United States Deceased Physician File 
(AMA), 1864-1968”, see note 20; Rosa Einhorn, U.S., Find A 
Grave Index, 1600s-Current [Provo, UT, USA: Ancestry.com 
Operations, Inc., 2012 [database on-line; cited 2020 Nov. 17].

Picture 6. Rosa Einhorn’s index card; United States Deceased Physician File 
(AMA), 1864-1968. Source: FamilySearch, database with images. [cited 2019 
Sept 2]. Available from: https://familysearch.org/ark:/61903/1:1:WDDR-GNZM 
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from the University of Lausanne in 1901, Rosa Ein-
horn’s employment as an official female physician 
in Travnik was sponsored by the Bosnian govern-
ment in Vienna. She worked 18 months as a provi-
sory officer in Travnik and the Travnik district and 
treated 3125 female patients within 15 months in 
1903 and 1904. Therefore, Einhorn was the most 
efficient female health officer ever but aroused the 
‘dislike’ of the local authorities and physicians not 
least for that reason. After she reacted to the threat 
of dismissal by ‘escaping’ to the United States, she 
was dismissed in November 1904 because of her 
months-long absenteeism. Einhorn returned in 
1905 to marry Sigismund Bloch, a locally settled 
AH judiciary, which made her situation even more 
difficult because the AH supreme authority did 
not approve of the wife of an Austrian judge work-
ing in the same judiciary district as her husband. 
However, she petitioned successfully for her right 
to practise privately in BH in 1905 and was sup-
ported by the provincial public health authorities 
who, regarding syphilis eradication campaigning, 
insisted on the presence of a female physician on 
site. After Rosa Einhorn had been called on for 
syphilis eradication in 1908 and 1909, she ap-
pealed in vain for her reinstatement as an official 
physician and for the accreditation of her Swiss 
diploma in Austria. She left Bosnia for the United 
States in 1913 but emigrated to the United States 
only in 1923. Practising as a physician in Newark 
in the 1920s, Einhorn left the United States to work 
as a sexual reform consultant and physician in Tel 
Aviv in Mandatory Palestine. She returned to the 
United States because of the decline of the sexual 
reform movement in 1938 and settled in Manhat-
tan, New York, where she died and was buried in 
May 1950.
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Abstract
Objective. This historical epidemiological study aims to investigate ocular conditions in Greek refugees during the Interwar pe-
riod (1926-1940) in the region of Imathia, Greece. Materials and Methods. The archival material encompasses 15,921 patients 
who were admitted to the Refugee Hospital of Veria, Imathia, Greece. Descriptive statistics were estimated. Results. Twenty-two 
cases of ocular conditions were identified. Ten patients had anterior segment conditions, such as keratitis, blepharoconjunctivi-
tis, conjunctivitis, epithelioma, leukoma and an operated cataract. Another patient was diagnosed with ocular trachoma. Four 
patients presented sympathetic ophthalmia; two additional patients suffered from ophthalmia due to syphilis. One patient was 
diagnosed with ocular malaria. Four cases of ocular traumas were recorded, among which an ocular burn due to gunpowder, a 
motorcycle accident leading to a retro-ocular hematoma, and a kick in the eye resulting in ocular trauma were notable. Conclu-
sion. The disease spectrum in Greek refugees reflects the adverse conditions during the Interwar era.

Key Words: Trachoma  Keratitis  Malaria  Syphilis  Ophthalmology.

Historical Article

Introduction

Refugees are considered highly vulnerable, and 
their movements are a matter of concern for con-
temporary societies. During the early 20th cen-
tury, eye disorders were a global health issue (1). 
Following the end of World War Ι, and especially 
after the Asia Minor Catastrophe (1922), approxi-
mately 1,500,000 refugees from Pontus, Asia Mi-
nor and Constantinople arrived in Greece. This 
study begins with the Lausanne Peace Treaty of 
1923, which ended the Greco-Turkish War and 
called for the first obligatory exchange of popula-
tions in history, based exclusively on the criteria 
of religion. After the end of the Balkan Wars and 
the First World War, the violent uprooting of local 
populations occurred on a massive scale. The cata-
strophic defeat of the Greek army in Asia Minor 
in September 1922 resulted in a huge refugee wave 

from Turkey to Greece, when thousands of Greek 
Christians abandoned their ancestral homes. The 
Treaty of Lausanne, signed on July 24, 1923, de-
lineated the compulsory exchange of populations 
between Greece and Turkey.

In 1924, the General Hospital of Veria was 
founded under the name “Refugee Hospital of Ve-
ria” by the mayor of that period (1924-1929), Ioannis 
Markou. The hospital had 45 beds, and was housed 
in the two-story building of the National Bank of 
Greece, at number 12, 16th October Street. Doctor 
Stavros Mouratoglou (1893-1941/1944) was the first 
director of the hospital, and Vori Grizanovsky the 
first nurse. During its first years of operation, only 
internal medicine patients were treated. In 1927, 
it was renamed “Municipal Hospital”, and the first 
Board of Directors was appointed on July 28, 1929. 
The Chairman of the Board was the Bishop of Ve-
ria, Naoussa Polykarpos, and Stavros Mouratoglou 
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males, of ages ranging between 10 and 75 years) 
had anterior segment conditions, such as: keratitis 
(bullous, parenchymatous, ulcer of the cornea), 
blepharoconjunctivitis, conjunctivitis, epithelio-
ma, leukoma and operated cataract. Another pa-
tient was diagnosed with ocular trachoma, mani-
festing as bullous keratitis. 

Four patients (three females, one male, of ages 
ranging between 1 and 45 years) presented sym-
pathetic ophthalmia, which may have been associ-
ated with previous trauma, or a severe infection in 
the other eye.

Interestingly, two patients, a 10-year-old male 
and a 22-year-old female, suffered from ophthal-
mia due to syphilis. Malaria was the leading cause 
of hospitalization in general (8,408 of 15,921 cas-
es). One female, a 16-year-old patient, was diag-
nosed with ocular malaria. 

We also noticed four cases of ocular trauma, 
among which three were rather impressive. An ocu-
lar burn due to gunpowder was noted in a 19-year-
old male; a motorcycle accident led to a retro-ocular 
hematoma in a 3.5-year old child; and a case of po-
tential child abuse was also noted, with a kick in the 
eye resulting in ocular trauma in a 2-year-old male. 

Discussion

Ocular disorders were noted in our large cohort of 
patients. Anterior segment diseases prevailed, in-
cluding keratitis, blepharoconjunctivitis, conjunc-
tivitis, inflammation of the eyelid, epithelioma, 
leukoma and operated cataract. Nevertheless, cas-
es that would seem rare even today also emerged 
in this historical cohort.

Ocular manifestations of malaria are rare (3). 
Although our cohort included 8,408 malaria cases, 
only one patient was diagnosed with ocular malar-
ia. At that time, malaria was a considerable public 
health issue in Greece. After a fierce anti-malaria 
battle that spanned many decades of the 20th cen-
tury, Greece has been declared “malaria free” since 
1974. Notably, the Hellenic Center for Disease Con-
trol and Prevention reported an outbreak of malaria 
between 2015 and 2018, which coincided with the 
current movement of refugee populations (4).

was its director. During the 1930s the departments 
were the following: Internal Medicine, Gynecol-
ogy, Surgery, Radiology, and Microbiology (2).

This study aims to evaluate ocular disorders in 
Greek refugees during the Interwar period in the 
region of Central Macedonia, Greece, by examin-
ing the archives of the Refugee Hospital of Veria, 
Imathia, which includes 15,921 cases from be-
tween March 5, 1926 and October 27, 1940, name-
ly the entry of Greece into World War II. 

Materials and Methods

Our data were collected from the General Hospital 
of Veria, a city in northern Greece. The Hellenic 
Data Protection Authority issued a “Data Con-
troller’s permit” (21.11.2013, Ref. ΓΝ/ΕΞ/5965-2, 
Permit Number 1235) for the above archival ma-
terial. Additionally, permission was granted by 
the 3rd Health District of Macedonia (09.01.2014, 
Reference Number Δ3β/297). Moreover, the de-
tails of the study were reviewed and approved by 
the relevant institutional review board committee 
(22.01.2014, Reference Number 472). The unpub-
lished archival material encompasses 15,921 pa-
tients who were admitted to the Refugee Hospital 
from 5.3.1926 to 27.10.1940. The archives were 
entered into a pre-coded database; de-identified 
information about gender, age, place of residence, 
region of origin, cause of hospitalization, length 
and date of hospitalization, was entered into the 
database from the archive records. Quality con-
trol of the database was performed by the research 
team, by double checking the records using ran-
dom selections of unique codes. Cases of ocular 
conditions were identified in the database. De-
scriptive statistics were estimated, including fre-
quencies for categorical variables and range for 
numeric variables. Statistical analysis was con-
ducted with STATA/SE, version 13 (Stata Corp., 
College Station, TX, USA).

Results

Twenty-two cases of ocular conditions were iden-
tified (Table 1). Ten patients (four males, six fe-
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Two cases of ophthalmia due to syphilis were 
also noted; indeed, syphilis may affect the eye in var-
ious ways, yet rarely. Manifestations of syphilis in the 
eye can include ocular inflammation associated with 
vasculitis, vitritis and anterior uveitis (5, 6).

Trachoma was also identified in our study sam-
ple. Some cases of keratitis may also have harbored 
trachoma, but no specific designation of trachoma 
was noted, except for one case. Nearly one hun-
dred years after our study period, trachoma is the 
leading cause of infectious blindness worldwide, 
especially in developing countries. Although the 
World Health Organization has established an in-
ternational effort to prevent and treat trachoma, 
under the acronym “SAFE”, trachoma may be still 
a public health problem due to mass displacement 
of populations (7).

As a total, the small number of hospitaliza-
tions due to ocular diseases could be attributed to 
a lack of seeking healthcare, or treatment admin-
istered by general practitioners on an outpatient 
basis. Tracing the history of ophthalmology in the 
Greek state before the establishment of the Chair 
of Ophthalmology, we learned that the scientific 
domain of ophthalmology was taught as part of 
the curriculum of the General Surgery course. 
The first Professor of General Surgery was Ioannis 
Olympios (1802-1869), who was appointed to this 
position in 1837 at the newly established Othonian 
University, later and still today known as the Na-
tional and Kapodistrian University of Athens. The 
modern and contemporary history of Ophthal-
mology in Greece begins with the establishment 
of the Athens Eye Hospital in 1843, and the Chair 

Table 1. Details about Ocular Conditions in the Study Sample

Conditions grouped Admission (year) Gender Age (years) Diagnosis

Anterior segment 
conditions

1933 F 18 Blepharoconjunctivitis-keratitis

1934 F 65 Conjunctivitis

1935 F 70 Epithelioma

1935 M 75 Blepharoconjunctivitis

1935 F 20 Leukoma

1936 F 60 Operated cataract

1938 M 40 Bullous keratitis

1938 F 40 Keratitis

1939 M 10 Parenchymatous keratitis

1939 M 43 Keratitis - ulcer of the cornea

Trachoma 1938 M 38 Ocular trachoma, manifesting as bullous keratitis

Ophthalmia

1927 M 36 Ophthalmia

1932 F 45 Ophthalmia

1933 F 1 Ophthalmia

1933 F 17 Ophthalmia

Ocular 
syphilis

1939 M 10 Ophthalmic syphilis

1940 F 22 Ophthalmic syphilis

Malaria 1933 F 16 Ocular malaria

Ocular 
trauma

1931 M 36 Ocular trauma

1933 M 19 Ocular burn due to gunpowder

1939 M 2 Ocular trauma, kick onto the eye

1939 M 3.5 Retro-ocular hematoma due to motorcycle accident

F=Female; M=Male.
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of Ophthalmology in 1856 at the Othonian Uni-
versity of Athens, with the first Professor Andreas 
Anagnostakis (1826-1897) (8, 9).

Greek refugees faced major adversities during 
their integration following the Asia Minor Catas-
trophe. Thousands of refugees were arriving daily 
in Greece from the ports of Smyrna, Çesme, Aivali, 
Panormos, Artaki, Mudania, Kios, Dikeli of Sam-
son (Samsun), Kerasous (Giresun), Constantinople, 
etc. The first refugee wave included Greeks who had 
abandoned the coast of Asia Minor and were evacu-
ated in panic to the ports of Thessaloniki and Piraeus 
(10). By mid-December 1922 around 890,000 peo-
ple had already been transported by ship from Thra-
ce, Pontus, and Anatolia to Greece and the islands 
(11). The exodus of Greeks from their homes was 
completed in 1925, with the assistance of the Joint 
Exchange Committee (11). The Asia Minor Catas-
trophe forced the Greek Government to rebuild and 
reorganize its public institutions. The resettlement of 
1,221,849 refugees led to an unprecedented increase 
in the country’s population in just a few months, 
and it entailed economic, public health, and social 
upheaval. The extensive health problems proved 
to be challenging for the Greek Government. The 
high mortality rates among the refugees indicat-
ed the lack of preparedness for health care in the 
Greek public infrastructure (12, 13).

At a later phase, the events that followed the 
Asia Minor Catastrophe had an important effect 
on the evolution of ophthalmology in Greece. The 
increased need for treatment of ocular disorders 
led to the establishment of ophthalmology de-
partments in many Greek hospitals. Moreover, 
the spread of transmissible diseases, such as ocu-
lar trachoma, resulted in the foundation of anti-
trachoma medical centers. In addition, numerous 
ophthalmologists that had resided in Constanti-
nople (Istanbul), and other areas of Asia Minor, 
settled in Athens and Thessaloniki.

Although the Ophthalmology Department at 
the University of Athens was established in 1856, 
the University Department in the co-capital Thes-
saloniki was set up much later (in 1943), possibly 
leading to differences in perceptions and health-
care seeking behavior in the region. In any case, 

refugees have unique eye care needs, according to 
a recent systematic review (14). 

Limitations of this Study 

The limitations include the fact that there was 
no independent validation of diagnoses by other 
experts of this period. There was no information 
about the total set of clinical findings and labora-
tory tests conducted. Moreover, the subcohort of 
ocular disorders was small compared to the abun-
dance of 15,921 cases hospitalized during this 
period. Furthermore, there was no information 
regarding the specific treatments that the hospital-
ized patients received for their ocular conditions. 
In addition, there were no data regarding cases 
of ocular disorders recorded in Veria prior to the 
Asia Minor Catastrophe 1922, as the Veria hospital 
was founded in 1924, and no health records were 
available before that.

Conclusion
Refugees and immigrants are vulnerable popula-
tions. The disease spectrum of Greek refugees re-
flects the adverse conditions faced by this hetero-
geneous group upon their arrival in Greece. Fur-
ther studies are needed as refugees seem to have 
unique eye care needs across various time periods.

What Is Already Known on this Topic:
After the Asia Minor Catastrophe, approximately 1.5 million refugees 
arrived in Greece. In 1924, the Refugee Hospital of Veria was founded 
in Veria, Central Macedonia, Greece, and was responsible for the treat-
ment of refugees that settled in that area. Greek refugees faced great 
adversity during their integration into Greek society, including poor 
health conditions.

What this Study Adds:
The ocular health of Greek refugees has not been adequately studied. 
For this reason, we evaluated ocular disorders in Greek refugees, during 
the period of 1926-1940 in the region of Central Macedonia, Greece, by 
examining the archives of the Refugee Hospital of Veria, Greece, which 
includes 15,921 patients. Ocular disorders were noted in our large co-
hort. Anterior segment diseases prevailed, including keratitis, blepharo-
conjunctivitis, conjunctivitis, inflammation of the eyelid, epithelioma, 
leukoma and operated cataract. Various ocular traumas were also not-
ed. Nevertheless, cases that would seem rare today also emerged in this 
historical cohort, such as ophthalmia due to syphilis, ocular malaria 
and sympathetic ophthalmia.

Spyros N. Michaleas et al: Ocular Conditions in 15,921 Interwar Refugees
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Dear Editor,

We read with interest the case presented by Pana-
gouli et al. (1) concerning the unusual bilateral du-
plication of the suprascapular vein revealed by the 
Anatomage table. It is valuable to report findings 
on the cadavers incorporated into the Anatomage 
table because this resource is accessible worldwide. 
However, we would like to bring attention to the 
fact that the suprascapular vein (SV) may be rather 
more variable than the Panagouli et al. (2019) re-
port states.

The SV is rather variable. It is not unusual to 
find the SV duplicated (2-5) and its site of drainage 
is variable as well (6). A duplicated SV was reported 
in 30 out of 103 cadaveric specimens of Korean or-
igin (29.7%) by Yang et al. in 2012 (2) and in 9 out 
of 88 cadaveric specimens of Polish origin (12.2%) 
by Jezierski et al. 2016 (3). Furthermore, Podgorski 
et al. (2014) demonstrated detailed observations 
on the SV around the suprascapular notch (SSN) 
area. They reported 35 out of 60 selected dissecti-
ons exhibiting variable suprascapular vascular ar-
rangements. Twenty SSNs showed a duplicated SV, 
while 15 featured a triplicated SV. They proposed 
denominating the vein passing within the SSN by 
the term “suprascapular notch vein” on the basis of 
the fact that its course was distinguishably dupli-
cated in 11 specimens (4).

The SV was found to drain into the external 
jugular vein in 60% of cases, and in the remaining 
cases it drained into the subclavian vein and into 
some other veins (6).

Regarding SV involvement in suprascapular 
nerve entrapment, it is not a definite risk factor. An 
existing SV within the SSN does not necessary re-
duce the space to a critical point, and it may rather 
serve as a protective cushion for the suprascapular 
nerve against the bony margins of the SSN during 
dynamic movements (3, 5).

In conclusion, we endorse reporting this vari-
ant structure in a cadaver used by multiple global 
users via the Anatomage table. Indeed, this report 
will draw attention to SV variability. However, we 
emphasize that it is not an unusual case, and that a 
duplicated SV is rather common. 
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