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SELF-ASSESSED QUALITY OF LIFE (QOL) OF RESIDENTS
RECEIVING LEVEL 2 AND LEVEL 3 SOCIAL SERVICES IN
COUNTY-OWNED NURSING HOMES IN THE CITY OF ZAGREB

ZRINKA MACHY, NADA TOMASOVIC MRCELA'>* and BRANKO KOLARIC?%5

'Alma Mater Europaea — ECM, Slovenia; *Department of Public Health Gerontology, Andrija Stampar
Teaching Institute of Public Health, Zagreb, Croatia; *University Department of Health Studies,
University of Split, Split, Croatia; *School of Medicine, University of Rijeka, Rijeka, Croatia;
*Academy of Medical Sciences of Croatia, Zagreb, Croatia

* These authors contributed equally to the paper.

The aim was to analyze whether there is significant difference in self-assessment of the examined domains of the quality
of life in residents receiving level 2 and level 3 social services in county-owned nursing homes in the City of Zagreb. This
analytical cross-sectional survey was conducted successively (2018-2019) in 3 county-owned nursing homes in Zagreb
including residents from nursing homes with levels 2 and 3 social services. The Quality of Life Scales for Nursing Home
Residents 2001 test was used to examine the self-assessed quality of life in 92 residents aged =65, while Barthel Index
modified by Shah, Vanclay and Cooper (MBI) was used to assess their functional independence. General sociodemographic
variables were used including the level of social services provided. Study results showed that the self-assessed domains
of functional competence (Z=5.050), privacy (Z=4.687), meaningful activity (Z=4.632), interpersonal relationships (Z=3.394),
autonomy (Z=3.352) and individuality (Z=3.755) (p<0.001 all) were significantly higher among residents receiving level 2
versus level 3 social services. Self-assessed quality of life (N=92) showed the lowest level in the domain of food enjoyment
(Me=11.40; IQR=9.02-11.40). In conclusion, difference in the examined domains of self-assessed quality of life between
level 2 and level 3 users of social services in nursing homes guides the gerontologic multidisciplinary team in selecting
interventions that can contribute to improving the quality of life of the elderly, especially the functionally dependent ones
who need help of others in all areas of functioning (level 3 social services). The self-assessed quality of life of residents
receiving level 2 and level 3 social services showed the lowest level in the domain of food enjoyment, which indicates the
need for interventions in the implementation gerontologic nutritional standards and menus in nursing homes.

Key words: functional independence, nursing homes, quality of life self-assessment, the elderly
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INTRODUCTION

There are numerous specific qualities in the elderly
population, which undoubtedly affect the self-assess-
ment of their quality of life (QOL) (1). Resources pro-
vided by society for the elderly who are functionally
disabled or who are unable to live independently (2),
namely home care and residential care, are particularly
important. Loss of functional independence is a factor
associated with greater dependency of the elderly on
help from others and on health care (3), and is one of
the main reasons for leaving their homes (4,5). The in-

ability of the elderly to perform basic activities of daily
living (ADL) in their home is a significant predictor of
their dependence on someone else’s care, placement in
the nursing home, and death (6,7).

Changes resulting from moving into a nursing home
are noticed in social interactions and adaptation to do-
mains that include privacy, dignity and independence
(8). Satisfaction with the examined domains of elderly
people’s quality of life is connected with age, gender,
number of health problems, and level of functional in-
dependence (9-11). Personal perception of the QOL
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of the elderly is also influenced by cultural context,
personal goals, social network, interpersonal relation-
ships (12-14), and many other factors.

The phenomenon of aging is undoubtedly connected
to the QOL of the elderly individual, and research in-
dicates the importance of age structure factors or gen-
der differentiation as, for example, in nursing homes,
men and younger old people often report better health
and quality of life (15). Likewise, the results of some
studies showed positive correlation between QOL and
increasing age, and older age was associated with bet-
ter self-assessment of QOL in elderly day care centre
(16). Research indicates that lower levels of functional
independence for elderly are associated with poorer
self-assessment of their QOL (10,11). On the other
hand, it has been noticed that elderly people with low-
er levels of functional independence who lived in their
homes rated their QOL better than elderly nursing
home residents with higher levels of functional inde-
pendence (17).

Likewise, research on the QOL of elderly people in
nursing homes around the world indicates that wom-
en have lower QOL than men (15,18,19). This may be
due to sociodemographic factors, lifestyle and level
of education, which may explain a significant part of
differences in self-assessment of certain QOL domains
between women and men (20). However, in most Cro-
atian research conducted in nursing homes, there was
no gender related difference in satisfaction with life or
in self-assessment of the QOL of the elderly (21,22), as
opposed to other countries (15,18-20,23).

According to a study by Havelka et al. (24), the need
for care services differs with respect to certain exam-
ined gerontologic-public health indicators (e.g., age
and gender), so that, as expected, people in the old-
er age groups compared to the younger ones have a
greater need for all care services. This implies that the
elderly with reduced functional independence who
are classified as receivers of level 3 social services (with
the highest intensity and scope of providing necessary
social services) will have their needs better taken care
of within 24 hours in institutional care than in their
own home, which can have a positive effect on their
self-assessment of QOL.

Studies have shown that residents of nursing homes in
Croatia assessed their overall QOL as mediocre, and
that there was correlation between the aspects of QOL
and satisfaction with nursing home services, since
residents who were more satisfied with these services
assessed their QOL as better (25). To date, no geronto-
logic research has been carried out linking the self-as-
sessment of the QOL of home residents with the level
of social services variable specified in the Ordinance
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on minimum conditions for the provision of social
services by the Ministry of Demographics, Family,
Youth and Social Policy (26).

Therefore, the main aim was to investigate whether
there is a significant difference in the self-reported
domains of the QOL of beneficiaries receiving level 2
versus level 3 social services in county-owned nursing
homes in the City of Zagreb.

Our research covered self-assessment of the QOL of
nursing home residents who are partially dependent
on the help of another person to take care of their ba-
sic needs (level 2) versus those who are functionally
dependent on another person to take care of all their
needs (level 3). This would improve and balance the
quality of care in nursing homes for the elderly with
different needs.

PARTICIPANTS AND METHODS

Analytical cross-sectional survey study was carried out
successively in 3 county-owned nursing homes in Za-
greb (Dubrava, Ksaver and Sv. Josip Nursing Homes)
in the period from 2018 to 2019. This survey included
32 respondents receiving level 2 social services and 60
respondents receiving level 3 social services. The res-
idents who wanted and could provide informed con-
sent for the survey were included in the study, cov-
ering 27.1% of the residents at level 2 social services
and 30.5% at level 3 social services in three nursing
homes in Zagreb (Dubrava, Ksaver and Sv. Josip). It
should be emphasized that this sample did not overlap
with previous research on the QOL of nursing home
residents, which predominantly included functionally
independent elderly persons (27).

The approval for this study was obtained from the Eth-
ics Committee of the Andrija Stampar Teaching Insti-
tute of Public Health.

Participant inclusion/exclusion criteria

Inclusion criteria were as follows: the participants
were residents of 3 selected county-owned nursing
homes in Zagreb (Dubrava, Ksaver and Sv. Josip Nurs-
ing Homes) aged 65 and older who agreed to partici-
pate in the study and received level 2 or level 3 social
services.

Exclusion criteria were serious health problems that
might affect the ability to complete the questionnaire
and give informed consent, such as severe psychiatric
disorders and severe cognitive impairment (demen-
tia), Alzheimer’s disease (moderate/moderately severe
phase of the disease), acute illnesses accompanied by
high fever, or consciousness disorder.
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Instrument

The Quality of Life Scales for Nursing Home Residents
2001 (28) and Barthel Index modified by Shah, Van-
clay and Cooper (MBI) (29) structured tests were used
to examine residents aged > in 3 county-owned homes
in Zagreb. The level of social services was determined
by the Ordinance on the minimum conditions for the
provision of social services by the Ministry of Demo-
graphics, Family, Youth and Social Policy (26). For the
Quality of Life Scales for Nursing Home Residents
2001 test, translation from English to Croatian and
back translation (for text comparison) from Croatian
to English were made. In this study, nursing home
residents self-assessed their QOL using a question-
naire which tested the following domains: comfort;
functional competence; privacy; dignity; meaningful
activity; interpersonal relationships; autonomy; food
enjoyment; spiritual well-being; security; and individ-
uality.

The interviews were conducted by persons educated
for work with the elderly (physician, social gerontolo-
gist, nurse), who are not employees of any of the par-
ticipating nursing homes. The questionnaire on the
sociodemographic status of nursing home residents
collected the following general variables on residents
from social workers employed at particular nursing
home: level of social services they received, age, gen-
der, marital status, educational level, and length of stay
in the nursing home.

Statistical analysis

The results were expressed using descriptive statistics
methods where the normality of distribution was first
tested by the Kolmogorov-Smirnov test. Normally
distributed values were expressed by arithmetic mean
and standard deviation as an indicator of dispersion,
while in the case of deviation from normal distribu-
tion, median as the mean and interquartile range were
used as dispersion indicator.

To test for group differences, parametric tests were
used for normally distributed groups (gaussian
curve) of quantitative data (T-test, ANOVA), while
non-parametric tests were used to test group differ-
ences if the values did not follow normal distribution
(Mann-Whitney U, Kruskal-Walis test).

The level of statistical significance was set at a=0.05
and statistical analysis was performed using SPSS 25
software package (IBM, USA).

RESULTS

A total of 92 residents living in three county-owned
nursing homes in Zagreb participated in the study. All
participants were aged 265, divided into three groups
(30) by their age: young-old (65-74 years), medi-
um-old (75-84 years) and oldest-old (=85 years).

Most of the participants (92.3%) were oldest-old and
medium-old, and the group of the young-old was
the smallest, only 7.7%. Of the 92 people included in
the study, three-quarters were female (76%) and one
quarter were male (24%). As for their marital status,
the majority of participants, almost two-thirds, were
widows (65.2%) and there were least of those divorced
(6.5%). Considering their level of education, the high-
est number of participants had elementary school
education (45.7%) and the least number had under-
graduate degree (4.3%). Concerning the level of social
services, the highest number of respondents received
level 3 (65.2%), followed by level 2 (34.8%) social ser-
vices. In relation to MBI (29) functional ability, the
majority of subjects were totally dependent (36.9%),
followed by moderately dependent (32.6%), slightly
dependent (18.5%), completely independent (8.7%),
and the least number of severely dependent (3.3%)
subjects. Considering the length of stay of the par-
ticipants in nursing homes, the share of those having
spent 2-5 years in nursing home was highest (27%),
followed by 1-2 years (20%), 5-10 years (16.5%), equal
percentage (15.3%) in the categories of 0-6 months
and 6 months to 1 year, while 5.9% of the residents
had been living in nursing home for 10 or more years.

1. Resident (N=92) self-assessed QOL by tested do-
mains (Table 1) showed the highest level in the do-
main of individuality (Me=22.80; IQR=12.00-22.80),
while the lowest level was determined in the domain
of food enjoyment (Me=11.40; IQR=9.02-11.40).

Table 1.
Analysis of self-assessed quality of life of residents (N=92)
in 3 county-owned nursing homes (Zagreb, 2018-2019) by
tested domains (28)

Quality of life domain Median IQR

Comfort (physical) 18.20 15.90-21.00
Functional competence 16.70 7.50-19.00
Privacy 19.00 15.20-19.00
Dignity 19.00 18.20-19.00
Meaningful activity 16.20 11.50-20.15
Interpersonal relationships 13.90 10.10-16.20
Autonomy 15.20 12.82-15.20
Food enjoyment 11.40 9.02-11.40
Spiritual well-being 12.90 10.60-15.20
Security 16.70 14.40-17.00
Individuality 22.80 12.00-22.80

IQR = interquartile range
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2. The domains of self-assessed functional compe- (p<0.001 all) were significantly higher among resi-
tence (Z=5.050), privacy (Z=4.687), meaningful activ- dents receiving level 2 than in those receiving level 3
ities (Z=4.632), interpersonal relationships (Z=3.394), social services (Table 2).
autonomy (Z=3.352) and individuality (Z=3.755)

Table 2.

Comparison of domains of resident (N=92) self-assessed quality of life (28) in 3 county-owned nursing homes (Zagreb, 2018-
2019) in relation to the level of social services

Category 2 Category 3 MW - U ; )
Me IQR Me IQR
Comfort (physical) 19.50 (16.78-22.65) 17.50 (15.60-20.90) 727.50 1141 0.257
Functional competence 19.00 (19.00-19.00) 10.50 (7.50-19.00) 304.50 5.050 <0.001
Privacy 19.00 (19.00-19.00) 16.70 (12.75-19.00) 370.50 4.687 <0.001
Dignity 19.00 (19.00-19.00) 19.00 (18.00-19.00) 751.00 1.848 0.065
Meaningful activity 20.15 (16.75-21.63) 14.45 (9.95-17.59) 314.00 4,632 <0.001
Interpersonal relationships 15.50 (13.30-16.20) 11.60 (10.00-14.00) 540.50 3.394 0.001
Autonomy 15.20 (15.20-15.20) 14.70 (11.45-15.20) 558.00 3.352 0.001
Food enjoyment 11.40 (9.03-11.40) 10.60 (9.03-11.40) 804.00 1.377 0.170
Spiritual well-being 13.10 (12.30-15.20) 12.30 (9.68-15.05) 701.00 1.725 0.085
Security 16.70 (15.83-16.78) 16.70 (14.00-17.45) 780.00 0.810 0.421
Individuality 22.80 (22.80-22.80) 20.50 (12.00-22.80) 519.00 3.755 <0.001
*Mann-Whitney U test
Z = approximate Z value for the corresponding MW U value; IQR = interquartile range
3. Comparison of functional independence (MBI) vacy (H=17.31; p=0.002) and meaningful activities
(29) with the domains of self-assessed QOL revealed (H=33.97; p<0.001), where the lowest value was deter-
a statistically significant difference in the domains mined in totally dependent residents (Table 3).
of functional competence (H=63.56; p<0.001), pri-
Table 3.

Comparison of domains of resident (N=92) self-assessed quality of life (28) in 3 county-owned nursing homes (Zagreb, 2018-
2019) in relation to their functional independence (MBI)*

Total dependence | Severe dependence | Moderate dependence | Slight dependence | Complete independence | Krus o
Me (IQR) Me (IQR) Me (IQR) Me (QR) Me (IQR) kal-Wallis H* P
Comfort 17.40 21.80 19.20 17.70 22.80 561 4 | 0230
(physical) (15.40-19.70) |  (20.50-23.10) (16.40-20.80) (15.60-21.65) (14.60-22.80)
Functional 7,50 16.70 19.00 19.00 19.00 63.56 4 | <0001
competence (7.50-7.50) (11.00-22.40) (14.93-19.00) (19.00-19.00) (19.00-19.00)
Privacy 16.70 18.20 19.00 19.00 19.00 17.31 4 | 0002
(0.75-19.00) | (15.80-20.60) (16.70-19.00) (15.85-19.00) (19.00-19.00)
Dignty 19.00 19.00 19.00 19.00 19.00 9.16 4 | 0057
(17.50-19.00) | (19.00-19.00) (17.80-19.00) (18.60-19.00) (19.00-19.85)
Meaningful 10.00 22.45 18.00 19.40 20.15 33.97 4| <0001
activity (13-15.15) | (14.25-30.65) (15.00-20.65) (15.30-20.90) (17.44-22.06)
Interpersonal 12.75 16.00 13.90 15.40 13.90 6.52 4 | 0164
relationships (0.00-1390) | (14.00-18.00) (10.50-16.20) (11.80-16.20) (9.65-16.20)
. 13.40 15.00 15.20 15.20 15.20 872 4 | 0068
(11.10-15.20) |  (13.40-16.60) (12.90-15.20) (15.20-15.20) (14.30-15.35)
. 10.80 11.40 11.20 1140 11.40 319 4 | 05%
Food enjoyment | g 00 1140) | (10.00-12.80) (9.00-11.40) (9.00-11.40) (9.68-11.40)
Spiritual well- 11.35 12.00 12.90 13.40 13.75 5.14 4 | 0273
being (8.33-15.00) (7.00-17.00) (10.60-15.10) (11.10-15.20) (12.23-15.20)
Secury 16.70 16.70 16.50 16.70 16.70 069 4 | 0952
(14.40-18.20) | (14.00-19.40) (14.40-17.05) (14.95-16.70) (14.00-19.00)
ndvidualty 20,50 17.00 22.80 22.00 22.80 4.49 4 | 0343
(12.00-22.80) |  (9.50-24.50) (12.00-22.80) (13.20-22.80) (14.70-22.80)

*MBI categories: 0-20=total dependence; 21-60=severe dependence; 61-90=moderate dependence; 91-99=slight dependence; 100=complete indepen-
dence **Kruskal-Wallis test df = degree of freedom; number of categories of independent variable -1 IQR = interquartile range
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4. We did not find any significant gender differences in

Table 4.

QOL domains (Table 4).

Comparison of domains of resident (N=92) self-assessed quality of life (28) in 3 county-owned nursing homes (Zagreb, 2018-

2019) according to gender

Male Female
MW - U* Z p

Me IQR Me
Comfort (physical) 20.00 (17.60-21.90) 17.40 (15.40-20.63) 545.50 1.47 0.144
Functional competence 19.00 (9.50-19.00) 15.00 (7.50-19.00) 568.00 1.40 0.165
Privacy 19.00 (17.45-19.00) 18.20 (15.00-19.00) 584.50 1.24 0.217
Dignity 19.00 (17.08-19.00) 19.00 (18.60-19.00) 709.50 0.52 0.604
Meaningful activity 19.95 (13.38-22.08) 15.90 (11.05-19.40) 489.00 1.78 0.075
Interpersonal relationships 13.90 (9.75-16.20) 13.90 (10.30-16.20) 745.00 0.13 0.898
Autonomy 15.20 (12.00-15.20) 15.20 (12.90-15.20) 705.50 0.43 0.672
Food enjoyment 11.40 (8.83-11.40) 11.40 (9.00-11.40) 712.00 0.57 0.572
Spiritual well-being 12.65 (10.40-13.55) 12.90 (10.60-15.20) 648.50 0.85 0.398
Security 16.70 (12.58-16.70) 16.70 (14.40-17.95) 555.50 1.27 0.207
Individuality 20.50 (12.00-22.80) 22.80 (12.05-22.80) 739.00 0.20 0.847

*Mann-Whitney U test

Z = approximate Z value for the corresponding MW U value; IQR = interquartile range

5. Comparison of self-assessed QOL domains accord-
ing to age groups revealed a statistically significant dif-
ference in the domain of dignity (H=9.696; p=0.008),

Table 5.

where lower levels were found in residents of the 85+
age group followed by 75-84 and 65-74 age groups
(Table 5).

Comparison of domains of resident (N=92) self-assessed quality of life (28) in 3 county-owned nursing homes (Zagreb, 2018-
2019) according to age groups

65-74 75-84 85+
Kruskal-Wallis H* Df p
Me IQR Me IQR Me IQR
Comfort (physical) 20.00 (14.60-22.80) 18.20 (15.40-20.65) 17.95 (16.35-21.85) 1.134 2 0.567
Functional competence 14.95 (7.50-17.28) 19.00 (7.50-19.00) 16.70 (7.50-19.00) 0.685 2 0.710
Privacy 19.00 (17.83-19.00) 18.20 (14.40-19.00) 19.00 (15.90-19.00) 1.483 2 0.476
Dignity 19.00 (19.00-20.00) 19.00 (19.00-19.00) 19.00 (17.20-19.00) 9.696 2 0.008
Meaningful activity 21.05 (16.68-22.83) 17.30 (11.55-20.23) 15.30 (10.53-20.15) 5.696 2 0.058
Interpersonal relationships 15.60 (13.90-16.20) 13.90 (10.73-16.20) 13.90 (10.00-16.20) 2.566 2 0.277
Autonomy 15.00 (12.90-15.20) 15.20 (13.15-15.20) 15.20 (11.80-15.20) 0.501 2 0.778
Food enjoyment 11.40 (9.00-11.40) 11.40 (9.10-11.40) 11.40 (9.00-11.40) 0.922 2 0.631
Spiritual well-being 12.90 (8.40-13.40) 14.00 (10.60-15.20) 12.90 (9.80-14.70) 2127 2 0.345
Security 16.70 (16.13-17.00) 16.70 (15.00-18.80) 16.70 (14.20-16.70) 2.899 2 0.235
Individuality 22.80 (12.00-22.80) 22.80 (14.35-22.80) 21.00 (12.00-22.80) 1.303 2 0.521

*Kruskal-Wallis test; IQR = interquartile range
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DISCUSSION

The results obtained by analysis of the self-assessed
QOL of residents receiving levels 2 and 3 social ser-
vices in 3 county-owned nursing homes in relation
to the variables examined, i.e. age structure, gender,
levels of social services, and functional independence
categories, showed that statistically significant differ-
ences in individual domains were regularly present
except for gender (Tables 1-5).

The analysis of resident self-assessed QOL (Table 5)
showed that significant age related differences were pres-
ent in the smallest number of domains (1/11; dignity).

Many domains (6/11; functional competence, auton-
omy, privacy, individuality, meaningful activities and
interpersonal relationships) in resident self-assess-
ment of the QOL were related to the level of social ser-
vices provided (Table 2). This indicates the crucial role
of distributing and delivering the scope and intensity
of social services in nursing homes with the aim of fo-
cusing gerontologic interventions in order to preserve
and improve the quality of resident lives. Distribution
by levels of social services in nursing homes was main-
ly based on the functional independence of the elderly.
Consequently, analysis of resident self-assessed QOL
in relation to the distribution by categories of func-
tional independence MBI (29) also yielded a statisti-
cally significant difference in the number of domains
examined (3/11), namely privacy, functional compe-
tence, and meaningful activities (Table 3).

The primary objective of determining functional
competence (independence) of an elderly person is
to determine the degree of ability (independence) in
completing certain tasks as part of performing daily
activities (such as dressing, walking, eating, etc.) and
the need for someone else’s help or aids. Standardized
measurements, appropriate validity and reliability (31)
are applied to determine functional status, depending
on the purpose of the assessment and the group we
are testing. Consequently, functional competence of
the elderly involves assessing the ability to perform
all daily activities that ensure appropriate QOL, in-
cluding biological, psychological and social function-
ing (30). This is a crucial gerontologic-public health
indicator that guides professionals in the health care
of the elderly in the application of health and social
interventions such as the organizational, institutional
or non-institutional care for an individual user (32).
Thus, the level of functional independence (objec-
tively determined by medical staff using standardized
questionnaires) is particularly relevant for assessing
the QOL of elderly persons and for developing inte-
grated gerontologic projects that comprehensively
embrace an intersectoral approach to the provision of
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health and social care services for the elderly (29,32).
For example, MBI (29) is frequently used and easy to
administer for functional independence assessment
for the elderly.

Quality of life assessment requires a multidimensional
approach (8,9,12,33,34), which refers to objective de-
scriptors and subjective, comprehensive assessment of
well-being over a wide area of functioning of an elder-
ly person (12,32,34). Research points to particularities
in assessing the QOL of the elderly, such as the limit-
ed utility of using the SF36 questionnaire in nursing
homes (28,35). Consequently, for example, the Quality
of Life Scales for Nursing Home Residents (Universi-
ty of Minnesota School of Public Health) (28) is used,
with domains that primarily cover psychological and
social aspects of the QOL, such as physical comfort,
privacy, autonomy, dignity, spiritual well-being, and
others (28,36).

The QOL of the elderly is connected to the availability
and sufficiency of institutional and non-institutional
professional assistance needed in the local communi-
ty (37). In old age, QOL is also affected by the sense
of usefulness, degree of activity, a preserved social
network and family relationships (14,38). It has been
found that the needs for health care services, home
care services, and services related to leisure time and
activities of the elderly (24) differ with respect to the
individual determinants of gerontologic-public health
indicators (such as age and gender), and it is expect-
ed that people in elderly groups compared to younger
groups will have a greater need for all care services.

Studies suggest that the most important aspects of the
QOL of nursing home residents are their dignity, spiri-
tual well-being, food enjoyment (39), leisure activities,
and independence, but also the impact of family re-
lationships, social life, independence, tranquility and
satisfaction (39,40).

The predictors that indicate lower QOL for the elder-
ly in nursing homes are the diagnosis of depression,
decreased functionality in daily activities (10,41),
neuropsychiatric symptoms of dementia (42), lower
socioeconomic status and social support (4,43), cog-
nitive impairment (10), female gender (20,23), mul-
tiple comorbidities (43) and an extended stay in the
nursing home (4). In particular, it should be noted
(44) that depression and difficulty in communicating
with staff are two main variable risk factors for poorer
QOL of elderly home residents. Consequently, it can
be concluded that many studies in nursing homes in-
dicate that resident self-assessment of the QOL across
the examined domains differ with respect to gender,
functional independence, mental health, represented
health problems, and other factors (10,11,16,23,45).
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In this study, self-assessment of the QOL in residents
receiving level 2 and level 3 social services showed that
the lowest level was in the domain of food enjoyment
(Table 1), which indicating the need for necessary in-
terventions in the implementation of gerontologic nu-
tritional standards and menus in nursing homes.

The results of this study looking into differences in
the examined domains of self-assessed QOL of the
elderly, e.g., meaningful activities (Table 2), indicate
the need for the application of targeted gerontologic
interventions such as appropriate occupational ther-
apy in accordance with personal preferences, health
status, and level of functional independence for resi-
dents receiving level 3 social services. Such geronto-
logic interventions refer to the improvement of health
and social services for residents, which would result
in improving the aspect of satisfaction with nursing
home services directly related to their QOL (25). Con-
sequently, the established connection between the
level of social services of nursing home residents and
their self-assessed QOL suggests the need for further
research paying special attention to mental health and
verified diagnoses of the residents.

The limitations of this study were that the study did
not include groups of residents receiving level 4 social
services in nursing homes, which includes residents
with dementia, Alzheimer’s disease (moderate/mod-
erately severe phase of the disease) because of a sig-
nificant problem in communication and their testing.
Thus, subjects with severe cognitive impairments and
other severe psychiatric disorders were not included,
which could have an impact on the results across the
QOL domains. Also, the impact of chronic illnesses
of residents that could affect their self-assessment of
QOL was not examined (45,46). Undoubtedly, many
variables such as family relationships, length of stay
in nursing home, or depression are relevant and can
greatly affect the life satisfaction of the elderly, but go
beyond the scope of this research and represent a lim-
itation of this study.

The number of participants in this study was not rep-
resentative of private nursing homes, which show
great diversification in the possibilities of providing
social services.

Also, residents who are accommodated in the so-
called residential part of nursing homes and classified
as level 1 social service users, meaning that they were
fully functionally independent, were not included in
the survey. Results of a previous study on self-assess-
ment of QOL conducted on 150 residents, of which
more than 50% were fully functionally independent
according to the MBI, show the lowest estimated do-
main of physical comfort and sense of security (Mak-

simir, Pe$¢enica and Sv. Josip Nursing Homes, Zagreb,
HR) (2017-2018) (27).

CONCLUSION

Research on the association between selected geron-
tologic-public health indicators such as levels 2 and 3
social services provided, category of functional inde-
pendence (MBI), age, gender and QOL of the elderly is
important because of the opportunities for improving
the individual gerontologic approach with a recom-
mendation for greater adaptability towards residents
who are completely dependent on another person’s
help.

The results of this study demonstrate a significant dif-
ference in the examined domains of self-assessed QOL
between residents of nursing homes who are partially
versus totally dependent on the assistance of others
(levels 2 and 3 social services), and at the same time
guide the gerontologic multidisciplinary team in se-
lecting focused interventions that can contribute to
improving the QOL of the elderly.
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SAZETAK

SAMOPROCIJENJENA KVALITETA ZIVOTA KORISNIKA KOJI PRIMAJU 2. i 3. STUPAN]J
SOCIJALNIH USLUGA U DECENTRALIZIRANIM DOMOVIMA ZA STARIJE U GRADU ZAGREBU

Z. MACH!, N. TOMASOVIC MRCELA"?3 i B. KOLARIC?>*3

'Alma Mater Europaea — ECM, Slovenija; *Sluzba za javnozdravstvenu gerontologiju Nastavnog zavoda za
javno zdravstvo “Dr. Andrija Stampar”, Zagreb, Hrvatska; *Sveuciliste u Splitu, Sveucilisni odjel zdravstvenih
studija, Split, Hrvatska; *Sveuciliste u Rijeci, Medicinski fakultet, Rijeka, Hrvatska; °Akademija medicinskih
znanosti Hrvatske, Zagreb, Hrvatska

Cilj je bio analizirati postoji li zna¢ajna razlika u samoprocjeni ispitivanih domena kvalitete zivota korisnika koji primaju drugi
stupanj socijalnih usluga naspram korisnika koji primaju trec¢i stupanj socijalnih usluga u decentraliziranim domovima u
Gradu Zagrebu. Analiticko presje€no istrazivanje sukcesivno je provedeno 2018.-2019. godine u tri decentralizirana doma
za starije u Gradu Zagrebu uklju¢ujuci korisnike domova za starije koji primaju 2. i 3. stupanj socijalnih usluga. Pomocu
testa Quality of Life Scales for Nursing Home Residents 2001. ispitana je samoprocjena kvalitete Zivota kod 92 korisnika
u dobi od =65 godina, dok je za procjenu njihove funkcionalne samostalnosti korisSten Barthel indeks modificiran prema
Shah, Vanclay i Cooper (MBI). KoriStene su opée sociodemografske varijable ukljuéujuci i stupanj socijalnih usluga. Samo-
procjena domena funkcionalne sposobnosti (Z=5,050), privatnosti (Z=4,687), smislene aktivnosti (Z=4,632), meduljudskih
odnosa (Z=3,394), autonomije (Z=3,352) i individualnosti (Z=3,755) (p<0,001 sve) bila je zna¢ajno vec¢a kod korisnika koji
primaju 2. stupanj socijalnih usluga u odnosu na korisnike koji primaju 3. stupanj socijalnih usluga. Samoprocijenjena
kvalitete zZivota korisnika (N=92) pokazala je najnizu razinu u domeni uzivanja u hrani (Me=11,40; IQR=9,02-11,40). Razlika
u ispitivanim domenama samoprocijenjene kvalitete Zivota izmedu korisnika 2. i 3. stupnja socijalnih usluga u domovima
za starije usmjerava intervencije gerontoloS§kog multidisciplinskog tima koje mogu doprinijeti poboljSanju kvalitete Zivota
starijih osoba, i to poglavito za funkcionalno ovisne kojima je potrebna pomo¢ druge osobe u punom opsegu (3. stupanj
socijalnih usluga). Samoprocijenjena kvaliteta Zivota korisnika koji primaju 2. i 3. stupanj socijalnih usluga pokazala je naj-
nizu razinu u domeni uzivanja u hrani, Sto upucuje na potrebu nuznih intervencija u primjeni gerontolosko prehrambenih
normi i jelovnika domova za starije osobe.

Kilju¢ne rijeci: funkcionalna samostalnost, domovi za starije, samoprocjena kvalitete Zivota, starije osobe
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Klinicko istraZivanje

VAZNOST OPTICKE KOHERENTNE TOMOGRAFIJE MAKULE U
NEUROOFTALMOLOGI]I

TAMARA MISLJENOVIC VUCERIC!, TOMISLAV VIDOVIC? TEA CALJKUSIC-MANCE! i
BRANIMIR CEROVSKI?

'Klinicki bolnicki centar Rijeka, Klinika za oftalmologiju, Rijeka, *Klinicki bolnicki centar Zagreb,
Klinika za ocne bolesti, Zagreb i *lijecnik u mirovini, Zagreb, Hrvatska

Cilj: Sloj vlakana vidnog zivca (RNFL, engl. retinal nerve fiberlayer) €ine aksoni retinskih ganglijskih stanica. Opticka
koherentna tomografija (OCT, engl. optical coherence tomography) vazan je alat u dijagnostici optic¢kih neuropatija. Za
procjenu osjetljivosti pretrage izolirano se snimao samo RNFL i posebno se ukljucila analiza sloja ganglijskih stanica
(GCL, engl. ganglion cell layer) u makuli. Metode: Ovo je retrospektivna analiza snimki OCT-a u 348 pacijenata koji su pod
sumnjom na opti¢ku neuropatiju upuceni u neurooftalmoloski kabinet, u razdoblju od godine dana. OCT snimke dobivene
su uredajem SOCT Copernicus REVO (Optopol TechnologySp. z.0.0.; softver verzija 7.0.0). Rezultati: Osjetljivost mjerenja
RNFL-a je 37,6 % (62/165) (uz 95 %-tni interval pouzdanosti (Cl) 30,2 % - 45,4 %), a dijagnosticka to¢nost testa je 58,6 %
(165/292) (Cl 95 %: 52,7 % - 64,3 %). Ako se uzme u analizu i GCL ¢ak su 103 pacijenta (35.2 % - 103/292) analizirajuci
samo RNFL bila lazno negativna, odnosno bez GCL ne bi se otkrila opti¢ka neuropatija. Zakljucak: OCT je postalo vazno
pomagalo u neurooftalmoloskoj praksi. Omoguéava vizualizirati aksonalni/ neuronalni integritet vidnog puta. Upotreba
OCT-a makule uz analizu GCL dovela je do dodatnog proSirenja primjenljivost OCT-a u neurooftalmologiji.

Kljuéne rijeci: opticka koherentna tomografija, optiCka neuropatija, retinske ganglijske stanice

Adresa za dopisivanje: ~ Tamara Misljenovi¢ Vuceri¢, dr. med.

Klinika za oftalmologiju
Klini¢ki bolni¢ki centar Rijeka
Kresimirova 42

51 000 Rijeka, Hrvatska

E-posta: tamara.misljenovic@ri.t-com.hr

UVOD

Opticka koherentna tomografija (OCT, engl. optical
coherence tomography) je kao neinvazivna dijagnostic¢-
ka metoda postala neophodno pomagalo u otkrivanju
i pracenju optickih neuropatija. OCT-om optickog dis-
ka moze se kvantificirati debljina sloja vlakana vidnog
zivca (RNFL, engl. retinal nerve fiberlayer). Upotreba
OCT-a makule dovela je do toga da se upotrebljivost
OCT-a u neurooftalmologiji dodatno proéiri, a naro-
¢ito od kada se spectral-domain OCT-om (SD-OCT,
engl. spectral-domain optical coherence tomography)
povecala rezolucija uz moguénost segmentacije retin-
skih slojeva u makuli (1).

RNFL ¢ine aksoni retinskih ganglijskih stanica koji se
ujedinjuju na opti¢kom disku ¢ine¢i vidni Zivac. Samo
su u podruc¢ju makule ganglijske stanice vidnog Zivca

smjestene u viSe slojeva, za razliku od ostalog dijela
retine gdje su samo u jednom sloju. Uz to u podrudju
makule nema velikih krvnih Zila i glijalnih elemena-
ta koji utjecu na peripapilarnu debljinu RNLF-a (2,3).
Upravo zbog takve anatomske grade makule moze se
makularnim OCT-om otkriti rani gubitak ganglijskih
stanica, koji se jo$ ne manifestira stanjenjem RNFL-a
na optickom disku.

CIL] RADA

Cilj rada je procijeniti osjetljivost mjerenja samo RN-
FL-a izolirano, te uz RNFL analizirati i sloj ganglijskih
stanica (GCL, engl. ganglion cell layer) u makuli upo-
trebom OCT-a u otkrivanju optickih neuropatija ra-
zlicite etiologije.
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METODE

Ovo je retrospektivna analiza snimki OCT-a 348 paci-
jenta (198 Zena i 159 muskaraca; prosjecna dob 57 go-
dina - raspon od 13 do 87 godina) koji su bili upuceni
u neurooftalmoloski kabinet na Klinici za oftalmolo-
giju Klini¢ckog bolnickog centra Rijeka pod sumnjom
na opti¢ku neuropatiju u trajanju od jedne godine.
OCT snimke dobivene su uredajem SOCT Coperni-
cus REVO (Optopol Technology Sp. z.o.0., Poljska; sof-
tver verzija 7.0.0). Jedan ispitiva¢ snimio je sve OCT
snimke analiziraju¢i RNFL i GCL. Od 348 pacijenata
koji su bili pregledani u neurooftalmoloskom kabinetu
kod 109 nije utvrdena opti¢ka neuropatija i imali su
urednu debljinu RNFL i GCL.

Kriterij uklju¢enja: dobivene smo rezultate razvrstali

u dvije skupine:

1) Skupina u koju su uvrstene opticke neuropatije
bez obzira na etiologiju, uz tri podskupine: a) sta-
njenje RNFL-a uz normalnu debljinu ganglijskih
stanica, b) stanjenje RNFL-a uz stanjenu debljinu
ganglijskih stanica, te c) pacijenti kojima je RNFL
uredne debljine, ali im je stanjen GCL.

2) Zadebljanje RNFL-a zbog edema optickog diska,
razlicite etiologije, sa zadebljanim, normalnim i
stanjenim GCL.

Kriteriji isklju¢enja: visoki miopi (vise od -6.00 di-
optrija sfere), makulopatije, dijabeticka retinopatija,
glaukom.

Statisticka obrada podataka

Valjanost dijagnostickih metoda odnosno valjanost
dijagnosti¢kih parametara analizirana je pomocu
osjetljivosti i specifi¢nosti. Osjetljivost je vjerojatnost
pozitivnog nalaza uz uvjet prisutnosti bolesti, a speci-
ficnost je vjerojatnost negativnog nalaza uz uvjet od-
sutnosti bolesti. Analizom dobivenih podataka proci-
jenili smo osjetljivost i specificnost mjerenja izolirano
RNFL-a uz 95 %-tni interval pouzdanosti (CI, engl.
confidence interval). Dodatno smo odredili osjetljivost
i specifiénost GCL. Statisticka analiza napravljena je
pomodi Med-Calc (verzija 18.5; https://www.medcalc.
org).

REZULTATI

U prvu su skupinu ukljucena 183 pacijenta sa stanje-
njenjem samo RNFL-a, sa stanjenjem RNFL-a i GCL
ili samo sa stanjenjem GCL. U 62 pacijenta izmjereno
je stanjenje RNFL-a i GCL, ul8 pacijenata samo sta-
njenje RNFL-a, a kod 103 pacijenta nadeno je stanje-
nje samo GCL.
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Osjetljivost mjerenja RNFL-a je svega 37,6 % (62/165)
(uz 95 %-tni CI 30,2 % - 45,4 %), a specifi¢nost 85,83
% (109/127) (uz 95%-tni CI 78,53 % - 91,38 %).

Za razliku od mjerenja RNFL-a, osjetljivost mjerenja
GCL je 100 % (165/165) (uz 95 %-tni CI 97,79 % -
100,00 %), a specifi¢nost takoder 100 % (109/109) (uz
95 %-tni CI 96,67 % - 100,00 %).

Kod ¢ak 103 pacijenta (35,2 % - 103/292), analiziraju-
¢i samo RNFL ne bi se dokazala opti¢ka neuropatija,
odnosno bili su lazno negativni. Tek analizom GCL u
makuli uoceno je stanjenje unutrasnjih retinskih slo-
jeva, uz urednu debljinu RNFL-a na optickom disku

(sl. 1).

250

200

150
W zdravi

100 W stanjenje RNFL/ GCL - "bolesni"”

50

RNFL

SL. 1. Opticke neuropatije (,,bolesni®) dijagnosticirane
analizirajuci SAMO sloj vlakana vidnog Zivca (RNFL, engl.
retinal nerve fiber layer) i opticke neuropatije (,,bolesni®)
dijagnosticirane analizirajuci i sloj ganglijskih stanica (GCL,
engl. ganglion cell layer).

RASPRAVA

Tradicionalno se u neurooftalmologiji OCT-om mje-
rila debljina RNFL-a pokusavajuci povezati stanjenje
RNFL-a s depresijom retinske osjetljivosti u odrede-
nom dijelu vidnog polja (4). Teorijski, pretpostavljalo
se da ¢e stupanj stanjenja RNFL-a imati znacajnu po-
vezanost s funkcijom vidnog zivca u pacijenata s gu-
bitkom aksona, a manju korelaciju strukture s funkci-
jom gdje su aksoni jo$ uvijek vitalni, ali trenutno nisu
u funkciji, kao npr. kod kompresivne opti¢ke neuropa-
tije ili akutnog optickog neuritisa (5-12).

Razvojem OCT tehnologije danas se pomocu SD-
OCT-a moze mjeriti sloj ganglijskih stanica u makuli.
Kako se vec¢ina retinskih ganglijskih stanica nalazi u
makuli, njihov gubitak pomaze u detekciji ostecenja
vidnog Zivca (1). Time je analiza GCL postala vaz-
no pomagalo u neurooftalmologiji. O$te¢enje GCL-a
puno bolje korelira s ispadom u vidnom polju, moze
predvidjeti progresiju ostecenja vidnog Zivca, a smatra
se i znacajnim biomarkerom neurodegeneracije kod
multiple skleroze, Alzheimerove bolesti i Parkinsono-
ve bolesti (13).
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Ranije se smatralo da kod postgenikulatnih o$tecenja
vidnog puta odraslih ne dolazi do transgenikulatne
retrogradne degeneracije s posljedicnom atrofijom
vidnog zivca. Analiza ganglijskih stanica omogucila
je novi pogled na transsinapticku degeneraciju vid-
nog sustava. Sve je vise dokaza da kod postgenikulatne
hemianopsije dolazi do retrogradne transsinapticke
degeneracije sloja retinskih ganglijskih stanica koja
topografski korelira s hemianoptickim ispadom na
vidnom polju, odnosno dolazi do stanjenja GCL u
nazalnom dijelu hemiretine na jednom, a u temporal-
nom na drugom oku (14-19). Takva topografska kore-
lacija ne moze se utvrditi analiziraju¢i samo RNFL na
optickom disku.

Klinicka interpretacija moguceg ostecenja aksona po-
staje jos$ teza kod stanja koja uzrokuju edem optic¢kog
diska. U stanjima koja uzrokuju edem opti¢kog diska
u sklopu npr. idiopatske intrakranijske hipertenzije
(ITH), kompresivne opticke neuropatije ili prednje is-
hemicke opti¢ke neuropatije dolazi do edema unutar
aksona $to moze maskirati razvoj atrofije. Upravo se to
moze uoditi u drugoj skupini, u koju je bilo uklju¢eno
56 pacijenata s edemom optic¢kog diska, odnosno za-
debljanjem RNFL-a. Zbog edema unutar aksona vid-
nog Zivca iskljucuje se mogucnost detekcije stanjenja
RNFL-a i jedina raspoloziva metoda detekcije razvoja
atrofije preostaje snimanje sloja ganglijskih stanica u
makuli s obzirom da sloj vlakana vidnog zivca dopri-
nosi vrlo malo u ukupnoj debljini makule. U 28 od
ukupno 56 pacijenata uoceno je stanjenje GCL jos za
vrijeme postojanja zadebljanja RNFL-a. Ve¢ se u akut-
noj fazi, za vrijeme edema optickog diska moglo do-
kazati razvoj o$tecenja vidnog Zivca koji se izoliranim
mjerenjem RNFL-a ne bi mogao prikazati. Zato je kod
ITH preciznije pratiti stanjenje GCL nego pratiti ote-
klinu RNFL-a koja se moze smanjivati zbog terapije,
ali i razvoja atrofije (13,20,22).

I kod druza opti¢kog diska puno toéniju informaciju
daje nam analiza GCL kao rani strukturni pokazatelj
nepovratnog neuralnog gubitka (13).

Analiza ganglijskih stanica mnogo bolje korelira s po-
remecajem vidne funkcije, kao $to je to npr. vidna os-
trina, kontrastna osjetljivost, te ispadi u vidnom polju.
Bolje korelira i s nastankom tjelesnog invaliditeta u
bolesnika s multiplom sklerozom i s nalazom na ma-
gnetskoj rezonanciji nego samo mjerenje debljine sloja
vlakana vidnog Zivca (23,24).

Slicna usporedba analiziranih parametara, prema
nama dostupnoj literaturi, nije u¢injena.

Ogranicenja ovog rada ukljucuju: kvalitativne kriteri-
je i ¢injenicu da opticke neuropatije nisu klasificirane
prema etiologiji.

ZAKLJUCAK

Stanjenje GCL nadeno na SD-OCT bolji je pokazatelj
ranih strukturnih o$te¢enja nego stanjenje RNFL-a
te se moze Koristiti kao rani biomarker za struktur-
na ostecenja. Stoga se u klini¢kom radu ne bi trebalo
ograniciti samo na analizu optickog diska i RNFL-a,
nego kod sumnje na opticku neuropatiju redovito tra-
ziti i analizu GCL-a.
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SUMMARY

IMPORTANCE OF MACULAR OPTICAL COHERENCE TOMOGRAPHY IN NEURO-
OPHTHALMOLOGY

T. MISLJENOVIC VUCERIC!, T. VIDOVIC?, T. CALJKUSIC-MANCE! and B. CEROVSKI?

'Rijeka University Hospital Centre, Department of Ophthalmology, Rijeka, *Zagreb University Hospital Centre,
Department of Ophthalmology, Zagreb, *retired ophthalmologist, Zagreb, Croatia

Aim: The retinal nerve fiber layer (RNFL) is made up of retinal ganglion cell axons. We evaluated sensitivity of optical coherence
tomography (OCT) when measuring only RNFL or when a ganglion cell layer (GCL) analysis is added to the evaluation of
optic neuropathy. Methods: This was a retrospective analysis of OCT in 348 patients examined at the neuro-ophthalmology
department for suspicion of optic neuropathy during one year. OCT scans were taken with SOCT Copernicus REVO (Optopol
Technology Sp. z.0.0.; software version 7.0.0). Results: Sensitivity of measuring RNFL alone was 37.6% (62/165) (with 95%
confidence interval (Cl) 30.2%-45.5%) with 58.6% accuracy (165/292) (Cl 95%: 52.7%-64.3%). When taking GCL in analysis,
103 patients (35.2%; 103/292) would be classified as normal, false-negative if just RNFL measurements would be the
only criterion for diagnosing optic neuropathy. Conclusions: OCT has become one of the most important tools in neuro-
ophthalmic practice. It allows us to visualize axonal/neuronal integrity in the afferent visual pathway. Use of macular OCT
with GCL analysis has contributed to the extended applicability of OCT in neuro-ophthalmology.

Key words: optical coherence tomography; optic nerve disease; retinal ganglion cells
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COVID-19: NASA PRVA TERAPIJSKA ISKUSTVA
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Opéa bolnica Zadar, 'Odjel za infektologiju, *Odjel za fizikalnu medicinu, rehabilitaciju i
reumatologiju, *Odjel za anesteziologiju, reanimatologiju i intenzivnu medicinu i *Odjel za klinicku
radiologiju, Zadar, Hrvatska

Cilj: 1znenadna pojava epidemije koronavirusne bolesti 2019 (COVID-19) uzrokovane koronavirusom 2 teSkog akutnog
respiratornog sindroma (SARS-CoV-2) zatekla je zdravstvene sustave Sirom svijeta potpuno nespremne, i svi terapijski
pokusaiji lijecenja bolesti danas su jo$ uvijek na razini klini€kih ispitivanja ili empirijskih terapija, pa su i terapijski ishodi
razli¢iti. Medu lijekove koji se danas koriste u brojnim randomiziranim klini€kim studijama spadaju i klorokin, jedan stari
antimalarik, i tocilizumab, prvi blokator interleukina-6 na trzistu. Cilj ovoga rada bio je prikazati nasa prva iskustva u terapiji
COVID-19 infekcije s tim lijekovima. Metode: U razdoblju od 10. 3.- 9. 5. 2020. u zadarskoj Zupaniji registrirano je 85 osoba
s pozitivnim nalazom na SARS-Cov-2 koronavirus metodom polimerazne lan¢ane reakcije u realnom vremenu (RT-PCR)
od kojih je 31 (36,5 %) hospitalizirano. U 27 (87,1 %) bolesnika kao pocetna terapija primijenjen je klorokin, a u 3 (9,6
%) kombinacija lopinavir/ritonavir. Rezultati: 5 bolesnika (16,1 %) iz skupine lije€enih klorokinom premjesteno je u JIL
zbog progresije bolesti i potrebe za mehani¢kom ventilacijom, a troje (9,6 %) od njih lijeceni su tocilizumabom, s dobrim
terapijskim ishodom u svih. Zaklju¢ak: Rezultati lije€enja nasih bolesnika upuéuju na potrebu ranog uklju€ivanja klorokina u
terapijski protokol COVID-19 infekcije, ali i ranijeg uklju€ivanja tocilizumaba u terapiju teskih bolesnika, kako bi se sprije€ila
progresija bolesti.

Kljucne rije¢i: SARS-CoV-2, COVID-19, klorokin, tocilizumab, antibiotici

Adresa za dopisivanje: Vedrana Terkes, dr. med.
Op¢a bolnica Zadar
Odjel za infektologiju
Boze Perici¢a 5
23000 Zadar, Hrvatska
E-posta: vedranafalak@yahoo.com

UVOD

COVID-19 pandemiju, uzrokovanu SARS-Cov-2 vi-
rusom iz porodice beta-koronavirusa, koja je zapocela
krajem 2019. godine u Wuhanu (glavni grad pokraji-
ne Hubei u Kini), odlikuje visoka stopa morbiditeta i
mortaliteta te nepostojanje specifi¢nog lijeka i cjepiva
za tu bolest (1). Time su svi terapijski protokoli sve-
deni na pokusaje kontrole infekcije raznim antiviru-
snim lijekovima, kontrole sekundarnih bakterijskih
infekcija, kontrole inflamatornog odgovora i mogu¢ih
komplikacija, a kontrola epidemije svedena je na dija-
gnostiku i mjere izolacije bolesnika i zarazenih osoba.

Svjetska zdravstvena organizacija (SZO) je 8. prosinca
2015. godine objavila popis od 8 patogena koji mogu
uzrokovati velike epidemije u buduc¢nosti. U tih 8 pa-

togena spadaju i korona virusi SARS-a (Severe Acute
Respiratory Syndrome), uzro¢nika epidemije krajem
2002. godine koja se prosirila na 37 zemalja, MERS-a
(Middle Eastern Respiratory Syndrome), uzro¢nika
epidemije 2012. godine koja se prosirila na 27 zema-
lja, te virus Ebole, uzro¢nika epidemije krajem 2013.
godine sa $irenjem u 10 zemalja (2). Nazalost, u svim
tim slucajevima i nakon brojnih klinickih ispitivanja
nije ni do danas pronaden specifi¢ni lijek, a specifi¢-
no cjepivo odobreno je tek za virusnu infekciju Ebola
2019. godine.

Danas, Sest mjeseci od pocetka pandemije uzrokovane
SARS-CoV-2 virusom, jo$ uvijek nema specifi¢nog li-
jeka (ni cjepiva) za COVID-19, a diljem svijeta u tijeku
su brojna randomizirana klini¢ka ispitivanja razli¢itih
lijekova, od antivirusnih do imunomodulacijskih.
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COVID-19 je akutna respiratorna bolest i glavni nacin
$irenja je kapljicnim putem, respiratornim sekretima
i izravnim kontaktom. Neodredeni postotak osoba
inficiranih SARS-CoV-2 virusom ostaju asimptomski
nosioci virusa. U oboljelih se najcesc¢e nakon inkuba-
cije od nekoliko dana (3-7) javljaju simptomi vrudice,
kaslja, malaksalosti, iskasljavanja, kratkoce daha, te
grlobolja i glavobolja; u manjeg broja bolesnika razvi-
jaju se i gastrointestinalni simptomi s proljevom, po-
vracanjem (3). U starijih osoba i onih s kroni¢nim bo-
lestima pluda, srca, dijabetesom, hipertenzijom, moze
do¢i do brzog razvoja akutnog respiratornog distress
sindroma (ARDS), poremecaja koagulacije, septickog
$oka, multiorganskog zatajivanja i smrti (4).

Lijekovi koji se koriste u brojnim klini¢kim ispitivanji-
ma u COVID-19 infekciji (viSe od 350 aktivnih studija
do pocetka travnja 2020.) su:

- antivirusni lijekovi kao analog guanina favipiravir,
inhibitor RNK polimeraze; kombinacija lopina-
vira i ritonavira, inhibitor proteaze koji se koristi
u HIV-1 infekciji; analog adenina remdesivir, in-
hibitor virusne RNK polimeraze, koji je pokazao
znacajni antivirusni uc¢inak u terapiji Ebola infek-
cije (5), i najbolje rezultate u dosadasnjim klinic-
kim ispitivanjima SARS-CoV-2 infekcije (6)

- klorokin, takoder s odredenim antivirusnim ucin-
kom (7)

- razliciti antibiotici za sekundarne bakterijske in-
fekcije, te

- anticitokinski lijekovi kao tocilizumab, koji bloki-
ra receptore interleukina - 6 (IL-6) i time snaznu
inflamatornu reakciju koja se pojavljuje u teskim
oblicima COVID-19 infekcije (8).

Klorokin je 4-aminokinolin koji je “u uvjetima in vi-
tro” pokazao antivirusni u¢inak na veci broj RNA (15),
ali i neke DNA viruse (2); to, medutim, nije defini-
tivno potvrdeno u brojnim klini¢kim ispitivanjima,
vjerojatno zbog slozene farmakodinamike klorokina i
pitanja koncentracije lijeka koja bi bila odgovarajuca
onoj “u uvjetima in vitro” (9). I u slu¢aju SARS-CoV-2
virusne infekcije neka su “u uvjetima in vitro” klinicka
ispitivanja pokazala dobar klini¢ki odgovor na kloro-
kin (10,11). Danas je $irom svijeta registrirano vise
od 80 klinic¢kih ispitivanja klorokina (klorokin fosfata
i hidroksiklorokina), sa ili bez drugih lijekova, $to bi
nakon dobro planiranih i kontroliranih randomizi-
ranih studija moglo dovesti do kona¢nog zakljucka o
antivirusnoj uc¢inkovitosti klorokina.

Pocetne studije u COVID-19 bolesnika u kojih je dos-
lo do razvoja akutnog respiratornog distres sindroma
(ARDS), kao i patoanatomske studije u umrlih bole-
snika pokazale su imunoloski poremecaj u smislu hi-
peraktivacije humoralne imunosti preko proinflama-
tornog citokina IL-6 i hiperaktivacije citotoksi¢nog
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T-stani¢nog odgovora (12,13). Jedna je sistematska
meta-analiza pokazala dobar u¢inak blokade IL-6 re-
ceptora i time hiperaktivne imunoloske reakcije, tzv.
citokinske oluje, ciljanim monoklonskim antitijelom
tocilizumabom (14).

U ovom radu prikazujemo rezultate retrospektivnog,
nekontroliranog i nekomparativnog ispitivanja u bole-
snika s COVID-19 infekcijom lijecenih klorokinom, s
antibiotikom ili bez njega.

METODE
Bolesnici i dijagnostika

Od 85 osoba s pozitivnim nalazom na SARS-CoV-2
RNA metodom polimerazne lan¢ane reakcije u real-
nom vremenu (RT-PCR, real-time polymerase chain
reaction) u istodobno uzetim brisevima nazofarinksa
i zdrijela na osnovi anamneze i klinickih simptoma
i znakova bolesti hospitaliziran je 31 bolesnik; jedan
asimptomatski bolesnik primljen je zbog potrebe neu-
rokirur$kog zahvata. Medu SARS-CoV-2 pozitivnima
bilo je 5 djece od 4 do 11 godina (nijedno dijete nije
hospitalizirano).

Klinicka klasifikacija i pracenje

Od bolesnika su uzeti anamnesticki podatci o pojavi
simptoma bolesti, rizi¢nim ¢imbenicima infekcije, kao
i podatci o kroni¢nim bolestima. Prema tezini infekeci-
je bolesnici su pripadali svim 5 skupinama: asimpto-
matski, laksi, umjereni, teski i kriti¢ni (15).

Uz rutinske laboratorijske nalaze (kompletna krvna
slika, diferencijalna krvna slika, C-reaktivni prote-
in, prokalcitonin, GUK, D-dimer, aminotransferaze i
druge), u slucaju progresije bolesti koristena je i kon-
centracija interleukina-6 (IL-6).

U svih je bolesnika uc¢injen rendgenski (RTG) pregled
pluca, a u manjeg broja (uglavnom teskih bolesnika) i
CT (kompjutorizirana tomografija) pluca.

Lijecenje

Bolesnici su u pocetku lije¢eni ve¢inom (27) kloro-
kinom ili kombinacijom klorokina i doksiciklina (u
bolesnika s pneumonijom), a u manjeg je broja (3) po-
Cetna terapija bila kombinacija lopinavir/ritonavir (3,
tj. 10 %); jedan bolesnik s asimptomskom infekcijom
nije lijecen.

Lijecenje klorokin fosfatom (peroralno): bolesnici su
dobivali 2x500 mg do 10 dana (22 bolesnika) ili 1500
mg prvi dan i dalje 1000 mg/dan jo$ 4 dana (5 bolesni-
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ka), s doksiciklinom ili bez njega, ovisno o radiolos-
kom dokazu pneumonije. Ni u jednog bolesnika nisu
zabiljezene kontraindikacije za terapiju (npr. sréana,
dekompenzacija, terminalna renalna insuficijencija,
anemija, hipoglikemija...).

U troje bolesnika koristena je kombinacija lopinavir/
ritonavir, u dvoje s blazom infekcijom, i u treceg s tes-
kom infekcijom i kontraindikacijom za terapiju s klo-
rokinom (teza kardiomiopatija).

U pet bolesnika s brzom progresijom pneumonije i
razvojem respiratorne insuficijencije koristena je uz
klorokin i kombinacija teikoplanina i beta-laktama
(penema), a u troje od njih (prije nastanka akutnog
respiratornog distres sindroma, ARDS-a) koristena je
i terapija anti-IL-6 monoklonskim antitijelom (tocili-
zumab).

Kriteriji kod otpusta

Kriteriji za otpust iz bolnice bili su uz klinicko pobolj-
$anje i nalaz 2 RT-PCR negativna brisa nazofarinksa
na SARS-CoV-2 RNK u razmaku od 48 sati.

REZULTATI

U razdoblju od 10. 3. do 9. 5. 2020. u zadarskoj zZu-
paniji u¢injena su 1983 testiranja na SARS-Cov-2 ko-
ronavirus, 85 osoba bilo je pozitivno, od kojih je 31
osoba hospitalizirana. Prosjecna dob hospitaliziranih
bolesnika bila je 62,7 godina (od 20 do 87 godina), po-
djednako muskog i zenskog spola (51,6 %/48,4 %), sta-
rijih od 65 godina 41,9 %, a od komorbiditeta rizi¢nih
za teze oblike infekcije najc¢esce se radilo o hipertenziji
(48,4 %) (tablica 1).

Tablica 1
Demografska obiljezja i komorbiditeti hospitaliziranih
COVID-19 bolesnika (N=31)

Obiljezje Broj (%)

Dob

Prosjecna 62,7 godina

Raspon (min-maks) 20-87 godina

>65 godina 13(41,9)
Spol

Muski 16 (51,6)

Zenski 15 (48,4)
Komorbiditeti

Arterijska hipertenzija 15 (48,4)

Dijabetes 3(9,6)

Kardiomiopatija 3(9,6)

Astma 2 (6,6)

Ostalo* 9(29,0)

*Hipotireoza, demencija, gastritis, reumatoidni artritis, aortna stenoza

U odnosu na tezinu bolesti, najcesce se radilo o umje-
reno teskim klini¢kim oblicima (51,6 %) s radioloski
dokazanim pneumonijama, a jedna osoba je primljena
bez simptoma infekcije (zbog potrebe neurokirurskog
zahvata). Najce$ci simptomi bili su vrudica (73,3 %) i
kasalj (80,0 %), a anosmija je zabiljezena u 3 bolesni-
ka (10 %). Vecina bolesnika zaprimljena je u prvom
tjednu bolesti (24, tj. 80 %). Hipoksemija s potrebom
terapije kisikom zabiljezena je u 19 (61,3 %) bolesnika
(tablica 2).

Tablica 2.
Klini¢ka obiljezja hospitaliziranih COVID-19 bolesnika
(N=31)
Obiljezje N (%)

Klinicki oblici bolesti

Asimptomski 1(3,2)

Blagi 8(25,8)

Umijereni 16 (51,6)

Teski 132

Kriticni 5(16,1)
Simptomi

Vrucica 22 (78,3)

Kagalj 24 (80,0)

Umor 15 (30,0)

Mialgija 8 (26,6)

Kratki dah 8 (26,6)

Anosmija 3(10,0
RDG plucéa

Pneumonija prisutna 19 (61,3)

Pneumonija odsutna 12 (38,7)
Terapija kisikom 19 (61,3)
PremjeSteni u JIL 5(16,1)

Od laboratorijskih nalaza kod prijma leukopenija je
zabiljezena u 4 (12,9 %) bolesnika, limfopenija u 7
(22,6 %), povisene vrijednosti CRP u 25 (80,6 %) bole-
snika i poviSene vrijednosti D-dimera u 8 (25,8 %) bo-
lesnika; u jednog kriti¢no teskog bolesnika zabiljezene
su izrazito povi$ene vrijednosti IL-6.

Prosje¢no trajanje hospitalizacije bilo je 12,4 dana, a
samo u jednog bolesnika (3,2 %) dogodio se smrtni is-
hod (bolesnik u dobi od 88 godina s teSkom kardiomi-
opatijom i pocCetnom terapijom lopinavir/ritonavir).
Potreba za drugom antibiotskim terapiju zbog pro-
gresije pneumonije zabiljezena je u 5 bolesnika (16,1
%) i kod njih je koriStena kombinacija teikoplanina i
beta-laktama. U troje kriti¢nih bolesnika s brzom pro-
gresijom pneumonije (sl. 1-3) i razvojem respiratorne
insuficijencije, koji su premjesteni u Jedinicu intenziv-
nog lijec¢enje (JIL ) na mehanicku ventilaciju, koristen
je tocilizumab s vrlo dobrim ishodom u sve trojice (ta-
blica 3). Nisu zabiljezene znacajnije nuzpojave ni kod
primjene klorokina, ni tocilizumaba.
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SL 1. A-MSCT toraksa: posterobazalnim podrucjima do-
njih plucnih reznjeva prisutni su subpleuralni konsolidati
(oznaceno). B-Zone Cistog “zrnatog stakla” (oznaceno) duz
ostatnih dijelova donjih i gornjih plucnih reznjeva obostrano.

A

SUBPLEURALNE
KONSOLIDAC,

SL. 2. A- MSCT toraksa: subpleuralni, multilobularni,
konsolidati desno (oznaceno). B-Konsolidacija ss zracnim
bronhogramom u donjem plu¢nom reznju lijevo(oznaceno).

SL. 3. MSCT toraksa: organizirajuca pneumonija
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Tablica 3.
Terapija i ishod u hospitaliziranih COVID-19 bolesnika
(N=31)
Obiljezje N (%)
Pocetak terapije u odnosu na prve simptome bolesti
Dan1-3 11 (36,6)
Dan 4-7 13 (43,3)
Dan >7 6 (20,0)
Duljina hospitalizacije
Median 12,4
Raspon (min-maks) 2-42
Otpusteni 30 (96,7)
Umrli 1(3,2)
Pocetna terapija
Klorokin 8(25,8)
Klorokin/doksiciklin 19 (61,3)
Lopinavir/ritonavir 3(9,6)
Drugi antibiotici
Teikoplanin/Imipenem 5(16,1)
Ceftriakson 2(6,4)
Koamoksiklav 1(3,2)
Diflukan 4(12,9)
Ciprofloksacin 1(3,2)
Druga terapija
Tocilizumab 3(9,6)
RASPRAVA I ZAKLJUCCI

Sli¢no nekim drugim studijama (16,17), i u nasoj se-
riji bolesnika se ve¢inom radilo o blazim i umjerenim
oblicima bolesti (tablica 2). Prosje¢no vrijeme od po-
Cetka simptoma do prijma i pocetka terapije bilo je u
vecine bolesnika unutar prvog tjedna bolesti, a s obzi-
rom da se radilo uglavnom o blazim i umjereno tes-
kim oblicima bolesti glavni je cilj terapije bio izbjeci
progresiju u teze oblike.

Rendgenski se u nasih bolesnika s pneumonijom ve-
¢inom radilo o obostranoj pneumoniji, $to je ¢esée u
tezim slucajevima (4,18). Pneumonija u nasih bole-
snika nije dokazana u viSe od tre¢ine bolesnika (38,7
%) bez obzira na respiratorne simptome u vecine, na
$to je takoder upozoreno u veéim serijama bolesnika
(19). Pokazalo se da je CT znatno senzitivnija pretraga
i zabiljezene su promjene ¢ak i u asimptomskih CO-
VID-19 bolesnika (20), mada i odsutnost CT promje-
na i u blazih i tezih bolesnika (14). Najces¢e promjene
su danas ve¢ dobro poznate i opisane (16), a videne su
i u nasih bolesnika (sl. 1-3) .

Klorokin je uz remdesivir lijek koji se najvise ispituje
od pocetka COVID-19 pandemije. Klorokin je 4-ami-
nokinolin koji je pokazao antivirusni uc¢inak u SARS-
CoV-1 infekciji (21). Taj se uc¢inak temelji na nekoliko
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mehanizama: povecanje endosomskog pH, inhibira-
judi na taj nadin fuziju SARS-Cov-2 virusa i stani¢ne
membrane (11); inhibicija glikozilacije angiotenzin
konvertiraju¢eg enzimskog (ACE 2) receptora inter-
ferirajudi tako s vezivanjem SARS-CoV-2 na stani¢ni
receptor (22); “u uvjetima in vitro” blokira transport
SARS-CoV-2 iz endosoma u endolizosom, §to je nuz-
no za oslobadanje virusnog genoma (23); posjeduje
imunomodulacijski u¢inak smanjujuéi produkciju
proinflamatornih citokina i/ili aktivirajuci anti-SARS-
CoV-2 CD8 T limfocite (9).

U slucajevima progresije pneumonije u smislu sekun-
darne bakterijske infekcije i pogorsanja klinickog sta-
nja u nasih je petero bolesnika koris$tena kombinacija
teikoplanina i beta laktama (penem). Ideja je bazirana
na mogucnosti teikoplanina da blokira aktivnost ka-
tepsina L (lizozomske endopeptidaze znacajne u po-
¢etnom procesu razgradnje proteina) i tako inhibira
daljnju invaziju stanica SARS-CoV-2 virusom (sli¢no
prethodnim rezultatima u in vitro ispitivanjima na vi-
rusima Ebole, SARS-CoV i MERS-CoV) (24).

Jedna veca studija pokazala je da u odredenog broja
bolesnika (3-29 %) dolazi do brze progresije bolesti i
pneumonije, nastanka ARDS-a, multiorganskog zata-
jivanja i smrti (3). Kako se prema iskustvu sa SARS-
CoV infekcijom klini¢ki tijek odvija u tri faze, prvoj
s visokom razinom virusne replikacije i simptomima
vrudice i kaslja, drugoj, nakon nekoliko dana s padom
virusnog titra i simptomima pneumonije i trecoj s
progresivnim padom virusnog titra ali razvojem AR-
DS-a u oko 20 % bolesnika, moglo se zakljuciti da se
radi o posljedici poremecenog imunoloskog odgovora
(10). Pokazalo se da u tim sluc¢ajevima dolazi do tzv.
citokinske oluje i oslobadanja visokih koncentracija
inflamatornih citokina kao faktora tumorske nekroze
(TNF), interleukina 2, 6, 10 i brojnih drugih (4). Ana-
lize u umrlih bolesnika pokazale su velike koli¢ine ci-
totoksi¢nih T limfocita i inflamatornih monocita (25).
Kako je kriti¢cna komponenta u toj reakciji IL-6, ve¢
prva klini¢ka ispitivanja u teskih i kriti¢cnih COVID-19
bolesnika tocilizumabom, humanim monoklonskim
antitijelom koji blokira receptore IL-6 pokazala su
moguénost umanjivanja ucinka citokinske oluje i time
i smrtnosti (9,15). I u nasa tri bolesnika koji su tera-
piju dobili u kriti¢noj fazi bolesti, ali s dobrim isho-
dom, pokazali smo jo$ jednu terapijsku moguénost u
odsutnosti specifi¢nog antivirusnog lijeka. Pra¢enjem
koncentracije IL-6 i drugih upalnih parametara u bo-
lesnika s progresijom bolesti za pretpostaviti je da bi
ranija primjena tocilizumaba dala jo$ bolje rezultate.

Zaklju¢no, i klorokin i tocilizumab pokazali su u ra-
zli¢itim fazama COVID-19 infekcije dobar ucinak i
mogu se preporuciti za danasnje terapijske protokole.
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SUMMARY
COVID-19: OUR FIRST TREATMENT EXPERIENCES
V. TERKES!, M. MOROVIC!, N. BIRKIC?, E. KARUC?, M. PERIC BESLIC' and A. TOLIC*

General Hospital Zadar, ' Department of Infectology, 2Department of Physical Medicine, Rehabilitation and
Rheumatology, *Department of Anaestesiology, Reanimatology and Intensive Medicine and *Department of
Clinical Radiology, Zadar, Croatia

Background: The sudden outbreak of coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) finds healthcare systems worldwide completely unprepared and all the attempts at treatment
remain at the level of clinical investigations or empiric treatments, and therefore there are different treatment outcomes.
Chloroquine, an old antimalarial drug and tocilizumab, the first marketed interleukin-6 blocking antibody belong to the drugs
that are in use in numerous randomized clinical trials today. The aim of this report is to present our first experiences with
these drugs in the treatment of COVID-19 infection. Methods: In the period from March 10 to May 9, 2020, 85 individuals
with real-time polymerase chain reaction (RT-PCR) positive findings of SARS-CoV-2 coronavirus were registered in the Zadar
County; 31 (36.5%) of them were hospitalized. Chloroquine was the initial treatment in 27 (87.1%) and a combination of
lopinavir/ritonavir in three (9.6%) subjects. Results: Five (16.1%) patients of those treated with chloroquine were admitted
to the intensive care unit because of progressive course of the disease and need for mechanical ventilation, while another
three (9.6%) patients received tocilizumab, with good clinical outcome. Conclusion: Our results suggest the need for early
inclusion of chloroquine in the treatment protocol for COVID-19 infection, and tocilizumab in the cases of severe form of the
infection to prevent the disease progression.

Key words: SARS-CoV-2, COVID-19, chloroquine, tocilizumab, antibiotics
134



Acta Med Croatica, 74 (2020) 135-144 Review

AGE AND SARS-COV2 INFECTION
SLAVICA DODIG!, IVANA CEPELAK! and IVAN PAVIC?

"University of Zagreb, Faculty of Pharmacy and Biochemistry, Department of Medical Biochemistry
and Hematology, Zagreb and *Zagreb Children’s Hospital, Department of Pulmonology, Allergology and
Immunology, Zagreb; School of Medicine University of Split, Split, Croatia

SARS-CoV-2 (Severe Acute Respiratory Syndrome Corona Virus 2), a novel virus of the beta coronavirus group RNA viruses, is
responsible for a zoonotic disease named COVID-19 (coronavirus disease from 2019). The main receptor through which the
virus enters the host cell is angiotensin-converting enzyme 2 (ACE2), known as a multifunctional protein. ACE2 expression
has been found in oral and nasal mucosa, lungs, adipose tissue, heart, brain, kidneys, vascular tissue, stomach, liver. Upon
entry of the virus into the target host cells, two processes are initiated, the host’s immune response and the inflammatory
cascade. As immune (innate and adaptive) and inflammatory responses change throughout life both qualitatively and
quantitatively, both processes are responsible for varying degrees of disease severity depending on the patient’s age.
Short-time experience with SARS-CoV-2 infection has shown that: (i) children and adolescents develop the disease with
mild symptoms, mainly on upper respiratory airways; (i) the disease has a more severe course in adult patients with
associated chronic diseases such as cardiovascular and renal diseases, chronic respiratory diseases, diabetes, etc.; and
(iii) the most severe, often fatal disease occurs in the elderly, due to more pronounced processes of immunosenescence

and inflamm-aging.

Key words: age, angiotensin-converting enzyme 2 (ACE2), coronaviruses, COVID-19, SARS-CoV-2
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INTRODUCTION

The beginning of 2020 was marked by the emergence
of the 2019 COVID-19 pandemic (Corona Virus
Disease from 2019) caused by the new corona virus,
SARS-CoV-2 (also known as new CoV, 2019-nCoV or
COVI-19), a name derived from the syndrome name,
i.e. Severe Acute Respiratory Syndrome, which first
appeared in China at the end of 2019 (1) and then
spread rapidly around the world. So far, the animal
from which the SARS-CoV-2 was transmitted to hu-
mans is not known yet with certainty. In addition to
the previously known MERS-CoV and SARS-CoV,
which can cause severe clinical presentation (Middle
East Respiratory Syndrome and Severe Acute Respi-
ratory Syndrome), four other human coronaviruses
(229E, NL63, OC43 and HKU1) have been shown to
cause infection only in the upper respiratory tract and

cause relatively minor symptoms. SARS-CoV-2 has
the ability to infect and actively reproduce in the up-
per respiratory tract.

In recent months, physicians and scientists have faced
new challenges regarding COVID-19 and are focused
on the investigation of a number of unknown charac-
teristics of the novel coronavirus (its ability to infect
and reproduce in the respiratory tract) (1), the recep-
tor through which it enters human cells, the immune
response and accompanying inflammation, new drugs
and vaccines (2). As with other pathogens, the outcome
of infection with SARS-CoV-2 depends on the amount
of virus exposure at the start of infection, and on the
innate and adaptive immune capabilities of the host, as
well as the ability to overcome inflammation. General-
ly, the immune response is conditioned by age, genetic
inheritance, and health condition of the host (3).
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Although COVID-19 initially appeared to be a disease
of the elderly and individuals whose immune system
is already compromised by various chronic diseases
and conditions, it was soon shown that middle-aged
persons, younger persons and some children can be
affected by this new viral disease.

The aim of this paper is to present literature data on
the relationship between age and outcome of SARS-
CoV-2 infection. In search of the review and scientific
papers on the PubMed free search engine, the follow-
ing key words were used: age, angiotensin-converting
enzyme 2 (ACE2), coronaviruses, COVID-19, SARS-
CoV-2. Articles published in English between 2003 and
May 2020 were included and selected according to the
relevance to the topic.

SARS-COV-2

Like other coronaviruses, SARS-CoV-2 belongs to the
betaCoV group of positive-sense single-stranded RNA
viruses (4, 5), diameter of approximately 60-140 nm,
having four major structural proteins: the spike (S),
membrane/matrix (M), small envelope (E) and nucle-
ocapsid (N) proteins, essential to produce a structur-
ally complete viral particle and for infection. Trimeric
S glycoprotein comprises two subunits, S1 and S2
subunits. The S1 subunit contains an amino-terminal
domain and a receptor-binding domain (RBD), which
binds to ACE2 on the surface of epithelial cells in the
lungs and other tissues. As the S glycoprotein through
its RBD interacts with human ACE2 as a receptor on
the target cell and mediates virus-cell fusion, it is re-
sponsible for viral entry into human cells (6). The S2
subunit comprises a fusion peptide region and two
heptad repeat regions, HR1 and HR2. According to the
research of other CoVs (7), the M protein defines the
shape of the viral envelope, binds to the S protein and
the host surface receptors, and therefore it improves
membrane fusion. In addition, M protein is involved
in virus replication, and is also important for virus an-
tigenicity (8). The N protein has multiple functions:
it allows virus replication, the host cellular response
to viral infection, and acts as an antagonist of inter-
feron alpha (IFN-a), a major effector cytokine in the
innate antiviral response (9). The majority of E pro-
tein is localized at the site of intracellular trafficking.
It seems that protein E participates in viral assembly,
intracellular trafficking and pathogenesis of the virus
infection (10). After SARS-CoV infection, B lympho-
cytes produce antibodies against these four structural
proteins crucial to the development of diagnostic tests
and vaccine (11).
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ANGIOTENSIN-CONVERTING ENZYME 2 AND
SARS-COV2 INFECTION

The monocarboxypeptidase ACE2 is a multifunction-
al protein that acts in several ways: (i) as an enzyme
it degrades angiotensin (Ang) 2 to biologically active
peptide Ang (1-7) in the renin-angiotensin system
(RAS); (ii) as a receptor for SARS-CoVs, it allows the
virus to penetrate the cells of various tissues (Figure 1);
(iii) as an acid transporter plays an essential role in the
absorption of amino acids in the kidney and gut; and
(iv) in the soluble form (sACE2) present in serum, it
degrades angiotensin Ang 2 to Ang (1-7) (12, 13). Al-
though Kuba et al. suppose that the function of ACE2
as a SARS-CoV receptor takes place independently of
its peptidase activity (12), this hypothesis needs to be
proven in the future. ACE2 expression has been found
in oral and nasal mucosa, lungs, adipose tissue, heart,
brain, kidneys, vascular tissue, stomach, liver (13-15).
Also, ACE2 is bound to peptides in circulation (both
maternal and fetal), renal tubular fluid, cerebrospinal
fluid, interstitial and bronchial fluid.

E Angiotensinogen
| ¥ ACE2
Angiotensin| ~——>  Angiotensin (1-9)

! v ACE2
| Angiotensin Il ——> Angiotensin (1-7)

PROTECTIVE DETRIMENTAL

i SARS-CoV-2

T

Extracellular ™

Ace2l L ACE2 |
Cytoplasm Viral entry,

ACE2 mediated protection lost

Hypertrophy

ROS generation

Anti-atrophy
Antihypertrophy

Anti-oxidant Inflammation
Anti-inflammation Fibrosis
Anti-fibrosis Vasoconstriction
Vasodilatation Apoptosis
Anti-apoptotic Thrombosis

Y Y
Respiratory tract, kidney, gut, heart, vessels, brain

Fig. 1. Protective effects of angiotensin-converting enzyme
2 (ACE2) and detrimental consequences after SARS-CoV-2
infection. (Adapted according to ref. 13)

Since ACE2 was discovered, attention has been fo-
cused mainly on its function and possible roles in hy-
pertension associated kidney and heart diseases and
in pregnancy, as well as in patients with diabetes (13).
However, the knowledge of ACE2 to date is still in-
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sufficient to comprehend fully all aspects of the action
of this enzyme, particularly regarding its role in the
infection with SARS-CoV-2 and all the consequences
of this infection, including the severity of COVID-19.
It is located on the outer membrane of epithelial cells
in the lungs (particularly in type 2 pneumocytes and
macrophages) (16). The entry of SARS-CoV-2 into
the cell takes place with the simultaneous activity of
ACE2 and other receptors (co-receptors), such as Mas
receptors and type II transmembrane serine protease
receptor (TMPRSS2) (13, 14). SARS-CoV employs the
TMPRSS?2 for S protein priming. It is not yet known
whether SARS-CoV-2 also employs both ACE2 and
TMPRSS2 for host cell entry (17). ACE2 associated
with the Mas receptor plays a beneficial role because
it reduces inflammation and prevents development
of fibrosis and pulmonary damage (13, 14). However,
when SARS-CoV-2 enters cells via ACE2 as a receptor
with consequent endocytosis, this beneficial effect will
be absent and detrimental consequences will occur in
the cells into which the virus has entered (Figure 1).
According to the previous research on SARS-CoV in-
fection, ACE2 has a dual function. It plays a critical
role in the entry of the virus into cells, and may also
be involved in post-infectious regulation (18). This
post-infection regulation is supported by data that the
expression of ACE2 increases 12 hours after infection,
that it continues to increase significantly for 24 hours
after infection, and that after 48 hours high expression
still persists (19). Recently, bioinformatics methodolo-
gy has enabled to identify not only ACE2 expression in
the lung, but also the potential protein-protein inter-
action network, which regulates the network between
ACE2 and inflammatory cytokines (19).

AGE-DEPENDENT EXPRESSION OF
ANGIOTENSIN-CONVERTING ENZYME 2

Studies in rat lung tissues have shown that ACE2 ex-
pression in younger animals is significantly higher
than in adult animals regardless of gender, and that in
older animals there is a weak decrease in ACE2 ex-
pression in comparison with young and adult animals
(20). These data would support the notion that ACE2
has a greater protective role, i.e. anti-atrophy, anti-ox-
idant, anti-inflammation, etc. in younger individuals,
as presented in Figure 1. Besides, in the lungs, ACE2
expression levels and immune signature enrichment
levels displayed positive correlation in older animals
and negative correlation in younger animals (20). Re-
search on ACE2 expression in lung tissue is currently
limited, and is being conducted in animal tissues. To
define the true role of ACE2 as a receptor for SARS-
CoV-2 in children, adults and elderly patients, further
research will be needed, presumably on cell cultures
as well.

INNATE AND ADAPTIVE IMMUNE RESPONSE
TO SARS-COV-2 VIRUS

SARS-CoV-2 first replicates rapidly in epithelial cells
of respiratory and enteric system. Once the virus en-
ters the host cells, both non-specific (cellular and hu-
moral) and specific (cellular and humoral) (21, 22)
immune mechanisms are activated, as well as the in-
flammatory cascade (3, 22). The first contact with the
pathogen leads to the activation of the mechanisms
of innate immunity, and the achievement of memory
via memory T helper lymphocytes, in order to initiate
specific immune response in re-contact with the same
pathogen. This response of the adaptive immune sys-
tem is particularly rapid (23).

Experience with SARS-CoV has shown that innate
immunity is crucial for successful defense against the
virus (24). It is not yet clear whether the immune/in-
flammatory response to SARS-CoV can be projected
onto SARS-CoV-2, but it can be assumed that there
is certain parallelism. The first reaction of the host af-
ter infection is to limit the spread of the virus in the
host cells. Dendritic cells, macrophages, IFN-a, innate
immune mediators, and the complement system are
involved in this first phase of viral replication control
(Figure 2). The proinflammatory reaction takes place
simultaneously because proinflammatory cytokines
are released from the infected cells, e.g., IL-6, TNF-a
and IFN-, which induce direct antiviral response and
modulate other mediators of innate and adaptive im-
munity (such as NK cells, CD8+ lymphocytes) and the
complement system (24, 25). Dendritic cells also act
as antigen presenting cells, followed by the activation
of naive T lymphocytes and subsequent activation of
CD4+ and CD8+ lymphocytes. CD8+ lymphocytes
stimulate the synthesis of IFN-y, which inhibits viral
replication directly. CD4+ lymphocytes are aimed at
stimulating the inflammatory response in the lungs
(hyperinflammation). Immunohistochemical analysis
of patients who died of COVID-19 revealed that de-
ceased patients had atrophy and necrosis of the spleen
and lymph node cells. In addition, lymphatic tissue
macrophages contained SARS-CoV-2 nucleoprotein
antigen and showed upregulation of IL-6, suggesting
that macrophages may contribute to viral spread, se-
vere inflammation, and activation-induced lympho-
cytic cell death during COVID-19 (26).

Upon activation, B lymphocytes are involved in the
immune response by synthesizing specific immu-
noglobulins directed against the S and N antigens of
CoV (27). Patients who manage to synthesize signifi-
cant amounts of antibodies have better outcome of the
infection (24).
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Fig. 2. Predicted immune response and inflammation during
SARS-CoV-2 infection.

Anti-N-IgM/IgG - IgM/IgG antibodies against viral N-antigen; Anti-S-
IgM/IgG - IgM/IgG antibodies against viral S-antigen; ACE2 - angion-
tensin converting enzyme 2; Bly — B lymphocytes; C3a — complement
component 3a; C5a - complement component 5a; CD4+ - CD4+ T
helper lymphocytes; CD8+ — CD8+ T helper lymphocytes; IFN - inter-
feron; Mas R — Mas receptor; TMPRSS2 - type II transmembrane ser-
ine protease receptor; TNF o - tumor necrosis factor o; TNF R - tumor
necrosis factor receptor; Y — antibody; black circle - cytokine

IMMUNITY FROM FETAL LIFE TO OLD AGE

It is generally known that the immune system develops
over lifetime. At birth, the immune system is relative-
ly immature. In general, neonatal immunity is weaker
than that of adults because of tissue leukopenia, cell
intrinsic hyporesponsiveness, and high values of ad-
enosine in extracellular fluids, and inhibitory mech-
anisms (28). Innate immunity is considered to play a
more dominant role in protecting against infection in
childhood than in adulthood. The complement system
represents the backbone of the innate immune system
(25). In infant serum, the concentration of comple-
ment components does not exceed 80% of the value
of adults, but some components may reach the value
in adults already after the first month of life (28). In
the first two decades, the immune system develops to
a certain degree of maturity, which is maintained in
adulthood, followed by a gradual decrease or weak-
ening of physiological functions, including those of
the immune system. Generally, in early adulthood,
the immune system successfully maintains its balance
against environmental antigens, suppresses inflamma-
tion, and heals visible and invisible damage to various
tissues (Figure 3). As age advances, the immune system
homeostasis becomes weaker, malignant and autoim-
mune diseases can occur due to environmental factors
in people with genetic predisposition (28). Decline of
the immune response is a consequence of impaired
innate and adaptive immunity function and increas-
ing immunosenescence, which is ultimately reflected
in reduced phagocytic function, decreased number of
macrophage precursors, neutrophil dysfunction, and
impaired function of B and T lymphocytes (23, 28-
30). In addition to immunosenescence, worsening of
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the clinical status of the elderly with COVID-19 is also
affected by systemic chronic inflammation, known as
senoinflammation (31). Due to senoinflammation, the
values of proinflammatory cytokines increase in the
elderly. In addition, the ability to synthesize specific
antibodies decreases.

Childhood Adulthood Old age
Development Homeostasis Decline Deterioration
Tolerance : Immunosenescence
Memory formation ~ 'mmunoregulation Cancer Inflammation
Immune response Control of infection  Autoimmunity Cancer
Trained immunity
2 ACE2, NK 1 ACE2, L NK L LACE2, L NK
1 lymphocytes B, T  lymphocytes B, T 4 & lymphocytes B, T
Symptoms 4

Fig. 3. Basic features of the immune response over lifetime.

After birth, the mechanisms of innate immunity play a major role. As
the child encounters different antigens, the mechanisms of acquired
immunity are increasingly emerging. In adulthood, a stable balance
of the immune system and exposure to numerous antigens is estab-
lished. The immune system is increasingly weakening with age, result-
ing in the onset of inflammation, malignant and autoimmune diseases.
COVID-19 symptoms worsen with patient age. (Adapted according to
ref. 22 and 28)

OUTCOMES OF SARS-COV-2 INFECTION
DEPENDING ON PATIENT AGE

Short-time experience with SARS-CoV-2 infection
has shown that the initial infectious dose of virus is
in correlation with more severe disease (32). Children
and adolescents are the healthiest segment of the en-
tire population and generally have mild symptoms of
SARS-CoV-2 infection, mainly on upper respirato-
ry airways. If a child with SARS-CoV-2 pneumonia
does not have another associated disease, COVID-19
prognosis is good (33). However, in rare cases, chil-
dren may have pneumonia or multisystem inflamma-
tory syndrome (MIS). The disease has a more severe
course in patients with associated chronic diseases
(cardiovascular diseases, diabetes, chronic respiratory
diseases, renal disease, coagulopathy, etc.). The most
severe form of the disease, often fatal, occurs in the
elderly, due to more pronounced immunosenescence
(3). From these observations, it can be concluded that
people of good general health have milder or mod-
erate symptoms of COVID-19, and that older people
have more severe symptoms than younger patients,
which can be interpreted with the functional capacity
of the immune system (Figure 3). In addition, children
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have higher expression of ACE2 than adults have and
are less susceptible to detrimental effects of virus than
older persons are. Moreover, due to low expression of
ACE2, elderly patients may have more severe COVID-
19 outcomes, especially those with multiple comor-
bidities (34, 35). Within the kidneys, ACE2 is mostly
localized in tubular epithelial cells and less in glomer-
ular epithelial cells and in renal vessels (36), where it
plays a key role in the RAS. Despite the higher levels
of ACE2 observed in renal epithelial cells than in lung
epithelial cells, the incidence of acute kidney injury in
COVID-19 is relatively low (29%), in contrast to 71%
incidence of severe lung injury. Renal damage could
result from pre-existing renal diseases in some adult
patients, and especially older patients (37).

Recent epidemiological studies involving more than
3,000 children have shown that the majority of patients
with proven SARS-CoV-2 infection were asymptomat-
ic or had mild and moderate symptoms of COVID-19,
and a 14-year-old boy died (38-40). The initial symp-
toms in children are fever and dry cough, and after the
disease begins to worsen, rhinitis, nasal congestion, fa-
tigue, headache, diarrhea and dyspnea can occur (41).
Several reasons could affect the diagnosis of illness in
children. These are less exposure of children to the
source of the infection, milder symptoms of the dis-
ease, sometimes the infection goes through even with-
out significant symptoms, thus laboratory testing for
the virus is less frequently performed in children (42).
Mild COVID-19 presentation in children might be
associated with higher expression of ACE2 and with
innate immune memory, i.e. trained immunity (im-
munological memory in innate immune pathways)
(35). It has also been hypothesized that SARS-CoV-2
infection is less common among children than adults
because of the lower maturity and function of ACE2
(38), resulting in a reduced possibility that such less
functional ACE2 can bind the virus and allow it en-
ter host cell. Differences in the immune systems be-
tween children and adults may be another reason why
children respond to SARS-CoV?2 infection differently
from adults. Furthermore, children are more up-to-
date with vaccination, which potentially may protect
them from other infections due to some non-specific
benefits of childhood vaccine (43).

Changes in the functional capacity of the immune sys-
tem over lifetime are reflected in the values of partic-
ular immune mediators, such as absolute cell counts
of B and T lymphocytes, T lymphocyte subsets in pe-
ripheral blood, as well as serum cytokine concentra-
tion (44, 45).

The number of NK cells decreases from infancy to
adulthood, but in the elderly, their number gradually
increases. In the elderly, the capacity of the antiviral

cytokine IFN-a decreases. The percentage of T lym-
phocytes increases from childhood to adulthood, but
decreases in the elderly. Regarding proinflammatory
cytokines, the concentration of IL-1, IL-6, IL-8 and
TNF-a has been shown to increase in old age in com-
parison to adults. At the same time, in the elderly, the
concentration of Th1 cytokines (IL-2, IFN-y) decreas-
es, and the concentration of Th2 cytokines (IL-4, IL-
10) increases (44, 45).

In the general population, about 80% of infected per-
sons have mild signs and symptoms (tiredness, fe-
ver, cough, loss of taste and smell, headache). Other
patients, i.e. those already suffering from a serious
chronic illness (hypertension, diabetes, cardiovascular
disease, chronic respiratory disease, and chronic renal
disease) and the elderly are at a high risk of developing
a severe form of the disease (acute respiratory distress
syndrome (ARDS), nausea, vomiting, diarrhea) with
possible lethal outcome (1, 46, 47). In individuals with
impaired immunity, SARS-CoV-2 will almost undis-
turbed cause massive destruction of target tissues, es-
pecially in the organs with ACE2 expression, such as
the lungs, intestines, and kidney. Due to inflammation
damaging, pneumonia is the main cause of life-threat-
ening respiratory disorders in the severe stage of the
disease.

Elderly patients with associated diseases, such as hy-
pertension, cardiovascular (arrhythmia) and cerebro-
vascular disease, chronic obstructive pulmonary dis-
ease (COPD), are at a high risk of death, with dyspnea
being a key symptom (48). The main predictors of
death are complications that occur in these patients,
such as acute cardiac injury and cardiac insufficiency,
arrhythmia, acute renal injury, ARDS, and bacterial
infection.

LABORATORY FINDINGS

The aim of laboratory diagnosis in patients with
SARS-CoV2 infection is to prove the presence of the
virus in biological samples (nasopharyngeal and oro-
pharyngeal swab or wash in outpatients and sputum
and/or endotracheal aspirate or bronchoalveolar la-
vage (BAL) in inpatients), to assess the patient’s gen-
eral health status of target organs, immune status, and
intensity of inflammation.

A. DETECTION OF SARS-COV-2

The gold standard for the detection of SARS-CoV-2
is the nucleic acid amplification testing (NAAT) by
real-time polymerase chain reaction (rtPCR) and fur-
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ther confirmed by next-generation sequencing (49).
A positive result establishes whether the individual is
currently infected with SARS-CoV-2.

B. MONITORING PATIENT HEALTH STATUS

Complete blood count (CBC), basic metabolic panel,
panels for assessment of cardiac and renal function,
coagulation tests, and indicators of inflammation are
determined to assess the general health of the patient
and screening for underlying diseases. Since children
generally do not have associated diseases, changes in
laboratory parameters are typical for viral infection.
Children with MIS may have lymphopenia, neutro-
philia, increased lactate dehydrogenase (LDH), C-re-
active protein (CRP), ferritin, fibrinogen, procalci-
tonin, D-dimer, IL-6 and decreased albumin values
(50, 51). It could be assumed that otherwise healthy
adults will have the same changes in laboratory find-
ings, except for those findings that relate to changes
caused by simultaneous damage to particular organs,
e.g., cardiac and renal damage (Table 1) (41, 52).

Non-specific hematologic and biochemical findings
depend on comorbidities and therefore on the severity
of the disease (53). Accordingly, risk factors for sever-
ity of COVID-19 in adults/elderly are lymphopenia,
neutrophilia, increased LDH, CRP and proinflamma-
tory cytokines (54). It has also been established that
older men who have heart damage and those with
higher LDH may have an increased risk of death from
COVID-19. In severe inflammatory state, inpatients
may have a number of coagulation abnormalities (i.e.
hypercoagulability) such as thrombocytosis, increased
prothrombin time, fibrinogen, D-dimer, factor VIII
(55).

Significant differences were found in laboratory find-
ings between the dead and survivors. Longitudinal
monitoring has shown that patients with worsening
CBC (lymphopenia, thrombocytopenia, monocytope-
nia, neutrophilia), coagulation (partial thromboplas-
tin time, D-dimer), increased biochemical parameters
(aspartate aminotransferase, urea), myocardial injury
markers (creatine kinase-MB, high sensitive tropo-
nin), inflammatory markers (CRP, IL-6), cellular im-
munity marker (CD4+), and bacterial infection mark-
er (procalcitonin) have an increased risk of death (48).
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Table 1.
Changes in common laboratory tests and their clinical
significance
LABORATORY FINDING POTENTIAL CLINICAL SIGNIFICANCE
Detection of SARS-CoV-2
Molecular diagnostics

SARS-CoV-2 (positive) Confirmed SARS-CoV-2 infection

Health assessment

Hematology

Leukocytes, | 1 or} ,S
Lymphocytes, |, $°
Neutrophils, 1 , $°
Monocytes, |, $°
MDW, 1 Severe viral infection/viral sepsis

Platelets, |, %° Consumption (disseminated)/coagulopathy

Reduced immune response to the virus
Reduced immune response to the virus
Secondary bacterial infection

Hemoglobin, | Possible anemia during acute infection

Coagulation

Prothrombin time, 1, $° Activation of coagulation and/or disseminated
coagulopathy

D-dimer, 1,8 Activation of coagulation and/or disseminated
coagulopathy

Biochemistry

LDH, 1,80 Pulmonary injury and/or multisystem damage

AST, 1, AALTT, S0 Hepatic failure and/or widespread organ

damage

Bilirubin, 1; Hepatic failure

Fibrinogen, |, *$ Hepatic failure

Albumin, |,$ Impaired liver function, secondary bacterial
infection, septic shock

Urates, 1,8 Renal injury, oxidative stress

Creatinine, urea, 1, 5? Renal injury
CK-MB, hs-troponin, 1,%%® | Cardiac injury; associated with higher mortality
pro-BNP, BNP, 1,4

Inflammation

Platelets, 1,
Fibrinogen, 1,
Acute phase proteins, 1

Inflammation, reactive thrombocytosis
Inflammation

Acute inflammation (<6 days)

C-reactive protein, 1, $° Viral infection; secondary bacterial infection
IL-6, IL-10, 1,8® Proportional to the severity of inflammation
Tumor necrosis factor-a, 1 | Proportional to the severity of inflammation
Procalcitonin, 1, $° Secondary bacterial infection and progression
of the severity

Ferritin, 1,8 Viral infection; secondary bacterial infection;
Immunity status

Natural killer cells, | Innate immunity; possible impaired cellular
immunity

T lymphocyte subsets, |, ® | Adaptive immunity; possible impaired cellular
immunity

B lymphocytes, | Adaptive immunity; possible impaired humoral
immunity

Specific IgM antibodies, 1
Specific IgG antibodies, |

Indicator of (acute) contact with SARS-CoV-2
Indicator of former contact with SARS-CoV-2

A - typical finding in adult/old patients; BNP - B-type natriuretic pep-
tide; AST - aspartate aminotransferase; ALT — alanine aminotransfer-
ase; CK-MB - creatine kinase-myocardial band; hs - high sensitive; D
- death risk; LDH - lactate dehydrogenase; MDW - monocyte volume
distribution width; S - proportional to the severity of inflammation;
SARS-CoV-2 - Severe Acute Respiratory Syndrome-CoronaVirus-2.
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C. DETECTION OF ANTIBODIES AGAINST
SARS-COV-2 ANTIGENS

About 10 days after the onset of symptoms, specific
IgM and IgG antibodies to N, E, M and S antigens of
SARS-CoV-2 can be detected in patient serum (56).
The maximum value of antibodies is reached in the
middle of the third week from the onset of the dis-
ease. After this time, the antibody values gradually de-
crease. IgM antibodies reach the lowest values about
five weeks after the onset of the disease and disappear
from the circulation in the seventh week after the on-
set of the disease. The decrease in IgG antibodies is
slower and begins about seven weeks after the onset
of symptoms (57). Compared to the PCR method, de-
termination of antibodies to N antigen has the highest
diagnostic sensitivity and to S antigen the greatest di-
agnostic specificity (56, 58).

FINAL REMARKS

At the time of writing this article, the scientific com-
munity has not reliably investigated all the charac-
teristics of SARS-CoV-2 and the host immune and
inflammatory response. Currently, there is very lim-
ited knowledge about the host immune response to
SARS-CoV-2 infection. For now, conclusions on how
the body copes with the virus are largely based on the
knowledge about previous coronaviruses.

The virus has been shown to have the ability to infect
the host, enter cells via ACE2, and actively reproduce
in the respiratory tract and primarily cause pneu-
monia. Children constitute a small fraction of indi-
viduals with COVID-19, and have a milder form of
the disease, probably due to higher ACE2 expression
than adults, successful action of mediators of innate
immunity (i.e. trained immunity) and higher number
of decisive lymphocytes in the first years of life. Fur-
ther research is needed to examine the true function
of ACE2 in SARS-CoV-2 infection.

Most healthy adults have mild symptoms. In patients
with comorbidities (hypertension, cardiovascular and
cerebrovascular disease, COPD), the virus will cause
more severe forms of the disease. Lymphopenia in
patients with severe disease occurs mainly due to a
decrease in the number of T lymphocytes. Elderly pa-
tients are at a risk of death, with worsening laboratory
findings that indicate cardiac and renal damage, severe
inflammation, and decreased immune function.

Explaining the mechanisms of immunosenescence
and inflamm-aging may help better understand not
only age-related disorders and diseases but also SARS-
CoV-2 infection. Attention has been paid to determin-

ing diagnostic sensitivity, specificity and predictive
value of certain biomarkers of inflammation, as well as
the possible biomarkers of senescence and aging.

Determination of anti-SARS-CoV-2 antibodies (IgM
and IgG classes) has no diagnostic value, but serves to
assess the host’s humoral response, to retrospectively
assess the individual’s exposure to the virus, and for
epidemiological purposes. In order for the serologic
test to precisely distinguish SARS-CoV-2 infection
from infection with other coronaviruses, future re-
search should examine cross-reactivity in antibody
binding to specific antigens of different viruses.
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SAZETAK
DOB I INFEKCIJA VIRUSOM SARS-COV-2
S. DODIG!, I. CEPELAK! i . PAVIC?

Sveuciliste u Zagrebu, Farmaceutsko-biokemijski fakultet Zavod za medicinsku biokemiju i hematologiju,
Zagreb i *Klinika za djecje bolesti Zagreb, Odjel za pulmologiju, alergologiju, imunologiju i reumatologiju,
Zagreb, Hrvatska

RSARS-CoV-2 (engl. Severe Acute Respiratory Syndrome Coronavirus 2), novi virus iz skupine RNA betakoronavirusa,
odgovoran je za zoonotsku bolest nazvanu COVID-19 (bolest uzrokovana koronavirusom iz 2019.). Glavni receptor pomocu
kojega virus ulazi u stanicu domacina je angiotenzin konvertirajuéi enzim 2 (ACE2), poznat kao multifunkcionalni protein.
Receptor ACE2 prisutan je u oralnoj i nosnoj sluznici, pluéima, masnom tkivu, srcu, mozgu, bubrezima, vaskularnom tkivu,
Zelucu, jetri. Nakon ulaska virusa u ciljne stanice domacina pokreéu se dva procesa, imunosni odgovor domacina i upalna
kaskada. Buduci da se imunosni (urodeni i ste¢eni) i upalni odgovori tijekom Zzivota mijenjaju u kvalitativnom i kvantita-
tivnom smislu, oba procesa su odgovorna za razli¢it stupanj ozbiljnosti bolesti, ovisno o pacijentovoj dobi. Kratkotrajno
iskustvo s infekcijom uzrokovanom virusom SARS-CoV-2 pokazalo je da: (i) djeca i adolescenti razvijaju bolest s blagim
simptomima, uglavnom na gornjim diSnim putevima; (ii) bolest ima tezi tijek u odraslih bolesnika s pridruzenim kroni¢nim
bolestima kao Sto su kardiovaskularne i bubrezne bolesti, kroni¢ne respiratorne bolesti, dijabetes i sl.; (iii) najtezi, ¢esto
fatalni oblik pojavljuje se u starijih osoba zbog izrazenijih procesa imunosenescencije i upale pri starenju.

Kljucne rijeci: starija dob, angiotenzin konvertiraju¢i enzim2 (ACE2), koronavirusi, COVID-19, SARS-CoV-2
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SERUM BIOMARKERS OF COLLAGEN TYPE I AND TYPE III
TURNOVER IN HEART FAILURE - THE NEED FOR REAPPRAISAL
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Cardiac extracellular matrix is a complex structure presented by a network of fibrillar collagen, fibronectin, laminin, fibrillin,
elastin, glycoproteins and proteoglycans. Myocardial fibrillar collagens (collagen type | and type Ill) are the main proteins
responsible for the structural integrity of the bordering cardiomyocytes. Increased accumulation of fibrillar collagen leading
to fibrosis has been reported in pathological cardiovascular conditions like heart failure. Amino-terminal and carboxy-
terminal propeptides of collagen type | and Ill are the two major collagen types playing a central role in this process.
Derived products from their turnover have been determined in serum of patients with heart failure. Collagen type | and Il
propeptides reflect collagen synthesis and degradation. Their use as biomarkers with prognostic or diagnostic aim is an
area of intensive studies. This review article summarizes the actual available literature data on serum markers of collagen
type | and Ill turnover in heart failure and discusses their potential as circulating indicators of cardiac fibrosis. The use of
collagen type | and lll peptides for diagnosis, prognosis and monitoring of heart failure is thoroughly discussed too.

Key words: collagen, biomarkers, heart failure, myocardial fibrosis
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HEART FAILURE to those with reduced LVEF [typically considered as
40%; HF with reduced EF (HFrEF)]. Patients with an
LVEF in the range of 40%-49% represent a ‘grey area,
which the European Society of Cardiology (ESC) now
defines as HFmrEF. Differentiation of patients with
HF based on LVEF is important due to different un-
derlying etiologies, demographics, comorbidities and
response to therapies (5).

Heart failure (HF) is a global health problem that af-
fects about 40 million people worldwide (1). Approxi-
mately 2% of adults have HF and in those over the age
of 65, it increases to 6%-10% (2). Above 75 years of
age, the rates are greater than 10% (3). Unfortunately,
morbidity rate is predicted to increase because of the
increased life span and risk factors such as hyperten-
sion, diabetes, dyslipidemia, and obesity (4). HF is the

leading cause of hospitalization in people older than
65. EXTRACELLULAR MATRIX ABNORMAL

CHANGES IN HEART FAILURE
The main terminology used to describe HF is histori-
cal and based on measurement of the left ventricular
ejection fraction (LVEF). HF comprises a wide range

Extracellular matrix (ECM) includes a network of
fibrillar collagen, basement membrane and proteo-

of patients, from those with normal LVEF [typically
considered as >50%; HF with preserved EF (HFpEF)]

glycans. Fibrillar collagens (collagen type I and type
III) ensure structural integrity of the boundary cells,
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thus ensuring structural stability. ECM is a dynamic,
metabolically active structure that plays an indepen-
dent and important role in the progression of multiple
vascular diseases. Increased accumulation of fibrillar
collagen, or fibrosis, has been observed in various
pathological conditions. Heart failure is a well-known
example of such an adverse accumulation of ECM,
raising myocardial stiffness and impairing heart con-
tractile behavior. According to the current knowledge,
the most certain collagen type I and III turnover bio-
markers with clinical and laboratory value are the fol-
lowing four: N-terminal propeptide of collagen type
I (PINP), N- terminal propeptide of collagen type III
(PIIINP), C-terminal propeptide of collagen type I
(PICP) and C-terminal telopeptide of collagen type I
(ICTP). All of them are collagen-derived peptides as
PINP and PICP reflect collagen type I synthesis, PII-
INP reflects collagen type III synthesis, while ICTP
shows collagen type I degradation.

It is well known that some cardiovascular diseases such
as hypertension, coronary artery disease, valvular dis-
ease, and arrhythmias often progresses to HE. An asso-
ciation between cardiac remodeling and development
of HF has been estimated (6). Cardiac remodeling is
defined as a group of molecular, cellular and intersti-
tial changes that manifest clinically as alterations in
the size, mass, geometry and function of the heart af-
ter a stressful stimulus. This process can be triggered
by ischemia (myocardial infarction) (7,8), inflamma-
tion (myocarditis), hemodynamic overload (workload
by volume or pressure) (9) and neurohormonal acti-
vation (10,11). Cardiac remodeling is considered to be
not only an adaptive event but also a maladaptive pro-
cess. In result, at first stage cellular changes occur in
heart structure such as myocyte hypertrophy, necro-
sis, apoptosis, followed by second stage of an increased
ECM deposition of fibrillar collagen, often described
by the term ‘myocardial fibrosis. It is associated with
accelerated collagen metabolism and impaired synthe-
sis and accumulation mainly of collagen type I and IIT
in myocardium (12-18). In later stages of remodeling,
heart function is inevitably impaired.

COLLAGEN TYPE I CHARACTERISTICS

Type I collagen is a fibrillar collagen and a major part
of the interstitial membrane structure. It is the most
prevalent type of collagen and a key structural com-
position of many tissues. It is found practically in all
structures involving connective tissue. Type I collagen
is the main structural protein of bone, skin, tendon,
ligaments, sclera, cornea, blood vessels, as well as an
important component of other tissues. It is collected in
fibers forming structural-mechanical scaffold (matrix)
of bones, skin, tendons, cornea, blood vessel walls, and
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other connective tissues. Heterotrimers of two al (I)
and one a2 (I) chains are the dominant isoform of type I
collagen. Homotrimers of three al (I) chains are found
in fetal tissues and some fibrous lesions (19). The ho-
motrimeric isoform is more resistant to cleavage than
collagenases, which may explain its accumulation and
functional role in tumors and fibrotic lesions (Fig. 1).

Type | procollagen molecule

/ﬁb\/ : Type | Collagen : :

N-terminal end of

type I procollagen T C-terminal end of
Type | procollagen
(PINP) (PICP)

C-terminal type | procollagen
telopeptide, usually
“cross-linked" with
pyridinoline
(ICTP)

Type-l collagen
2 and1 chains

Fig. 1. Collagen type I structure

PICP = collagen-derived peptide including the carboxy-terminal peptide
of procollagen type I formed on extracellular conversion of procollagen
type I into fibrillar collagen I; PINP = collagen-derived peptide including
the amino-terminal propeptide of collagen type I; ICTP = telopeptide of
collagen type I. Adapted from Gao L, Orth B Cucchiarini, M, Madry H.
Effects of solid acellular type-I/III collagen biomaterials on in vitro and
in vivo chondrogenesis of mesenchimal stem cells. Exp Rev Med Devices
2017; 14(9):717-32.

COLLAGEN TYPE III CHARACTERISTICS

Type III collagen is composed of one collagen a-chain,
unlike most other collagens. It is a homotrimer con-
taining three al (IIT) chains overlapped in a right triple
helix. Type III collagen is secreted by fibroblasts and
other types of mesenchymal cells, thus playing a major
role in different inflammatory pathological conditions
such as lung damage, liver diseases, renal fibrosis, and
vascular fibrosis. Both collagen type IIT and type I are
the main components of the ECM (20). Type III colla-
gen immunological biomarkers have been developed
and widely used for detection of fibrosis (Fig. 2).

'
—~ <\ —> << Il coll
X ROXTRIXTRIXT ol rnasen

| | .|
= T 1

5 280 Telopeptide
. i (non-spirial part)
N-terminal

end of

C-terminal
type il end o[f”
collagen type
(PIIINP) collagen
(PHiCP)

Fig. 2. Collagen type III structure
PIIINP = collagen-derived peptide including the amino-terminal propep-
tide of collagen type III arising on extracellular conversion of procollagen
III to fibrillar collagen III to fibrillar collagen III. Adapted from Gao L,
Orth B, Cucchiarini M, Madry H. Effects of solid acellular type-I/11I colla-
gen biomaterials on in vitro and in vivo chondrogenesis of mesenchimal
stem cdells. Exp Rev Med Devices 2017; 14(9) 717-32.
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CARDIAC FIBROSIS

Extracellular matrix is composed of fibrillar collagen
types I and III, fibronectin, laminin, fibrillin, elastin,
glycoproteins and proteoglycans; cardiac fibroblasts
are the primary source of these ECM proteins. Car-
diac fibroblasts also produce matrix metalloprotein-
ases (MMPs), as well as tissue inhibitors of MMPs
(TIMPs), which are ECM-regulatory proteins. MMPs
are proteases that degrade ECM proteins and TIMPs
can inhibit MMP function; their balanced equilibrium
is critical for ECM homeostasis.

Cardiac ECM is composed predominantly of collagen
type I (85%) and ITI (11%). Collagen type I and III are
synthesized by cardiac fibroblasts. They are the main
collagen-producing cells in the heart. Fibrillar colla-
gen is synthesized firstly as a procollagen, which is
split by specific proteinases in carboxy (C)- and amino
(N)-terminal propeptides.

The N-terminal propeptides of collagen type I or III
(PINP and PIIINP) and the C-terminal propeptides
(PICP and PIIICP) are used as markers of collagen
type I or III synthesis. After splitting of the propep-
tides, the triple helix chain will form big collagen fi-
bers with other collagen chains. During degradation
of these collagen fibers by collagenases (MMP-1, -8,
-13), telopeptides are formed. The big telopeptide un-
dergoes spontaneous denaturation in nonhelical de-
rivatives, which are completely degraded into inactive
fragments by interstitial gelatinases (MMP-2, -9). The
small telopeptide of collagen type I (ICTP, 12 kDa)
can be used as a marker of collagen type I degradation
(21).

Accumulation of fibrillar collagen, or fibrosis, is inten-
sified in heart failure. Early studies in the field of con-
gestive heart failure (CHF) clearly demonstrate that
extracellular degradation enzymes (MMPs) are found
in the myocardium of patients with CHF (22). Eval-
uation of cardiac collagen metabolism by biological
markers is a useful tool for monitoring cardiac tissue
remodeling and fibrosis, both in laboratory models
and in clinical studies (23). Along with increasing lev-
els of collagen synthesis markers, the results reported
from some studies suggest that collagen degradation is
slower in patients with CHF, leading to cardiac fibrosis
(19,20).

Fibrosis is a response of hyperactivity of cardiac fi-
broblasts that occurs in response to certain stressful
stimuli. As a result, recruitment and proliferation of
circulating bone marrow-derived cells infiltrate the
myocardium and transform into cardiac fibroblasts. It
has been reported in some studies that increased lev-
els of collagen synthesis biomarkers (PICP, PINP, PII-

INCP, PIIINP) and reduced serum levels of collagen
type I degradation biomarker (CITP) lead to collagen
deposition and fibrosis (24-26). These data show that
the balance between cardiac collagen synthesis and
degradation is disturbed in pathogenic conditions
(22,23). Patients with heart failure are an example of
impaired collagen turnover (27,28).

CIRCULATING SERUM COLLAGEN
BIOMARKERS AND HEART FAILURE

Several studies have been performed on collagen type
I and IIT metabolism so far. They show that their turn-
over is mainly regulated by N-terminal propeptide
of collagen type I (PINP), N- terminal propeptide of
collagen type III (PIIINP), C- terminal propeptide of
collagen type I (PICP) and C-terminal telopeptide of
collagen type I (ICTP). They are collagen-derived pep-
tides as PINP and PICP show collagen type I synthesis,
PITINP reflects collagen type III synthesis, while ICTP
marks collagen type I degradation (25,26).

N-terminal propeptide of collagen type II1I1 (PIIINP)

PITINP is a marker of collagen type III synthesis. Most
serum PIIINP is generated during the extracellular
conversion of procollagen type III to collagen type III
by the enzyme procollagen aminoterminal protein-
ase (29). Serum PIIINP concentration correlates with
the myocardial area fractions of their tissue analogs.
The increase in ECM turnover, which may partially
be derived from fibrosis in the myocardium, can be
measured in the serum of patients with dilated cardio-
myopathy, and has an impact on risk stratification and
prognosis (30). In addition, reduction in the extent of
collagen volume fraction in HF patients treated with
spironolactone is accompanied by reductions in se-
rum PIIINP (31) Serum PIIINP is associated with the
severity (43) and outcomes of HF of different causes
regardless of EF (32,33).

PITINP levels are elevated in all HF patients regard-
less of EE. There is a decreased survival rate in patients
with HFrEF, but the cutoff point is different, i.e. ac-
cording to Zannad et al. (33) PIIINP >3.85 ug/L, in
comparison with data of Klappacher et al. (30) PIIINP
>7 ug/L, with clarification that patients in the latter
study were all with dilated cardiomyopathy (33 idio-
pathic and 8 ischemic cases). Patients with HF, dilat-
ed and hypertrophic cardiomyopathy (DCM, HCM)
have significantly higher serum PIIINP levels than
healthy control subjects. Hypertensive patients with
HFpEF also have significantly higher serum PIIINP
concentrations than hypertensive patients with HFrEF
and HFmrEF (31). The survival rate decreases if the
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patient with HF (33,35) or with DCM (36) has an
elevated PIIINP level. The serum PIIINP concentra-
tion is also significantly higher in patients with acute
myocardial infarction and PIIINP >5 ug/L is an inde-
pendent predictor of cardiac death and in-hospital de-
velopment of CHF (37). There is only one study with
patients with HFmrEF (32) which reports a decreased
survival if PITINP >4.7 pg/L (Table 1).

Table 1.
Serum levels of PIIINP in patients with heart failure
Author Heart failure type Main findings
Alla et al. (23) HFrEF Increased PIINP levels

Barasch et al. (57) HFrEF vs. HFpEF | Associated with HFpEF

Decreased survival if PIINP

Cicoira et al. (35) HFmrEF 47 gl
Martos et al. (34) HFpEF Increased PIINP levels
Plakse] et al, (50) HE Increased levels in NYHA Ill +
IV class
Decreased survival if PIINP
Zannad et al. (33) HFrEF 5385 ng/L
Zile et al. (64) HF Increased PIINP levels
Kiappacher et al. (30) DCM Decreased survival if PIINP >7
Hg/L
Host et al. (37) HF Increased PIINP levels
Schwartzkopff ef 21(65) HE Independent predictors of

mortality
PIIINP showed strong negative
correlation with LV-strains

Michalski et al. (67) HFrEF vs. HFpEF

MESA (Multi-Ethnic Study

of Atherosclerosis) (67) HF Increased PIINP levels

NYHA = New York Heart Association; DCM = dilated cardiomyopathy;
HF = heart failure not defined by left ventricular ejection fraction (LVEF);
HFrEF = heart failure with reduced ejection fraction (LVEF <40%);
HFmrEF = heart failure with mid-range ejection fraction (LVEF 40%-
49%); HFpEF = heart failure with preserved ejection fraction; (LVEF
>50%)

N-terminal propeptide of collagen type I (PINP)

PINP is a marker of collagen type I synthesis. Procolla-
gen type I propeptides are derived from collagen type
I. This precursor contains a short signal sequence and
terminal extension peptides, amino-terminal propep-
tide (PINP) and carboxy-terminal propeptide (PICP).
These propeptide extensions are removed by specific
proteinases before the collagen molecules form. Both
propeptides can be found in the circulation and their
concentration reflects the synthesis rate of collagen
type I (38,39). In comparison with control subjects,
PINP is not significantly different in patients with
HCM (40), HF (41) and in hypertensive patients with
or without diastolic HF (34).
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C-terminal propeptide of collagen type I (PICP)

PICP is a marker of collagen type I synthesis. Serum
carboxy-terminal propeptide of procollagen type I
(PICP) is generated during the extracellular conversion
of procollagen type I into collagen type I by the enzyme
bone morphogenetic protein-1 or procollagen car-
boxy-terminal proteinase (42). A net release from heart
into the circulation has been reported in HF (43), sug-
gesting a cardiac origin of systemic PICP. Serum PICP
concentrations correlate with collagen volume fraction
(43-45) in HE. Results reported by of Lopez et al. (45)
show that PICP levels decrease in patients with hyper-
tensive heart failure with torasemide treatment. Serum
PICP is associated with HFrEF severity (46), and with
mortality in HFpEF (47) and HFrEF (48). Of interest,
the serum PICP-to-serum PIIINP ratio is related to
malignant ventricular arrhythmogenesis in HF (49).
Data show that PICP levels are significantly increased
in more studies with patients with HFpEF than HFrEF.
Higher serum PICP level is found in patients with HF
compared to control subjects, except for the studies
by Alla et al. (22) and Plaksej et al. (50). Serum PICP,
as well as coronary PICP, is positively correlated with
the myocardial collagen content (51,52). There is no
difference in serum PICP levels in patients with HCM
(53) and DCM (54) as compared to controls. There is
only one study including patients with HFmrEF, which
shows that an excess of cardiac collagen type I synthesis
and deposition may be involved in the enhancement of
myocardial fibrosis that accompanies development of
HF in hypertensive heart disease (43) (Table 2).

Table 2.
Serum levels of PICP in patients with heart failure
Author Heart failure type Main findings
Increased PICP levels in both
groups, patients with NYHA
Gonzalez et al. (45) HFPEF class Il to IV CHF treated with
torasemide vs. furosemide
Querejeta et al. (43) HFmrEF Increased PICP levels
Plaksej et al. (50) HF Non significant difference
Strong correlation between
Lopez et al. (51) HHD myocardial collagen content and
serum concentration of PICP
Martos et al. (34) HFpEF Increased PICP levels
Barasch et al. (57) HF Associated with HFpEF
Alla et al. (23) HFrEF Nonsignificant difference
Schwartzkopff et al.(65) HFmrEF Nonsignificant difference

NYHA = New York Heart Association; HHD = hypertensive heart di-
sease; HF = heart failure not defined by left ventricular ejection fracti-
on (LVEF); HFrEF = heart failure with reduced ejection fraction (LVEF
<40%); HFmrEF = heart failure with mid-range ejection fraction (LVEF
40%-49%); HFpEF = heart failure with preserved ejection fraction;
(LVEF 250%)



A. Nikolov, M. Tzekova, K. Kostov
Serum biomarkers of collagen type I and type III turnover in heart failure - the need of reappraisal
Acta Med Croatica, 74 (2020) 145-153

C-terminal telopeptide of collagen type I (ICTP)

ICTP is a marker of collagen type I degradation. Data
show that ICTP levels are elevated in both groups,
HFrEF and HFpEFE. Increased ICTP serum levels are
observed in patients with DCM and HCM too. Serum
ICTP is positively related with collagen content in the
myocardium (30) and it is a predictor of mortality if
>7.6 ug/L (55). In hypertensive patients with HE, se-
rum ICTP level is increased in NYHA class IV (50).
Barasch et al. (56) did not find an association between
ICTP and HFrEF and HFpEFE. In patients with acute
myocardial infarction, Manhenke et al. (57) demon-
strated that ICTP was an independent predictor of to-
tal and cardiovascular mortality.

Serum collagen type I telopeptide-to-serum matrix
metalloproteinase-1 ratio is a novel candidate marker
studied in the last two years. As collagen cross-linking
determines collagen fiber resistance to MMP degra-
dation, the higher the cross-linking of collagen type
I fibers, the lower is the cleavage of the peptide colla-
gen type I telopeptide (CITP) by the enzyme MMP-1.
Thus, the serum CITP-to-serum MMP-1 ratio is in-
versely correlated with myocardial collagen cross-link-
ing (58). The CITP-to-MMP-1 ratio is independently
associated with the risk of HF hospitalization (58). The
combination of low CITP-to-MMP-1 ratio and high
PICP identifies HF patients with the highest risk (59)
(Table 3).

Table 3.
Serum levels of ICTP in patients with heart failure
Author Heart failure type Main findings

Plaksej et al. (50) HF Increased ICTP levels in NYHA IV
Kitahara et al. (55) HFpEF E;’Tegt:?’e; ﬁgmdecreases vihen
Barasch et al (57) HF l:g:Eansomated with HFpEF or
Zile et al. (64) HFpEF Increased ICTP levels
Kiappacher et al. (30) DCM Lngc/rLeased mortality if ICTP >7.6
Schwartzkopff et al. (65) HFmrEF Increased ICTP levels
Batle et al 66) HE Increased ICTP levels and

increased risk of clinical event

MESA (Multi-Ethnic Study

of Atherosclerosis) (67) HF High levels of circulating ICTP

NYHA = New York Heart Association; DCM = dilated cardiomyopathy;
HF = heart failure not defined by left ventricular ejection fraction (LVEF);
HFrEF = heart failure with reduced ejection fraction (LVEF <40%);
HFmrEF = heart failure with mid-range ejection fraction (LVEF 40%-
49%); HFpEF = heart failure with preserved ejection fraction; (LVEF
>50%)

CONCLUSIONS AND PERSPECTIVES

Alteration of ECM structure and function may be the
key in revealing the mechanism of cardiac remodel-
ing. Impairment of the ECM network integrity disor-
ganizes and interrupts connections between myocar-
dial cells and blood vessels. This could later lead to
shifting of heart function. Fibrosis and overproduc-
tion of ECM proteins result in enhanced stiffness of
the myocardium wall, followed by systolic and diastol-
ic dysfunction.

The use of serum collagen-derived peptides (PINP,
PICP, PIIINP and ICTP) for collagen type I and III
turnover in heart failure is very promising. Poten-
tial routine clinical applications of serologic markers
of collagen metabolism can hopefully be introduced
soon. Despite this fact, there are some controversial
findings and limitations in the studies commented
here. Some important critical remarks make gaps in
evidence. That is why the following questions con-
cerning PINP, PICP, PIIINP and ICTP as indicators
for diagnosis, prognosis and development of heart
failure should to be taken into account:

o Changes in collagen turnover are likely to occur
at a very early stage of heart failure, even before
disease is clinically diagnosed. Can collagen bio-
markers be used to predict development and
prognosis of heart failure?

o Whether collagen metabolism markers give
enough information as lone indicators, or do we
need a combination model adding other cardio-
vascular markers, for example creatine phosphoki-
nase, troponin? Furthermore, is it more appropri-
ate to use an integrative model using combination
of serum markers and image test than using just
one of them for diagnosis, prognosis and monitor-
ing of heart failure?

o Analyzing the above mentioned studies, some dif-
ferences can be noted between the cutoft points
for detection of serum levels of collagen turnover
markers in HF according to the EE.

o In hypertensive patients with heart failure, se-
rum collagen type I telopeptide-to-serum matrix
metalloproteinase-1 ratio (ICTP/MMP-1) is in-
dependently associated with the risk of HF hospi-
talization (58). The combination of low CITP-to-
MMP-1 ratio and high PICP identify HF patients
with the highest risk than ICTP alone (59). Not only
their absolute serum levels, but also the relationship
between their serum concentration ratios could
play a role in myocardial remodeling in HE. Prob-
ably the ratios between collagen marker and MMP
are a more accurate indicator than a marker alone.

o The underlying factor causing the heart failure
syndrome affects collagen biomarker turnover in
different ways. For example, hypertension is ac-
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companied by hypertrophy of cardiac myocytes
and increased stiffness of the ventricle wall, which
suggests an increase in collagen fibers. Patients
with hypertension have thus an increase in bio-
markers of the synthesis of collagen, such as PII-
INP and PICP.

Different characteristics of HF patients such as HF
treatment, comorbidities, age and body mass index
can influence the levels of collagen biomarkers.
Cardiac remodeling is a continuous process, while
most studies were cross-sectional and report the
levels of biomarkers only at one certain time point.
These biomarkers should, however, be determined at
various time points of the remodeling process. There
is a need for larger and longitudinal investigations.
Is a serum biomarker representative of the tissue
level? A method to correlate serum levels of the bio-
markers with cardiac remodeling is immunohisto-
chemistry and histology of cardiac biopsies, which
cannot be performed in cross-sectional studies. In
some studies, the association between serum bio-
markers and collagen content in the myocardium
was investigated and serum PICP concentration
was directly correlated with the fibrillar collagen
fraction of the myocardium (43,52), which suggests
that PICP is representative for cardiac collagen.
PITINP is also correlated with collagen type III and
collagen type I, which makes PIIINP less represen-
tative for collagen type III synthesis alone (32).
The propeptides can be incorporated in the net-
work of collagen fibers and not cleaved oft and
eliminated in the circulation. At this point, PINP
and PIINP underestimate partially collagen syn-
thesis. The elimination of the peptides occurs
through various pathways and is a variable pro-
cess, which can affect the concentration of the bio-
markers (60,61).

Testing for circulating biomarkers of myocardi-
al interstitial fibrosis presents several limitations.
They are not thoroughly cardiac-specific, and
changes in their concentrations may represent in-
tegrated abnormalities of the cardiovascular col-
lagen and/or influence of comorbidities affecting
collagen metabolism. Fibrosis also occurs in other
organs and it is possible that increased levels of
these biomarkers come not only from cardiac or-
igin but also from other diseased organs such as
bone, liver, kidneys and lungs. That is why in all
reported studies osteoporosis, renal failure and he-
patic fibrosis were used as exclusion criteria (62).
In most of the studies, patients were obviously
treated with standard HF pharmacotherapy. How-
ever, does the drug treatment affect the elimina-
tion of these propeptides by liver and kidneys and
does it interfere with the dynamic processes in
cardiac extracellular matrix?

REFERENCES

1. GBD 2015 Disease and Injury Incidence and Prevalence
Collaborators. Global, regional, and national incidence, preva-
lence, and years lived with disability for 310 diseases and inju-
ries, 1990-2015: a systematic analysis for the Global Burden of
Disease Study. Lancet 2015; 388: 10053.

2. Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJ,
Ponikowski P, Poole-Wilson PA. ESC Guidelines for the dia-
gnosis and treatment of acute and chronic heart failure 2008:
the Task Force for the Diagnosis and Treatment of Acute and
Chronic Heart Failure 2008 of the European Society of Car-
diology. Developed in collaboration with the Heart Failure
Association of the ESC (HFA) and endorsed by the European
Society of Intensive Care Medicine (ESICM). Eur Heart ] 2018;
29:2388-442.

3. Metra M, Teerlink JR. Heart failure. Lancet 2017; 390:
1981-95.

4. Mann DL, Chakinala M. Heart Failure and Cor Pulmo-
nale. Harrison’s Principles of Internal Medicine, 18" edn. New
York: McGraw-Hill, 2012.

5.2016 ESC Guidelines for the diagnosis and treatment of
acute and chronic heart failure. Eur Heart ] 2016; 37: 2129-200.

6. Cohn JN, Ferrari R, Sharpe N. Cardiac remodeling -
concepts and clinical implications: a consensus paper from an
international forum on cardiac remodeling. On behalf of the
International Forum on Cardiac Remodeling. ] Am Coll Car-
diol 2000; 35: 569-82.

7. Hockman JS, Bulkley BH. Expansion of acute myocardial
infarction: an experimental study. Circulation 1982; 65: 1446-
50.

8. Pfeffer MA, Braunwald E. Ventricular remodeling after
myocardial infarction: experimental observations and clinical
implications. Circulation 1990; 81: 1161-72.

9. Gaasch WH. Left ventricular radius to wall thickness ra-
tio. Am J Cardiol 1979; 43: 1189-94.

10. Sayer G, Bhat G. The renin-angiotensin-aldosterone
system and heart failure. Cardiol Clin 2014; 32: 21-32.

11. Florea VG, Cohn JN. The autonomic nervous system
and heart failure. Circ Res 2014; 114: 1815-26.

12.Tan LB, Jalil JE, Pick R et al. Cardiac myocyte necrosis
induced by angiotensin II. Circ Res 1991; 69: 1185-95.

13. Sharov VG, Sabbah HN, Shimoyama H et al. Evidence
of cardiocyte apoptosis in myocardium of dogs with chronic
heart failure. Am J Pathol 1996; 148: 141-9.

14. Teiger E, Dam TV, Richard L et al. Apoptosis in pressure
overload - induced heart hypertrophy in the rat. J Clin Invest
1996; 97: 2891-7.

15. Olivetti G, Abbi R, Quaini F et al. Apoptosis in the fai-
ling human heart. N Engl ] Med 1997; 336: 1131-41.

16. Villarreal FJ, Kim NN, Ungab GD et al. Identification
of functional angiotensin II receptors on rat cardiac fibroblasts.
Circulation 1993; 88: 2849-61.



A. Nikolov, M. Tzekova, K. Kostov
Serum biomarkers of collagen type I and type III turnover in heart failure - the need of reappraisal
Acta Med Croatica, 74 (2020) 145-153

17. Weber KT, Pick R, Silver MA et al. Fibrillar collagen and
remodeling of dilated canine left ventricle. Circulation 1990;
82:1387-401.

18. Anderson KR, Sutton MG, Lie JT. Histopathological
types of cardiac fibrosis in myocardial disease. ] Pathol 1978;
128: 79-85.

19. Henriksen K, Karsdal MA. Type I collagen. In: Bioc-
hemistry of Collagens, Laminins and Elastin. Academic Press,
2016, pp. 1-11.

20. Biochemistry of Collagens, Laminins and Elastin Stru-
cture, Function and Biomarkers, Biochemistry of Collagens,
Laminins and Elastin. Chapter 3: Type III Collagen. Academic
Press, 2016; pp. 21-30.

21. Eghbali M, Czaja MJ, Zeydel M et al. Collagen chain
mRNAs in isolated heart cells from young and adult rats. ] Mol
Cell Cardiol 1988; 20: 267-76.

22. Mann DL, Spinale FG. Activation of matrix metallopro-
teinases in the failing human heart breaking the tie that binds.
Circulation 1998; 98: 1699-702.

23. Alla F. Early changes in serum markers of cardiac extra-
cellular matrix turnover in patients with uncomplicated hyper-
tension and type II diabetes. Eur ] Heart Fail 2006; 8: 147-53.

24. Diez ], Querejeta R, Lopez B et al. Losartan-dependent
regression of myocardial fibrosis is associated with reduction of
left ventricular chamber stiffness in hypertensive patients. Cir-
culation 2002; 105: 2512-7.

25. Laviades C, Varo N, Fernandez | et al. Abnormalities
of the extracellular degradation of collagen type I in essential
hypertension. Circulation 1998; 98: 535-40.

26. Fan D, Takawale A, Lee J et al. Cardiac fibroblasts, fibro-
sis and extracellular matrix remodeling in heart disease. Fibro-
genesis Tissue Rep 2012; 5: 15.

27. Eghbali M. Cardiac fibroblasts: function, regulation of
gene expression, and phenotypic modulation. Basic Res Cardiol
1992; 87(Suppl 2): 183-9.

28. Moore L, Fan D, Basu R et al. Tissue inhibitor of me-
talloproteinases (TIMPs) in heart failure. Heart Fail Rev 2012;
17: 693-706.

29. Prockop DJ, Kivirikko KI. Collagens: molecular biology,
diseases, and potentials for therapy. Annu Rev Biochem 1995;
64: 403-34.

30. Klappacher G, Franzen P, Haab D et al. Measuring
extracellular matrix turnover in the serum of patients with idi-
opathic or ischemic dilated cardiomyopathy and impact on dia-
gnosis and prognosis. Am J Cardiol 1995;75: 913-8.

31. Izawa H, Murohara T, Nagata K et al. Mineralocorti-
coid receptor antagonism ameliorates left ventricular diastolic
dysfunction and myocardial fibrosis in mildly symptomatic
patients with idiopathic dilated cardiomyopathy: a pilot study.
Circulation 2005; 112: 2940-5.

32. Krum H, Elsik M, Schneider HG et al. Relation of perip-
heral collagen markers to death and hospitalization in patients
with heart failure and preserved ejection fraction: results of the
I-PRESERVE collagen substudy. Circ Heart Fail 2011; 4: 561-8.

33. Zannad F, Alla E Dousset B, Perez A, Pitt B. Limita-
tion of excessive extracellular matrix turnover may contribute
to survival benefit of spironolactone therapy in patients with
congestive heart failure: insights from the randomized aldacto-
ne evaluation study (RALES). RALES Investigators. Circulation
2000; 102: 2700-6.

34. Martos R, Baugh ], Ledwidge, M et al. Diastolic heart
failure: evidence of increased myocardial collagen turnover lin-
ked to diastolic dysfunction. Circulation 2007; 115: 888-95.

35. Cicoira M, Rossi A. Bonapace S et al. Independent and
additional prognostic value of aminoterminal propeptide of
type III procollagen circulating levels in patients with chronic
heart failure. J Card Fail 2004; 10: 403-11.

36. Sato Y, Kataoka K, Matsumori A et al. Measuring serum
aminoterminal type III procollagen peptide, 7S domain of type
IV collagen, and cardiac troponin T in patients with idiopathic
dilated cardiomyopathy and secondary cardiomyopathy. Heart
1997; 78: 505-8.

37. Poulsen SH, Host NB, Jensen SE, Egstrup K. Relati-
onship between serum amino-terminal propeptide of type III
procollagen and changes of left ventricular function after acute
myocardial infarction. Circulation 2000; 101: 1527-32.

38. Eastell R, Krege JH, Chen P et al. Development of an
algorithm for using PINP to monitor treatment of patients with
teriparatide. Curr Med Res Opin 2006; 22: 61-6.

39. Vasikaran S, Eastell R, Bruyere O et al.; IOF-IFCC Bone
Marker Standards Working Group. Markers of bone turnover
for the prediction of fracture risk and monitoring of osteopo-
rosis treatment: a need for international reference standards.
Osteoporos Int 2011; 22: 391-420.

40. Lombardi R, Betocchi S, Losi M et al. Myocardial colla-
gen turnover in hypertrophic cardiomyopathy. Circulation 200;
108: 1455-60.

41. Alla E, Kearney-Schwartz A, Radauceanu A et al. Early
changes in serum markers of cardiac extracellular matrix tur-
nover in patients with uncomplicated hypertension and type II
diabetes. Eur ] Heart Fail 2006; 8: 147-53.

42. Prockop DJ, Kivirikko KI. Collagens: molecular biology,
diseases, and potentials for therapy. Annu Rev Biochem 1995;
64: 403-34.

43. Querejeta R, Lopez B, Gonzalez A et al. Increased colla-
gen type I synthesis in patients with heart failure of hypertensi-
ve origin: relation to myocardial fibrosis. Circulation 2004; 110:
1263-8.

44. Lopez B, Querejeta R, Gonzélez A et al. Collagen cro-
ss-linking but not collagen amount associated with elevated fi-
lling pressures in hypertensive patients with stage C heart failure:
potential role of lysyl oxidase. Hypertension 2012; 60: 677-83.

45. Lopez B, Querejeta R, Gonzalez A et al. Effects of loop
diuretics on myocardial fibrosis and collagen type I turnover
in chronic heart failure. ] Am Coll Cardiol 2004; 43: 2028-35.

46. Lofsjogard ], Kahan T, Diez J et al. Biomarkers of colla-
gen type I metabolism are related to B type natriuretic peptide,
left ventricular size, and diastolic function in heart failure. J
Cardiovasc Med (Hagerstown) 2014; 15: 463-9.

151



A. Nikolov, M. Tzekova, K. Kostov
Serum biomarkers of collagen type I and type III turnover in heart failure - the need of reappraisal
Acta Med Croatica, 74 (2020) 145-153

47. Krum H, Elsik M, Schneider HG et al. Relation of perip-
heral collagen markers to death and hospitalization in patients
with heart failure and preserved ejection fraction: results of the
I-PRESERVE collagen substudy. Circ Heart Fail 2011; 4: 561-8.

48. Lofsjogard J, Kahan T, Diez ] et al. Usefulness of colla-
gen carboxy-terminal propeptide and telopeptide to predict
disturbances of long-term mortality in patients >60 years with
heart failure and reduced ejection fraction. Am J Cardiol 2017;
119: 2042-8.

49. Flevari P, Theodorakis G, Leftheriotis D et al. Serum
markers of deranged myocardial collagen turnover: their rela-
tion to malignant ventricular arrhythmias in cardioverter-de-
fibrillator recipients with heart failure. Am Heart J 2012; 164:
530-7.

50. Plaksej R, Kosmala W, Frantz, S et al. Relation of circu-
lating markers of fibrosis and progression of left and right ven-
tricular dysfunction in hypertensive patients with heart failure.
] Hypertens 2009; 27: 2483-91.

51. Querejeta R, Varo N, Lopez B ef al. Serum carboxy-ter-
minal propeptide of procollagen type I is a marker of myocar-
dial fibrosis in hypertensive heart failure. Circulation 2000; 101:
1729-33.

52. Lopez B, Querejeta, R, Gonzalez A et al. Effects of loop
diuretics on myocardial fibrosis and collagen type I turnover
in chronic heart failure. ] Am Coll Cardiol 2004; 43: 2028-35.

53. Lombardi R, Betocchi S, Losi MA et al. Myocardial
collagen turnover in hypertrophic cardiomyopathy. Circulation
2003; 108: 1455-60.

54. Schwartzkopff B, Fassbach M, Pelzer B, Brehm M,
Strauer E. Elevated serum markers of collagen degradation in
patients with mild to moderate dilated cardiomyopathy. Eur J
Heart Fail 2002; 4: 439-44.

55. Kitahara T, Takeishi, Y, Arimoto T et al. Serum car-
boxy-terminal telopeptide of type I collagen (ICTP) predicts
cardiac events in chronic heart failure patients with preserved
left ventricular systolic function. Circ J 2007; 71: 929-35.

56. Barasch E, Gottdiener JS, Aurigemma, G et al. Associa-
tion between elevated fibrosis markers and heart failure in the
elderly: the Cardiovascular Health Study. Circ Heart Fail 2009;
2:303-10.

57. Manhenke C, Orn S, Squire I ef al. The prognostic value
of circulating markers of collagen turnover after acute myocar-

152

dial infarction. Int J Cardiol 2011; 150: 277-82.

58. Lopez B, Ravassa S, Gonzalez A et al. Myocardial colla-
gen cross-linking is associated with heart failure hospitalization
in patients with hypertensive heart failure. ] Am Coll Cardiol
2016; 67: 251-60.

59. Ravassa S, Lopez B, Querejeta R et al. Phenotyping of
myocardial fibrosis in hypertensive patients with heart failure.
Influence on clinical outcome. ] Hypertens 2017; 35: 853-61.

60. Ristelli J, Ristelli I. Analysing connective tissue metabo-
lites in human serum. Biochemical, physiological and metho-
dological aspects. ] Hepatol 1995; 2: 77-81.

61. Cornelissen,VA, Fagard, R, Lijnen, P. Serum colla-
gen-derived peptides are unaffected by physical training in ol-
der sedentary subjects. ] Sci Med Sports 2010; 13: 424-8.

62. Lopez B, Gonzdlez A, Ravassa S et al. Circulating bio-
markers of myocardial fibrosis: the need for a reappraisal. ] Am
Coll Cardiol 2015; 65: 2449-56.

63. Lopez B, Querejeta R, Gonzalez A et al. Impact of tre-
atment on myocardial lysyl oxidase expression and collagen
cross-linking in patients with heart failure. Hypertension 2009;
53:236-42.

64. Zile MR, Desantis SM, Baicu CF et al. Plasma biomar-
kers that reflect determinants of matrix composition identify
the presence of left ventricular hypertrophy and diastolic heart
failure. Circ Heart Fail 2011; 4: 246-56.

65.Schwartzkopft B, Fssbach M, Pelzer B, Brehm M, Strauer
B. Elevated serum markers of collagen degradation in patients
with mild to moderate dilated cardiomyopathy. Eur j HeartFail
2002; 4. 439-44.

66. Michalski B, Trzcinski P, Kupczynska K et al. The diffe-
rences in the relationship between diastolic dysfunction, sele-
cted biomarkers and collagen turnover in heart failure patients
with preserved and reduced ejection fraction. Cardiol J 2017;
24: 35-42.

67. Burke G, Lima J, Wong ND, Narula J. The Multiethnic
Study of Atherosclerosis. Glob Heart 2016; 11: 267-8.

68. Batllea B, Campos M, Farreroc M, Cardonac B, Gon-
zalez B. Use of serum levels of high sensitivity troponin T, gale-
ctin-3 and C-terminal propeptide of type I procollagen at long
term follow-up in heart failure patients with reduced ejection
fraction: comparison with soluble AXL and BNP. Int J Cardiol
2016; 225: 113-9.



A. Nikolov, M. Tzekova, K. Kostov
Serum biomarkers of collagen type I and type III turnover in heart failure - the need of reappraisal
Acta Med Croatica, 74 (2020) 145-153

SAZETAK

SERUMSKI BIOMARKERI PRETVORBE KOLAGENA I TIII. KOD ZATAJENJA SRCA - POTREBA
PONOVNE PROCJENE

A.NIKOLOV', M. TZEKOVA? i K. KOSTOV?

'Radna skupina za istraZivanje sréanoZilnih bolesti, Zavod za znanstveno istraZivanje, Medicinski fakultet
u Plevenu, Pleven i *Sveucilisna bolnica Pleven, Druga kardioloska klinika, Odjel propedeutike u internoj
medicini, Medicinski fakultet u Plevenu, Pleven, Bugarska

Ekstracelularni matriks srca je slozena struktura koja se prikazuje kao mreza vlaknatog kolagena, fibronektina, laminina,
fibrilina, elastina, glikoproteina i proteoglikana. Vlaknati kolageni miokarda (kolagen tipa I. i tipa lll.) su glavni proteini o
kojima ovisi strukturni integritet graniénih kardiomiocita. Poveé¢ano nakupljanje vlaknatih kolagena koje dovodi do fibro-
ze opisano je u patoloskim kardiovaskularnim stanjima kao $to je zatajenje srca. Amino-terminalni i karboksi-terminalni
propeptidi kolagena tipa I. i lll. dva su glavna tipa kolagena koji imaju srediSnju ulogu u tom procesu. Produkti njihove
pretvorbe odredivani su u serumu bolesnika sa zatajenjem srca. Propetidi kolagena tipa I. i lll. odrazavaju sintezu i raspad
kolagena. Njihova upotreba kao biomarkera podrucje je intenzivnih studija sa svrhom prognoze ili dijagnoze. Ovaj pregledni
rad sazima danas raspolozive podatke iz literature o biljezima pretvorbe kolagena tipa . i lll. kod zatajenja srca i raspravlja
se o njihovom potencijalu kao cirkuliraju¢im pokazateljima fibroze srca. Raspravlja se i o primjeni peptida kolagena tipa l. i
lll. za dijagnozu, prognozu i praéenje zatajenja srca.

Kljucne rijeci: kolagen, biomarkeri, zatajenje srca, fibroza miokarda
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LIJECENJE MULTIPLE SKLEROZE LIJEKOM KLADRIBIN -
RETROSPEKTIVNA JEDNOGODISNJA ANALIZA U KLINICI ZA
NEUROLOGIJU KLINICKOG BOLNICKOG CENTRA SESTRE
MILOSRDNICE U ZAGREBU

NEVENA GRBIC!, MILJENKA-JELENA JURASIC!, LUCIJA ZADRO MATOVINA!, IRIS ZAVOREO,
IVANA HUSTIC! i VANJA BASIC KES!?3

'Klinicki bolnicki centar Sestre milosrdnice, Klinika za neurologiju, Referentni centar Ministarstva
zdravstva za neuroimunologiju i neurogenetiku, Zagreb, *Sveuciliste u Zagrebu, Stomatoloski fakultet,
Zagreb, *Sveuciliste Josipa Jurja Strossmayera u Osijeku, Medicinski fakultet, Osijek i *Sveuciliste u
Zagrebu, Kinezioloski fakultet, Zagreb, Hrvatska

Kladribin (Mavenclad®, Merck, Nizozemska) je lijek koji se primjenjuje u lije¢enju visoko aktivhog oblika multiple skleroze
(MS). Mehanizam djelovanja nije u potpunosti jasan, ali se smatra da lijek djeluje na funkciju DNA i mitohondrija ¢ime
dovodi do apopoptoze limfocita. Djelotvornost i sigurnost kladribina bile su procijenjene u randomiziranom, dvostruko
slijepom, placebom kontroliranom klini¢kom ispitivanju (studija CLARITY) te kasnijim istrazivanjima koja su proizasla iz tog
ispitivanja. U navedenom ispitivanju bolesnici s relapsno remitentnom multiplom sklerozom (RRMS) lije¢eni kladribinom
pokazali su statisticki zna¢ajno poboljSanje u godisnjoj stopi relapsa, udjelu bolesnika bez relapsa i udjelu bolesnika bez
postojane onesposobljenosti. Cilj ovog rada bio je analizirati bolesnike s MS-om koji su lije¢eni kladribinom na Klinici za
neurologiju Klinickog bolnickog centra Sestre milosrdnice u Zagrebu te usporediti rezultate s postoje¢im saznanjima o
lijeku. Retrospektivnom analizom u godini dana analizirali smo bolesnike kod kojih je bilo indicirano lije¢enje kladribinom.
Ukupno je kladribin primijenjen 15-orici bolesnika. Od toga je 46 % bolesnika prethodno bilo lije€eno imunomodulacijskom
terapijom prve linije, a 53 % bolesnika nije bilo lijeCeno takvom terapijom. Nakon godine dana, prije primjene drugog
ciklusa lijeka, za vrijeme pisanja ovog rada, kod 66 % bolesnika nije bilo relapsa. Ukupno je bilo 20 % nuspojava od kojih
su najcesce bile kozne reakcije. Analizom nase skupine bolesnika odreden dio rezultata odgovarao je rezultatima studije
CLARITY, a ostali podatci bili su priblizni rezultatima navedenog ispitivanja. Takoder, primjena lijeka protekla je uz maniji
dio nuspojava. Ipak, za detaljniju analizu potreban je veci broj bolesnika te se u buduénosti planiraju prikazati i navedeni
podatci.

Kljucne rije¢i: multipla skleroza, kladribin, lije€enje, iskustva

Adresa za dopisivanje: Nevena Grbi¢, dr. med.
Klinika za neurologiju
Klini¢ki bolni¢ki centar Sestre milostdnice
Vinogradska cesta 29
10 000 Zagreb, Hrvatska
E-posta: nevena.grbic1@gmail.com

UvOD cijenjene u randomiziranom, dvostruko slijepom,

placebom kontroliranom klinickom ispitivanju (stu-

Kladribin (Mavenclad®, Merck, Nizozemska) je lijek
koji je indiciran u lije¢enju bolesnika s visoko aktiv-
nim oblikom relapsno remitentne multiple skleroze
(RRMS). Mehanizam djelovanja lijeka nije u pot-
punosti razjasnjen, ali se smatra da djeluje na funkciju
DNA i mitohondrija ¢ime dovodi do apopoptoze lim-
focita (1). Indikacije i kriteriji Hrvatskog neuroloskog
drustva za primjenu kladribina navedene su u tablici
1 (2). Djelotvornost i sigurnost kladribina bile su pro-

dija CLARITY). Bolesnici s RRMS-om koji su primili
kladribin u dozi od 3,5 mg/kg pokazali su statisticki
znacajno poboljSanje u godi$njoj stopi relapsa, udje-
lu bolesnika bez relapsa, udjelu bolesnika bez posto-
jane onesposobljenosti tijekom 96 tjedana i vremenu
do 3-mjesecne progresije mjerene ljestvicom EDSS
(Extended Disability Status Scale). Takoder, bolesnici
lijec¢eni kladribinom pokazali su relativno smanjenje
broja T1 gadolinij pozitivnih (Gd+) lezija, aktivnih
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T2 lezija i kombiniranih jedinstvenih lezija na (MR)
magnetskoj rezonanci mozga i vratne kraljeznice. Na-
knadna analiza pokazala je 47 % smanjenje rizika od
progresije (3,4). S obzirom da lijek djeluje na smanjenje
limfocita vazno je pratiti razinu limfocita prije pocetka
lije¢enja u prvoj godini lijecenja, prije zapocinjanja li-
jecenja u drugoj godini lijeCenja te dva do $est mjeseci
nakon pocetka lije¢enja u svakoj godini lije¢enja. Lijek
je kontraindiciran u stanjima postojece imunosupresi-
je, aktivne kroni¢ne infekcije (tuberkuloza, hepatitis),
aktivne infekcije virusom humane imunodeficijencije
(HIV), aktivne zlo¢udne bolesti, umjerenog ili teskog
o$tecenja bubrega te u trudnodi (1).

Tablica 1.

Kriteriji za pocetak lijecenja imunomodulacijskom terapijom
druge linije kod lijecenja bolesnika sa RRMS prema
smjernicama Hrvatskog neuroloskog drustva.

Indikacije za pocetak lijecenja drugom linijom terapije (natalizumabom
/fingolimodom / alemtuzumabom/ kladribinom / okrelizumabom) kod
bolesnika s relapsno-remitirajuéom multiplom sklerozom:
1. Bolesnici kod kojih je bolest aktivna unato¢ prvoj liniji terapije:
a. >4 nove T2 lezije na MR-u nakon pocetka lijecenja lijekovima prve linije
ili
b. >2 relapsa nakon pocetka lijeCenja lijekovima prve linije
2. EDSS<7,0
3. Odsutnost trudnoce
4. Odobrenje bolnickog povjerenstva za lijekove

Jedan lijek druge linije terapije u drugi lijek druge linije terapije (natali-

zumab /fingolimod / alemtuzumab/ kladribin / okrelizumab) u bolesnika

s relapsno-remitirajuéom multiplom sklerozom se moze promijeniti na

indikaciju nadleznog neurologa, a u slucaju:

1. >1 relapsa nakon pocetka lijecenja lijekovima druge linije

2. Nepodnosljivih nuspojava lijecenja

3. U bolesnika lijecenih natalizumabom u slucaju visokog titra anti JCV
protutijela te poviSenog rizika razvoja progresivne multifokalne leukoence-
falopatije (PML)

Indikacije za pocetak lijecenja bolesnika s brzonapredujuéom multi-
plom sklerozom (natalizumabom / fingolimodom / alemtuzumabom/
kladribinom / okrelizumabom)

1. Bolesnici s teSkom brzo napredujuéom relapsno-remitirajuéom multiplom
sklerozom definiranom s 2 ili viSe onesposobljavajucih relapsa (motoricki
relaps, ataksija, mozdano deblo) u trajanju manje od jedne godine neovis-
no o trajanju bolesti i prethodnoj terapiji

2. EDSS < 7,0

3. Odsutnost trudnoce

4. Odobrenje bolnitkog povjerenstva za lijekove

(Preuzeto i modificirano prema: Smjernice Hrvatskog neuroloskog
drustva za lijeenje multiple skleroze. Dostupno na: https://neuro-hr.
org/Content/Documents/Kriteriji-za-lijecenje-RRMS-a-2018-002.
pdf).

CILJ

Cilj ovograda bio je retrospektivno, u razdoblju od
jedne godine, prikazati skupinu bolesnika s RRMS-om
koja je lijecena kladribinom na Klinici za neurologiju
Klini¢kog bolni¢kog centra Sestre milosrdnice te us-
porediti pokazatelje pracenja sa studijom CLARITY i
postojec¢im saznanjima o lijeku.
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METODE

Na Klinici za neurologiju Klinickog bolni¢kog centra
Sestre milosrdnice kladribin je prvi put primijenjen
u rujnu 2018. godine. Lijek je davan u dozi 3,5 mg/
kg prema individualnoj tjelesnoj tezini bolesnika pre-
ma odgovarajucoj shemi doze po danu. Obrada prije
primjene lijeka ukljucivala je: kompletnu krvnu sliku
(KKS), diferencijalnu krvnu sliku (DKS), enzime jetre-
ne funkcije, sediment urina, testiranje na hepatitis B i
C, test na John Cunningham virus (JCV), testove na
virus varicela zoster (VZV), kvantiferonski test, HIV
test, MR mozga i vratne kraljeznice. Pokazatelji koje
smo pratili ukljucivali su: dob, spol, prosje¢no vrijeme
od pojave simptoma do pocetka lije¢enja kladribinom,
prosjecno vrijeme od pojave dijagnoze do pocetka lije-
¢enja kladribinom, prosje¢an EDSS prije pocetka pri-
mjene lijeka, vrsta imunomodulatorne terapije prije
primjene kladribina, broj relapsa u godini dana prije
primjene lijeka, broj novih i gadolinij imbibirajucih le-
zija na MR-u mozga i vratne kraljeznice prije primjene
kladribina, radioloski ishod na MR-u nakon primjene
kladribina, klini¢ki ishod nakon primjene kladribina,
broj limfocita prije pocetne primjene lijeka, broj lim-
focita nakon dva i $est mjeseci nakon primjene lijeka
te vrste nuspojava.

REZULTATI

Od rujna 2018. do listopada 2019. godine kladribin
je primijenjen kod ukupno 15 bolesnika. Od toga su
kod 13 bolesnika (86 %) provedena dva ciklusa lije-
¢enja. Prosjecna dob bolesnika bila je 38,93 godina.
Lijek je primijenjen kod 66 % Zena i kod 33 % mus-
karaca. Prosje¢no vrijeme od pojave simptoma bilo je
8,53 godine, a od postavljanja dijagnoze 6,85 godina.
Prethodno je kod 46 % bolesnika primijenjena imuno-
modulacijska terapija prve linije, a kod 53 % bolesnika
kladribin je bio lijek prvog izbora zbog visoke aktivno-
sti bolesti. Prosjecan EDSS prije primjene lijeka bio je
2,8. Dvadeset i $est posto bolesnika je na prethodnoj
MR snimci mozga i vratne kraljeznice pokazalo ga-
dolinij imbibirajuce lezije, a prosjecan broj gadolinij
imbibiraju¢ih lezija bio je 1,06. Kod 73 % bolesnika
doslo je do pojave novih lezija (prosjecan broj novih
lezija 2,27). Sto se ti¢e klini¢kog ishoda nakon primje-
ne prvog ciklusa lijeka kod 46 % bolesnika nastupilo
je poboljsanje, kod 20 % stanje je bilo bez promjene, a
kod 6 % bolesnika doslo je do pogorsanja (tablica 2).
Od nuspojava najce$ce su bile prisutne kozne reakcije
(urtikarija) (tablica 3).
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Tablica 2.
Rezultati jednogodisnje analize bolesnika kod kojih je primi-
jenjen kladribin. (Rezultati su izraZeni brojem (n), postotci-
ma (%) i standardnom devijacijom (£)).

Prosjecna dob 38,93 (+8,35)
Spol (n, %)
o Zene 10/15 (66)
e Muskarci 5/15 (33)
Prosjecno vrijeme od pojave simptoma (godine) 8,53 (£7,45)
Prosje¢no vrijeme od postavljanja dijagnoze 6,85 (+7,58)
Prosje¢an EDSS prije pocetka primjene kladribina (n, %) 2,8 (+1,65)
e 0 1(6)
o 1 3(20)
e 15 0
o 2 3(20)
o 25 1(6)
e 3 1(6)
e 35 2(13)
o 4 0
e 45 2(13)
o >5 2(13)
Broj bolesnika kod kojih je prethodno primijenjena
. o S o 7/15 (46)
imunomodulacijska terapija (n, %)
e Interferon 2/15(13)
e Glatiramer acetat 4/15 (26)
e Dimetil fumarat 1/15 (6)
e Terinoflumid 1/15 (6)
Broi bolesnika bez prethodne imunomodulacijske terapije 8/15(53)
(n, %)
Prosjecan broj relapsa u godini prije primjene kladribina 1,87 (x0,62)
ﬁ]roi/!golesmka S novim lezijama prije primjene kladribina 1145 (73)
e Prosjecan broj novih lezija prije primjene
Kladribina 2,27 (x3,64)
Broj bolesnika s gadolinijem imbibirajuéim lezijama prije 416 26)
primjene kladribina (n, %)
o Prosjecan broj gadolinijem imbibirajucih lezija
prije primjene kladribina 1,06 (+2,56)
o Prosjecan broj gadolinijem imbibirajucih lezija 1(£1)
nakon primjene kladribina
Broj bolesnika kod kojih je proveden drugi ciklus (n, %) 13/15 (86)
KliniCki ishod prije primjene drugog ciklusa
e poboljanje 7/15 (46)
e stacionarno 3/15(20)
®  pogorSanje 1/15 (6)
. 0,06 (x0,25),
GodiSnja stopa relapsa 0=0,0

*kod jednog bolesnika primijenjena su dva lijeka prve linije

Tablica 3.
Prikaz nuspojava bolesnika lijecenih kladribinom.
(Rezultati su izraZeni izraZeni brojem (n), postotcima (%) i
standardnom devijacijom (+)).

Nuspojave n
Prosjecan broj svih nuspojava (n, %) 3/15 (20)
o Infekcije - herpes simpleks 1/15 (6)
o KoZne reakcije — urtike 2/15(13)
e QOstalo 0
. Elrgg:ie;;iiz ?1rgjglll|-r;1f00|ta prije primjene 1,96 (+0,99
o Prosjecan broj limfocita nakon 2 mjeseca 1,28 (0,54)
o Prosjecan broj limfocita nakon 6 mjeseci 1,20 (+0,49)

RASPRAVA

Nase rezultate odlucili smo usporediti s rezultatima
studije CLARITY kod skupine bolesnika koja je li-
je¢ena kladribinom u istoj dozi kao i nasi bolesnici.
Analizom nasih bolesnika utvrdili smo da je prosje¢na
dob bila 38,93 godine $to je nesto ve¢a dob u odnosu
na prosjecnu dob bolesnika u studiji CLARITY u kojoj
je prosjecna dob bila 37,9 godina. Sto se spolne distri-
bucije tice, analizom nase skupine bolesnika utvrdili
smo da ima ukupno 66 % Zena, $to takoder odgova-
ra rezultatima studije CLARITY gdje je bilo ukupno
68,8% zena. Prosjecno vrijeme od pojave simptoma
bilo je 8,3 godine, a u studiji CLARITY 7,9 godina. Sto
se prethodne imunomodulacijske terapije tice, kod 46
% bolesnika provedeno je prethodno lije¢enje imuno-
modulacijskom terapijom prve linije, dok je u studiji
CLARITY kod 26 % provedeno prethodno lije¢enje
imunomodulacijskom terapijom. Takoder, kod jednog
od nasih bolesnika prethodno je provedeno lije¢enje
s dva lijeka prve linije. Prosje¢an EDSS kod nase sku-
pine bolesnika bio je 2,8 kao i u studiji CLARITY s$to
ukazuje u prilog da smo dobro izabrali skupinu bole-
snika kod koje je bilo potrebno primijeniti ovaj lijek.
U nasoj skupini 26 % bolesnika pokazalo je gadolinij
imbibirajuce lezije na ranijoj MR snimci dok je pro-
sjecan broj lezija bio 1,06. U studiji CLARITY broj ga-
dolinij imbibirajucih lezija bio je nesto visi kod 31,9 %
bolesnika, a prosjecan broj lezija bio je 1,0. Kod 73 %
nasih bolesnika doslo je i do pojave novih lezija prije
lije¢enja kladribinom $to takoder ukazuje na aktivnost
osnovne bolesti tako da smo u podatke pracenja uklju-
¢ili i ovaj pokazatelj. Do sada, $to se klini¢kog isho-
da tice, kod jedne bolesnice (6 %) doslo je do pojave
jednog relapsa, i to 20 tjedana nakon prve primjene
lijeka. U studiji CLARITY do pojave relapsa doslo je
u nesto vecem postotku (15,9 %), ali nakon 96 tjedana
pracenja. Kod 66 % nasih bolesnika klini¢ki ishod bio
je bez promjene ili pobolj$anja stanja, $to je relativno
nize u odnosu na ispitivanje CLARITY koje je proma-
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tralo pokazatelj bolesnika bez relapsa ¢iji je postotak
bio je 79,7 %. Rezultati studije CLARITY pokazali su
smanjenje broja broja novih gadolinij imbibirajué¢ih
lezija nakon 96 tjedana (prosjecan broj 0,13). Zbog re-
trospektivne analize, a s obzirom na ogranic¢enost do-
stupnih MR snimki u sustavu, nasi rezultati prikazali
su u prosjeku jednu leziju, $to je nesto manje u odnosu
na MR nalaz prije primjene lijeka (prosje¢no 1,06 lezi-
ja). Trenutno je potreban veci broj snimki za detaljniju
analizu ovog pokazatelja. Sto se godisnje stope relapsa
tice u studiji CLARITY ona je iznosila 0,14, a u naSem
slucaju 0,06 $to je manje, ali povecanjem broja bole-
snika navedeni ¢e podatci biti bolje prikazani. Sto se
ti¢e nuspojava, zabiljezen je relativno nesto nizi posto-
tak (20 %) u odnosu na studiju CLARITY. U ispitiva-
nju CLARITY zabiljezeno je 80 % nuspojava. Najce-
$¢e nuspojave bile su glavobolja i limfopenija. U na$oj
skupini bolesnika najces¢e su bile urtikarije (13 %).
Kod jedne bolesnice zbog opsezne urtikarije i moguce
alergijske reakcije na lijek odluceno je primijeniti lijek
u sljede¢oj dozi uz individualnu procjenu doze klini¢-
kog farmakologa. Sto se limfopenije ti¢e kod nasih je
bolesnika primije¢eno opadanje vrijednosti limfocita,
ali jo$ uvijek se nije radilo o limfopeniji tre¢eg i cetvr-
tog stupnja.
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ZAKLJUCAK

Nasi rezultati lije¢enja kladribinom su u odnosu na
studiju CLARITY zadovoljavaju¢i. Najvise smo za-
dovoljni smanjenjem relapsa i smanjenjem progresije
bolesti te relativno malim brojem nuspojava. Takoder,
odlu¢ili smo u daljnje pracenje ukljuditi i same bole-
snike s ciljem da se jave nadleznom neurologu u slu-
¢aju sumnje na odredenu nuspojavu. Daljnjim prace-
njem planiramo detaljno pratiti bolesnike i dobivene
rezultate usporediti sa studijom CLARITY.
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SUMMARY

TREATMENT OF MULTIPLE SCLEROSIS WITH CLADRIBINE — A RETROSPECTIVE ONE-YEAR
ANALYSIS AT DEPARTMENT OF NEUROLOGY, SESTRE MILOSRDNICE UNIVERSITY HOSPITAL
CENTRE IN ZAGREB

N. GRBIC!, M. J. JURASIC!, L. ZADRO MATOVINA!, I. ZAVOREO"*, 1. HUSTIC' and V. BASIC KES"2?

!Sestre milosrdnice University Hospital Centre, Department of Neurology, Referral Centre for Neuroimmunology
and Neurogenetics of the Ministry of Health, Zagreb, *University of Zagreb, School of Dental Medicine, Zagreb,
*Josip Juraj Strossmayer University of Osijek, School of Medicine, Osijek, *University of Zagreb, Faculty of
Kinesiology, Zagreb, Croatia

Cladribine (Mavenclad®, Merck Europe, The Netherlands) is a drug used in patients with highly active multiple sclerosis
(MS). The exact mechanism is not known but it is considered that drug affects the function of DNA and mitochondria leading
to apoptosis of lymphocytes. The efficacy and safety of cladribine were evaluated in a randomized, double-blind, placebo-
controlled clinical trial (CLARITY study) and later on in studies resulting from this study. Patients with relapsing-remitting
MS (RRMS) who received cladribine had a statistically significant improvement in the annual rate of relapse, proportion of
relapse-free patients and proportion of patients without persistent disability. The aim of this study was to analyze MS patients
treated with cladribine at the Department of Neurology, Sestre milosrdnice University Hospital Centre and to compare the
results with the existing findings on the drug. This retrospective one-year analysis included patients eligible for cladribine
treatment. In total, cladribine was administered to 15 patients. Of these, 46% of patients had previously received first-line
immunomodulatory therapy and 53% of patients had not previously undergone immunomodulatory therapy. After one year,
before applying second drug cycle, there were no relapses in 66% of patients. In total, there were 20% of side effects, mostly
skin reactions. Analysis of data on our group of patients revealed that some of the results were consistent with the CLARITY
study, and certain data were approximate to this study. Also, drug administration was associated with a small proportion
of side effects. However, additional analysis in a greater patient sample is required, and we plan to extend this study and
provide new information in the future.

Key words: multiple sclerosis, cladribine, treatment, experience
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PREGNANCY - MISSED PREVENTION AND INTERVENTION
OPPORTUNITIES IN COMMUNITY HEALTH NURSING
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MARTINA SUNJ3, SLAVICA KOZINA! and ROSANDA MULIC!

"University of Split, School of Medicine, Department of Public Health, Split; “Primary Health Centre,
Split-Dalmatia County, Split and *Split University Hospital Centre, Split, Croatia

Attachment is a term used to describe a deep and lasting emotional relationship with another individual. It primarily
designates emotion between a mother and her baby, but it is also inherent to life-long human behavior. It is characterized
by a tendency to seek and maintain closeness with caring people in stressful situations. The feeling of safety that is
generated through the mother-child relationship is the foundation for basic trust or distrust in relationships, and also affects
children’s expectations concerning how the environment will respond to their needs. Development of attachment is to a
large extent determined by the mother’s responsiveness to the child’s needs, compatibility of the mother and her child,
the child’s temperament, the mother’s recollections of her childhood, and the supporting community. Good functioning
of families is of great importance to all family members, especially pregnant women. The health care system supports
pregnant women through the visiting nurse service that is in charge of preventive measures. Of all health professionals,
the community health nurse is the only one who, visiting the home and family environment of a pregnant woman, has
complete insight into the possible occurrence of risk factors for the development of maternal and child disorders. With
this intervention, we can act preventively in order to preserve physical, mental and social well-being. The aim of this study
was to determine discrepancy in the number of anticipated and performed preventive nursing visits to pregnant women
in Croatia. The situation was analyzed at county (regional) and national level. The authors used the information on the
health care of pregnant women, puerperal women and infants up to 12 months of age published in the Croatian Health
Statistics Yearbooks and in reports on the natural change in the population by the Croatian Bureau of Statistics between
1995 and 2018. Study results showed the rate of nursing visits to pregnant women and to infants up to 12 months of age,
as well as the difference in the number of nursing visits in the Republic of Croatia over a period of 23 years. During the
observed period, there was a significant drop in the total number of childbirths, as well as in the number of nursing visits
to pregnant women, and the trend has continued. During the observed period, a mean of 42.1% of women went through
their pregnancy without a single nursing visit, which means that an opportunity to provide such a vulnerable group with an
important segment of social and professional support was lost. The potential opened by drop in the number of pregnant
women to increase the scope of nursing visits to at least once per pregnancy, after the 16th week of pregnancy, remained
unused. The number of visits to newborns and women in the puerperal period was on the rise, while visits to infants were
oscillating with a slight downward trend. In conclusion, the opportunity created by drop in the number of pregnancies was
not utilized to improve the scope of community nurse visits to at least once in pregnancy after week 16. Community health
nursing for pregnant women failed to reach the desired health care standard.

Key words: visiting nurse, pregnant women, health care organization, Croatia
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INTRODUCTION through the visiting nurse service that is in charge

of implementing preventive measures. Of all health

Good functioning of families is of great importance professionals, the community health nurse is the only
to all family members, especially pregnant women. one who, visiting the home and family environment
The health care system supports pregnant women of a pregnant woman, has complete insight into the

161



1. Jeronc¢i¢ Tomi¢, N. Tomié, A. Rota Ceprnja, I. Uni¢, M. Sunj, S. Kozina, R.Muli¢
Pregnancy - missed prevention and intervention opportunities in community health nursing
Acta Med Croatica, 74 (2020) 161-168

possible occurrence of risk factors for development of
maternal and child disorders. With this intervention,
we can act preventively in order to preserve physical,
mental and social well-being.

Immediately after giving birth, a sensitive phase for
the mother, the newborn and the father begins; one
that is going to have a major impact on the relationship
that is later to be developed between the parents and
their children. During the first few hours of life, the
newborn is basically accepted and the mother-child
bond is created. Uninterrupted contact with the par-
ents, primarily between the mother and the child,
immediately after birth, has positive impact on the
psychological development of the child and his/her
social behavior. Bonding designates strong emotion-
al link that is developed between the mother and her
baby at childbirth (1). Bonding is continuation of the
connection that started developing during pregnancy.
Physical and chemical changes that occurred in the
pregnant woman’s body reminded the mother-to-be
of the presence of a new individual. Birth makes this
connection stronger and ‘real, while bonding enables
channeling of love to the baby. From the moment they
are born, children learn about the world around them
by observing their parents. Parents are the child’s most
important teachers. The baby’s first experiences in in-
teraction with his/her parents leave an impact on his/
her overall growth and development. The first senses
that babies rely on are touch and smell, which is why
skin-to-skin contact and breastfeeding are extremely
important for both the baby and the mother. Improv-
ing initial contacts will improve communication, and
thus humanization (2).

The need for attachment is a fundamental human
need. When displaying attachment behavior, the
child’s main objective is to be near the person that
makes him/her feel safe. Attachment development to-
wards a mother or primary care giver is a process that
starts shortly after birth and can be clearly identified
in six- to eight-month-old infants (3). It is a universal
pattern in human development, manifested different-
ly among various cultures (4). Children use attached
behavior to increase closeness to a potential caregiv-
er and to encourage positive reactions, increasing the
likelihood of getting help for a weak, dependent or
threatened child. Such behavior serves as a guarantee
that a ‘safe base’ will be found in the form of a reliable
individual whose love and attention they can rely on,
before going on to discover the wider environment.
Attachment is crucial for the child’s well-being and
his/her future development (5).

There are four main functions to attachment, i.e. it
provides a sense of safety and security, regulates affect
and excitement, promotes emotional expression and
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communication, and serves as grounds for research.
In the process, emotions act like signals. The presence
of the mother is psychologically as important for the
child as the mother’s milk (6). During the first sev-
eral weeks of life, the baby is learning about his/her
mother’s characteristics. Repetitive interactions help
it recognize his/her mother by her face, smile, touch
and voice. Attachment styles are to a significant de-
gree determined by the quality of care given to the
newborn. The mother’s sensitivity to the child’s needs,
how quickly and adequately the baby’s needs are met,
pampering and encouragement, all of these provide
emotional safety and stimulation, which are so im-
portant for normal development (7). In this manner,
the mother’s bonding with her newborn immediately
after birth eventually leads to good attachment.

Emotional warmth is especially important for human
development as emotions are the language of social-
ization. Development of attachment is to a large ex-
tent determined by the mother’s responsiveness to the
child’s needs, the compatibility of the mother and her
child, the child’s temperament, the mother’s recollec-
tions of her childhood, and the supporting communi-
ty (2). Any one of the elements that have an impact on
the early mother-child relationship can also be a dis-
turbing factor and lead to development of an insecure
(anxious) attachment style (2).

New mothers can be given informal support, wid-
er social support, professional care, but also support
provided by the family and the partner. Informational
support refers to providing the new mother with ad-
vice and guidance. Instrumental support is any tangi-
ble form of assistance given to new mothers, such as
material aid or assistance with tasks. Emotional sup-
port can be provided by expressions of care, empathy
and esteem for new mothers (8).

Well-functioning families and well-developed family
relationships are some of the most important com-
ponents of social support, which can take the form
of emotional or instrumental support. Being able to
efficiently address cultural, ecologic, psychosocial
and socio-economic stresses throughout the family’s
life cycle is what defines well-functioning families. It
is characterized by the ability of the family system to
satisfy the needs of its members throughout its devel-
opmental stages (Nursing Outcomes Classification,
NOC) (9).

According to the current program of measures, the
visiting nurse service in the Republic of Croatia should
implement one community nurse visit per pregnancy,
two visits to puerperal women and newborns, two vis-
its to newborns, one to preschool children, and at least
one visit to other children or the school (10,11). These
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are the foreseen standards, but implementation usual-
ly comes short of the set standards, which means that
the opportunity to implement preventive measures
and contribute to the health of future generations is
being missed (12-14).

METHODS

The number of nursing visits during pregnancy was
analyzed as a possible indicator of successful interven-
tions and compared with the total number of child-
births. The number of pregnant women who were
not visited at least once by community nurses while
pregnant was also calculated for each county (region)
of the Republic of Croatia and for the whole country.
Data published in the Croatian Health Statistics Year-

books and in reports on the natural population change
by the Croatian Bureau of Statistics between 1995 and
2018 were analyzed and are shown in tables and fig-
ures (15,16).

RESULTS

This study searched data on the medical intervention
that has a great potential to influence nursing out-
comes, but which has been unduly neglected in most
local communities in the Republic of Croatia, i.e. com-
munity nurse visits to pregnant women after the 16™*
week of pregnancy. The authors compared the rate of
nursing visits to pregnant women at county level and
provide a view on the current trends at the national
level during the period of observation.

Table 1.
Number of visits to pregnant women, childbirths and pregnant women who did not receive nursing visit in 2018, according to
counties of the Republic of Croatia

- —_ . . % of all pregnant women without
County Visits to pregnant women Childbirths Pregn_al!t women with no nursing a single nursing visit during
(1 per pregnancy) total visits during pregnancy pregnancy

City of Zagreb 2401 8269 5868 7.3
Zagreb County 836 2762 1926 69.9
Krapina-Zagorje 713 1116 403 36.1
Sisak-Moslavina 208 1229 1021 83.1
Karlovac 124 963 839 87.2
Varazdin 586 1441 855 59.3
Koprivnica-Krizevci 361 1005 644 64.1
Bjelovar-Bilogora 787 994 207 20.8
Primorje-Gorski Kotar 2442 2137 0 0.0

Lika-Senj 202 367 165 45.0
Virovitica-Podravina 283 695 412 59.3
PoZega-Slavonia 163 600 437 72.8
Brod-Posavina 577 1198 621 51.8
Zadar 113 1546 1433 92.7
Osijek-Baranja 1022 2353 1331 56.6
Sibenik-Knin 35 800 765 95.6
Vukovar-Srijem 944 1283 339 26.4
Split-Dalmatia 829 4287 3458 80.7
Istria 514 1676 1162 69.3
Dubrovnik-Neretva 450 1196 746 62.4
Medimurje 479 1192 713 59.8
QOverall 14,070 37,109 23,345 61.2
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Table 1 shows data on the number of nursing visits
to pregnant women, total number of childbirths and
number of pregnant women who did not receive nurs-
ing visit during pregnancy, for each county and over-
all for the Republic of Croatia. During 2018, a total
of 37,109 babies were born in Croatia and there were
14,070 nursing visits to pregnant women. This implies
that 23,345 (61.18%) women went through their preg-
nancy without a single nursing visit, which means that
an opportunity to provide such a vulnerable group
with an important segment of social and professional
support was lost. The worst ranking, with more than
70% of pregnant women who did not receive nursing
visit, was the Sibenik-Knin County (95.6%), followed

by the Zadar (92.7), Split-Dalmatia (80.7%), Karlovac
(87.2%), Sisak-Moslavina (83.1%), Pozega-Slavonia
(72.8%) counties and the City of Zagreb (71.3%) (Table
1). Compared with the total number of births, nurs-
ing visits were rather rare and there were many women
who had not received a single visit of community nurs-
es. Data shown here reflect the situation at the country
level, while regional data are displayed in Table 1.

The numbers differ, indicating that the approach to this
issue varies countrywide. The Primorje-Gorski Kotar
County was leading in the number of nursing visits to
pregnant women, while in the Zadar and Split-Dalma-
tia Counties and the City of Zagreb nursing visits were

organized almost solely for high-risk pregnancies.

Nursing visits to pregnant women and babies and diﬂerence?:btlhegﬁumber of visits in the Republic of Croatia between 1995 and
2018
o | OB Moot g WSSt | gt | gt
to pregnant women
1995 50430 21646 28784 90686 92714 92373
1996 54056 25267 28789 113036 117991 101421
1997 55754 27756 27998 127003 136024 112316
1998 47068 30098 16970 134228 147593 111605
1999. 45179 28584 16595 132925 145714 106893
2000 43746 32032 11714 136976 149664 109607
2001 41209 30602 10607 138723 149975 113096
2002 40283 33206 7077 128857 143768 100567
2003 39848 29086 10762 139808 167536 101323
2004 40486 28225 12621 134672 155787 94660
2005 42678 25237 17441 135265 155540 81838
2006 41628 24397 17231 131300 154206 77834
2007 42070 26076 15994 149349 172951 86370
2008 43929 24243 19686 148468 172629 80571
2009 44754 24132 20622 148658 174201 78728
2010 43546 24966 18395 153170 179627 83836
2011 41342 24588 16754 156211 186571 82844
2012 41901 25384 16517 175357 207468 86095
2013 40083 23340 16743 154093 177242 75876
2014 39716 21105 18611 161016 180632 74427
2015 37666 18779 18887 152696 179163 67323
2016 37706 16874 20832 156631 167134 68049
2017 36705 13344 23361 166522 170936 71199
2018 37109 14070 23039 185475 156737 66986
Overall 1,029,067 593,037 436,030 3,317,770 3,841,803 2,125,837
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Table 2 shows the number of nursing visits to pregnant
women and childbirth in total and difference in the
number of visits over a period of 24 years. There was a
significant drop in the number of births but also in the
number of visits to pregnant women. While nursing
visits to puerperal women and newborns was rising,
nursing visits to infants showed oscillations with a fall-
ing tendency.

According to the current health care standard in Cro-
atia, pregnant women require community nurse vis-
its once in pregnancy (after week 16), twice while the
babies are newborns (with a simultaneous visit to the
puerperal woman), and twice during the baby infancy.

Figure 1 shows a slight drop in visits to pregnant wom-
en, but also a clear falling tendency in community
nurse visits to children. Furthermore, there was signif-
icant decline in the number of childbirths. The differ-
ence in the number of visits to pregnant women and
number of childbirths has remained almost the same
in Croatia since 1995 to this day, which only means
that the health service did not use the opportunity
to increase the number of nursing visits to pregnant
women, which opened due to the fall in the number
of pregnancies.

Nursing visits to pregnant women and babies and the difference in the number of visits
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A
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Difference between the number of childbirths and the number of nursing visits to pregnant women
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--------- Linear (Difference between the number of childbirths and the number of nursing visits to pregnant
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Figure 1. Diagram illustrating the number of nursing visits to
pregnant women and childbirth in total, difference between
the two, and trend in the Republic of Croatia between 1995

and 2018.

The community health (visiting nurse) service is pro-
vided by senior staff nurses specializing in communi-
ty health care, at a standard of 5100 inhabitants per
community nurse prescribed by the Ordinance on the
standards and norms of healthcare rights pertaining
to the basic health insurance plan (11). The number
refers to the number of inhabitants covered by the
competent outpatient clinic/organizational unit of the
county outpatient clinic (11-13). In 2005, there were
overall 871 community nurses and 4877 insurance
beneficiaries per visiting nurse. In 2014, there were
897 community nurses (with secondary education and

higher). According to data on health insurance ben-
eficiaries, each nurse had on average 5063 beneficia-
ries in their care. In 2018, the situation deteriorated,
so that there were 865 community nurses (secondary
education and higher) but 5200 beneficiaries per nurse
(15).

Looking at the number of visits to pregnant and pu-
erperal women, it is quite clear that visits to puerperal
women were on the rise, while visits to pregnant wom-
en were dropping (Figure 2).
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Figure 2. Relationship between the number of nursing visits
to pregnant and puerperal women and the observed trend,
Republic of Croatia, 1995-2018.

Judging by the data published, during the last ob-
served year there were five nursing visits to puerper-
al women (5 visits; 185,475/37,109) while newborns
(156,737/36,945) were visited somewhat less often (4.2
visits on average), which is twice the prescribed norm
(10).

DISCUSSION

Securely attached children are adaptable, more in-
dependent, more respectful, more resilient to stress,
and less impulsive. While growing up, they easily
make friends and maintain friendships, develop social
skills and achieve better academic success. As adults,
they achieve closeness easily, form stable emotion-
al relationships and establish better attachment with
their children. Insecurely attached children are raised
without a feeling of fundamental security and have
extremely high stress hormone levels, which is a risk
factor for healthy intellectual, emotional and social de-
velopment. The consequences of neglecting emotional
needs in children can lead to behavior disorders, de-
pression, apathy, learning difficulties, and likelihood of
developing chronic diseases. When compared with the
securely attached, insecurely attached children are at
a far greater risk of developing aggressive, destructive
or asocial behavior. Disorders in attachment during
the crucial first three years can lead to development
of the ‘non-empathetic personality disorder, where
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the individual is incapable of entering into emotion-
al relationships, is chronically angry or frustrated, has
poor impulse control and an underdeveloped sense of
morality and conscience (17).

A critical period for a family is the transition to par-
enting. The arrival of the first child brings about up-
setting changes in the family development process
(18). The changes that occur in parents’ lives during
the postpartum period are more negative than posi-
tive and equally disruptive for men as for women, and
for their marriage (18). During the transition, three
factors can impact parenting satisfaction, i.e. expecta-
tions before the baby is born, changes in communica-
tion, and pre-baby marital strain (18). With the birth
of the baby, the center of family attention shifts (19).
Optimal child development requires parental sensitiv-
ity and a harmonious atmosphere at home.

Mothers need social support, while fathers need under-
standing and support, and these needs remain largely
unsatisfied. Mothers find the transition to parenting
far more challenging, but traditionally receive far more
support (20). Fathers’ needs for support should not
be neglected in order to ensure normal functioning,
warmth and security within the family. By widening
contacts to grandparents, the child sees a wider range of
behaviors that can have an impact on his/her personal-
ity development (21). They can be sources of financial,
instrumental and emotional support to the parents.
The birth of a baby determines new intergenerational
rules and relationships in the wider family. Relation-
ships between parents and their primary families can
change with the birth of a child, and vary from total de-
pendence to independence (21,22). The past ten years
have seen an increasing number of studies researching
the links between wider family support through the
affirmation of love and highlighting family relations
through several generations. Multi-generational ties
are becoming more important for well-being, as a form
of support throughout a family life cycle (23).

Community health care is provided by senior staff
nurses specializing in community care at a standard
of 5100 inhabitants per visiting nurse, pursuant to the
Ordinance on the standards and norms of healthcare
rights pertaining to the basic health insurance plan
(11). That number refers to the number of inhabitants
covered by the competent outpatient clinic/organiza-
tional unit of the county outpatient clinic (11,13,14).

For pregnant women, the visit of a community nurse
is important because of the early assessment of their
health, and provision of support and information on
all available health and social services related to im-
proving their health, emotional and economic status
(10,24).
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Care for the mother and the child, including visits to
gynecologists, starts when they leave the maternity
ward. The first visit of the community nurse is thus
the first visit to the newborn. In Croatia, when new
mothers are discharged from the maternity ward, the
usual procedure is for the hospital staff to inform the
chief nurse of the competent outpatient clinic of the
new mothers released the day before. The chief nurse
then informs the community health nurse covering
the place of residence of the new mother (12).

The legal and organizational framework of the health
care system in the Republic of Croatia foresees com-
munity health service visits to pregnant women
(10,11). The aim of such visits is to implement prima-
ry and secondary preventive measures by estimating
medical, psychological, social and economic condi-
tion of pregnant women, their abilities to adopt new
knowledge, skills, habits and attitudes concerning
pregnancy and motherhood, and to detect vulnera-
bility factors in a timely manner. Once pregnancy is
determined, during the first gynecologic check up in
pregnancy, the gynecologist’s nurse informs the com-
munity health nurse of the new pregnant woman. The
first visit takes place between the 4" and 5" month
of pregnancy (10-12). This leaves ample room for in-
terventions and preparation of mothers-to-be, their
family and all those involved for the arrival of a new
member of their community. Data on the Republic
of Croatia and its counties show that there is major
discrepancy in the number of reported nursing visits
to pregnant women; more than half of all pregnancies
end up without a single nursing visit. The data indicate
that there are many unused opportunities and only few
interventions in the families of pregnant women prior
to the baby’s birth, and that trend is visible throughout
the observed period (12,13,15).

Care for the mother and the child starts with the visit
of the community nurse to the pregnant woman and
continues after birth with visits to puerperal women
and newborns. Once the pregnant woman has visited
her gynecologic clinic and they have determined her
pregnancy, the gynecologic nurse informs the com-
munity health service of the new pregnant woman,
providing basic data such as the pregnant woman’s ad-
dress and phone number so that the service can plan
a visit. The first visit takes place between the 4™ and
5% month of pregnancy. In Croatia, the usual proce-
dure when the baby is born and the new mothers are
discharged from the maternity ward is for the hospital
staff to inform the chief nurse of the competent outpa-
tient clinic of the mothers released the day before. The
chief nurse then goes on to inform the visiting nurse
in charge of the woman’s place of residence that the
new mother declared when registering at the hospital.
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Pregnancy and the postpartum period are a good
time to achieve a positive and permanent impact on
the health and development of children. Intervention
programs provide support and services that can fulfill
the potentials of the community and meet the needs
of the family. This is a unique opportunity to support
children with the aim of fostering their potential for
healthy development (25).

CONCLUSION

The results of this research indicate that there is an
opportunity to intervene in the formation of the so-
cial dimensions of personalities in the earliest stages
of life. The existing health care instruments, such as
nursing visits to future mothers in their primary fam-
ily setting, can be used to help the families adapt to
the arrival of the new member and to encourage the
fathers’ and other family members’ involvement to
support the mother and her baby. The aim of such vis-
its is to implement primary and secondary preventive
measures by estimating medical, psychological, social
and economic condition of pregnant women, their
abilities to adopt new knowledge, skills, habits and at-
titudes concerning pregnancy and motherhood, and
to detect vulnerability factors in a timely manner. This
approach leaves ample room for interventions and
for the preparation of future mothers, the family and
all those involved, for the arrival of a new member of
their community. Data indicate that the opportunities
are being missed and that interventions in the family
prior to the baby’s birth are insufficient.
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SAZETAK

TRUDNOCA - NEISKORISTENE PRILIKE ZA PREVENCIJU I INTERVENCIJU U PATRONAZNO]
SLUZBI

I. JERONCIC TOMIC!, N. TOMIC? A. ROTA CEPRNJA3, I. UNIC?, M. SUNJ?, S. KOZINA! i R. MULIC!

ISveuciliste u Splitu, Medicinski fakultet, Katedra za javno zdravstvo, Split, 2Dom zdravlja Splitsko-dalmatinske
Zupanije, Split i *Klinicki bolnicki centar Split, Split, Hrvatska

PrivrzenosScéu opisujemo duboku i trajnu emocionalnu vezu s drugom osobom. Privrzeno$éu se primarno opisuje emo-
cionalna veza izmedu dojenceta i majke, iako je privrzenost svojstvena cjelozivotnom ljudskom ponasanju. Obiljezava
ju tendencija trazenja i odrzavanja bliskosti privrzenim ljudima za vrijeme stresnih situacija. Osjec¢aj sigurnosti nastao iz
odnosa majke i djeteta stvara osnovno povjerenje ili nepovjerenje u odnosima te odreduje vjerovanje djeteta o tome kako
¢e okolina reagirati na njegove potrebe. U razvoju privrzenosti vaznu ulogu ima osjetljivost majke za potrebe djeteta, uskla-
denost majke i djeteta, temperament djeteta, majcina sje¢anja iz njezina djetinjstva kao i podrzavaju¢a okolina. Zdravo
obiteljsko funkcioniranje vrlo je vazno svim ¢lanovima obitelji, osobito trudnicama. Zdravstveni sustav trudnicama pruza
potporu kroz sustav preventivnih posjeta patronazne sluzbe. Od svih zdravstvenih djelatnika patronazna sestra je jedina
koja ulaskom u dom i obiteljsku sredinu trudnice ima cjelokupan uvid u mogucéu pojavu rizi¢nih ¢imbenika za razvoj pore-
mecaja povezanosti majke i djeteta. Ovom intervencijom mozemo preventivno djelovati u cilju o€uvanja fizickog, psihickog
i socijalnog blagostanja. Cilj je bio utvrditi razlike u broju predvidenih i ostvarenih preventivnih posjeta patronazne sestre
trudnicama u Hrvatskoj. Analiza je napravljena po Zupanijama Republike Hrvatske i na razini cijele Hrvatske. KoriSteni su
podatci o zdravstvenoj zastiti trudnica, babinjaca i djece do godinu dana zivota objavljeni u hrvatskim zdravstveno-sta-
tistickim ljetopisima i izvjeS¢u o prirodnom kretanju stanovniStva Drzavnog zavoda za statistiku u razdoblju od 1995. do
2018. godine. Prikazan je broj posjeta patronazne sestre trudnicama i djeci do godine dana Zivota te razlika broja posjeta u
Republici Hrvatskoj u razdoblju od 23 godine. Ocevidan je zna¢ajan pad broja zZivorodenih, ali isto tako i pad broja posjeta
trudnicama, a tendencija pada se nastavlja. U promatranom razdoblju prosje¢an broj trudnica (nakon 16. tjedna trudno-
Ce) bez ijednog patronaznog posjeta je 42,5 %, a posljednjih godina taj postotak raste. Tako se propusta prilika da se toj
osjetljivoj skupini pruzi makar taj segment socijalne i stru¢ne potpore i pomoc¢i. Nije iskoriSten prostor nastao smanjenjem
broja trudnica za povecanje obuhvata posjetom patronazne sestre makar jednom u trudnodi. Broj posjeta babinjacama i
novorodencadi raste, dok broj posjeta trudnicama pada, pa je 2018. godine bez ijednog patronaznog posjeta bilo 62,1 %
trudnica u Hrvatskoj. Zaklju€uje se kako nije iskoriSten prostor nastao smanjenjem broja trudnica za povec¢anje obuhvata
posjetom patronazne sestre makar jednom u trudnoéi, a nakon 16. tjedna trudnoce. Patronazna zastita trudnica nije dosti-
gla predvideni standard zdravstvene zastite.

Kljucne rijeci: patronazna djelatnost, trudnice, organizacija zdravstvene zastite, Hrvatska
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GIRL WITH TAKAYASU ARTERITIS -PROGRESSIVE COURSE OF
THE DISEASE AND MULTIPLE SURGICAL INTERVENTIONS
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SDepartment of Pediatric Rheumatology and Immunology, University Hospital Centre Zagreb,
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Takayasu arteritis is a rare large-vessel vasculitis but it can be associated with high mortality rates in childhood.
Granulomatous vasculitis usually affects the aorta and/or main branches but also coronary and pulmonary arteries. The
course of the disease is unpredictable and management is based on controlling inflammation and preventing end-organ
damage. In this case we describe a patient with progression of vasculitis but so far successful prevention of possible
ischemic consequences using immunosupressive and biologic therapy and multiple surgical interventions over the course
of the disease. A 14-year-old girl presented with precordial pain and numbness of the left arm. Physical examination
revealed the absence of the radial pulse in the left arm. Computed tomography angiography showed subtotal occlusion
of the left main coronary artery, subtotal occlusionof the left common carotid artery, subtotal occlusion of the left
subclavian artery and stenosis of thoracic aorta below isthmus of aortae. Despite aggresive conservative therapy and
cardiosurgical treatment the course of the disease was complicated with restenoses which were resolved with subsequent
revascularization procedures. Here we present an adolescent girl with progressive vasculitis and with multiple surgical
interventions. Carefully monitoring of the patient and good collaboration between pediatric cardiologist and rheumatologist
with radiologists and cardiac surgeons improved life-quality of the patient which now studies at the University and has
good physical and mental status.

Key words: childhood Takayasu arteritis, progressive course, surgical interventions, revascularization
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INTRODUCTION

Childhood Takayasu arteritis (c-TA) is rare but the
commonest large vessel vasculitis in children, its inci-
dence has been estimated to be 2,6/1,000,000 per year
and it occurs more frequently in girls (1). Etiology is
n