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Szanowni Panstwo, drodzy Czytelnicy,

oddaje w Panstwa rece (czwarty) ostatni w tym roku numer XXIX tomu kwartalnika ,Review of Medical Practice”. W ak-
tualnym wydaniu prezentujemy Panstwu wiele interesujgcych publikacji, a wsrdd nich m.in. opracowanie pod tytutem
Patogeneza proliferacyjnej witreoretinopati.

Witreoretinopatia proliferacyjna (PVR — ang. Proliferative vitreoretinopathy) jest definiowana jako rozrost i obkurczanie sie
bton komorkowych w obrebie komory szklistej oraz na obu powierzchniach siatkdwki, rozwijajgce sie m.in. w przebiegu
przedarciowego odwarstwienia siatkowki'. Ciezkie pooperacyjne PVR jest uwazane za jedng z najczestszych przyczyn
péznych niepowodzen leczenia, tj. nastepujgcych po wstepnym przytozeniu siatkowki i jej odwarstwieniu po wypisaniu
chorego do domu. Pierwsze proliferacje pojawiajg sie zwykle pomiedzy 4. a 6. tygodniem po operacji, objawiajac sie po-
stepujgcym pogorszeniem ostrosci wzroku.

Witreoretinopatia proliferacyjna to bardzo istotny temat chirurgii okulistycznej. Zastosowanie leczenia wspomagajgcego
w celu zapobiegania proliferacji komérek jest obiecujgce w zapobieganiu PVR lub nawrotom pooperacyjnym. Istotne sg
réwniez badania molekularne pozwalajgce na lepsze zrozumienie patofizjologii PVR.

Interesujgca jest rowniez praca Effectiveness of a 26-Week Multidisciplinary Patient Education Program for Subjects with
Type 2 Diabetes in Poland (Skutecznos¢ 26-tygodniowego multidyscyplinarnego programu edukacji pacjentéw. Program
edukacji pacjentow z cukrzyca typu 2 w Polsce), z ktorej wynika, ze kompleksowa edukacja zdrowotna pacjentow z cu-
krzyca, ktorej efekty oceniano na podstawie wynikow badan biochemicznych oraz poziomu wiedzy i postawy pacjentéw
wobec choroby, a takze regularny wysitek fizyczny, wptywajg na poprawe wskaznikéw biochemicznych oraz na poziom
wiedzy pacjentow i Swiadomosc¢ postepowania w cukrzycy jako chorobie przewlektej. Stwierdzono, ze udziat w programie
edukacyjnym przynosi pacjentowi wigksze korzysci niz tylko okresowe wizyty w poradni diabetologicznej. Wskazano na
koniecznos¢ ciggtej kompleksowej edukaciji diabetologicznej pacjentéw z cukrzyca.

Na uwage zastuguje takze praca Wolnokrgzgce mikroRNA jako biomarkery w stwardnieniu bocznym zanikowym i dzie-
dzicznej spastycznej paraplegii dotyczaca badan chordb neurodegeneracyjnych charakteryzujgcych sie postepujaca
utratg funkgcji i integralnosci neuronéw, co w efekcie prowadzi do $mierci komoérek neuronalnych oraz nieodwracalnych
zmian w uktadzie nerwowym.

W regulacji proceséw odpowiedzialnych za procesy zwyrodnieniowe na poziomie komorkowym biorg udziat mikroRNA —
endogenne, niekodujgce i jednoniciowe czgsteczki RNA. Badanie miRNA w modelach zwierzecych neurodegeneraciji
i w grupach pacjentéw wykazaty, ze sg one jednymi z kluczowych regulatoréw przezycia i funkcjonowania neuronéw. We-
diug autoréw czasteczki te mogg by¢ swoistymi biomarkerami informujgcymi o toczacym sie procesie zwyrodnieniowym
lub o efektach zastosowanego leczenia i mogltyby one w znaczgacym stopniu przyczynic¢ sie do osiggniecia nowatorskich
celoéw terapeutycznych.

Z powazaniem
Redaktor Naczelna
dr hab. n. med. Anna Wilmowska-Pietruszynska, prof. Uta

' The Retina Society Terminology Committee: The classification of retinal detachment with proliferative vitreoretinopathy. Ophthalmology 1983; 90: 121-125.
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Dear Readers,

I am handing over to you the (fourth) last issue of this year’s XXIX volume of the quarterly Review of Medical Practice.
In the current issue, we present you with many interesting publications, among them a study entitled Pathogenesis of
proliferative vitreoretinopathy.

Proliferative vitreoretinopathy (PVR) is defined as proliferation and shrinkage of cell membranes within the vitreous cham-
ber and on both retinal surfaces, developing, among other things, in the course of pre-infarct retinal detachment'. Severe
post-operative PVR is considered one of the most common causes of late treatment failure, i.e. following initial retinal
adhesion and detachment after the patient is discharged home. The first proliferations usually appear between four and
six weeks after surgery, manifesting as a progressive deterioration of visual acuity.

Proliferative vitreoretinopathy is a very important topic in ophthalmic surgery. The use of adjunctive treatment to prevent
cell proliferation shows promise in preventing PVR or postoperative recurrence. Molecular studies to better understand
the pathophysiology of PVR are also important.

Also of interest is the paper Effectiveness of a 26-Week Multidisciplinary Patient Education Program for Subjects with
Type 2 Diabetes in Poland. Patient Education Programme for Subjects with Type 2 Diabetes in Poland.), which conclud-
ed that comprehensive health education of patients with diabetes, the effects of which were assessed on the basis of
biochemical test results and the level of knowledge and attitudes of patients towards the disease, and regular physical
exercise improve biochemical indices, as well as the level of knowledge of patients and awareness of management of
diabetes as a chronic disease. Participation in an educational programme was found to be of greater benefit to the patient
than just periodic visits to the Diabetes Clinic. The need for ongoing comprehensive diabetes education for patients with
diabetes was indicated.

Also noteworthy is a paper on free-circulating microRNAs as biomarkers in amyotrophic lateral sclerosis and hereditary
spastic paraplegia, concerning the study of neurodegenerative diseases characterised by progressive loss of neuronal
function and integrity resulting in neuronal cell death and irreversible changes in the nervous system.

MicroRNAs - endogenous, non-coding, single-stranded RNA molecules - are involved in regulating the processes respon-
sible for degenerative processes at the cellular level. Studies of miRNAs in animal models of neurodegeneration and in
groups of patients have shown that they are among the key regulators of neuronal survival and function. According to the
authors, these molecules could be specific biomarkers informing about the ongoing degenerative process, or the effects
of the applied treatment, and they could significantly contribute to novel therapeutic targets.

Yours sincerely
Editor-in-Chief
dr hab. n. med. Anna Wilmowska-Pietruszynska, prof. Uka

' The Retina Society Terminology Committee: The classification of retinal detachment with proliferative vitreoretinopathy. Ophthalmology 1983; 90: 121-125.
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Chapter 3 World mental health today

3.3.3 The resources gap

The limited implementation of mental health
plans, policies and legislation is, in part, due

to a lack of resources - both human and
financial - available for mental health.

The Mental health atlas 2020 shows that only
half of countries with a mental health policy or
plan have also estimated the financial resources
they need to implement it (60% include an
estimate of human resources required). And

only around a third of countries have actually
allocated financial and human resources to
implement their mental health policy or plan.
The gap between estimating resources and
allocating them is particularly stark among
low-income countries. For example, while 40%
of these countries have estimated the funding
they need, only 8% have actually allocated

the requisite resources (see Fig. 3.12).

FIG. 3.12
The gap between estimating and allocating resources to implement mental
health plans
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% countries that estimated needed human resources
B % countries that allocated the required human resources

Source: WHO, 2021 (5)

Scant spending

Mental health spending includes activities
delivered at all levels of care as well as programme
costs, such as administration, training and
supervision, and promotion and prevention
activities. Calculating the full level of mental
health spending in many countries is difficult
because of the range of services, service

providers and funding sources involved.

% countries that estimated needed financial resources
B 9% countries that allocated the required financial resources

In many cases, even calculating government
spending can be hard. Budgets for general health
care tend to allocate funds to generic categories
such as hospitals or primary health care, rather
than to specific health conditions (such as
depression). All health conditions treated at that
level or facility are then funded from the generic
allocation. The budget may further be broken
down into allocations for medicines, personnel
and equipment for instance; but it will rarely
describe funds specifically for mental health care.
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Governments around the

world allocaterSt 2%
of their health budgets

to the treatment and
prevention of mental
health conditions.

Even so, most (but not all) countries dedicate
only a small fraction of their health care budgets
to mental health; and their spending is dispro-
portionately low to their needs. Although a few
high-income countries spend up to or more than
10%, the Mental health atlas 2020 shows that the
median allocation of government health budgets
around the world to mental health amounts to
just 2%.* In LMICs this figure drops to just 1%.

The need for investments into mental health
promotion, protection and care are not limited to
the health sector. Supporting social integration
for people living with mental health conditions
requires action across social services, education,
labour and justice. Investments by these

sectors into mental health tends to be even

less than those made by the health sector.

Scarce workforce for mental health
In addition to scant spending, many countries
face huge scarcities of personnel trained for
dealing with mental health. This includes
shortages in mental health nurses, psychiatric
social workers, psychiatrists, psychologists,

counsellors and other paid mental health workers.

Around half the world’s population lives in
countries where there is just one psychiatrist
to serve 200 000 or more people. Other mental
health care providers who are trained to use
psychosocial interventions are even scarcer
(5). In low-income countries there are fewer
than one mental health worker of any kind per

100 000 population, compared with more than
60 in high-income countries (see Fig. 3.13; the
median across all countries is 13 mental health
workers per 100 000 population). Across all
income groups, most mental health workers
are nurses, who combined make up 44% of
the global workforce for mental health.

Across all income groups, there is a great
shortage of specialized mental health workers
for children and adolescents, with just three
mental health workers of any kind per 100 000
population, and a median rate as low as 0.01 per
100 000 population in low-income countries. In
these countries, the mental health workforce for
children and adolescents is almost non-existent.

In LMICs, the mental health
workforce for children and
adolescents is almost non-existent.

The scarcities in skills are compounded because
few non-specialist doctors, nurses, and clinical
officers have been trained to recognize and

treat patients with mental health conditions

in primary health care. In 2020, the number of
countries reporting that primary health care
workers receive training on how to manage
mental health conditions is high (146 or 88% of
countries) (5). This would seem to indicate an
appetite for task-sharing to increase the pool of
workers available for mental health care. But still
most countries have nowhere near the level of
trained and skilled personnel required to provide
for everyone in need, with only 25% of WHO
Member States reporting that they had integrated
mental health into primary care (see section
3.3.4 The services gap). This means that, beyond
task-sharing, other solutions can and must be
rapidly scaled up, including e-health solutions,
even though the digital divide remains a further
barrier to health service access and socioeconomic
development more broadly (see A digital divide).

1 This figure should be interpreted with caution as only 67 countries reported data on government spending to the

Mental health atlas 2020 (5).
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FIG. 3.13

The specialized mental health workforce across country income groups
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Lack of essential medicines

Another aspect of the resources gap is the
limited availability of essential psychotropic
medicines, especially in LMICs. And when they
are available, far more people in LMICs also end
up paying for these medicines out of pocket (5).

A recent review of 112 national essential
medicines lists - commissioned for this

report - found inequities in the listing,
availability, pricing and affordability of essential
psychotropic medicines in countries (144).

60 80 100

The review showed that up to 40% of low-income
countries did not include essential medicines
that have been on the WHO Model list for essential
medicines for decades, such as long-acting
(depot) fluphenazine for schizophrenia

and lithium carbonate mood stabilizer for
bipolar disorder. Other supply gaps may be
behind some of these omissions, for example
laboratory tests are needed to monitor use of
some medicines, to avoid inappropriate use or
serious side effects (read Eleni’s experience).

11
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The review also showed that some
second-generation antipsychotics on the
model list for schizophrenia (risperidone
and clozapine) were only included in 35%
and 25% of national essential medicines lists
in low-income countries respectively.

The actual availability of different essential
psychotropic medicines was lower in the public
sector compared with the private sector, and
well below 50% worldwide, often much lower
in low-income countries where there is a high
incidence of stock-outs. The antidepressant
medicines amitriptyline and fluoxetine in the
public sector in low-income countries were three
times more expensive than the international
unit reference price. Overall, the review found
that essential psychotropic medicines were less
affordable to people in low-income countries
compared with people in other countries (144).

A digital divide

Whether through electronic systems or mobile
applications, digital technologies are becoming
a standard part of mental health care around
the world (see Chapter 5, In focus: Harnessing
digital technologies for mental health). They can
be key to scaling up access to care for common
mental health conditions such as depression

or anxiety and can also provide a platform for
providing remote care, as during the COVID-19
pandemic when face-to-face options were

shut down as part of social restrictions.

But relying on digital technologies to deliver
mental health services risks excluding some of the
world’s most vulnerable people from accessing
the care they need and fails to address the full
spectrum of mental health conditions that people
experience. For many people in LMICs, mobile
phones offer the only way of connecting to the
internet and accessing valuable information

and resources that would otherwise be out of

12

reach. Access to mobile phones has grown expo-
nentially in recent years, with mobile networks
now covering more than 85% of the population
in every region of the world (145). But even
where networks are available, not everyone

has a smart phone, and even for those who do,
internet access can be prohibitively expensive.

Indeed, the figures for mobile network coverage
only tell half the story: analysis from 2019 showed
that around half the world’s population had no
internet connection, with big disparities between
and within countries (145). Just 20% of households
in low-income countries were connected to the
internet in 2019, compared with 87% of people

in developed ones (145). In sub-Saharan Africa,
4G or newer wireless systems remained largely
unavailable. Across all regions, but especially in
sub-Saharan Africa, people living in rural areas
were half as likely to be connected to the internet
as those living in urban areas; and women were
less likely to use the internet than men. In all
regions, internet access was more prevalent
among young people (15-24 years of age).

Surveys in high-income countries further suggest
that people living with mental health conditions
face a heightened risk of digital exclusion,
because of material deprivation and diminished
opportunities to use or be trained in information
technology or the internet, including people
residing in long-term care facilities (146).

All these disparities add up to a digital
divide that compounds existing inequities
in access to mental health services.

Even if connectivity to the internet improves,
many countries still need to step up their
investment in mental health information systems,
service user empowerment and workforce
development to make the move from analogue
to digital care provision a reality for all.
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NARRATIVE

Living in a low-income country
means facing disabling barriers to

quality care

Eleni’s experience

| struggle with bipolar disorder in Ethiopia, a
low-income country. This means facing disabling
barriers to access mental health care of minimum
standards.

Medication supplies are scarce, irregular and
expensive. Being a poor country comes with lack
of hard currency to import such medications
sustainably. More than often, | had to switch from
a medication that enabled me live a stable life to
a sub-optimal one because of unavailability in
the market. Isn’t it sad to report that many of my
mood episodes were actually triggered by these
involuntary changes in medication?

Even when the medicines are available, the
prescribed dosage may not be. | remember | was
prescribed a mood stabilizer with 25mg but only
100mg was available in the market. This left me with
no other choice than having to split the tablet in 4

parts with a kitchen knife. Most of the time, half of
the tablet will turn to powder as it does not have
built-in breakable splits.

Not only medication but also laboratory tests are
more than often unavailable to monitor therapeutic
ranges. | was put on a mood stabilizer that required
regular blood tests. | will never forget the toxic
reactions | suffered because my blood level could
not be monitored. Chemicals for those blood tests
could not be imported at the time.

I have always covered my mental health

treatment costs myself. | am privileged to have a
middle-income family. But this imposed a heavy
burden on our income. Health insurance schemes
are not set. Sometimes, | would buy medications on
the black market. They were very expensive but that
was the price for a stable functional life.

Eleni Misganaw, Ethiopia
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3.3.3. Luka zasobow

Ograniczone wdrazanie planéw, polityki i przepi-
sow prawnych dotyczacych zdrowia psychicznego
wynika czeSciowo z braku zasobdéw - zarowno
ludzkich, jak i finansowych - dostepnych dla
zdrowia psychicznego. Atlas Zdrowia Psychicznego
2020 wskazuje, ze tylko potowa krajow posiada-
jacych polityke lub plan zdrowia psychicznego
oszacowata rowniez dostepne im zasoby finan-
sowe potrzebne do jego wdrozenia (60% zawiera
oszacowanie wymaganych zasobow ludzkich).

Rys. 3.12

Tylko ok. jedna trzecia krajow faktycznie przezna-
czyta zasoby finansowe i ludzkie do wdrozenia
swojej polityki lub planu w tym zakresie. Luka
miedzy oszacowaniem zasobow a ich przydziele-
niem jest szczegdlnie widoczna w krajach o niskim
dochodzie. Na przyktad, podczas gdy 40% tych
krajow oszacowato potrzebne finansowanie, tylko
8% faktycznie przydzielito wymagane do realizacji
zasoby (zob. rys. 3.12).

Luka miedzy oszacowaniem a przydzieleniem zasobow na wdrozenie planow

zdrowia psychicznego
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60% 550/0
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Zrédto: WHO, 2021 (5).

Niewystarczajace wydatki

Wydatki na zdrowie psychiczne obejmuja dziata-
nia Swiadczone na wszystkich poziomach opieki
oraz koszty programéw, takie jak administracja,
szkolenia, nadzor oraz dziatania zwiagzane z pro-
mocja i prewencja. Obliczenie petnego poziomu
wydatkéw na zdrowie psychiczne w wielu krajach
jest trudne ze wzgledu na réznorodnosé Swiad-
czen, dostawcow ustug i zrodet finansowania
zaangazowanych w ten proces.

64%

53%

20% 43% 43% 43%

40% 33% 36%
30% 29% 27%
20%
10% 8%

0% l

niskie  nizsze $rednie wyzsze $rednie  wysokie
dochody

niskie  nizsze Srednie wyzsze Srednie  wysokie
dochody dochody dochody dochody

% krajow, ktdre oszacowaty potrzebne zasoby finansowe
B % krajéw, ktdre przeznaczyty wymagane zasoby ludzkie

W wielu przypadkach obliczenie wydatkow
rzgdowych moze by¢ trudne. Budzety na ogblna
opieke zdrowotng zazwyczaj przypisuja Srodki do
ogblnych kategorii, takich jak szpitale czy opieka
podstawowa, a nie do konkretnych schorzen (ta-
kich jak depresja). Wszystkie schorzenia leczone
na danym poziomie opieki sg potem finansowane
z ogblnego przydzielonego budzetu. Budzet moze
by¢ dodatkowo podzielony na koszty lekow, per-
sonelu i sprzetu, ale rzadko opisuje Srodki specjal-
nie przeznaczone na opieke zdrowotna w dziedzi-
nie zdrowia psychicznego.
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Rzady na catym Swiecie
przeznaczaja‘
zaledwie 2% swoich
budzetéw zdrowotnych

na leczenie chordb psychicz-
nych i zapobieganie im.

Mimo to wiekszo$¢ (ale nie wszystkie) krajow przezna-
cza tylko niewielki utamek swoich budzetow opieki
zdrowotnej na zdrowie psychiczne, a ich wydatki sa
nieproporcjonalnie niskie w poréwnaniu do potrzeb.
Chociaz kilka krajow o wysokim dochodzie wydaje

na zdrowie psychiczne nawet 10% lub wiecej, Atlas
Zdrowia Psychicznego 2020 pokazuje, ze mediana
przydzielonego budzetu na potrzeby zdrowotne na
catym $wiecie wynosi zaledwie 2%*. W krajach o niskim
i $Srednim dochodezie ta liczba spada do zaledwie 1%.

Potrzeba inwestycji w promocje, ochrone i leczenie za-

burzen zdrowia psychicznego nie ogranicza sie tylko do
sektora zdrowia. Wspieranie integracji spotecznej oséb
zyjacych z zaburzeniami psychicznymi wymaga dziatan
w sektorach spotecznych, edukacji, pracy i sprawiedli-

wosci. Inwestycje tych sektoréw w zdrowie psychiczne

zazwyczaj sg jeszcze mniejsze niz te dokonywane przez
sektor zdrowia.

Niedobory pracownikow w obszarze

zdrowia psychicznego

Oprécz niewielkich wydatkéw wiele krajow boryka sie
zogromnym niedoborem personelu przygotowanego
do pracy w dziedzinie zdrowia psychicznego. Dotyczy
to braku pielegniarek psychiatrycznych, socjalnych
pracownikdéw psychiatrycznych, psychiatréw, psycho-
logdw, doradcodw i innych fachowych pracownikéw
zdrowia psychicznego.

Okoto potowa ludnosci Swiata mieszka w krajach, gdzie
jeden psychiatra przypada na 200 tys. lub wiecej osob.
Innych $wiadczeniodawcéw opieki nad zdrowiem psy-
chicznym, ktdrzy s przeszkoleni do stosowania interwen-
cji psychospotecznych, jest jeszcze mniej (5). W krajach

o niskich dochodach przypada mniej niz jeden pracownik

zdrowia psychicznego na 100 tys. mieszkancow, w po-
rownaniu do ponad 60 w krajach o wysokich dochodach
(zob. rys. 3.13; $rednia dla wszystkich krajow to 13 pra-
cownikdw zdrowia psychicznego na 100 tys. mieszkan-
cdw). We wszystkich grupach dochodowych wiekszo$¢
pracownikow zdrowia psychicznego to pielegniarki, ktore
stanowig tacznie 44% globalnej liczby $wiadczeniodaw-

cow w dziedzinie zdrowia psychicznego.

We wszystkich grupach dochodowych istnieje ogrom-
ny brak wyspecjalizowanych pracownikéw w zakre-

sie zdrowia psychicznego dla dzieci i mtodziezy. To
zaledwie trzech pracownikéw zdrowia psychicznego na
100 tys. mieszkancéw, a Srednia spada nawet do 0,01
na 100 tys. mieszkancoéw w krajach o niskich docho-
dach. W tych krajach pracownicy w dziedzinie zdrowia
psychicznego dla dzieci i mtodziezy prawie nie istnieja.

W krajach o niskim i Srednim dochodzie
pracownicy w dziedzinie zdrowia psychicz-
nego dla dzieci i mtodziezy sq rzadkoscig.

Brak umiejetnosci w tej dziedzinie jest spotegowany,
gdyz niewielu lekarzy ogdlnych, pielegniarek i pracow-
nikow medycznych przeszkolono w zakresie rozpozna-
wania i leczenia pacjentdéw z zaburzeniami psychicz-
nymi w opiece podstawowej. W 2020 r. liczba krajow
raportujacych, ze pracownicy opieki podstawowe;j
otrzymuja szkolenie w zakresie zarzadzania zaburze-
niami psychicznymi, byta wysoka (146 lub 88% krajow)
(5). Wydaje sie to wskazywac na che¢ dzielenia obo-
wigzkow w celu zwiekszenia puli pracownikéw w sek-
torze opieki zdrowia psychicznego. Niemniej jednak
wiekszo$¢ krajow daleko odbiega od poziomu prze-
szkolonego i wykwalifikowanego personelu, ktory jest
niezbedny do zapewnienia opieki wszystkim potrze-
bujacym, przy czym tylko 25% panstw cztonkowskich
WHO zgtosito, ze wdrozyty zagadnienia obszaru zdro-
wia psychicznego do opieki podstawowej (zob. sekcja
3.3.4. Luka w ustugach). Oznacza to, ze poza dzieleniem
obowigzkéw inne rozwigzania moga i musza byc szyb-
ko rozwijane, w tym rozwigzania z dziedziny e-zdrowia,
chociaz przepasc cyfrowa nadal stanowi dodatkowa
przeszkode w dostepie do ustug zdrowia i rozwoju spo-
teczno-ekonomicznego (zob. Cyfrowa przepasc).

! Ta liczba powinna by¢ interpretowana ostroznie, poniewaz dane dotyczace wydatkéw rzagdowych do Atlasu Zdrowia Psychicznego

2020 (5) zostaty zgtoszone tylko przez 67 krajow.
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Rys. 3.13

Wyspecjalizowani pracownicy w dziedzinie zdrowia psychicznego w réznych

grupach dochodowych krajow
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Zrédto: WHO, 2021 (5).

Brak niezbednych lekow

Kolejnym problemem luki zasobdw jest ograniczo-
na dostepnos$¢ podstawowych lekéw psychotro-
powych, zwtaszcza w krajach o niskim i Srednim
dochodzie. A gdy sa dostepne, znacznie wiecej
0s6b w krajach o niskim i Srednim dochodzie musi
ptacic za nie z wtasnej kieszeni (5).

Najnowsza analiza 112 krajowych list lekéw pod-
stawowych - zlecona na potrzeby tego raportu

- wykazata nierbwnosci w zakresie wpisywania na
liste, dostepnosci, cen i dostepnosci finansowej
podstawowych lekdw psychotropowych w roz-
nych krajach (144).

Przeglad wykazat, ze az do 40% krajow o niskim
dochodzie nie zawierato w swoich listach podsta-
wowych lekow, ktére od dziesiecioleci znajduja
sie na Modelowej liscie lekow podstawowych WHO,
takich jak flufenazyna o przedtuzonym dziataniu
(depot) w leczeniu schizofrenii i weglan litu jako
stabilizator nastroju w leczeniu choroby afektyw-
nej dwubiegunowej. Za niektérymi z tych zanie-
dban moga kryc sie inne problemy, np. konieczne
sg badania laboratoryjne do monitorowania
stosowania niektorych lekéw, aby uniknaé nieod-
powiedniego stosowania lub powaznych dziatan
niepozadanych (czytaj Historia Eleni).
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Przeglad wykazat takze, ze niektére leki przeciwpsy-
chotyczne drugiej generacji z listy dla schizofrenii
(ryziperydon i klozapina) stanowity tylko 35% i 25%
krajowych list lekbw podstawowych w krajach o ni-
skim dochodzie.

Rzeczywista dostepnosc réznych niezbednych lekéw
psychotropowych byta nizsza w sektorze publicznym
w poréwnaniu z sektorem prywatnym i znacznie
ponizej 50% na catym Swiecie, czesto znacznie nizsza
w krajach o niskim dochodzie, gdzie czesto wyste-
powaty braki w zaopatrzeniu. Leki przeciwdepresyj-
ne, takie jak amitryptylina i fluoksetyna, w krajach

o niskim dochodzie byty trzykrotnie drozsze w sekto-
rze publicznym, niz zaktada miedzynarodowa cena
jednostkowa. W sumie przeglad wykazat, ze pod-
stawowe leki psychotropowe byty mniej dostepne
finansowo dla ludzi w krajach o niskim dochodzie

w poréwnaniu z osobami z innych krajow (144).

Cyfrowa przepas¢

Niezaleznie od tego, czy chodzi o systemy elektro-
niczne, czy aplikacje mobilne, technologie cyfrowe
stajg sie standardowa czescig opieki zdrowotnej

w dziedzinie zdrowia psychicznego na catym
Swiecie (zobacz rozdz. 5: W centrum uwagi. Wyko-
rzystanie technologii cyfrowych w opiece zdrowot-
nej w dziedzinie zdrowia psychicznego). Moga by¢
one kluczem do zwiekszenia dostepu do opieki

w przypadku powszechnych zaburzen psychicz-
nych, takich jak zaburzenia depresyjne czy lekowe,
a takze stworzenia platformy do $wiadczenia opieki
zdalnej, jak miato to miejsce podczas pandemii
COVID-19, gdy opcje opieki bezposredniej byty nie-
dostepne w ramach ograniczen spotecznych.

Jednak poleganie na technologiach cyfrowych zasto-
sowanych w dostarczaniu ustug zdrowia psychiczne-
go niesie ryzyko wykluczenia niektorych najbardziej
narazonych grup ludzi na Swiecie do dostepu do
potrzebnej opieki i nie rozwigzuje petnego spektrum
zaburzen psychicznych, ktorych ludzie doswiad-
czaja. Dla wielu ludzi w krajach o niskim i Srednim
dochodzie telefony komérkowe stanowia jedyny
sposdb na potaczenie sie z internetem i uzyskanie
cennych informacji i zasobow, ktore w przeciwnym
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razie bytyby poza ich zasiegiem. Dostep do telefonow
komorkowych wzrdst gwattownie w ostatnich latach,
a sieci komorkowe obejmuja teraz ponad 85%
populacji w kazdym regionie Swiata (145). Ale nawet
tam, gdzie sieci sg dostepne, nie kazdy ma smartfon,
a nawet dla tych, ktorzy go posiadaja, dostep do
internetu moze by¢ zaporowo drogi.

Dane dotyczace dostepnosci sieci komorkowej

to tylko czes¢ historii: analiza z 2019 r. pokazata,

ze ok. potowa ludnosci Swiata nie miata dostepu

do internetu, z duzymi nieréwnoSciami miedzy
krajami i wewnatrz nich (145). Tylko 20% gospo-
darstw domowych w krajach o niskim dochodzie
miato dostep do internetu w 2019 r., w poréwna-
niu z 87% ludnosci w krajach rozwinietych (145).

W Afryce Subsaharyjskiej systemy bezprzewodowe
4G lub nowsze nadal pozostawaty w duzej mierze
niedostepne. We wszystkich regionach, ale szcze-
golnie w Afryce Subsaharyjskiej, ludzie mieszkajacy
na obszarach wiejskich mieli o potowe mniejsze
szanse na dostep do internetu niz ci mieszkaja-

cy w miastach, a kobiety byty mniej sktonne, by
korzystac z internetu, niz mezczyzni. We wszystkich
regionach dostep do internetu byt bardziej po-
wszechny wéréd mtodych ludzi (w wieku 15-24 lat).

Badania przeprowadzone w krajach o wysokich
dochodach sugeruja ponadto, ze osoby z zaburze-
niami psychicznymi stoja przed podwyzszonym
ryzykiem wykluczenia cyfrowego ze wzgledu na
ubdstwo materialne i ograniczone mozliwosci
korzystania z technologii informacyjnych i internetu
oraz brak szkolen w tym zakresie, wtaczajgc w to
osoby przebywajace w placowkach opieki (146).

Wszystkie te dtugoterminowe dysproporcje sumuja
sie w postaci ,przepasci cyfrowej”, ktdra pogtebia
istniejace nierbwnosci w dostepie do ustug w zakre-
sie zdrowia psychicznego.

Nawet jesli dostep do internetu ulegnie poprawie,
wiele krajow nadal musi zwiekszy¢ swoje naktady na
systemy informatyczne zwigzane ze zdrowiem psy-
chicznym, rozwéj uprawnien Swiadczeniobiorcow
oraz personelu, aby przejicie od opieki analogowej
do cyfrowej stato sie rzeczywistoscia dla wszystkich.
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OPOWIADANIE

Zycie w kraju o niskich dochodach

oznacza stawianie czota

nieusuwalnym barierom w dostepie
do wysokiej jakosci opieki

Historia Eleni

Zmagam sie z choroba afektywng dwubiegunowa
w Etiopii, kraju o niskich dochodach. Oznacza to
stawianie czota nieusuwalnym barierom w dostepie
do opieki psychiatrycznej spetniajacej minimalne
standardy.

Zaopatrzenie w leki jest niewystarczajace, nieregu-
larne i drogie. Zycie w biednym kraju wigze sie z bra-
kiem twardych walut do zréwnowazonego importu
takich lekdw. Bardzo czesto musiatam zmieniac lek,
ktoéry umozliwiat mi prowadzenie stabilnego zycia,
na mniej skuteczny z powodu braku dostepnosci

na rynku. Czyz to nie jest smutne, ze wiele z moich
zmian nastroju zostato tak naprawde wywotanych
tymi przymusowymi zmianami lekdw?

Nawet gdy leki sg dostepne, zalecana dawka moze
by¢ nieosiggalna. Pamietam, ze przepisano mi
stabilizator nastroju o dawce 25 mg, ale na rynku
dostepna byta tylko dawka 100 mg. Nie pozostato
mi nic innego, jak tylko dzieli¢ tabletke na cztery

czesci nozem kuchennym. W wiekszosci przypadkow
potowa tabletki zmienita sie w proszek, poniewaz
nie miata wyraznej linii podziatu.

Nie tylko leki, ale rowniez badania laboratoryjne sg
czesto niedostepne do monitorowania terapii. Zale-
cono mi przyjmowanie stabilizatora nastroju, ktory
wymagat regularnych badan krwi. Nigdy nie zapo-
mne toksycznych reakcji, jakie przesztam, poniewaz
jego poziom we krwi nie mogt by¢ monitorowany.
Odczynniki konieczne do badan krwi nie mogty by¢
wtedy importowane.

Zawsze pokrywatam samodzielnie koszty mojego
leczenia, co stanowito duze obciagzenie dla naszych
dochodéw. Mam przywilej posiadania rodziny

o $rednich dochodach. Ale to leczenie znacznie
obciazyto nasze dochody. Systemy ubezpieczen
zdrowotnych nie istnieja. Czasami kupowatam leki
na czarnym rynku. Byty bardzo drogie, ale to cena za
stabilne, funkcjonalne zycie.
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ABSTRACT
Pathogenesis of Proliferative Vitreoretinopathy
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Witreoretinopatia proliferacyjna (PVR) uznawana jest za najczestsza
przyczyne niepowodzenia operacyjnego leczenia przedarciowego
odwarstwienia siatkowki. Obecnie PVR poréwnuje sie z procesem
nieprawidfowego gojenia ran, powstawaniem i obkurczaniem bfon ko-
morkowych po obu stronach powierzchni siatkéwki i w komorze cia-
ta szklistego, a takze zwtdknieniami $rodsiatkowkowymi. W rozwoju
PVR wyodrebnia sie kilka etapéw: faze niedokrwienia, stan zapalny,
apoptoze, faze migracji, proliferacji i transformacji, obkurczania sie
bton. Kluczows role w catym procesie odgrywajg komérki nabtonka
barwnikowego siatkéwki, ktore (stymulowane m.in. przez czynniki
zapalne) ulegaja transformaciji, tracgc cechy komérek nabtonkowych
na rzecz cech komérek mezenchymatycznych, przypominajgcych
fibroblasty. Trwajg badania molekularne, majgce na celu lepsze zro-
zumienie patofizjologii PVR, oraz badania kliniczne $rodkéw zapo-
biegajgcych powstawaniu PVR.

Stowa kluczowe: proliferacyjna witreoretinopatia, przedarciowe od-
warstwienie siatkowki, przejscie nabtonkowo-mezenchymaine

Proliferative vitreoretinopathy (PVR) is considered the most com-
mon cause of failure in the surgical treatment of rhegmatogenous
retinal detachment. Currently, PVR is compared to the process of
abnormal wound healing characterized by the formation and shrink-
ing of cell membranes on both sides of the retinal surface and in the
vitreous body chamber, as well as intraretinal fibrosis. Several phases
can be distinguished, i.e. the ischemic phase, inflammation, apopto-
sis, the phase of migration, proliferation and transformation, and the
phase of membrane shrinking. A key role in the whole process is
played by retinal pigment epithelial cells, which, stimulated, among
other things, by inflammatory factors, undergo a transformation,
losing the characteristics of epithelial cells in favor of those of fibro-
blast-like mesenchymal cells. Laboratory studies are underway for
a better understanding of the pathophysiology of PVR, as well as
clinical trials of various agents to prevent PVR.

Keywords: proliferative vitreoretinopathy, rhegmatogenous retinat
detachment, epithelial-mesenchymal transition

Wstep

Termin ,proliferacyjna witreoretinopatia” (proliferative
vitreoretinopathy, PVR) zostat utworzony przez Retina
Society Terminology Committee w 1983 r. dla okresle-
nia procesu chorobowego wystepujgcego wtérnie do
przedarciowego odwarstwienia siatkowki (rhegmato-
genous retinal detachment, RRD) [1].

Proliferacyjna witreoretinopatia pozostaje jednag
z gtéwnych przyczyn niepowodzen operacyjnego le-

czenia RRD — pojawia sie w 5-10% oczu z RRD [2].
Polega na nieprawidtowym tworzeniu sie bton na-
siatkdwkowych, Srédsiatkdwkowych i podsiatkéwko-
wych w nastepstwie RRD. Btony te, obkurczajac sie,
powodujg trakcje ponownie odwarstwiajgce siatkdw-
ke i tworzgce nowe lub poszerzajgce juz istniejgce
przedarcia siatkowki.

W grupie podwyzszonego ryzyka progresji do PVR
znajduja sie pacjenci z:
- istniejgcymi blonami PVR [3, 4],
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dtugim, zwykle kilkumiesiecznym, wywiadem niele-
czonego RRD [3],
wystepowaniem PVR w przesztosci [3, 4],
duzymi (>3 $rednice tarczy nerwu wzrokowego)
podkowiastymi przedarciami odstaniajgcymi duzo
nabtonka barwnikowego siatkowki (retinal pigment
epithelium, RPE) [3],
licznymi otworami w siatkowce [3],
jatrogennym lub wrodzonym brakiem soczewki [4],
rozlegtym odwarstwieniem [3, 4],
towarzyszgcym odtgczeniem naczynidwki [3],
agresywnym zapaleniem siatkowki [3],
zapaleniem bfony naczyniowej [3],
wysokg zawartoscig biatek w ciele szklistym [4],
wylewem krwi do komory ciata szklistego [9],
wieloletnim paleniem wyrobdéw tytoniowych w wy-
wiadzie [6].
Do czynnikéw okotooperacyjnych zwiekszajgcych
ryzyko tworzenia bton PVR nalezg: krwotoki $rodo-
peracyjne i pooperacyjne, witrektomia, retinotomia,
kriopeksja, rozlegly obszar laserokoagulacji, podanie
powietrza do komory ciata szklistego [5].
Rozpoznanie kliniczne PVR opiera sie przede
wszystkim na badaniu dna oka w biomikroskopii
i uwidocznieniu odwarstwienia siatkéwki z utrwalony-
mi fatdami u pacjentéw z wywiadem dlugotrwatego
pierwotnego RRD (pacjent podaje trwajgce pogor-
szenie ostrosci wzroku poprzedzone metami, btyska-
mi) lub niedawng operacjg naprawczg tegoz (pacjent,
zwykle 4-6 tygodni po operacji naprawczej RRD,
zgtasza nagte lub stopniowe pogorszenie ostrosci
wzroku). Fatdy te $wiadczg o trakcji siatkowki wywo-
tanej obkurczaniem sie blon PVR [7]. Czasem bfony
PVR przybierajg forme kiebdéw z towarzyszgcymi
przymgleniem i pigmentem w szklistce. W PVR tyl-
nego odcinka mogg pojawia¢ sie fatdy promieniste,
figury gwiazdy, btony nasiatkbwkowe uktadajgce sie
linijnie; zwtdknienia mogg tez przybieraé forme pier-
Scienia odwarstwiajgc catg siatkéwke i pociggajgcego
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za nig juz przy tarczy nerwu wzrokowego. Prolifera-
cyjna witreoretinopatia przednia powstaje na wysoko-
Sci podstawy ciata szklistego. Najczesciej lokalizuje
sie w dolnych kwadrantach, cho¢ moze zajmowac
caty obwdd siatkowki.

System klasyfikacji PVR zostat opublikowany
w 1983 r. przez Retinal Society Terminology Commit-
tee i zaktualizowany w 1991 r. [1]. Kryteria z badania
The Silicone Study poszerzajg system klasyfikacji do-
konujgc stratyfikacji poprzez:

1. lokalizacje btony,
2. stopien zaawansowania klinicznego,
3. geometrie btony [8].

Uaktualniony system klasyfikacji, zdefiniowany
przez Machemera w 1991 r., jest przedstawiony po-
nizej w tabelach 1i 2.

Tabela 1. Stopnie zaawansowania proliferacyjnej witreoreti-
nopatii na podstawie klasyfikacji Machemera

Stopien Cechy
— zmetnienia w szklistce
— zgrupowania barwnika w szklistce

— skupiska barwnika na siatkdwce wewnetrznej

— pomarszczenie powierzchni siatkdwki we-
wnetrznej

— sztywnos¢ siatkOwki

— kretos¢ naczyn

— nieregularne, zwiniete brzegi przedarcia
siatkowki

— zmniejszona mobilnos¢ szklistki

— do tylu od réwnika gatki ocznej

— punktowe, rozproszone lub okrezne fatdy
petnej grubosci siatkdwki?

— podsiatkébwkowe pasma zwitdknien?

— do przodu od réwnika gatki ocznej

— punktowe, rozproszone lub okrezne fatdy
petnej grubosci siatkdwki?

— przemieszczenie przednie?

— podsiatkéwkowe pasma zwtdknien?

— zgeszczenia w ciele szklistym z pasmowaty-
mi zwtdknieniami

@ Wyrazone w godzinach zegarowych
Zrédio: Machemer R. et al., 1991 [9], Glazer L.C. et al., 1993 [10].

A

CP1-12

CA1-12

Tabela 2. Stopien C zaawansowania proliferacyjnej witreoretinopatii w odniesieniu do typu obkurczania sie bton

Typ Lokalizacja Cechy
Ogniskowy przed lub za réwnikiem gatki ocznej | figura gwiazdy
Rozproszony przed lub za réwnikiem gatki ocznej | zlewajace sie figury gwiazdy
— ,obrgczka na serwetke” wokot tarczy n. Il
Podsiatkéwkowy | przed lub za réwnikiem gatki ocznej | — ,sznur od bielizny”
— ,materiat nadgryziony przez mole”
— obkurczenie sie wzdtuz tylnego brzegu podstawy ciata szkliste-
Okrezny przed réwnikiem gatki ocznej _ gg;gggt;ia;?ﬁ/ én\jv Eﬁimfjg\?vze?mem siatkowki
— promieniste faldy siatkdwki tylnej
— podstawa ciata szklistego przemieszczana ku przodowi przez
g:zz::in?:;zczenie przed réwnikiem galki ocznej - greorl;ll:‘zl:ﬁﬁgeotdklzgzlanie sie siatkowki
— napiecie wyrostkow rzeskowych przez proliferacje

Zrédio: Machemer R. et al., 1991 [9], Glazer L.C. et al., 1993 [10].
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Ze wzgledu na dramatyczne i czesto nie w peni
odwracalne skutki PVR dla pacjentow, wysitki po-
winny by¢ nakierowane nie tyle na metody leczenia
czy usuwania bton PVR, co na sposoby zapobiega-
nia ich powstawaniu. W zwigzku z tym konieczne
sg nowe strategie terapeutyczne, aby zapobiec lub
zatrzymac¢ progresje PVR. W tym celu nalezy do-
ktadnie pozna¢ mechanizmy jej powstawania, czyn-
niki biochemiczne, chemotaktyczne i enzymy biorgce
udziat w tym procesie, aby znalez¢ potencjalne punkty
uchwytu dla lekow, antymetabolitéw czy inhibitorow.

Naprezenia mechaniczne w dotknietym odwar-
stwieniem obszarze aktywuijg glej do uwalniania czyn-
nikéw stymulujgcych jego proliferacje, a takze procesy
angiogenezy i fibrogenezy [11].

Komarki, ktére odgrywajg najistotniejszg role w roz-
woju PVR: RPE, glejowe Millera, fibroblasty i makro-
fagi [12].

Proces PVR rozpoczyna sie na krawedzi przedar-
cia. Mozna podzieli¢ go na kilka faz, przypomina
nieprawidtowe gojenie tkanki po przedarciu i odwar-
stwieniu siatkéwki. Zauwazono, ze PVR nie wyste-
puje w wysiekowym odwarstwieniu siatkdwki, mozna
wiec zaktadaé, ze to przedarcie w RRD stanowi punkt
startowy dla kaskady procesoéw prowadzgcych do po-
wstania bton PVR. Natychmiast po odigczeniu sie siat-
koéwki neurosensorycznej od odzywiajgcej jg naczy-
nidwki nastepuje niedokrwienie, miejscowe zapalenie
i postepujaca apoptoza fotoreceptoréw. Dochodzi do
przerwania bariery krew—siatkéwka, co pozwala na
swobodny naptyw czynnikéw chemotaktycznych i mi-
togennych, inicjujgcych przejscie nabtonkowo-mezyn-
chemalne komoérek nabtonka barwnikowego (epithe-
lial-mesenchymal transformation, EMT). W dalszej
kolejnosci nastepuje nasilenie migracji i proliferaciji,
a w koncu procesy zwtdknieniowe i skurcz wytworzo-
nych bton siatkéwkowych (ryc. 1) [13].

przedarcie
i odwarstwienie

siatkdwki

niedokrwienie

obkurczanie

sie bton i stan zapalny

proliferacja,

migracja, apoptoza

transformacja

Rycina 1. Schematyczne przedstawienie nastepujgcych po
sobie kluczowych faz patogenezy PVR
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Faza niedokrwienia

Wewnetrzne dwie trzecie siatkdwki jest zaopatrywane
przez naczynia pochodzgce z tetnicy centralnej siatkow-
ki, zewnetrzna jedna trzecia ze splotu naczyniéwkowe-
go przez dyfuzje. Po odwarstwieniu wewnetrzna czes¢
siatkowki pozostaje ukrwiona, podczas gdy zewnetrz-
ne warstwy zaczynajg by¢ niedotlenione i przerwaniu
ulega bariera krew—siatkéwka [14]. Szacuje sie, ze ok.
20% fotoreceptoréw obumiera w ciggu 3 dni (martwi-
ca kaspazozalezna, apoptoza, nekroptoza), a ponad
potowa komorek umiera do 28. dnia od odwarstwienia
siatkowki [15]. Waznym czynnikiem wywotujgcym mi-
gracje i Smier¢ komorek jest indukowana niedotlenie-
niem kwasica mleczanowa [16].

Po odwarstwieniu siatkéwki na kaspazy w komor-
kach zaczyna oddziatywac inhibitor kaspaz Z-VAD.
Woweczas kinazy biatkowe oddziatujgce z receptorami
11 2 posredniczg w gtéwnych szlakach sygnatowych
Smierci komorek fotoreceptoréw [17]. Istnieje kore-
lacja miedzy ciezkoscig odwarstwienia a zakresem
przerwania bariery krew—siatkdwka [18].

Faza zapalenia

Poprzez przerwang bariere krew—siatkéwka dochodzi
do zwiekszenia aktywnosci chemotaktycznej i mito-
gennej w jamie ciata szklistego wtérnie do naptywu
cytokin, czynnikdw wzrostu oraz komoérek zapalnych
z krgzenia ogolnoustrojowego. Wchodzg one w inte-
rakcje z RPE, hialocytami oraz komdrkami glejowy-
mi i napedzana jest dalsza lokalna produkcja cytokin
i czynnikéw wzrostu [19].

W ciggu kilku godzin od odwarstwienia siatkowki
miejsce to jest naciekane przez granulocyty obojet-
nochtonne, ktére uwalniajg dodatkowe czynniki, moga-
ce przyczynia¢ sie do $mierci fotoreceptorow. Poprzez
rodzine receptorow NOD-podobnych i biatko zawiera-
jgce domene piryny-3 (NOD-like receptor family py-
rin domain containing 3, NLRP3), np. interleukine 13
(interleukin 1B, IL-1B) [20], stymulujg komérki RPE
do zwiekszonej regulacji cytokin zapalnych, m.in. IL-6
[21], a takze czynnik wzrostu fibroblastow (fibroblast
growth factor, FGF), ktéry dodatkowo stymuluje na-
ptyw monocytéw i ich réznicowanie w makrofagi [22].

Powstawanie bton podsiatkéwkowych i nadsiat-
kowkowych PVR jest zwigzane z lokalnym groma-
dzeniem sie komérek zapalnych, w tym makrofagéow
M2 z ekspresjg CD163/CD206. Mikroglej proliferuje
i przenika przez siatkéwke w kilka dni po odwarstwie-
niu, regulujgc naciek makrofagéw [23]. Te rozktadajg
resztki siatkdéwki i biatka macierzy, zmieniajgc struktu-
re i wtasciwosci siatkowki, wydzielajg FGF i transfor-
mujacy czynnik wzrostu B (transforming growth factor
B, TGF-B) i tym samym stymulujg akumulacje i prolife-
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racje komorek podobnych do fibroblastow w poczagtko-
wych btonach PVR. Komérki T pomocnicze (T-helper
cells, Th) uwalniajg cytokiny antyfibrogenne, takie jak
IL-10 i interferon gamma, ktére hamujg synteze kola-
genu, a takze profibrogenne — FGF, TGF-B, plytko-
pochodny czynnik wzrostu (platelet-derived growth
factor, PDGF) i czynnik wzrostu $rédbtonka naczy-
niowego (vascular endothelial growth factor, VEGF).
Zauwaza sie duze znaczenie odpowiedzi limfocytéw
Th we wczesnym PVR, chociaz w eksperymencie na
myszach, mimo pozbawienia ich antygenowo-specy-
ficznych limfocytow T i B, iniekcja doszklistkowa dys-
pazy nadal indukuje PVR [24].

Aktywacja makrofagéw, komérek glejowych Muel-
lera, astrocytow i mikrogleju prowadzi do stresu ok-
sydacyjnego, ktéry moze przyczyniac sie do dalszego
cytotoksycznego dziatania, szczegdinie na fotorecep-
tory po odwarstwieniu siatkowki [25].

Liczne przeprowadzone badania donoszg o nadeks-
presji wielu czynnikdw wzrostu i cytokin w ciele szklistym
i plynie podsiatkéwkowym pacjentéw z PVR [26, 27].

Apoptoza

Apoptoza réownowazy proliferacje komoérek i odbywa
sie za posrednictwem wewnetrznych lub zewnetrz-
nych szlakéw sygnatowych inicjowanych przez we-
wnatrzkomérkowe wigzanie receptora Smierci, prowa-
dzac do fragmentacji DNA i Smierci komorki. Apoptoze
i PVR taczy wiele patogenetycznych szlakéw sygnato-
wych. Na przykiad TGF-@ blokujgc apoptoze zwieksza
przezywalnos¢ komorek RPE, indukuje proliferacje
i obniza poziom indukujgcej $mier¢ czgsteczki sygna-
lizacyjnej FasL [28]. Proapoptotyczne Fas i ligandy in-
dukujgce apoptoze zwigzane z czynnikiem martwicy
nowotworéw (fumor necrosis factor, TNF) sg regulo-
wane w szklistce i w ustalonej btonie PVR, a polimor-
fizmy pojedynczego nukleotydu w TNF-a silnie wigzg
sie z ryzykiem PVR [29].

Uwaza sie, ze TNF-a jest zaangazowany w rozwoj
PVR, a zatem moze stanowi¢ cel terapeutyczny. In-
hibitory specyficzne dla TNF-q, takie jak infliksymab,
potencjalnie mogg zapobiega¢ lub zmniejsza¢ PVR.
Obecnie trwa randomizowane kontrolowane badanie
oceniajgce skutecznos¢ doszklistkowego wstrzykniecia
infliksymabu jako adjuwantu w leczeniu operacyjnym
RRD (ClinicalTrials.gov, Identifier: NCT04891991) [30].

Faza migracji i proliferaciji

Komorki RPE i glejowe Millera stanowig gtéwne
typy komorek biorgcych udziat w patomechanizmie
PVR. Zwykle po przerwaniu bariery krew—siatkowka,
spowodowanym przewleklymi patologiami, rozdar-
ciem siatkowki, odwarstwieniem siatkéwki lub pe-

netrujgcym urazem oka, komoérki RPE aktywowane
przez TGF-B nabierajg cech miofibroblastéw, umozli-
wiajgc im migracje i tworzenie kurczliwych bton wyste-
pujgcych w PVR [31, 32, 33, 34, 35, 36, 37].

Proces ten, czyli EMT, moze zachodzi¢ zaréwno
w warunkach fizjologicznych, np. embriogenezie i go-
jeniu sie ran, jak i w patologicznych — nowotworach
i widknieniu tkanek. Przejscie nabtonkowo-mezynche-
malne komadrek nabtonka barwnikowego charaktery-
zuje sie utratg biegunowosci wierzchotkowo-podstaw-
nej, zamiang ekspresji cytokeratyn na wimentyne oraz
zwiekszong ruchliwoscig komorek i ich zdolnoscig do
inwazji [36, 37, 38, 39, 40]. Komorki Millera rowniez
odgrywajg istotng role w rozwoju PVR, gtéwnie
poprzez wydzielanie cytokin i czynnikéw wzrostu,
prowadzgc do glejozy i proliferacji [41]. Opisuje sie,
ze przechodzg one réwniez transformacje glejowo-
-mezenchymalng pod wptywem TGF-[3 [42, 43].

Faza obkurczania si¢ bton

Po odwarstwieniu stransformowane w EMT komorki
nabierajg cech miofibroblastéw. Synteza widkien po-
$rednich aktyny stymulowana jest przez IL-1 i odby-
wa sie w trakcie EMT. Alfa-aktyna miesni gtadkich jest
stymulowana do wytwarzania filamentéw, a nastepnie
aneksyna A2 inicjuje skurcz wiékien miofibroblastow.
Aktywacja komérek Millera prowadzi do wyraznej gle-
jozy w obrebie siatkdwki, ktéra prowadzi do jej zesztyw-
nienia i skrocenia [44]. Skracanie sie bton PVR powiek-
sza obszar odwarstwienia i uwalniajgc kolejne RPE do
szklistki nasila tworzenie sie nowych bton. W przeci-
wienstwie do skurczéw miocytéw, miofibroblasty mogg
utrzymywacé skurcz przez dtuzszy czas [37].

Efekt kurczliwosci bton w PVR jest silnie skorelo-
wany ze stezeniem aktywowanego TGF-3 2 w ciele
szklistym (r 0,82, P < 0,0001) [45]. W trakcie prowa-
dzonych hodowli tkankowych zauwazono, ze aktyw-
nos$¢ skurczowa zmniejsza sie z wiekiem oraz po dtuz-
szym czasie uptywajgcym od poczatku rozwoju PVR,
€O sugeruje, ze kurczliwosc jest cechg przejsciowg po
odwarstwieniu siatkéwki [46].

Na podstawie licznych badan nad etiologig PVR
postawiono hipoteze dotyczgcg czynnika wzrostu i cy-
tokin. Wedtug niej nieprawidtowa ekspresja mediato-
row stanu zapalnego napedza PVR. Czynniki wzrostu
i cytokiny, ktérych dotyczy hipoteza, to: TGF-3, PDGF,
podstawowy czynnik wzrostu fibroblastow (bFGF),
VEGF, IL-1qa, IL-2, IL-3, IL-6, TNF-a, czasteczka
adhezji miedzykomorkowej 1 (ICAM-1), periostyna i in.

Obecnos¢ i stezenie czynnikdw wzrostu, cytokin
i chemokin mogg by¢ potencjalnie wykorzystane jako
biomarkery do przewidywania rozwoju i nasilenia PVR.

W tabeli 3 przedstawiono zestawienie wybranych
czynnikéw biorgcych udziat w procesie PVR.
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Tabela 3. Wybrane czynniki biochemiczne biorgce udziat w procesie proliferacyjnej witreoretinopatii

Transformujacy czynnik
wzrostu B

— kluczowy w procesie EMT

— produkowany przez limfocyty Th i makrofagi M2, aktywowany przez trombospondyne-1
— hamuje apoptoze blokujgc promujgcy $mier¢ FasL [47]

— stymuluje wytwarzanie czynnikéw prozapalnych PDGF, IL-1R, IL-6R [48]

— hamuije przeciwzapalng IL-10 [48]

— stezenia korelujg ze stopniem zwidknienia siatkdwki i obkurczania sie bton [49]

— zwieksza przezywalno$¢ komérek RPE

— przyspiesza proliferacje

— reguluje synteze i degradacje macierzy zewnatrzkomorkowej

— stymuluje akumulacje kolagenu i nasila widknienie

Czynnik martwicy
nowotworow o

— reguluje odpowiedz zapalng, apoptoze i proliferacje komérkowa [50]

— poziomy TNF-a i jego rozpuszczalnych receptorow (STNF-Rs, sTNF-RI, sTNF-RII) sg podwyz-
szone w ciele szklistym i sg skorelowane z czasem trwania odwarstwienia siatkdwki i stopniem
nasilenia PVR [51]

— reguluje adhezje i migracje komérek RPE do macierzy zewnatrzkomorkowej przez szlak kina-
zy aktywowanej mitogenami [52]

— indukuje ekspresje metaloproteinaz macierzy przez aktywacje sygnalizacji Akt/mTORC1 [53]

Plytkopochodny czynnik
wzrostu i czynnik
wzrostu srodbtonka
naczyniowego

— dziatanie mitogenne i chemoatrakcyjne dla komoérek mezenchymalnych i glejowych [54]

— poziom VEGF moze rosng¢ w surowicy pacjentéw z PVR [55]

— $rednio 2x wyzsze poziomy w ptynie podsiatkdwkowym u oséb z PVR niz u tych, ktére ich nie
wytworzg [20]

— receptor PDGFR-a jest posrednio aktywowany przez VEGF, bFGF, EGF, insuline i HGF [56]

Podstawowy czynnik
wzrostu fibroblastow

— stymuluje proces EMT
— dziata protekcyjnie na komérki RPE
— promuje przezsiatkowkowg migracje gleju [57]

Interleukina 6

— jej poziom koreluje z nasileniem PVR

— ma wiasciwosci profibrogenne i prozapalne

— jest wytwarzana w odpowiedzi na IL-1, IL-17 i TNF-a przez komérki RPE, komérki srodbfonka,
fibroblasty, neutrofile, monocyty i makrofagi [5]

— promuje wytwarzanie biatek ostrej fazy, VEGF, MMP, TIMP, proliferacje limfocytéw T, réznico-
wanie limfocytéw B, produkcje immunoglobulin G, AiM

— stymuluje proliferacje komorek RPE wigzac sie z IL-6R lub jej forma rozpuszczalng [59]

— niezbedna do bliznowacenia podsiatkdowkowego w modelu mysim [60]

— obecna w ptynie podsiatkdwkowym w wysokich mianach podczas RRD [19]

Interleukiny 1ai 18

— dziatajg jako silne cytokiny prozapalne, endogenne pirogeny

— indukuja proliferacje i roznicowanie komorek

— inicjuja i nasilajg odpowiedzi immunologiczne i zapalne [61]

— przyczyniajg sie do $mierci fotoreceptorow poprzez NLRP3 [20]

— pojawiajg sie w kazdym typie odwarstwien siatkdwki (niezaleznie od pdzniejszego rozwoju
PVR)

— polimorfizm pojedynczego nukleotydu w antagoniscie receptora IL-1 jest zwigzany z ryzkiem
PVR [62]

Interleukina 8

— reguluje odpowiedz zapalng i posredniczy w angiogenezie

— poziom IL-8 jest podwyzszony w RRD i PVR, ale nie koreluje ze stopniem zaawansowania
PVR [63]

— istotnie koreluje z wielkoscig odwarstwionego obszaru PVR [64]

— produkowana przez monocyty, makrofagi, limfocyty T, neutrofile, fibroblasty, komarki srédbton-
ka i komorki RPE

Czasteczka adhezji
miedzykomoérkowej 1

i czasteczka adhezyjna
komoérek naczyniowych 1

— poziomy ich rozpuszczalnych form sg podwyzszone we wczesnych fazach tworzenia bton
PVR

— czgsteczki adhezji miedzykomorkowej

— up-regulowane przez sygnalizacje apoptotyczng w fotoreceptorach i komérkach RPE [28]

— czgsteczki proapoptotyczne
— odgrywajg role w usuwaniu komérek

Fas iFasl — poziom w ptynie podsiatkbwkowym ro$nie w ustalonym PVR i w oczach predysponowanych
do rozwoju PVR [28]

— biatko mitogenne

— stymuluje EMT w komdrkach nowotworowych, w gojgcych sie ranach, a takze tkankach obje-
Periostyna tych chorobami zwtdknieniowymi

— powoduje chemotaksje zapalng komoérek Th2 i makrofagéw M2 [65]

— w PVR poziomy periostyny w ciele szklistym i w btonach PVR sg podwyzszone [66]

— niezbedna do migracji RPE w obrebie ciata szklistego
Aneksyna All — jest wydzielana podczas apoptozy fotoreceptordw, uczestniczy w ich fagocytozie

— rola w degeneracji macierzy zewngtrzkomérkowej [67]
— posredniczy w skurczu miofibroblastow
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— marker fazy EMT
Alfa-aktyna migsni gtad- | — indukuje produkcje filamentéw w miofibroblastach
kich — jej ekspresja ro$nie wraz ze zwiekszeniem sie poziomu TGF-3

— wraz z aneksyng odpowiada za wtasciwosci kurczliwe bton PVR [68]

Katepsyna S — produkowana przez RPE

— jej poziom w ptynie podsiatkéwkowym rosnie w pierwszych 24 godzinach RRD

— reguluje lizosomalne trawienie rodopsyny
— jej poziom koreluje z ryzykiem PVR, jej stopniem, a takze z czasem trwania RRD [69]

Istnieje tez hipoteza dotyczaca autoimmunolo-
giczngo rozwoju PVR. Zostata ona poparta obser-
wacjg, w ktérej zauwazono, ze sekwencje przemian
przypominajgcych PVR mozna wywota¢ poprzez im-
munizacje siatkowki autoantygenami, m.in. opsyna,
antygenem S (S-Ag) i biatkiem wigzgcym retinoidy
miedzyfotoreceptorowe. Ponadto, w btonach siat-
kéowkowych PVR mozna wykry¢ nacieki z komorek
T CD4 i CD8, komérek B CD22 i makrofagdw, ztogi
przeciwciat immunoglobulin G, A i E oraz fragmenty
dopetniacza C1q, C3c i C3d. Komérki odpornoscio-
we wykazujg zwiekszong ekspresje ligandu CD95 i/
lub czgsteczek HLA-DR, co sugeruje to ich aktywacje
[70]. Nie udato sie dotychczas oceni¢ czy procesy au-
toimmunologiczne sg przyczyng czy towarzyszgcym
skutkiem genezy PVR.

Zakonczenie

W artykule przedstawiono aktualny stan wiedzy na
temat PVR. Znajomos¢ patofizjologii tego procesu
jest niezbedna w planowaniu potencjalnych metod
terapeutycznych, majgcych zastosowanie w leczeniu
omawianej choroby. Nalezy jednak pamietac, ze sku-
teczno$¢ terapii weryfikujg wytgcznie wieloosrodkowe
badania z podwdjnie Slepg prébag. Mechanizmy pa-
tofizjologiczne choroby sg tylko wskazéwka zaréwno
dla grup badawczych projektujgcych potencjalne leki,
jak i czynnosci zabiegowych stosowanych przez oku-
listdw operatorow.
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STRESZCZENIE

Piorunujgcy przebieg zespotu HELLP wspéfistniejagcego
z rzucawka u ciezarnej w 32. tygodniu cigzy powikfanej we-
wnatrzmacicznym zahamowaniem wzrastania pfodu — opis
przypadku

Kopko J.", Jabtoriska E."

" Klinika Ginekologii i Potoznictwa, Uczelnia tazarskiego, Warszawa

Zespot HELLP jest ciezkim powiktaniem cigzy. Charakteryzuje sie
postepujgcym przebiegiem prowadzgcym do znacznego pogor-
Szenia stanu matki oraz ptodu. Leczeniem przyczynowym zespotu
HELLP oraz rzucawki w przypadku pacjentek, u ktorych noworodek
uzyskat zdolno$¢ do zycia poza organizmem matki, jest zakoricze-
nie cigzy. W pracy przedstawiono przypadek 37-letniej ciezarnej
pierworddki, u ktorej w 32. tygodniu cigzy (TC) wykonano ciecie ce-
sarskie z powodu cigzkiego zespotu HELLP oraz rzucawki. Pierw-
sze uchwytne objawy pojawity sie zaledwie kilka godzin wczesniej,
a dotychczasowy przebieg cigzy nie sugerowat tak dynamicznego
rozwoju powyzszych patologii. Analizujgc przebieg cigzy nalezy
zwréci¢ szczegodlng uwage, ze jedynym parametrem, ktéry mogtby
Swiadczyc¢ o nieprawidfowej funkcji tozyska, byt podwyzszony indeks
pulsacji (Pl) w prawej tetnicy macicznej. Indeks pulsacji w lewej tet-
nicy macicznej w tym samym czasie byt prawidfowy.

Stowa kluczowe: zesp6t HELLP, rzucawka, cigza, zahamowanie
wzrastania ptodu

Wstep

Zespot HELLP jest ciezkim powiktaniem, rozwijaja-
cym sie najczesciej pomiedzy 27. a 37. tygodniem
cigzy (TC), ale opisywane sg réwniez przypadki jego
wystepowania we wczesnym potogu [1]. Charaktery-
zuje sie triadg objawdéw pod postacig hemolizy we-
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HELLP syndrome is one of the most serious complications of preg-
nancy associated with high maternal and neonatal mortality. Due
to a high risk of death or serious maternal and fetal complications,
the causal treatment for HELLP syndrome as well as eclampsia is the
termination of pregnancy. We present a case report of a 37-year-old
primipara with the fulminant course of HELLP syndrome associat-
ed with eclampsia at 32 weeks of pregnancy complicated by fetal
growth restriction. The patient underwent a cesarean section at 32nd
weeks of gestation due to severe HELLP syndrome within a very
short time from the onset of the first observable symptoms. In the
operating room, the patient lost consciousness just before anesthe-
sia and had tonic-clonic seizures. When analysing the course of the
pregnancy, special attention should be paid to the absence of con-
comitant risk factors for the above pathologies. In the presented case
detailed perinatal care and extended diagnostic examinations were
carried out at every stage of pregnancy. The only parameter that
could be indicative of abnormal placental function was an elevated
pulsatility index (Pl) in the right uterine artery. The Pl in the left uterine
artery at the same time was normal.
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wnatrznaczyniowej, podwyzszonego stezenia enzy-
méw watrobowych oraz matoptytkowosci. Czestos¢
wystepowania tego powiktania w populacji wszystkich
kobiet rodzgcych jest niska i wynosi mniej niz 1% [2].
Jednoczesnie wykazano, ze zespdt HELLP moze
dotyczy¢é 10-20% pacjentek z rozpoznanym stanem
przedrzucawkowym oraz 30% ciezarnych z rzucaw-
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k3 [3, 4]. Najczesciej wystepujgce objawy to: tkliwosc
i bole w nadbrzuszu, nadcisnienie tetnicze, bole gto-
wy, nudnosci, wymioty, zaburzenia widzenia, krwa-
wienie srodczaszkowe oraz zéttaczka [5]. Zespot cha-
rakteryzuje sie postepujgcym i niekiedy dynamicznym
przebiegiem, prowadzgcym do nagtego pogorszenia
stanu matki oraz ptodu [4]. Smiertelno$é matek moze
siega¢ nawet 15%, jednoczesnie umieralnos¢ okoto-
porodowa ptodéw waha sie od 34% w przypadku cigz
przed ukoriczonym 32. TC do 8% w przypadku cigz po
ukonczonym 32. TC [3, 6]. W diagnostyce réznicowe;j
zespotu HELLP nalezy uwzgledni¢ patologie przebie-
gajace z hemolizg wewnatrznaczyniowa, uszkodze-
niem watroby oraz trombocytopenia.

Zgodnie z definicjg przyjeta przez Swiatowg Orga-
nizacje Zdrowia (World Health Organization, WHO)
wewnatrzmaciczne zahamowanie wzrastania ptodu
(fetal growth restriction, FGR) jest powiktaniem pole-
gajacym na urodzeniu dziecka o masie znajdujgcej
sie ponizej 10. centyla w odniesieniu do wieku cig-
zowego. Moze dotyczy¢ 7-15% wszystkich ciaz [7].
Czynniki ryzyka wystgpienia FGR mozna podzieli¢
na: matczyne, ptodowe oraz zwigzane z tozyskiem.
Wyrdzniamy 2 typy ptodowego ograniczenia wzrasta-
nia — wczesny oraz pézny. Nalezy zwréci¢ uwage, ze
do grupy ptodéw z ograniczeniem wzrastania zalicza
sie zaréwno zdrowe i konstytucjonalnie mate dzieci
(small for gestational age, SGA), jak i te, ktére z przy-
czyn patologicznych nie wykorzystaty swojego poten-
cjatu wzrastania (z FGR). Wsrdd ciezarnych z SGA,
w przeciwienstwie do tych z FGR, nie zaobserwowano
istotnego statystycznie zwiekszenia ryzyka obumarcia
wewnagtrzmacicznego ptodu oraz zaburzen hemody-
namicznych [8, 9]. W 2020 r. Miedzynarodowe Towa-
rzystwo Ultrasonografii w Potoznictwie i Ginekologii
opublikowato rekomendacje dotyczgce postepowaniu
w przypadku stwierdzenia SGA lub FGR u ptodu [10].

Rzucawka jest rzadkim powiktaniem cigzy, cha-
rakteryzujgcym sie wystgpieniem drgawek z utratg
przytomnosci u pacjentki ze stwierdzonym uprzednio
stanem przedrzucawkowym. Dotyczy ok. 1% takich
cigz [11, 12]. Ze wzgledu na wysokie ryzyko zgonu lub
powaznych powiktarh u matki i ptodu leczeniem przy-
czynowym zaréwno zespotu HELLP, jak i rzucawki
jest rozwigzanie cigzy [1].

W pracy przedstawiono przypadek ciezarnej
z FGR, u ktérej zespot HELLP oraz rzucawka wystgpi-
ty kilka godzin po pojawieniu sie pierwszych niepoko-
jacych objawow, a dotychczasowy przebieg cigzy nie
sugerowat tak dynamicznego rozwoju tych patologii.

Opis przypadku

Pacjentka w wieku 37 lat, C lll P | 32. TC + 5 dni, ze
stwierdzong niedoczynnoscig tarczycy i FGR, zostata
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przywieziona na Oddziat Ginekologiczno-Potozniczy
przez Zespot Ratownictwa Medycznego (ZRM) z po-
wodu wystgpienia epizodu drgawkowego trwajgcego
2 minuty, dolegliwosci bélowych w nadbrzuszu, bolu
gtowy oraz podwyzszonych wartosci cisnienia tetni-
czego do 175/105 mmHg.

W wywiadzie cigza jajowodowa leczona metotre-
xatem oraz poronienie samoistne w 8. TC. W aktual-
niej cigzy spontanicznej wyréwnana niedoczynnosc
tarczycy (ciezarna stosowata Euthyrox 50 ug 1x1).
Innych choréb przewlektych nie stwierdzono. Wywiad
rodzinny nieobcigzony. Pacjentka nieleczona opera-
cyjnie. Waga 62 kg, wzrost 162 cm, BMI sprzed cigzy
22,1 kg/m>.,

W 29. TC w trakcie rutynowego USG pacjentke
skierowano do osrodka referencyjnego z powodu
podejrzenia hipotrofii ptodu (10. centyl, masa 1114 g,
pte¢ zenska) oraz zwiekszonego indeksu pulsacji
(pulsatility index, PI) w tetnicach macicznych. Dotych-
czasowy przebieg cigzy byt niepowiktany, badania do-
datkowe prawidtowe, wartosci cisnienia sprzed cigzy
oraz w trakcie wizyt lekarskich prawidtowe. Przepro-
wadzono diagnostyke prenatalng w cigzy: test PAPPA
wykazat niskie rysko trisomii, preeklampsji oraz za-
hamowania wzrastania ptodu. Wynik oceny wolnego
DNA ptodowego (cffDNA) prawidtowy. Badanie ultra-
sonograficzne (ulfrasonography, USG) miedzy 18.
a 22. TC prawidtowe.

W osrodku referencyjnym wykonano kardiotoko-
grafie (KTG): czynno$¢ serca ptodu (fetal hearth rate,
FHR) 140-150/min, oscylacja falujgca, zapis reak-
tywny, zmiennos¢ krétkoterminowa 14,9 ms. Warto-
&ci cisnienia tetniczego prawidtowe. W badaniu USG
zahamowanie wzrastania ptodu | stopnia (FGR I), PI
w prawej tetnicy macicznej (RtUta PI1) 1,54, Pl w lewej
tetnicy macicznej (LtUta PI) 0,83. Zalecono kontrolne
badania w poradni wad ptodu w odstepach dwutygo-
dniowych oraz kontrole cisnienia tetniczego 2 razy
dziennie. Ostatnie badanie USG wykonane w 32. TC
+ 2 dni wykazato 1569 g masy ptodu, co odpowiada-
to 5. centylowi. Przeptywy naczyniowe: Pl w tetnicy
pepkowej (UA PI1) 1,03, PI w tetnicy Srodkowej mozgu
(MCA PI) 1,5, RtUta PI 1,71, LtUta PI 0,77, prawidto-
wa ilos¢ ptynu owodniowego. Kontrolne wartosci ci-
$nienia tetniczego w dzienniczku pomiaréw prawidio-
we. Ustalono termin nastepnego badania kontrolnego
za 2 tygodnie.

W 32. TC + 5 dni cigzy w godzinach nocnych (02:00)
pacjentka zgtosita sie na lzbe Przyje¢ rejonowego
Szpitala Powiatowego z powodu bélu w $rédbrzuszu
oraz nadbrzuszu, ktéry wigzata z btedem dietetycz-
nym. Przy przyjeciu stwierdzono stan ogdlny dobry,
pacjentka byla wydolna krgzeniowo-oddechowo,
brzuch miata nieco tkliwy w okolicy nadbrzusza, bez
objawéw otrzewnowych. W badaniach dodatkowych:
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krwinki biate 8,7x10%ul, liczba erytrocytéw (red blo-
od cells, RBC) 4,84 x108/ul, hemoglobina 12,8 g/dL,
ptytki krwi (thrombocyte, PLT) 202 x10%ul, biatko
C-reaktywne (C-reactive protein, CRP) 0,9 mg/l, s6d
136 mmol/l, potas 3,86 mmol/l, bilirubina 0,38 mg/dI,
glikemia 97 mg/dl, w badaniu ogélnym moczu brak
zmian. Pacjentka otrzymata kroploéwke rozkurczowg
z No-Spg i lignokaing oraz Controloc. Wartosci ci-
$nienia tetniczego byly prawidtowe. Po zastosowaniu
leczenia zaobserwowano nieznaczne zmniejszenie
dolegliwosci. Nie stwierdzono wskazan do hospitali-
zacji. Pacjentka zostata wypisana do domu z zalece-
niem diety lekkostrawnej oraz kontroli u lekarza pro-
wadzgcego.

Tego samego dnia, 6 godzin po wypisie ze szpita-
la, ciezarna wezwata ZRM z powodu wystgpienia epi-
zodu drgawek trwajgcego 2 minuty, nasilajgcych sie
dolegliwosci bolowych w nadbrzuszu oraz bolu gtowy.
W chwili badania przez ZRM byta wydolna krgzeniowo-
-oddechowo, w petnym kontakcie stowno-logicznym,
bdl oceniata na 3 stopierh wg numerycznej skali bolu,
cisnienie tetnicze wynosito 175/105 mmHg, tetno
120/min.

Pacjentka zostata przewieziona na Izbe Przyjec
Oddziatu Ginekologicznego Szpitala o Il stopniu refe-
rencyjnosci. W momencie przekazania byta w stanie
ogolnym Srednim, splatana. Wartosci cisnienia tetni-
czego przy przyjeciu na poziomie 180/110 mmHg,

tetno 110/min, temperatura 36,8°C. W badaniu przed-
miotowym stwierdzono: brzuch miekki, bez objawdw
otrzewnowych, macica o nieznacznie wzmozonym
napieciu. W badaniu wewnetrznym — brak krwawienia
z drog rodnych. W badaniu USG: tozysko bez cech
odklejenia, FHR ok. 150/min, masa ptodu 1646 g,
ilo$¢ ptynu owodniowego w normie, centralizacja krag-
zenia u ptodu (MCA PI 0,72, UA PI 0,90). Pacjentce
podano siarczan magnezu, podtgczono zapis KTG,
czynnos¢ serca ptodu ok. 160/min, oscylacja milcza-
ca, powtarzajgce sie deceleracje (ryc. 1). W zwigz-
ku z zagrazajgcg zamartwicg ptodu podjeto decyzje
o natychmiastowym wykonaniu ciecia cesarskiego.
Na sali operacyjnej, bezposrednio przed znieczule-
niem, pacjentka stracita przytomnos¢ oraz wystgpit
napad drgawek toniczno-klonicznych. Cisnienie krwi
wynosito 190/130 mmHg. Z czystych wod ptodowych
wydobyto noworodka ptci zenskiej w stanie ogdlnym
Srednim, o masie urodzeniowej 1600 g, ocenionego
w skali Apgar na 6-9-9 pkt. Srédoperacyjna utrata
krwi wyniosta 500 ml. W trakcie operacji otrzymano
wyniki badan laboratoryjnych pobranych przy przyje-
ciu: RBC 4,56 x10%ul, PLT 34 x10%ul, aminotransfe-
raza asparaginianowa (aspartate aminotransferase,
AspAT) 1456 U/l, aminotransferaza alaninowa (lanine
transferase, ALT) 739 U/, bilirubina 2,5 mg/dl, kwas
moczowy 9 mg/dl, czas protrombinowy (prothrombin
time, PT) 12,7 sec, fibrynogen 169 mg/dl.
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Rycina 1. Zapis KTG przy przyjeciu na oddziat ginekologiczny

Zrédto: opracowanie wtasne.
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Po zakonhczeniu ciecia cesarskiego pacjentke
w stanie ogdélnym ciezkim przekazano na Oddziat In-
tensywnej Terapii. Zatozono wkiucie centralne, prze-
toczono 2 jednostki koncentratu krwinek ptytkowych
oraz 2 jednostki $wiezo mrozonego osocza, zastoso-
wano insulinoterapie, Furosemid, ptynoterapie, wlew
amin katecholowych, siarczan magnezu, dexame-
tazon oraz antybiotykoterapie. Po ustabilizowaniu
stanu klinicznego pacjentke przekazano na Oddziat
Ginekologiczny w 3. dobie pooperacyjnej. W kontrol-
nych badaniach laboratoryjnych w momencie przeka-
zania: Hb 7,9 g/dL, RBC 2,9 x108/ul, PLT 131 x10%/ul,
standaryzowany wspoétczynnik czasu protrombinowe-
go 1,02, fibrynogen 218 mg/dl, CRP 54 mg/l, AspAT
451 U/l, ALT 346 U/l, dehydrogenaza mleczanowa
807 U/I. W dalszym przebiegu hospitalizacji stosowa-
no leczenie hipotensyjne (Dopegyt, Metocard) i hepa-
ryny drobnoczgsteczkowe. Prowadzono monitoring
parametréw zyciowych. Wartosci cisnienia tetniczego
przy ustalonym leczeniu utrzymywaty sie w granicach
normy, stopniowo redukowano dawki lekéw hipoten-
syjnych. Pacjentka z dzieckiem zostata wypisana do
domu w stanie ogélnym dobrym w 30. dobie hospitali-
zacji. Wyniki wszystkich badan laboratoryjnych przed-
stawiono w tabeli 1.

Tabela 1. Zestawienie badan laboratoryjnych
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Dyskusja

ZespOtHELLP nalezy do jednego z najpowazniejszych
powiktan cigzy zwigzanych z wysokg Smiertelnoscig
matek i noworodkow. Poczatkowo zespét ten trakto-
wano jako ciezkg postaé rzucawki lub konsekwencje
stanu przedrzucawkowego. Aktualnie rozpoznawany
jest jako odrebna jednostka chorobowa, gdyz moze
wystepowaé bez nieprawidtowych wartosci cisnienia
tetniczego oraz biatkomoczu. U 15% ciezarnych z ze-
spotem HELLP nie stwierdza sie wystepowania nadci-
$nienia indukowanego cigzg [13, 14].

W 2015 r. Vigil-De Gracia i wsp. analizowali przebieg
ponad 115 tys. porodéw w celu oceny wystepowania
rzucawki oraz zespotu HELLP. Sposréd wszystkich
analizowanych porodéw rzucawka wystgpita u 196 pa-
cjentek, stanowigc 0,17% badanych, z czego u 54 cie-
zarnych stwierdzono wspdtistnienie zespotu HELLP.
Autorzy wskazujg, ze Smiertelno$¢ wsrod matek,
u ktérych wystgpita izolowana rzucawka, wynosita
0% vs. 14,8% w sytuacji wspotistnienia rzucawki oraz
zespotu HELLP. Smiertelno$é wéréd dzieci wynosita
4,9% vs. 20% [15].

W 2018 r. Lisonkova i wsp. dokonali analizy po-
nad 1 min poroddéw, ktére odbyly sie w Kanadzie

Sz;gtalny Oddziat ) Oddzia'll S Trzydziesty Normy
_atunkowy_ ) Ginekologiczny Trzeci dzu_an dzien laborato-
(6 god(z:sg::i? rr::)lemem g;:;:z?as) pooperacyjny pooperacyjny ryjne
Krwinki biate (103/pl) 8,7 13,11 8,97 4,32 4,5-11,0
Erytrocyty (106/ul) 4,84 4,56 2,9 4,95 3,5-5,0
Hemoglobina (g/dL) 12,8 12,4 79 13,6 12,0-16.0
Plytki krwi (103/ul) 202 34 131 237 150—400
Biato C-reaktywne (mg/l) 0,9 54 <5
Soéd (mmol/l) 136 136 139 136-146
Potas (mmol/l) 3,86 4,65 4,09 3,5-5,1
Bilirubina (mg/dl) 0,38 2,5 1,0 <1,0
asparaginianowa (U1) 1496 451 24 <32
etz n
Kwas moczowy (mg/dl) 9 53 49 2,4-57
::szis; protrombinowy 12,7 11,0 9,4-12,5
Fibrynogen (mg/dl) 169 218 200-393
Dehydrogenaza 807 226 135-214

mleczanowa (U/l)

Zrédto: opracowanie wiasne.
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w latach 2012-2015, aby ustali¢ czynniki ryzyka ze-
spotu HELLP. Wsrod wszystkich rodzacych czestosc
wystepowania zespotu HELLP wynosita 0,25%, na-
tomiast rzucawki 0,04%. Autorzy badania podkresla-
li, ze Smiertelnos¢ wsrod matek z zespotem HELLP
jest ponad dziesieciokrotnie wieksza niz w przypadku
pacjentek zdrowych. Istotne statystycznie czynniki
ryzyka wystgpienia zespotu HELLP to: wiek =35 lat,
nierddztwo lub wielorédztwo (=4 poroddéw), otytos¢, ni-
kotynizm, techniki wspomaganego rozrodu, cukrzyca,
nadcisnienie tetnicze, przewlekte choroby serca, ne-
rek i watroby, trombofilie, toczen rumieniowaty, zespot
antyfosfolipidowy, stan przedrzucawkowy/rzucawka
w wywiadzie, wady ptodu, nieprawidtowosci zwigzane
z tozyskiem [16].

W ostatnich latach powstaty prace, ktére poréw-
nywaty czynniki ryzyka wystgpienia zespotu HELLP
u pierworédek oraz wielorédek. W 2018 r. Malmstrom
i Morken, analizujgc przebieg ok. 700 tys. porodéw
w Norwegii, wskazywali, ze w obu grupach pacjentek
czynniki mogg sie roznié. Autorzy ustalili, ze w grupie
wielorédek BMI =30 kg/m? oraz cukrzyca nie zwiek-
szajg istotnie ryzyka wystgpienia zespotu HELLP [17].

W 2023 r. Malinte-Popescu i wsp. dokonali retro-
spektywnej analizy 81 poroddéw u pacjentek z zespo-
tem HELLP oraz 80 poroddéw z grupy kontrolnej [18].
Celem badania byto stworzenie samouczgcego sie
modelu komputerowego, ktéry mogtyby umozliwié¢
przewidywanie wystgpienia zespotu oraz jego ciezko-
$ci na podstawie oceny czynnikow ryzyka oraz badan
laboratoryjnych. Pacjentki z zespotem HELLP zostaty
przydzielone do 3 klas ze wzgledu na ciezkos¢ zespo-
tu (klasyfikacja Mississippi); w tabeli 2 przedstawiono
2 najbardziej popularne systemy klasyfikacji zespotu
HELLP [19]. Nastepnie autorzy dokonali analizy przy
uzyciu 4 komputerowych modeli, a po zakorczeniu
badania wskazali, ze wybrane modele mogg przewi-
dzie¢ wystgpienie zespotu HELLP w klasie | z czuto-
8cig 86—91%. Jednoczesnie czuto$¢ dla wykrycia kla-
sy Il'i lll wynosita ok. 65-83%.

Tabela 2. Klasyfikacje zespotu HELLP

Klasyfikacja Mississippi | Klasyfikacja Tennessee

Klasa I: Catkowity zespot:

* PLT < 50 x10%/l * PLT < 100 x10%/pl
* ASpAT ilub ALT > 70 U/l | « AspAT > 70 U/l

« LDH > 600 U/l « LDH > 600 U/I

Klasa ll:

* PLT 50-100 x10%/pl

* AspAT i/lub ALT > 70 U/l
« LDH > 600 U/I

Klasa lil:

* PLT 100-150 x10%/pl

* AsPT i/lub ALT > 40 U/l
* LDH > 600 U/I

Zrodto: Martin J.N. Jri wsp., 1999 [19].

Czesciowy zespot:
stwierdzenie 2 z 3 wymienio-
nych wyzej parametrow

Do tej pory nie udowodniono, aby jakikolwiek mar-
ker laboratoryjny mogt zostaé wykorzystany w pre-
dykcji wystepowania zespotu HELLP. Jednoczesnie
najnowsze doniesienia naukowe wskazujg na role
mikropecherzykéw (microvesicles, MVs) jako poten-
cjalnego biomarkera zespotu w przysztosci [20, 21].

Wysoka $miertelnos¢ w zespole HELLP jest wyni-
kiem powaznych powiktan, m.in. pekniecia watroby
u ciezarnej, obrzeku mozgu, udaru krwotocznego lub
krwotoku podpajeczyndéwkowego [22, 23, 24, 25]. Ro-
kowanie jest szczegolnie niekorzystne, jezeli uszko-
dzenie dotyczy pnia mézgu lub wzgdrza, prowadzac
do powaznych deficytow neurologicznych [26].

Ocena dynamiki rozwoju zespotu HELLP wsréd
ciezarnych, u ktérych ptéd osiggnat zdolnos¢ do zycia
poza organizmem matki, byta przedmiotem nielicz-
nych analiz. Jest to zwigzane z wyjgtkowo wysokim
ryzykiem Smierci oraz odlegtych powiktann zaréwno
u matki, jak i u ptodu w przypadku kontynuacji cigzy.
W 2007 r. Ganzevoort i wsp. dokonali proby oceny dy-
namiki rozwoju zespotu HELLP oraz innych powiktan
u pacjentek leczonych z powodu nadcisnienia tetni-
czego pojawiajgcego sie na wczesnym etapie cigzy.
tacznie w randomizowanym badaniu wzieto udziat
216 ciezarnych pomiedzy 24. a 34. TC. W toku ob-
serwacji pacjentki zostaty przydzielone do 1 z 3 grup:
z wystepujgcym zespotem HELLP, ciezkim stanem
przedrzucawkowym lub FGR. U badanych pacjentek
stosowano leczenie przeciwnadcisnieniowe, stymulo-
wano dojrzatos$¢ ptuc ptodu sterydoterapiag, podawano
siarczan magnezu, leki przeciwbolowe oraz morfine.
Okres obserwacji konczyt sie porodem w przypadku:
wystgpienia zaburzen czynnosci serca ptodu, obrze-
ku ptuc, opornosci na terapie przeciwnadcisnieniowg
oraz nawracajgcego zespotu HELLP. W momencie
wigczenia do badania 56 kobiet (26%) kwalifikowato
sie do wiecej niz 1 z grup badanych. W momencie
zakonczenia obserwaciji liczba ta wzrosta do 171 pa-
cjentek (79%). Do grupy z zahamowaniem wzrasta-
nia ptodu wigczono 82 pacjentki. W przebiegu dal-
szej obserwacji w tej grupie zespot HELLP wystgpit
u 15 pacjentek (18%), natomiast rzucawka u 2 (2,4%).
W trakcie obserwacji autorzy potwierdzili Smier¢ 9 pto-
déw (11%) wéréd pacjentek z FGR. Sredni czas ob-
serwacji pacjentki od momentu przydzielenia do grupy
badanej do rozwigzania cigzy lub wewnagtrzmaciczne-
go obumarcia ptodu w grupie pacjentek z zespotem
HELLP wynosit 3 dni (0,3—-22), natomiast w przypadku
ciezkiego stanu przedrzucawkowego 1,5 dnia (0,5-
26) [27].

W 2023 r. Mossayebi i wsp. analizowali przebieg
55 cigz, w przypadku ktérych doszio do wystgpienia
zespotu HELLP przed 23. TC. Autorzy raportowali
wystepowanie ciezkich powiktan u ponad 45% pa-
cjentek. Powiktania najczesciej dotyczyty watroby,
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osrodkowego uktadu nerwowego oraz uktadu odde-
chowego. W zwigzku z wystepujgcym zagrozeniem
zycia matek dokonano terminacji w przypadku 36
sposréd 55 wszystkich cigz. W przypadku pozosta-
tych 21 cigz, ktére kontynuowano, u 48% doszto do
obumarcia ptodu przed 20. TC. Jedynie w przypadku
3 cigz autorzy raportowali przezycie ptodu, przy czym
cigze te zakonczyty sie porodem w 23. TC. Wystgpit
1 przypadek $mierci u matki [28].

Aktualnie leczeniem przyczynowym zespotu HELLP
oraz rzucawki w przypadku pacjentek, u ktérych no-
worodek uzyskat zdolnos¢ do zycia poza organizmem
matki, jest zakonczenie cigzy. W sytuacji stabilnego
stanu ciezarnej oraz potwierdzonego dobrostanu pto-
du nalezy rozwazy¢ pojedynczy kurs sterydoterapii
[29]. Autorzy wskazujg jednak, ze zastosowanie kursu
sterydoterapii wydaje sie by¢ mniej korzystne w przy-
padku zespotu HELLP w poréwnaniu do ciezkiego
stanu przedrzucawkowego [30]. Istniejg rowniez do-
niesienia 0 mozliwos¢ zastosowania antytrombiny lub
S-nitrozoglutationu celem poprawy wynikéw okotopo-
rodowych wsréd pacjentek z zespotem HELLP oraz
rzucawka. Aktualnie brak jednak randomizowanych
badan potwierdzajgcych ich korzystne dziatanie [31,
32, 33].

Wewnatrzmaciczne ograniczenie wzrastania pto-
du to bardzo aktualny problem kliniczny. Przypadki
wczesnego pojawienia sie FGR przed 32. TC czesto
zwigzane sg z nadcisnieniem tetniczym oraz choro-
bami tkanki tgcznej u matki [34]. Wedtug aktualnych
rekomendacji pacjentki z wczesnym FGR powinny
zosta¢ skierowane na konsultacje w osrodku o wyz-
szym stopniu referencyjnosci. Pomimo stosunkowo
dobrze poznanego przebiegu tej patologii, zaplano-
wanie dalszego procesu diagnostyczno-terapeutycz-
nego stanowi spore wyzwanie dla opieki perinatalne;.
W szczegolnosci ma to zwigzek z mozliwoscig dyna-
micznego rozwiniecia sie dodatkowych patologii (ciez-
kiego stanu przedrzucawkowego, rzucawki, zespotu
HELLP, wewngtrzmacicznego obumarcia ptodu), kté-
re mogg doprowadzi¢ do $mierci matki. Identyfikacja
kobiet ze zwiekszonym ryzykiem zaburzeh wzrastania
oraz adekwatna diagnostyka dajg szanse na obnize-
nie umieralnosci okotoporodowej [35, 36].

Whioski

W pracy przedstawiono przypadek ciezarnej, u ktérej
pomimo poszerzonej diagnostyki oraz szczegdtowo
realizowanej opieki perinatalnej na kazdym etapie
cigzy, w bardzo krétkim czasie od wystgpienia pierw-
szych uchwytnych objawéw zdiagnozowano ciezki ze-
spot HELLP oraz rzucawke. Analizujgc przebieg cigzy
nalezy zwréci¢ szczegdlng uwage, ze oprécz wieku
(=35 lat) nie stwierdzono towarzyszacych czynnikow
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ryzyka wystgpienia powyzszych patologii pod posta-
cig: obcigzonego wywiadu potozniczego, nadcisnie-
nia tetniczego, chordb przewlektych, odbiegajgcych
od norm stezen markeréw biochemicznych, zakazen
wertykalnych oraz nieprawidtowosci genetycznych
u ptodu. Jedynym parametrem, ktory mégtby Swiad-
czy¢ o niewtasciwej funkcji tozyska, byt podwyzszo-
ny Pl w prawej tetnicy macicznej, wynoszgc w czasie
ostatniego badania w 32. TC + 2 dni 1,72 (>99. cen-
tyl). Indeks pulsacji w lewej tetnicy macicznej w tym
samym czasie byt prawidtowy — P1 0,77.
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ABSTRACT

Carriage of Multidrug-Resistant Pathogens amongst Patients
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STRESZCZENIE

Nosicielstwo drobnoustrojow wielolekoopornych wsrod pa-
cjentéw z oddziatu opieki paliatywnej

Nowaczyk B.", Dyk D.", Lorenz M.?, Marcinkowski J.T.

! Zakiad Pielegniarstwa Anestezjologicznego i Intensywnej Opieki,
Uniwersytet Medyczny w Poznaniu; ? Szpital w Puszczykowie;  Wy-
dziat Medyczny, Uczelnia tazarskiego, Warszawa

Objectives of the study. With the aging population and an in-
crease in cancer incidence, the demand for palliative care is ris-
ing both in Poland and worldwide. Experiences and publications
on multidrug-resistant organisms (MDRO) and risk factors for
healthcare-associated infections (RFHAI) in the Palliative and Hos-
pice Care Department (PHCD), as well as infection diagnosis and
treatment, are scarce despite being more common among pallia-
tive care patients than in other patient groups. The microorganisms
isolated from infections increasingly exhibit resistance to the ma-
Jority, and sometimes all, available medications. This study aims to
estimate the carriage of MDRO and RFHAI among patients in the
Palliative-Hospice Care Department.

Methods. This prospective study was conducted during the pa-
tients’ stay at the hospital ward. It involved 799 patients (382 men
and 417 women, average age: 73.5 years) hospitalized in PHCD
from November 1, 2014, to March 31, 2017. Upon admission,
all patients were assessed for 29 predetermined RFHAI and un-
derwent microbiological screening tests (MST) to detect MDRO.
Swabs were taken from the nasal vestibule and anus following anti-
septic protocols to prevent sample contamination by environmental
microorganisms. A statistical analysis of RFHAI and MST results
was performed.

Results. MDRO carriage was identified in 299 (37.4%) patients
admitted to PHCD. The average RFHAI assessment score for
patients with MDRO detected in MST was 10.14, higher than in
patients without MDRO (8.7). The most common RFHAI in PHCD
patients included previous hospitalization within the last six months
or transfer from another hospital, eating disorders, antibiotic ther-
apy within three months before hospitalization, and invasive pro-
cedures.

Cele badania. Ze wzgledu na starzenie sie spoteczeristwa i wzrost
zachorowari na nowotwory wzrasta zapotrzebowanie na opieke
paliatywng zaréwno w Polsce, jak i w innych krajach $wiata. Do-
Swiadczenia oraz publikacje dotyczgce nosicielstwa drobnoustrojow
wielolekoopornych (MDRO) i czynnikow ryzyka zakazen szpitalnych
(CRHAI) w Oddziale Opieki Paliatywno-Hospicyjnej (OOP-H) oraz
rozpoznawania i leczenia zakazen sg niewielkie pomimo tego, ze
u pacjentow objetych opieka paliatywng wystepujg one czesciej niz
w pozostatych grupach chorych. Drobnoustroje wyizolowane z infek-
cji coraz czesciej charakteryzujg sie opornoscig na wiekszosc, a cza-
sem nawet na wszystkie dostepne w terapii leki. Celem badan byto
oszacowanie nosicielstwa MDRO i CRHAI wéréd pacjentéw OOP-H.
Metody. Badania prowadzono metodg prospektywng w trakcie
pobytu pacjenta na oddziale. Badaniami objeto 799 pacjentow
(382 mezczyzn i 417 kobiet; $redni wiek: 73,5 lat) hospitalizowanych
na OOP-H w okresie od 01.11.2014 r. do 31.03.2017 r. U wszystkich
pacjentow przy przyjeciu na OOP-H wykonano ocene 29 przyjetych
RFHAI oraz mikrobiologiczne badania przesiewowe (MBP) w celu
identyfikacji MDRO; w tym celu pobrano wymaz z przedsionka nosa
oraz odbytu - zgodnie z zasadami antyseptyki, w sposob zapobiega-
Jacy kontaminacji probki przez drobnoustroje z otoczenia. Dokonano
analizy statystycznej wynikow MBP z RFHAI.

Wyniki. Nosicielstwo MDRO wykryto u 299 (37,4%) pacjentow
przyjmowanych na OOP-H. Srednia punktacia w ocenie RFHAI
u pacjentéw z wykrytym w MBP MDRO wyniosta 10,14 i byta wyz-
sza niz u pacjentéw bez MDRO (10,14 vs 8,7). Najczestsze czynniki
ryzyka zakazenia szpitalnego u pacjentow OOP-H to: wczes$niejsza
hospitalizacja w ostatnich 6 miesigcach lub przeniesienie z innego
szpitala, zaburzenia odzywiania, antybiotykoterapia < 3 miesigce
przed hospitalizacjg oraz sztuczne drogi (cewnik moczowy, cewnik
naczyniowy, rurka tracheotomijna).
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Conclusions. ESBL-producing Proteus mirabilis, carbapene-
mase-producing Pseudomonas aeruginosa, Vancomycin-Resistant
Enterococcus (VRE), ESBL-producing Escherichia coli, ESBL-pro-
ducing Enterobacter cloacae, and ESBL-producing Klebsiella pneu-
moniae detected in MST among patients treated at PHCD were
more frequent in patients with certain RFHAI.

Key words: palliative care, multi-drug resistant bacteria, risk factors
for hospital acquired infection, microbiological screening tests.

Introduction and Objective of the Study

One of the most significant challenges for contempo-
rary medicine and public health is the emergence, se-
lection, and spread of antibiotic-resistant strains of ma-
jor human pathogenic bacteria, leading to an inability
to effectively treat healthcare-acquired infections (HAI).
The past year has seen a rapid rise in HAls caused
by multidrug-resistant organisms (MDRO). Contribut-
ing factors include the misuse and inappropriate use of
antibiotics, a limited pipeline of new effective drugs for
treating infections, an increase in patients with infection
risk factors, an aging society with more patients in nurs-
ing homes and care institutions, lack of, or non-compli-
ance with, infection therapy recommendations in line
with the principles of evidence-based medicine, and
underutilization of microbiological diagnostics.[1]

The risk of HAl is influenced by the involved microor-
ganism, the patient, and the hospital environment.[1-3]

Over 70% of bacteria responsible for nosocomial
infections are resistant to at least one type of antibiot-
ic.[4,5] Multidrug-resistant Gram-negative bacteria ac-
count for more than 50% of medical care associated
infections.[6,7] Microorganisms of primary concern in
the acquisition of resistance to many groups of antibi-
otics are: Enterococcus faecium, Staphylococcus au-
reus, Acinetobacter baumannii, Pseudomonas aerug-
inosa, and the Enterobacteriaceae family, including
Klebsiella pneumoniae.

The evolving epidemiological situation and in-
creased HAI risk have led to more microbiological
screening tests (MST) aimed at detecting MDRO and
assessing risk factors for healthcare-associated infec-
tions (RFHAI).[8-11] Despite the higher frequency of
MDROs in palliative care patients, research and pub-
lications on antibiotic-resistant bacteria carriage and
RFHAI in PHCD, including diagnosis and treatment of
infections, are limited.[12-19] Notwithstanding the ad-
vanced palliative care in Poland, there is a noticeable
lack of evidence regarding MDRO carriage and RFHAI
research in Palliative and Hospice Care Department
(PHCD). This study seeks to identify which investigated
RFHAIs influence MDRO carriage in PHCD patients.

Whioski. Proteus mirabilis ESBL, Pseudomonas aeruginosa szczep
wytwarzajgcy karbapenemazy, Enterococcus VRE, Escherichia coli
ESBL, Enterobacter cloacae ESBL i Klebsiella pneumoniae ESBL
wykryte w MBP u pacjentéw przyjmowanych na OOP-H wystepowa-
fy czesciej u pacjentow z niektorymi RFHAI.

Stowa kluczowe: opieka paliatywna, bakterie wielolekooporne,
czynniki ryzyka zakazenia szpitalnego, mikrobiologiczne badania
przesiewowe

Materials and Methods

Place of Study and Patients Involved in the
Research

The research was conducted at the PHCD ward at one
of the hospitals in Poland. This ward treats patients
with chronic, progressive, life-threatening diseases
that are deteriorating and require increased medical
supervision and intensive symptomatic treatment. The
study involved 799 patients (382 men and 417 wom-
en, mean age: 73.5 years) hospitalized successively
at PHCD from November 1, 2014, to March 31, 2018.

Bioethics Committee Approval

The study received approval from the Bioethics Com-
mittee at Poznan University of Medical Sciences (Res-
olution no. 748/16).

Methods and Tools

The study utilized prospective methods during the pa-
tients’ hospital stay. Upon admission, all patients un-
derwent nasal swabs for MRSA and rectal swabs for
MDRO. Within 12 hours of hospital admission, the risk
of HAIl was evaluated using a form assessing 29 risk
factors for infection. This information was recorded in
a specially designed observation questionnaire.

Microbiological Screening Tests

Indications for microbiological screening tests (MST)
included: (1) previous hospitalization at other health-
care facilities, (2) long-term stay at care facilities, and
(3) experience of health treatment services that are
a risk factor for colonization. The indications con-
cerned all patients hospitalized at PHCD. MST was
performed for all patients hospitalized at PHCD upon
admission to the ward.

MSTs targeted the following MDROs: Methicil-
lin-Resistant Staphylococcus Aureus (MRSA), Van-
comycin-Resistant Enterococcus (VRE), Enterobac-
teriaceae strains producing carbapenemases (CPE),
Enterobacteriaceae rods, and Pseudomonas aerugi-
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nosa strains producing extended-spectrum beta-lacta-
mases (ESBL); multidrug-resistant Acinetobacter bau-
mannii and P, aeruginosa strains.

Microbial cultures were conducted under con-
ditions optimal for the growth of the targeted micro-
organisms. The swabs were inoculated on nutrient
and differentiating media for MRSA, VRE, ESBL, and
selective chromogenic agars for the detection of car-
bapenemases - CRE. The antibiotic sensitivities were
interpreted according to the European Committee on
Antimicrobial Susceptibility Testing — EUCAST and
the National Reference Center for Antimicrobial Sus-
ceptibility (Krajowy Osrodek Referencyjny ds. Lekow-
razliwosci Drobnoustrojéow - KORLD) at the National
Medicines Institute in Warsaw criteria. MST aimed to
identify MDRO-colonized patients and assess the ac-
tual carriage among patients in PHCD.

Statistical Analysis

The authors conducted a statistical analysis of the re-
sults from MST, with 29 assumed RFHAI. The statisti-
cal analysis included 799 PHCD patients. The following
statistical tests were used: (1) the y2 test (chi-square
independence test) for comparison of qualitative varia-
bles, (2) student’s t-test (in cases of heterogeneous var-
iance of variables, a test with independent estimation of
variance was used) to compare mean value differenc-
es. The statistical analysis of the data was performed
using Statistica 12 and MS Excel. In all calculations,
p <0.05 was considered statistically significant.

Results

Of the 799 patients, MDRO carriage was confirmed
in 299 patients (37.4%) (155 men and 144 women).
In the remaining 500 patients (62.6%) (227 men and
273 women), no pathogen carriers were identified.
The analysis included RFHAI from 299 patients
with MDRO, whose health conditions qualify them for
healthcare services in palliative care. The conditions
were as follows: cancer in 187 patients (62.5%), pres-
sure ulcers in 70 patients (23.4%), cardiomyopathy in
26 patients (8.7%), and other indications listed in the

Table 2. Assessed risks factors of nosocomial infections
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current Ordinance of the Minister of Health on guar-
anteed services in the field of palliative and hospice
care of 29" October 2013 (Rozporzadzenie Ministra
Zdrowia z dnia 29 pazdziernika 2013 r., w sprawie $wi-
adczen gwarantowanych z zakresu opieki paliatywnej
i hospicyjneyj) - 16 (5.4%).[20]

The mean age of patients with carriage of MDRO
was 74.5 years (minimum 40 vyears, maximum
96 years); the mean age of women was 76 years (min-
imum 40 years, maximum 96 years); the mean age
of men was 72 years (minimum 43 years, maximum
94 vyears). Regarding the state of consciousness,
78 patients were fully conscious, 206 had limited con-
sciousness, and in 15, logical contact was impossible.
There were 35 (11.7%) ambulatory patients and 264
(88.3%) bed-bound patients in the study group. Among
the 299 patients, 207 were carriers of one pathogen,
87 of two pathogens, and 15 of three pathogens.

Table 1. MDRO species detected in the microbiological
screening tests

N 299 Rectal

MDRO patients swab
Klebsiella pneumoniae ESBL 120 109 (90.8%)
Staphylococcus aureus MRSA 33 11 (33.3%)
Escherichia coli ESBL 85 83 (97.6)
Enterococcus spp VRE 136 134 (98.5)
Citrobacter freundii ESBL 1 10 (90.9%)
Proteus mirabilis ESBL 6 6 (100.0%)
Pseudomonas aeruginosa
(carbapenemase-producing 7 2 (28.6%)
strain)
Enterobacter cloacae ESBL 3 3 (100.0%)
Other:
Klebsiella oxytoca ESBL — 3; 5 5(100.0%)
Morganella morganii — 2.

The most common carrier among all surveyed pa-
tients was Enterococcus VRE. S. aureus MRSA was
found in 33 patients: in nasal swabs of 16 patients
(48.5%) and rectal swabs of 11 patients (33.3%).

The average score from the RFHAI assessment in
patients with MDRO detected in MST was 10.14, high-
er than in patients without MDRO (8.7).

Odds
. . . MDRO | MDRO | MDRO | MDRO | ratio for . I
Risk Factorig]tgcg%;:tal acquired yes no RF | yes RF | no RF | bacteria | 95 % ClI z :;[iitl- Slgrrg:/c:ee:nce
RFyes | yes no in RF
group
1. Age over 75 years 20 | 128 480 | 0.4967 toobzggg , | 2713 | P = 0.0067
2. Transfer from another hospital / 14637
nursing home / hospitalization in the 41 222 459 2.3547 : 3.530 | P=0.0004
last 6 months t03.7883
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3. Surgical procedures / invasive tests

performed less than 6 months before | 25 | 142 | 132 | 475 | 0.6335 t00'138§g , | 1916 | P=00553
hospitalization '
. 0.0785 _
4. Carrying alert pathogens 4 34 261 496 0.2236 t0 0.6369 2.805 | P=0.0050
5. Hygienic negligence / incontinence / 2 154 123 478 0.5552 0.3406 2360 | P=00183
fecal incontinence ) to 0.9050 ) )
6. Previous infections associated with 0.3337 _
a hospital stay <12 months 21 107 171 479 0.5498 t0 0.9058 2.348 | P=0.0189
7. Invasive procedures (catheter, 0.7189
stoma, vascular catheter, tracheotom 33 196 70 467 1.1233 ) 0.511 P =0.6097
y to 1.7550
tube) )
8. Open injury / internal injury / 0.0909
multi-organ injury / victim of physical 2 8 289 498 0.4308 to 2 0425 1.061 P =0.2889
violence )
9. Damaged skin / tattoos / large scars 0.1502 _
/ piercing 8 51 240 492 0.3216 to 0.6884 2922 | P=0.0035
10. Unconscious / after ingestion / 0.1332
after sudden cardiac arrest / immobi- 6 36 257 494 0.3204 to O 7703 2543 | P=0.0110
lization '
. 0.1333 _
11. Recurrent inflammatory processes 4 18 277 496 0.3979 to 1.1875 1.652 | P =0.0985
12. Chronic infection 0 2 2097 | 500 | 03365 | 0000 | 0702 | P=04825
13. Acute active infection 5 43 | 251 | 495 | 02203 | 0093 | 3076 | P=00021
14. Pressure ulcers / skin changes 28 | 135 | 136 | 472 | 07198 | 002 | 1433 | P=0.1517
15. Antibiotic therapy <3 months befo- 0.8002 _
re hospitalization 35 198 66 465 1.2454 to 1.9382 0.973 | P=0.3308
16. Current radiotherapy / chemothe- 0.1237 _
rapy / steroid therapy 7 52 240 493 0.2765 t0 0.6179 3.134 | P=0.0017
17. Blood coagulation disorders / 0.1182
transfusions of blood preparations 8 72 219 492 0.2496 to 0 52792 3.638 | P=0.0003
<6 months )
o 0.2957 _
18. Metabolic disease 17 79 203 483 0.5120 to 0.8866 2.390 | P=0.0169
. 0.3615 _
19. Active cancer 23 155 121 477 0.5850 t0 0.9465 2184 | P=0.0290
20. Eating disorders / malnutrition / 1.2245 _
dysphagia 46 196 57 454 1.8693 to 2.8537 2.898 | P=0.0038
21. Decompensated autoimmune 0.0227
disease / allergy in the period of wor- 0 1 298 500 0.5589 to 1'3 7646 0.356 | P=0.7219
sening symptoms )
22. Alcoholism / other addictions to 4 5 270 496 0.2939 0.1012 2950 | P=00243
narcotic substances, drugs : to 0.8534 : :
23. Smoking >10 cigarettes a day 1 26 | 272 | 499 | 00706 t:bogggs 2595 | P=0.0095
24. Ischemic heart disease / decom- 0.3861 _
pensated / circulatory insufficiency 24 115 160 476 0.6209 to 0.9983 1.967 | P=0.0492
25. Ischemic limb disease / thrombo- 0.0658 _
embolic syndrome 3 25 271 497 0.2201 t0 0.7356 2459 | P=0.0139
26. Chronic renal failure / dialysis 3 46 | 250 | 497 | 01207 | 90999 | 3400 | P=0.0007
27. Chronic hypertrophy of the prosta- 0.1335
te / impaired urine outflow / 7 47 245 493 0.2997 to 0 6728 2.920 | P=0.0035
urinary incontinence '
28. COPD / asthma / respiratory 9 34 256 491 0.5077 0.2398 1771 P =0.0765
failure | to 1.0749 ) )
29. Risky behaviors / psychiatric disor- 0.4001 _
ders / dementia / confusion 25 150 124 475 0.6384 to 1.0187 1882 | P=0059%
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P mirabilis ESBL, carbapenemase-producing detected in MST in patients admitted to PHCD were
strain of P. aeruginosa, Enterococcus VRE, E. coli more frequently found in patients with specific RFHAI
ESBL, E. cloacae ESBL and K. pneumoniae ESBL (Table 2).

Table 3. Statistical dependence between RF and the occurrence of MDRO

() (%]

g |3 ®

23 |8 |3 |y |5 |8gl8
Dependences statistically significant for p <0.05 § 2| 8<| 2|8 % a8, S (‘30 N _

: e S@|sw IS 5 o)

v’ — statistically significant AR AE AR x S0 5 0 § §3 80| £
X — statistically insignificant sWig>|ouW| g~ | sW| W 35|34 ©

2D 18 |§ |© |8 |78

g |§ |@ g [€7)¢

2 S &G

X )
1. Age over 75 years X X X X X X X
2. Transfer from another hospital / nursing home / hospitalization X X X X X X X X
in the last 6 months
3. Surgical procedures_ / i_nvqsive tests performed less than X X X X X X X X X
6 months before hospitalization
4. Carrying alert pathogens X X X X X v X X X
5. Hygienic negligence / incontinence / fecal incontinence X X X X X X X X X
6. Previous infections associated with a hospital stay <12 months | X X X X X X v X X
7. Invasive procedures (catheter, stoma, vascular catheter, tra- X X X X X X X X x
cheotomy tube)
8. Open injury / internal injury / multi-organ injury / victim of physi- x x X x x X X x x
cal violence
9. Damaged skin / tattoos / large scars / piercing X X v X X X X X X
jO. Ung:pnsplous | after ingestion / after sudden cardiac arrest / x x X x x X v x x
immobilization
11. Recurrent inflammatory processes X X X X X X X X X
12. Chronic infestation X X v X X X X X v
13. Acute active infection X X X X X X X X X
14. Pressure ulcers / skin changes X X X X X X X X X
15. Antibiotic therapy <3 months before hospitalization X X X X X X X X X
16. Current radiotherapy / chemotherapy / steroid therapy X X X X X X X v X
1_ 7. Blood coagulation disorders / transfusions of blood prepara- X X X X X X X X X
tions <6 months
18. Metabolic disease X X X X X X X X X
19. Active cancer X X X X X v X X X
20. Eating disorders / malnutrition / dysphagia v X X X X X X X X
21. Decompensated autoimmune disease / allergy in the period X X X X X X X X x
of worsening symptoms
22. Alcoholism / other addictions to narcotic substances, drugs X v X X X X
23. Smoking >10 cigarettes a day X X X X X X X
24. Ischemic heart disease / decompensated / circulatory insuffi- X v X X x v
ciency
25. Ischemic limb disease / thromboembolic syndrome X X X X X v X X X
26. Chronic renal failure / dialysis X X X X X X X X X
27_. Chr_onlc hypertrophy of the prostate / impaired urine outflow / X X X X X X X X X
urinary incontinence
28. COPD / asthma / respiratory failure X X X X X X X X X
29. Risky behaviors / psychiatric disorders / dementia / confusion X X X X X X X X X
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A statistically significant relationship was observed
between the occurrence of the risk factor “carrying
an alarm pathogen” and the occurrence of P. mi-
rabilis ESBL; “previous infections associated with
a hospital stay within 12 months” and P. aeruginosa
strain producing carbapenems; “damaged skin, tat-
toos ,large scars, piercing” and occurrence of E. coli
ESBL; “unconsciousness, after ingestion, after car-
diac arrest, immobilization” and occurrence of Pseu-
domonas aeruginosa strain producing carbapenems:
p = 0,00090; “recurrent inflammatory” and E.coli
ESBL: p = 0.00984 and p = 0.02135; “current radio-
therapy, chemotherapy and steroid therapy” and the
occurrence of E. cloacae ESBL: p = 0.04336; “active
cancer” and Proteus mirabilis ESBL: p = 0.03070; “al-
coholism and other addictions to narcotic substances,
drugs” and Enterococcus spp. VRE: p = 0.04165; “is-
chemic heart disease, decompensated, circulatory in-
sufficiency” and Enterococcus spp. VRE: p =0.01210
and p = 0.03557; “ischemic limb disease , thrombo-
embolic syndrome” and the occurrence of P. mirabilis
ESBL: p =0.04177.

Discussion

The progress of medicine has prolonged the lives of
patients with chronic diseases, but the quality of life,
especially at the end of life, often remains a challenge.
The basis for undertaking this research was the lack
of national information on MDRO and RFHAI carriage
status at PHCD, according to the available literature
data. Knowledge of RFHAI has had an impact on min-
imizing the undesirable effects of therapeutic devices
used in patients. The assessment of the risk of infec-
tion carried out during hospital admission allows for
the assessment of patients’ initial condition and is an
extension of the patients’ subjective and objective ex-
amination conducted to assess the risks associated
with the planned range of activities during hospitaliza-
tion. The literature increasingly emphasizes that the
number of patients with a high number of RFHAI at
the time of admission to hospitals is constantly grow-
ing. Therefore, it is important to assess the risk of HAI
immediately at the point of hospital admission. An
analysis of infection risk assessment cards at hospital
admission by Skibinska revealed that the most impor-
tant RFHAI in the Sosnowiec Municipal Hospital are
bedsores, the presence of urinary and vascular cath-
eters, and an active, acute inflammatory process.[3]
According to Skibinska, an increase in the number of
RFs increases the probability of HAI.

In the study by Gradalski and Burczyk-Fitowska,
the most common RF were chronic steroid therapy,
previously used antibiotic therapy, and catheterization
of the urinary bladder.[13]

Our own research indicates the most important RF-
HAIs are previous hospitalization in the last 6 months
or transfer from another hospital, eating disorders,
antibiotic therapy within 3 months before hospitaliza-
tion, and so-called artificial pathways (urinary cathe-
ter, vascular catheter, tracheotomy tube). Given that
eating disorders and artificial pathways are frequent
risk factors for infections in patients hospitalized at the
PHCD, care procedures should be observed for ve-
nepuncture, bladder catheterization, and the care of
patients with artificial pathways. Care should also be
taken to ensure shorter days of exposure to modifiable
risk factors (vascular catheters, urinary catheters) and
better provision of nutritional treatment.

The urinary catheter should only be inserted into the
urinary bladder if there is an indication or at the explicit
request of the patient to improve comfort during the
end of life. The assessment of the risk of infection at
the moment of patients’ admission to the hospital has
a practical application in directing active supervision
of high-risk patients, conducted by an epidemiology
specialist, from the moment of admitting the patient to
the hospital.

In this paper, we present for the first time the results
of MDRO carriage among palliative care patients. Our
studies have shown that some RFHAI correlate with
the occurrence of MDRO carriage. It was observed
that the occurrence of MDRO in patients who had the
RF of “previous hospitalization in the last 6 months or
transfer from another hospital” was more than twice
as frequent as in the case of other RF (OR = 2.3547),
and for the RF “eating disorder” occurrence of MDRO
was almost twice as frequent as in the case of other
RFs (OR = 1.8693).

P. mirabilis ESBL is much more common in patients
with the following risk factors: “carriage of an alert-path-
ogen”, “active cancer disease” and “ischemic limb dis-
ease / thromboembolic syndrome”. P. aeruginosa, the
carbapenemase-producing strain, is more common in
patients with the following risk factors: “previous expe-
rience of infection associated with hospital stay within
last 12 months”, “unconscious / after aspiration /after
cardiac arrest / immobilization”. Enterococcus VRE
is more common in patients with the following risk
factors: “alcoholism / other addictions to intoxicating
substances, drugs” and “ischemic heart disease / de-
compensated / circulatory insufficiency”. E. coli ESBL
is more common in patients with the following risk
factors: “damaged skin / tattoos / large scars / pierc-
ing” and “chronic infection”. E. cloacae ESBL is more
common in patients currently undergoing radiotherapy
/ chemotherapy / steroid therapy, and K. pneumoniae
ESBL in patients with active cancer.

The results obtained in this study support the need
for continued research on the correlation between
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RFHAI and the occurrence of MDRO in other patient
groups.

Research limitations: Despite an advanced level of
palliative care in Poland, the literature reveals a lack
of evidence concerning MDRO carriage and research
concerning RFHAI at PHCD. Research was conduct-
ed in one PHCD. In Poland, monitoring HAI in PHCD
is not a standard conduct.

Conclusions

1. Carriage of MDRO among patients admitted to
PHCD is high.

2. Most common RFHAI by patients in PHCD are: ear-
lier hospitalization during the last 6 months or trans-
fer from another hospital, eating disorders, antibi-
otic therapy < 3 months before hospitalization, and
artificial routes (urinary catheter, vascular catheter,
tracheostomy tube).

3. MST and knowledge of RFHAI can restrain HAI
among patients admitted to PHCD.
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ABSTRACT

Atypical Graves’ Disease: Bradycardia, Paralysis, and Heart
Block. Case Report and Literature Review

Lis M."?, Hajduk W.3, Obermeyer M.}, Jurgiel J.", Graniak A.",
Kwiatkowska A.", Mituch T."
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In this article, we present a patient with an unusual and potentially fa-
tal presentation of Graves’disease. Typically characterized by tachy-
cardia, tiredness, weight loss, and temperature intolerance, Graves’
disease is the most common cause of hyperthyroidism, and in some
cases, might manifest in a life-threatening episode of thyrotoxic pe-
riodic paralysis (TPP). We report the case study of a patient experi-
encing his first onset of Graves’ disease, who presented solely with
TPP without any other symptoms of ongoing thyrotoxicosis. Addition-
ally, he experienced episodes of bradycardia and right bundle branch
block (RBBB). The paralysis subsided after potassium replacement,
and the RBBB resolved following the initiation of thyreostatic medica-
tion. This article describes the patient’s clinical evaluation and treat-
ment, outlines measures to prevent rebound hyperkaliemia, and dis-
cusses the issue of biotin interference with hormone assays, adrenal
insufficiency, and heart blocks resulting from thyrotoxicosis. A review
of the literature and the pathophysiology of TPP are also provided.

Keywords: Thyrotoxic periodic paralysis (TPP), Graves’ disease,
thyrotoxicosis, right bundle branch block (RBBB)
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" Oddziat Choréb Wewnetrznych, z pododdziatem Endokrynologicz-
no-Diabetologicznym, pododdziatem Nefrologicznym i Stacjg Dializ,
Szpital Czerniakowski, Warszawa, Polska; ? Uczelnia tazarskiego,
Warszawa, Polska; ° Oddziat Okulistyczny, Szpital Czerniakowski,
Warszawa, Warszawa

Artykut przedstawia opis przypadku pacjenta z nietypowg i potencjal-
nie zagrazajgcq zyciu postacig choroby Gravesa. Choroba Gravesa,
charakteryzujgca sie tachykardig, zmeczeniem, utratg wagi i nietole-
rancjg ciepfa, jest najczestszg przyczyng nadczynno$ci tarczycy. Je-
dynie w rzadkich przypadkach moze objawiac si¢ ona potencjalnie
Smiertelnym tyreotoksycznym paralizem (thyrotoxic periodic paraly-
sis — TPP). Opisywany pacjent nie prezentowat zadnych objawéw
nadczynno$ci tarczycy poza TPP. Ponadto doswiadczyt epizodow
bradykardii i bloku prawej odnogi peczka Hisa (right bundle branch
block — RBBB). Paraliz ustapit po dozylnej suplementacji potasu,
a RBBB ustapit po rozpoczeciu leczenia tyreostatycznego. W artyku-
le zwrécono uwage na problem interferenciji biotyny z laboratoryjny-
mi oznaczeniami hormondw tarczycy oraz oméwiono niewydolnosc
nadnerczy i bloki serca wynikajgce z nadczynno$ci tarczycy. Prze-
glad literatury i patofizjologia TPP zostaty rowniez uwzglednione.

Stowa kluczowe: TPP, choroba Gravesa, tyreotoksykoza, blok pra-
wej odnogi peczka Hisa
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Introduction

Thyrotoxic periodic paralysis (TPP) is a rare complica-
tion of ongoing thyrotoxicosis, most commonly caused
by Graves’ disease. TPP symptoms include muscle
weakness and paresis, which are more pronounced in
the lower extremities.[1] Signs of hyperthyroidism are
usually subtle or absent during an attack, which makes
TPP a diagnostic challenge.[2] We describe a patient
diagnosed with TPP secondary to Graves’ disease,
exhibiting an atypical presentation that includes brady-
cardia and right bundle branch block (RBBB) resulting
from thyrotoxicosis.

Patient’s Information

A 23-year-old male from Ecuador was discovered by
his roommate lying on the bathroom floor. The patient
presented with acute tetraparesis and reported a re-
cent episode of vomiting. He was transported by an
ambulance to the Hospital Emergency Department fol-
lowing the incident. He denied any recent accidents but
reported experiencing a similar episode approximately
nine months prior. He stated that he did not take any
medications or dietary supplements on a regular basis
and had no family history of chronic diseases.

The physical examination appeared to be negative
for abnormalities in the cardiovascular, respiratory, and
gastrointestinal systems. The ECG (Fig. 1) showed
sinus intraventricular arrhythmia, prolonged QTc val-
ue, wide QRS complex, and a complete right bundle
branch block (RBBB). An ABG test demonstrated
life-threatening hypokalemia with a value of 1.9 mmol/L
(normal range: 3.5-4.5). The CT scan of the head and
neck ruled out pathologies of the Central Nervous Sys-
tem; however, a hyperdense thyroid gland in compar-
ison to the surrounding muscles was described. The
neurological examination exposed paresis of upper
and lower limbs with intact deep reflexes.

The patient was placed on vital sign monitoring and
treated with a total of 40mEq of potassium adminis-
tered intravenously. The paresis subsided about three
hours after the potassium replacement treatment had
been initiated. Episodes of bradycardia (heart rate
36/min) occurred while on monitoring. Approximately
seven hours after the initiation of potassium adminis-
tration, mild hyperkalemia was detected with a serum
potassium level of 5.1 mmol/L (normal range: 3.5-
4.5 mmol/L). The following day, the patient’s serum
potassium level was 4.6 mmol/L (normal range: 3.5-
4.5 mmol/L). Due to the uncertain etiology of the initial
hypokalemia and the abnormal image of the thyroid
gland observed in the CT of the neck, the patient was
transferred to the Internal Medicine Department for
further investigation.

Review of Medical Practice, 2023; Vol. XXIX, No. 4

Clinical Investigation

Given the patient’s lack of regular medication usage
and normal kidney function, primary aldosteronism
was considered as a potential cause of the hypo-
kalemia. However, plasma renin activity and serum
aldosterone concentration were found to be within
normal limits. Given the hyperdense image of the thy-
roid gland revealed in the CT scan of the neck, we
opted to test its function: TSH was <0.008 pUI/mL
(normal range: 0.35-4.94), free T3 was 16.56 pg/mL
(normal range: 1.58-3.91), and free T4 was 3.29 ng/d|
(normal range: 0.70-1.48). Further testing indicated
an autoimmune cause of the ongoing thyrotoxicosis:
TPOAD (thyroid peroxidase antibodies) were >1000
U/mL (normal range: <5.81), TGAb (thyroglobulin anti-
bodies) were 235.92 U/mL (normal range: <4.11), and
TRADb (thyroid receptor antibodies) were 12.68 |U/L
(normal range: <3.1).

Despite the absence of typical hyperthyroidism
symptoms, the patient was diagnosed with thyrotox-
ic periodic paralysis secondary to Graves’ disease.
This diagnosis was supported by laboratory findings
and the presence of typical autoimmune inflamma-
tion observed in thyroid ultrasound. The thyroid gland
was enlarged (right lobe: 54x26x22mm; left lobe:
49x23x19mm), hyperechoic, and hypervascular, with
heterogenous echotexture and no nodules detected.
An ophthalmic examination revealed no signs of thy-
roid-associated ophthalmopathy.

Furthermore, we observed a decreased serum
level of cortisol at 8 am, with values 0.91 ug/dL and
2.96 pg/dL on the following day (normal range: 5-25).
ACTH secretion was remained normal, with values
of 10.20 pg/mL and 17 pg/mL, respectively (normal
range: 7.20-63.30). The absence of antibodies to ster-
oid 21-hydroxylase allowed us to exclude Addison’s
disease as a cause of hypocortisolemia. No abnormal-
ities were found in the adrenal glands on the abdomi-
nal CT scan. The patient’s testosterone concentration
was notably high, at 1377.70 ng/dl (normal range:
240.24-870.88). A follow-up ECG performed on the
fourth day of hospitalization showed no abnormalities
(Fig. 2).

Treatment with thiamazole, propranolol, and
spironolactone was initiated, and the patient was
discharged on the fifth day of hospitalization in good
overall condition. Key laboratory results are summa-
rized in Table 1.

Discussion

Thyrotoxic periodic paralysis is a potentially life-threat-
ening complication of ongoing thyrotoxicosis, which
can be induced by Graves’ disease, toxic nodular
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goiter, or excessive iodine/thyroxine use. Elevated
thyroid hormone levels increase Na*/K* ATPase activ-
ity, leading to an influx of extracellular potassium into
muscle cells and subsequent hypokalemia.[3] This
potassium overload in muscle cells, coupled with the
impaired function of neurons (caused by hypokalemia)
results in paralysis-like symptoms in the extremities.

However, it is crucial to acknowledge that patients
with TPP may exhibit normal or even elevated plas-
ma potassium levels during an episode.[4] Thyroid
hormones enhance cell responsiveness to adren-
ergic stimulation, further intensifying the potassium
shift.[3] Insulin, by altering cellular membrane per-
meability for sodium and potassium, can precipitate
acute paralysis episodes a few hours after the inges-
tion of a carbohydrate-rich meal. Patients with hy-
perinsulinemia also are at a significantly greater risk
of developing TPP.[5] In addition to hypokalemia,
patients may also develop hypophosphatemia and
hypomagnesemia.[2]

TPP shows a higher prevalence in Asian popula-
tions but has been documented in individuals of Amer-
ican Indian/Hispanic and Caucasian ethnicities,[2]
as well as in the European, Polynesian, and Turkish
populations.[1] Males are significantly more likely to
develop TPP than females, with the condition typical-
ly manifesting in individuals aged 20 to 40,[5] though
cases in children have also been reported.[6]

Research indicates that pathological variants in
specific genes, such as those encoding the Kir2.6 ion
channel specific to skeletal muscle, which facilitates
potassium efflux to the extracellular space, may be
associated with TPP. Dysfunctional Kir2.6 channel can
lead to increased intracellular potassium storage and
subsequent hypokalemia, placing individuals with that
pathological variant at a higher risk for TPP.[7]

Prodromal signs of TPP may include muscle aches,
cramps, and stiffness. During an attack, patients typ-
ically present with sudden episodic paresis or mus-
cle weakness, often more pronounced in the lower
extremities. Weakness usually starts in the proximal
muscles of the lower limb and may progress to flac-
cid quadriplegia.[8] Intact deep reflexes are observed
in both symmetrical and asymmetrical paralysis. Al-
though rare, respiratory failure due to respiratory
muscle weakness can be potentially life-threaten-
ing. Symptoms of thyrotoxicosis, such as heat in-
tolerance, palpitations, anxiety, and fatigue, usually
precede TPP but may be subtle or even absent during
paralysis episodes.[2,8] A typical ECG displays sinus
tachycardia, ST-segment depression, U-waves, and
AV blocks, characteristic of hypokalemia. Rarely, pro-
longed QTc values and ventricular tachyarrhythmias
are present.[1]

Atypical Presentation of Graves’ Disease

In our case, the patient exhibited no symptoms of thy-
rotoxicosis before or after developing TPP, with no
family history of thyroid disease. Thus, the only clinical
clues leading us to include thyroid disease as a part
of the differential diagnosis were the abnormal thyroid
gland image in the neck CT and the occurrence of
paralysis in the morning after breakfast consumption.
The final diagnosis of TPP was supported by laborato-
ry and ultrasound findings typical for Graves’ disease.

It should be noted that biotin (vitamin B,), commonly
found in many dietary supplements, can interfere with
thyroid hormone assays. Depending on the laboratory
test used, false elevations in free T3, free T4, TRHAD,
TPOADb, and TGAb, as well as false decreases in
TSH, may occur.[9,10] Such results can biochemically
mimic hyperthyroidism and even lead to a misdiag-
nosis of Graves’ disease. In the treatment of a nearly
asymptomatic patient with laboratory findings as the
only manifestation of thyrotoxicosis, this phenomenon
should always be considered.

The thyroid hormone affects the myocardium by
increasing heart rate and cardiac contractility.[11]
Therefore, a patient in a hyperthyroid state is expect-
ed to present with tachycardia and palpitations. Brad-
ycardia due to thyrotoxicosis may occur if the patient
suffers from coexisting heart disease, hypercalcemia,
or uses beta blockers, calcium channel blockers, or
digoxin.[12] RBBB may result from congenital heart
disease, ischemic heart disease, and degenerative or
idiopathic fibrosis.

However, these factors were absent in our patient
since propranolol was added later to the therapeutic
regime. Even in the presence of hyperthyroidism, our
patient experienced episodes of bradycardia. More-
over, the patient's ECG showed right bundle branch
block, which subsided after the thyreostatic treatment
was initiated. During our literature search, we encoun-
tered only one case report regarding temporary RBBB
arising from concurrent thyrotoxicosis.[13] There is
also a report of the left bundle branch block second-
ary to Graves’ disease.[14] That is why we believe that
RBBB and bradycardia he experienced were directly
related to TPP and an asymptomatic, atypical form of
Graves’ disease we diagnosed him with.

As mentioned above, the excessive activation of
Na*/K* ATPase caused by hyperthyroidism plays
a central role in TPP. This enzyme’s hyperactivity
might be linked to cardiac abnormalities observed
in our patient. Increased efflux of sodium indirectly
decreases cardiac contractility as less substrate is
available to the Na*/Ca?* exchanger. It lowers intracel-
lular calcium concentration, thus, negatively influenc-
ing cardiac contractility.[15,16] Increased activity of
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Na*/K* ATPase is also responsible for raising resting
membrane potential of cardiac myocytes (intracellular
potassium levels are elevated while the extracellular
K* concentration is decreased, which lowers the tran-
scellular electrochemical gradient). This state leads to
the action potential and refractory period elongation
and enhances automaticity of the heart. Those factors
induce QT prolongation and can prompt the develop-
ment of cardiac arrhythmias.[17] Impairments of depo-
larization and contraction (resulting from raised resting
membrane potential) can also lead to disturbances in
cardiac conduction pathways which could explain the
transient RBBB observed in our patient.[18]

The endocrine assessment demonstrated an in-
creased plasma level of testosterone, aligning with
previous research, which demonstrated a positive cor-
relation between an increased androgen concentra-
tion and a higher risk of developing TPP.[19] Graves’
ophthalmopathy is typically absent in TPP patients, as
observed in our case as well.[8]

Thyroid hormone stimulates both the metabolism
and synthesis of steroids, leading to increased met-
abolic turnover. Consequently, serum cortisol levels
are usually within normal ranges in patients with thy-
rotoxicosis. In some patients, however, early stage
of hyperthyroidism may include temporary hypocorti-
solemia, as adrenal glands adapt slower to increased
turnover, and transient functional adrenal insufficiency
can occur.[20] Moreover, the adrenal reserve can also
be lowered due to ongoing thyrotoxicosis.[21]

We hypothesize that these mechanisms contribut-
ed to the hypocortisolemia observed in our patient, as
no antibodies to steroid 21-hydroxylase were detect-
ed, and the abdominal CT scan revealed no abnor-
malities. Notably, as described in the literature, a po-
tentially life-threatening adrenal crisis can develop
secondary to autoimmune hyperthyroidism.[22]

Treatment

Treatment of the acute TPP should include serum po-
tassium replacement and administration of a non-se-
lective beta-blocker. Adrenolytic medications such
as propranolol are to limit the excessive Na*/K* AT-
Pase activity mediated both by adrenergic signaling
and thyroid hormones. Intravenous administration of
potassium has been demonstrated to alleviate symp-
toms quicker compared to oral administration. It is
recommended to limit the potassium administration
to a maximum of 90mEq in 24 hours, as this reduc-
es the risk of rebound hyperkalemia. According to
Lu et al., administering 50mEq or less at 10mEq per
hour prevents rebound hyperkalemia in most cases.
Lower dosages might be seen as equally effective but
safer.[23] If paresis persists after potassium replace-
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ment, intravenous propranolol of 1mg every 10 mi-
nutes up to 3 doses may be administered.[1] Spirono-
lactone can also prevent acute paralysis attacks until
euthyroid state is achieved.[5]

Our patient was given 40mEq of potassium, show-
ing rapid improvement, though mild hyperkalemia en-
sued. Hence, we recommend monitoring serum potas-
sium even when administering lower amounts of KCI.

Definitive prevention of future onsets of TPP should
be focused on reducing thyrotoxicosis and achieving
an euthyroid state. Thyreostatic medication such as
thiamazole, radioactive iodine, or thyroidectomy can
be administered based on clinical evaluation.[1]

Conclusions

Graves’ disease can manifest present atypically, such
as with TPP. Excluding thyrotoxicosis as a periodic
paralysis cause is crucial, as it implicates preventive
and treatment actions. TPP treatment requires serial
serum potassium concentration monitoring to avoid
rebound hyperkalemia. The possible development of
RBBB should also be taken into consideration while
treating a patient with TPP. It might be an advisable
clinical practice to exclude adrenal insufficiency, par-
ticularly while treating a patient with autoimmune hy-
perthyroidism. Although rare in TPP patients, Graves’
ophthalmopathy examination is necessary. The pos-
sibility of biotin interference with hormone assays
should always be considered in cases presenting with
nearly asymptomatic thyrotoxicosis.

To the best of our knowledge, this is the first case
report of mostly asymptomatic Graves’ disease pre-
senting with TPP, RBBB and bradycardia episodes.
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Figure 1. The first patient's ECG showing sinus arrhythmia, prolonged QTc value, wide QRS comlex and a complete right bundle

branch block (RBBB)
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Figure 2. A) Patient’s ECG after normalization of serum kalium level, B) Patient's ECG on 4th day of hospitalization showing no
abnormalities
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Table 1. Summary of laboratory testing

Days of Hospitalization 1%t Day 2" Day 34 Day 4% Day 3 weeks later ~ Normal ranges
TSH [pIU/mL] - <0.008| - <0.008| <0.005| 0.350-4.940
fT3 [pg/mL] - 16.561 - 10.471 5.85¢% 1.58-3.91
fT4 [ng/dL] - 3.291 - 1.807 1.681 0.70-1.48
TPOADb [U/mL] - >10001 - - - <b.81
TGAD [U/mL] - 235.921 - - - <4.11
TRADb [IU/L] - 12.6871 - - - <3.1
Cortisol at 8am [ug/dL] - 0.91] 2.96] - - 3.70-19.40
ACTH [pg/mL] - 10.20 17.00 - - 7.20-63.30
Plasma Renin Activity [ng/mL/h] - 3.18 - - - 0.06-4.69
Testosterone [ng/dL] - 1377.701 - - - 240.24-870.88
LH [mIU/mL] - 5.82 - - - 0.57-12.57
FSH [mIU/mL] - 6.66 - - - 0.05-11.05
PTH [pg/mL] - 35.0 - - - 18.50-88.00
Creatine [mg/dL] 0.50] - - 0.60] - 0.70-1.30"

 Abbreviations: TSH — thyrotropin; fT3 — free triiodothyronine; fT4 — free thyroxine; TPOAb — thyroid peroxidase antibody; TGAb — thyroglobulin antibody; ACTH — ad-

renocorticotropin hormone; PTH — parathyroid hormone; LH — luteinizing hormone; FSH — follicle-stimulating hormone; 1 — above normal value; | — below normal value.
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ABSTRACT
Barnard’s Syndrome as a Rare Cause of lleus — Case Report
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Niedroznosc zofciowa jelita cienkiego, znana rowniez jako zespot
Barnarda, stanowi rzadkie powiktanie kamicy zotciowej. To schorze-
nie najczesciej dotyka kobiety w podesztym wieku.

Podstawowym czynnikiem wywotujgcym zespot Barnarda jest obec-
no$¢ kamienia zotciowego, ktory powoduje blokade jelita cienkiego.
Diagnoza opiera sie na badaniach radiograficznych, przy czym naj-
bardziej przydatng metodg jest tomografia komputerowa. Prefero-
wane jest leczenie chirurgiczne, cho¢ w wyjgtkowych przypadkach
mozliwe jest podejscie zachowawcze, uzaleznione od rozmiaru zfo-
gu i ogdlnego stanu zdrowia pacjenta.

W artykule oméwiono przypadek 91-letniej pacjentki z niedrozno$cig
Zofciowa, ktora przeszta skuteczng operacje usuniecia czterocenty-
metrowego ztogu zlokalizowanego za wiezadtem Treitza.

Stowa kluczowe: niedroznosc zéfciowa, przetoka pecherzykowo-
-dwunastnicza, zespot Barnarda

lleus of the small intestine due to biliary obstruction, also known as
Barnard’s syndrome, represents a rare complication of gallstone dis-
ease. This condition most commonly affects elderly women.

The primary factor triggering Barnard’s syndrome is the presence of
a gallstone obstructing the small intestine. The diagnosis is based
on radiographic examinations, with computed tomography being
the most useful method. Surgical treatment is typically the preferred
approach, though in exceptional cases, conservative management
may be considered based on the size of the obstruction and the
overall health of the patient.

In this article we will discuss the case of a 91-year-old patient with
biliary ileus who underwent successful surgery to remove a four cen-
timeters gallstone located behind the ligament of Treitz.

Keywords: gallstone ileus, bilioenteric fistula, Barnard’s syndrome

Wstep

Niedroznos¢ zotciowa jelit to rzadka przyczyna me-
chanicznej niedroznosci spowodowanej zatkaniem
przewodu pokarmowego. Dane przywotane w pra-
cy Halabi W.J. i wsp. wskazuja, ze w latach 2004—
2009 niedroznos¢ zolciowa odpowiedzialna byta za
0,095% wszystkich niedroznosci mechanicznych [1].
Mechanizm powstawania tego schorzenia polega na
przedostaniu sie kamienia zétciowego do przewodu po-
karmowego poprzez przetoke tgczacqg Swiatto peche-

rzyka zotciowego z przylegajgcymi strukturami, takimi
jak dwunastnica czy poprzecznica. Dtugotrwaty ucisk
kamieni zotciowych na $ciane pecherzyka, wsparty
zaburzeniami przeptywu krwi w naczyniach, prowa-
dzi do przewlekiego stanu zapalnego pecherzyka,
zwiekszajac ryzyko powstania przetoki pecherzykowo-
-dwunastniczej [2, 3, 4]. Niedroznos¢ zofciowa moze
zdarzy¢ sie w kazdym odcinku jelita, zwykle jednak
ma to miejsce w jego anatomicznych zwezeniach —
w poblizu zastawki kretniczo-kgtniczej oraz w okolicy
zgiecia dwunastniczo-czczego [5]. Objawy niedrozno-
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$ci moga przebiegac burzliwie lub by¢ skgpo wyrazo-
ne, zaleznie od rozmiaru ztogu i miejsca zaklinowania
w przewodzie pokarmowym [3, 5, 6]. Niedroznosé
gornej czesci przewodu pokarmowego manifestuje sie
przede wszystkim masywnymi pokarmowo-zoétciowy-
mi wymiotami, czesto poprzedzajgcymi zatrzymanie
gazéw i stolca. Z kolei niska niedroznos¢ objawia sie
silnym bélem brzucha, zatrzymaniem gazéw i stolca,
a w pozniejszym stadium wystepujg wymioty o tresci
katowej [4].

Zazwyczaj wyniki laboratoryjne sg niespecyficzne,
czesto towarzyszy im zottaczka oraz podwyzszenie
enzymow watrobowych. Badania obrazowe, takie jak
tomografia komputerowa (TK) i cholangiopankreato-
grafia rezonansu magnetycznego (MRCP), odgrywajg
kluczowg role w kwalifikacji do odpowiedniej metody
leczenia [7]. W badaniach radiologicznych obserwuje
sie charakterystyczne cechy triady Riglera: 1) niedroz-
nos¢ jelita cienkiego, 2) pneumobilia, 3) zmineralizo-
wany kamien na zdjeciu przeglagdowym jamy brzusz-
nej [3, 4, 8].

W przypadku zaklinowania w dwunastnicy rozwaza
sie leczenie endoskopowe w celu unikniecia rozlegtej
operacji. Dotychczas nie ustalono jednolitego stan-
dardu postepowania, a dostepne metody obejmuja:
enterolitotomie, operacje jednoetapowg (tgczaca en-
terolitotomie, cholecystektomie i zamkniecie przetoki)
lub dwuetapowg z odroczonym zamknieciem przetoki
[2,3,5,8, 9]

Opis przypadku

Pacjentka, 91 lat, zostata przyjeta na Szpitalny Od-
dziat Ratunkowy z powodu trwajgcego od 6 dni zatrzy-
mania gazow i stolca z towarzyszgcymi wymiotami,
ostabieniem oraz brakiem apetytu. Zebranie wywiadu
z chorg byto niemozliwe z uwagi na zaawansowang
demencje. Z dostarczonej dokumentacji wynikato,
ze pacjentka choruje na przewlektg chorobe nerek,
utrwalone migotanie przedsionkéw (leczona prze-
wlekle rywaroksabanem), nadcisnienie tetnicze oraz
chorobe uchytkowg jelit. Ponadto chora przeszia zta-
manie szyjki kosci udowej leczone operacyjnie — allo-
plastykg stawu.

W badaniu przedmiotowym przy przyjeciu stwier-
dzono miekki brzuch, nieco tkliwy w nadbrzuszu,
bez objawéw otrzewnowych, bez oporéw patolo-
gicznych, oraz cichg perystaltyke. W badaniu labo-
ratoryjnym zauwazono podwyzszone wartosci biatka
ostrej fazy — 19,4 mg/dl (norma do 5,0 mg/dl), czas
kaolinowo-kefalinowy 49,1 sek. (norma: 26,0-40,0)
oraz czas protrombinowy 2,86 (norma: 0,75-1,30). Pa-
cjentka prezentowata objawy niedroznosci porazenne;j
jelit, dlatego w celu szybkiej diagnostyki wykonano
badanie rentgenowskie (RTG), w ktérym uwidocz-

niono petle jelita cienkiego z nielicznymi poziomami
ptynu (ryc. 1, 2). Aby ustali¢ przyczyne niedroznosci
oraz zakwalifikowa¢ chorg do operacji ze wskazan
zyciowych niezbedne byto przeprowadzenie TK jamy
brzusznej. Badanie ukazato szerokg przetoke peche-
rzyka zotciowego do dwunastnicy oraz zt6g wielkosci
ok. 37 mm w okolicy wigzadta Treitza (ryc. 3, 4). Pa-
cientke zakwalifikowano do leczenia zabiegowego.
W ramach przygotowania przedoperacyjnego wdro-
zono nawodnienie dozylne, profilaktyke antybioty-
kowg cyprofloksacyng oraz przetoczono 2 jednostki
osocza swiezo mrozonego. Podczas operacji wyko-
nano ciecie posrodkowe w nadbrzuszu, nastepnie po
szczegotowej rewizji catego jelita uwidoczniono ziog.
Wykonano enterotomie wzdtuz jelita na dtugosc¢ okoto
5 cm, w dalszym etapie ewakuowano kamien z jeli-
ta czczego. Otwdr zamknieto poprzecznie dwoma
pietrami szwow, zgodnie z zasadami chirurgicznymi.
Pozostawiono dren w okolicy operowanej, a przy za-
mykaniu rany umieszczono podpowieziowo cewnik do
czasowej analgezji miejscowej (Painfusor). Okres po-
operacyjny przebiegat bez powiktan. W stanie dobrym
pacjentke wypisano do domu w 10. dobie po operacji.

Rycina 1. Zdjecie rentgenowskie przeglgdowe jamy brzusz-
nej. Poszerzone petle jelita cienkiego

Rycina 2. Zdjecie rentgenowskie przeglgdowe jamy brzusz-
nej. Nieliczne poziomy ptynu
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Rycina 3. Tomografia komputerowa jamy brzusznej, prze-
krdj czotowy. Biatg strzatkg zaznaczono zt6g w jelicie cien-
kim. Nad ztogiem widoczny jest Zzotgdek wypetniony trescig
pokarmowa. Ponizej ztogu petle jelita wypetnione sg gazem

Rycina 4. Tomografia komputerowa jamy brzusznej, prze-
krdj poprzeczny. Biatg strzatkg zaznaczono kamien zétciowy
w jelicie cienkim

Statystyka

Grupa pacjentow, w ktodrej najczesciej obserwuje sie
niedroznos¢ zotciowg przewodu pokarmowego, to 0so-
by w podesztym wieku, zazwyczaj z chorobami wspot-
istniejgcymi oraz posiadajgce dodatni wywiad choréb
pecherzyka z6tciowego i drog zofciowych. Ponad po-
towa pacjentéw z niedroznoscig zoétciowg potwier-
dza dolegliwosci z drég zoétciowych w przesziosci,
a 27% miato udokumentowane zapalenie pecherzyka
zbtciowego we wczesniejszych latach [2, 10]. Wspot-
istniejgce ostre zapalenie pecherzyka zoéiciowego
stwierdza sie w 10-30% przypadkéw [3, 10]. Ponadto
niedroznos¢ tego rodzaju znacznie czesciej obserwu-
je sie u pici zenskiej. Stosunek czestosci wystepowa-
nia tej choroby u kobiet i mezczyzn wynosi 3,5-6:1 [3,
5, 8, 9] i jest Scisle powigzany z czestoscig wystepo-
wania samej kamicy zotciowej. Ple¢ zehska stanowi
bowiem czynnik ryzyka jej wystgpienia, a wszystkie te
czynniki znane sg pod akronimem ,5P” bgdz jego od-
powiednikiem w jezyku angielskim — ,4F”. Oznaczajg
one nastepujgco: 5P — pte¢ piekna, pulchna, ptodna,
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po czterdziestym roku zycia oraz 4F — female, fat, fer-
tility, forties.

Patofizjologia

W niedroznosci zoétciowej najczesciej obserwowana
jest obecnos¢ przetoki, jednak przetoka nie jest w tym
przypadku obligatoryjna. Niedroznos¢ zo6tciowg mogg
wywotaé réwniez niewielkie ztogi przedostajgce sie
przez drogi zétciowe do Swiatta przewodu pokarmo-
wego, gdzie nastepuje ich wzrost in situ. Ponadto
opisane zostaty przypadki licznych kamieni powodujg-
cych niedrozno$¢ — bedacych masag, dla ktérej charak-
terystyczna jest przetoka z okreznicg poprzeczng [3,
6, 7]. Obie te sytuacje obserwowane sg jednak zdecy-
dowanie rzadziej. Przetoka powstaje poczatkowo na
drodze zrostéw, pozniej dochodzi do nadzerek i mar-
twicy, a w konsekwencji erozji scian sagsiadujgcych
narzaddéw. Procesowi temu sprzyja¢ moze dodatkowo
niewydolnos¢ krgzenia, czesto spotykana wsréd pa-
cjentdow w wieku podesztym [5]. Poza wspomnianym
powyzej mechanizmem opisane zostaty rowniez nie-
liczne przypadki powstania przetoki pecherzykowo-
-jelitowej wtérnie do nowotworu pecherzyka [3].

Przetoki r6znig sie miedzy sobg czestoscig wyste-
powania: pecherzykowo-dwunastnicza, najczestsza
ze wzgledu na bliskie sgsiedztwo struktur, dalej: pe-
cherzykowo-okreznicza, pecherzykowo-zotgdkowa,
dwunastniczo-zotciowa, pecherzykowo-jelitowa oraz
pomiedzy przewodem zoétciowym wspdlnym i jelitem
cienkim [3]. Moze zdarzy¢ sie, ze zi6g wydostajgcy
sie przez przetoke nie wywota niedroznosci, jednak
Srednica takich kamieni nie przekracza zazwyczaj
20-25 mm. W wyjatkowych przypadkach niedrozno$c¢
spowodowa¢ mogg tez duzo mniejsze pojedyncze
ztogi, jest to jednak Scisle powigzane z wystepowa-
niem patologicznych zwezen Swiatta przewodu po-
karmowego. Sytuacja taka moze mie¢ miejsce np.
w chorobie Lesniowskiego-Crohna lub po naswietla-
niu miednicy w procesie leczenia nowotworu. W za-
leznosci od rodzaju przetoki zatrzymania kamienia
mozna spodziewac sie na réznych poziomach prze-
wodu pokarmowego. Dla przetoki pecherzykowo-
-dwunastniczej charakterystyczne jest utkniecie zto-
gu w zgieciu dwunastniczo-czczym lub na poziomie
zastawki Bauhina. Dla przetoki pecherzykowo-okrez-
niczej typowym miejscem obturacji jest esica, a przy
przetokach pecherzyka z zotgdkiem ztég najczesciej
blokuje odzwiernik.

Symptomatologia

Objawy towarzyszace zoétciowej niedroznosci prze-
wodu pokarmowego sg niespecyficzne i odpowiadajg
objawom niedroznosci z innych przyczyn. Bol brzu-
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cha zwykle jest uogolniony i ma charakter kolkowo-
-skurczowy. Z reguty bardziej nasilone dolegliwosci
boélowe zgtaszajg pacjenci prezentujgcy niskg nie-
droznosé. W badaniu palpacyjnym brzuch jest zazwy-
czaj tkliwy i wzdety (petle jelita wypetnione sg gazem
zatrzymanym mechanicznie przez przeszkode oraz
przez porazenie jelita). Wyczuwalna moze by¢ takze
masa uniemozliwiajgca pasaz. W niskiej niedroznosci
wymioty wystepujg pézno i sg katowe, poniewaz ka-
towo zmieniona tre$¢ pokarmowa przemieszcza sig
w kierunku dogtowowym w Swietle przewodu pokar-
mowego. Gromadzona przez pewien czas tres¢ osig-
ga poziom zotgdka, skad jest ewakuowana w mecha-
nizmie wymiotéw. (U opisanej pacjentki ze wzglednie
wysokg niedroznoscig wystepowaty wymioty trescig
niekatowg oraz miernie wyrazona bolesnos¢ w nad-
brzuszu). W wiekszosci przypadkéw choroba ma
charakter ostry i podostry. Istniejg jednak przypadki
nawracajgcych epizodéw bdlu, wywotywanych we-
dréwkg kamienia w swietle przewodu pokarmowego.
Jest to stan przewlekly, okreslany mianem zespotu
Karewsky’ego [3, 5, 8].

Roéznicowanie

Niedrozno$¢ zotciowg nalezy réznicowaé z niedroz-
noscig z innych przyczyn, takich jak guz nowotworo-
wy, przepuklina wewnetrzna oraz wgtobienie jelita [8].
Czyms, co moze nasung¢ podejrzenie niedroznosci
o etiologii zétciowej w poczgtkowych etapach diagno-
styki jest spetnienie przez pacjenta kryteriow z tzw.
Mordor triad. Zaliczajg sie do niej: kamica zétciowa
w przesztosci, objawy ostrego zapalenia pecherzyka
z6tciowego oraz ostra niedroznosé [8]. Wyniki badan
laboratoryjnych moga prezentowaé dodatkowo leuko-
cytoze oraz zaburzenia réwnowagi jonowej, ktéra spo-
wodowana jest zaburzeniami wchtaniania w jelitach
(w badaniach pacjentki: leukocyty — 10,36 [10,3/pl],
norma 4,00-10,00, oraz potas — 3,64 [mmol/l], norma
3,70-5,40).

Diagnostyka

Nadrzedng role w diagnostyce niedroznosci odgrywa-
ja badania obrazowe. Pozwalajg nie tylko potwierdzi¢
wstepne rozpoznanie, ale czesto rowniez ustali¢ przy-
czyne wystgpienia. Sposrdd nich rutynowo wykony-
wane jest jako pierwsze badanie RTG jamy brzusznej
(ryc. 1). Cechy radiologiczne niedroznosci stanowig
poziomy powietrzno-ptynowe oraz rozdete petle jelita
wypetnione gazem [3].

Ptynem tworzacym poziomy widoczne w badaniu
RTG sg wydzieliny produkowane przez przewdd po-
karmowy w ilo$ci siegajacej nawet kilku litréw na dobe.
W warunkach prawidtowych nastepuje ich wchtania-

nie, jednak w przypadku niedroznosci proces ten jest
zaburzony i wywotuje charakterystyczny dla jednostki
chorobowej obraz radiologiczny.

Drugim badaniem, bedgcym jednoczesnie ,ztotym
standardem” diagnostyki przyczyn niedroznosci prze-
wodu pokarmowego, jest TK jamy brzusznej. Standar-
dowym protokotem dla TK przy podejrzeniu niedroz-
nosci jest wykorzystanie fazy zyty wrotnej z podaniem
kontrastu. Czuto$¢ tego badania miesci sie w prze-
dziale 90-93%, swoistos¢ wynosi 100%, natomiast
doktadnos¢ obliczona zostata na 99% [3].

Uwidocznienie objawow radiologicznych niedroz-
nosci w badaniach RTG i TK ma miejsce z podobng
czestoscia, odpowiednio w 88% i 92% przypadkow.
Ektopowy kamien natomiast uwidacznia sie w TK
z ponad dwukrotnie wiekszg czestoscig niz ma to
miejsce w badaniu RTG — 81% do 33%.

Tomografie komputerowg mozna dodatkowo wy-
kona¢, podajgc kontrast doustnie lub doodbytniczo.
Jest to jednak metoda obarczona pewnym ryzykiem,
poniewaz w przypadku wspdtistnienia perforacji prze-
wodu pokarmowego, ktora nie zostata uwidocznio-
na w badaniach obrazowych, przedostajgcy sie do
jamy otrzewnowej kontrast moze wywota¢ zapalenie
otrzewnej. Ponadto, doustne podanie kontrastu moze
spowodowac wymioty grozgce jego aspiracjg do drog
oddechowych.

Wspomniana triada Riglera jest patognomoniczna
dla niedroznosci zotciowej przewodu pokarmowego.
Kryteria petne spetnia jednak mniej niz potowa pacjen-
téw, a znacznie czesciej mozna zidentyfikowac 2 z 3 ob-
jawow. W TK uwidacznia sie je w 77,78% przypadkow,
podczas gdy w badaniu RTG w 14,8%, w ultrasonografii
(USG) zas w 11,11% [3, 5]. Nie nalezy traktowac poje-
dynczo wystepujacej pneumobilii jako objawu patogno-
monicznego, poniewaz obecnos¢ powietrza w drogach
zotciowych moze pojawic sie rowniez po zabiegach en-
doskopowych. Dla pneumobilii zamiennie uzywana jest
nazwa ,objaw Gotta—Mentschler'a”.

Niekiedy w TK udaje sie uwidoczni¢ tez samg prze-
toke. Ma to jednak miejsce w zaledwie 11% przypad-
kow. Liczba ta wzrasta w czasie wykonania jednocze-
$nie cholangiografii i TK, kiedy to wystepuje przeciek
kontrastu z drég zotciowych do przewodu pokarmo-
wego, badz po wykonaniu MRCP [3].

Uwidocznienie ektopowo potozonego kamie-
nia bywa trudne ze wzgledu na zmienno$¢ sktadu
i struktury ztogéw. Musi doj$¢ do odpowiedniej jego
kalcyfikacji, aby byt nieprzepuszczalny dla promieni
rentgenowskich. Kryteria te spetnia 10—20% kamieni.
Wiekszos¢ to kamienie cholesterolowe, ktére sg zara-
zem najczesciej nieuwidacznianymi [3, 4].

Kolejnym powszechnie dostepnym badaniem jest
USG. W warunkach niedroznosci przeprowadzenie
go moze byc¢ jednak trudne technicznie ze wzgledu
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na wzdecie brzucha, wypetienie przewodu pokar-
mowego gazem i ptynami oraz dyskomfort pacjenta.
Niemniej jednak badanie to wykonywane przez do-
Swiadczonego ultrasonografiste oraz w warunkach
umozliwiajgcych dostateczng wizualizacje moze oka-
zac¢ sie przydatne oraz wykazac¢ cechy triady Riglera.

Leczenie

Poczgtkowe etapy leczenia powinny obejmowaé do-
zylne nawodnienie oraz wprowadzenie sondy hosowo-
-zotgdkowej w celu odbarczenia zotgdka, szczegdlnie
gdy obserwuije sie jego rozdecie bgdz uporczywe wy-
mioty. Leczeniem z wyboru jest leczenie chirurgiczne.
Oprocz standardowych procedur zabiegowych ko-
nieczna moze okazaé sie rowniez miejscowa resek-
cja jelita z odtworzeniem jego ciggtosci. Dzieje sie tak
w przypadkach, gdy w wyniku zalegania ztogu w Swie-
tle jelita dojdzie do jego martwicy. Wybér metody ope-
racyjnej powinien zaleze¢ od miejsca niedroznosci,
stanu pacjenta, rodzaju istniejgcej przetoki oraz przewi-
dywanych krétko- i dtugotrwatych korzysci dla pacjen-
ta. W przypadku oséb w podeszlym wieku, w ciezkim
stanie lub majgcych wysokie ryzyko powikian wykorzy-
stuje sie najmniej inwazyjng metode operacyjng, ktéra
uwzglednia jedynie ewakuacje ztogu, szczegdlnie gdy
mamy do czynienia z przetokg pecherzykowo-dwu-
nastniczg. Dzieje sie tak, poniewaz istnieje wysokie
prawdopodobienstwo naturalnego jej zamkniecia, co
znacznie zmniejsza ryzyko nawrotu niedroznosci zot-
ciowej, wstecznego zapalenia pecherzyka zétciowego
oraz raka pecherzyka zotciowego. W przypadku tej
przetoki enterolitotomie uznaje sie za leczenie z wy-
boru. Procedura obejmuje: 1) identyfikacje kamienia
w przewodzie pokarmowym, 2) ciecie podtuzne zdro-
wego jelita proksymalnie od miejsca zamknigcia jego
Swiatla, 3) ewakuacje ztogu, 4) poprzeczne zamknie-
cie jelita w celu zapobiegania zwezeniu jego Swiatta
oraz 5) kontrole droznosci zespolenia, jego szczelno-
Sci (w tym celu zaktada sie dwie warstwy szwow pier-
wotnych) i ukrwienia jelita. Ubytek w jelicie zamknieto
w przypadku opisywanej pacjentki szwami recznymi,
najpierw szwem cigglym Sluzéwkowym, nastepnie
pojedynczymi szwami surowicowkowymi. Innym ro-
dzajem szwu jest szew odroczony. Jest on stosowa-
ny w chirurgii w sytuacjach, gdy istnieje niepewnos¢
co do jatowosci rany lub dostatecznego jej ukrwienia.
Wdéwczas oczyszczong rane pozostawia sie otwartg
24-72 godzin z luzno umieszczonym szwem odroczo-
nym, co umozliwia jej wiasciwe gojenie.

Procedure enterolitotomii zastosowano u omawianej
pacjentki, co wydaje sie by¢ postepowaniem najbar-
dziej bezpiecznym i optymalnym u pacjentow, u ktérych
przewidywana diugos¢ zycia jest stosunkowo krétka.
Smiertelno$¢ w przebiegu tej operacji wynosi 4,94% [10].
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Operacjg jednoetapowg uzyskuje sie znaczne lep-
sze efekty, jednak charakteryzuje sie ona najwyzszg
Smiertelnoscig sposrod 3 opisywanych, bo na pozio-
mie 7% [9]. Procedura z reguly zarezerwowana jest
dla mtodych, nieobcigzonych dodatkowymi choroba-
mi pacjentéw. Wigze sie z diuzszym czasem trwania
zabiegu i czesto bywa skomplikowana ze wzgledu na
utrudnienia w postaci zrostow pozapalnych w okolicy
drog zofciowych [10]. U tej grupy przewidywana dtu-
gosc¢ zycia jest dtuga, a korzysci ptyngce z zamkniecia
przetoki istotne, co przemawia za przeprowadzeniem
tego typu procedury. Zdarza sie jednak, ze opera-
cja jednoetapowa musi zosta¢ przeprowadzona bez
wzgledu na wiek pacjenta, co ma miejsce w przypad-
ku zgorzeli pecherzyka lub istniejgcych w nim kamieni
[1]. Podobna sytuacja zdarza sie réwniez w niedroz-
nosci na poziomie okreznicy. Samoistne zamkniecie
przetoki jest wowczas mato prawdopodobne, co nie-
sie za sobg ryzyko refluksu i zarzucania tresci kato-
wej do pecherzyka, a w konsekwencji jego zapalenia.
Operacja jednoetapowa jest réwniez metodg z wybo-
ru w niedroznosci dwunastnicy [5].

Operacje dwuetapowg charakteryzuje najnizsza
Smiertelno$¢, wynoszaca 2,94% [9]. Drugg czes¢ za-
biegu wykonuije sie 4—6 tygodni od enterolitotomii. Jest
ona metodg z wyboru w leczeniu niedroznosci jelita
cienkiego i moze zosta¢ wykonana réwniez laparosko-
powo. Przeprowadzenie operacji z wykorzystaniem
laparoskopii niesie za sobg korzysci w postaci skroce-
nia czasu hospitalizacji i zmniejszenia ilosci powiktan
po laparotomii. Wymaga ona jednak odpowiedniego
doswiadczenia i umiejetnosci chirurga. Warunki mogg
by¢ niesprzyjajgce, gdyz obrzek jelit moze utrudni¢
zszycie naciecia, a ich rozdecie uniemozliwi¢ bez-
pieczne wprowadzenie portu do jamy brzusznej pa-
cjenta [10]. Zastosowanie tego typu leczenia opisy-
wane jest jako mniej skuteczne niz klasyczny zabieg
chirurgiczny [4]. W pewnej grupie pacjentéw mozna
rowniez wykonac¢ zabieg endoskopowego usuniecia
niedroznosci. Obie te metody wykorzystywane sg
stosunkowo rzadko, jednak stusznym wydaje sie byé
wziecie ich pod uwage jako opcji terapeutycznych,
szczegolnie u pacjentow we wzglednie dobrym sta-
nie. Ryzyko ponownej niedroznosci zoiciowej, w za-
leznosci od rodzaju przetoki i wykonywanej procedury,
miesci sie w przedziale 5-33% i w 85% przypadkéw
wystepuje ona w ciggu pierwszych 6 miesiecy od le-
czenia niedroznosci [3, 10].

Podsumowanie

Zespo6t Barnarda jest rzadkg przyczyng niedroznosci
przewodu pokarmowego, jednak ze wzgledu na duze
rozpowszechnienie kamicy zotciowej w populacji na-
lezy pamieta¢ o mozliwosci wystgpienia niedrozno-
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Sci 0 opisywanej etiologii, zwtaszcza gdy chorym jest
osoba w wieku podesztym. Postawienie szybkiego
rozpoznania bywa utrudnione ze wzgledu na czesto
wspotwystepujacy z wiekiem zespét otepienny, ktéry
uniemozliwia zebranie wywiadu. Istotng role w dia-
gnostyce odgrywajg badania RTG oraz TK. Istnieje
wiele mozliwosci terapeutycznych, jednak zawsze
nalezy sposréd nich wybraé te najbardziej optymalng
i bezpieczng dla pacjenta, nie silgc sie na jednoczaso-
we, duze operacje odtworcze. W sytuacjach takich jak
opisana ryzyko powiktan zwigzanych z wykonaniem
obcigzajgcej i rozlegtej operacji moze przewazac¢ nad
przewidywang korzyscig z zabiegu.
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ABSTRACT

Determinants of Response to Risk Factors Affecting Health
Status

Soltan J.", Bylina D.?, Nazaruk S.K.’, Sokofowska B.?, Sliw-
czynski A.*
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Pitsudski University of Physical Education in Warsaw, Department in
Biata Podlaska, Poland; * John Paul Il University in Biata Podlaska,
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STRESZCZENIE

Determinanty reakcji na czynniki ryzyka wplywajace na stan
zdrowia

Softan J.", Bylina D.?, Nazaruk S.K.’, Sokolowska B.?,
Sliwczynski A.*

" Akademia Humanistyczno-Ekonomiczna w todzi; ? Akademia Wy-
chowania Fizycznego Jozefa Pitsudskiego w Warszawie Filia w Bia-
tej Podlaskiej; ¢ Akademia Bialska im. Jana Pawfa II; + Panstwowy
Instytut Medyczny MSWIA, Warszawa

This article aims to identify the main determinants of the response
to risk factors that affect health status. We designed a model to de-
fine these determinants. The research methodology involves using
a function modeling method with graphic language. As a result, the
determinants of the response to risk factors affecting health status
were identified. The scientific novelty of the results obtained lies in
the introduction of a new methodological approach to presenting
the key determinants of the response to risk factors affecting health
status. The practical value of the results can be utilized to protect,
prevent, and create a safe environment for health. The study is limit-
ed by not considering all possible determinants. Further research is
needed to expand our analysis of responses to risk factors.

Keywords: risk, factors, determinants, health, safety

Niniejszy artykut ma na celu zidentyfikowanie gtéwnych determinan-
toéw reakcji na czynniki ryzyka wptywajgce na stan zdrowia. Zapro-
Jektowany przez autoréw model definiuje te determinanty. Metodo-
logia badan polega na wykorzystaniu modelowania funkcjonalnego
potgczonego z jezykiem graficznym. W rezultacie zidentyfikowano
wiodgce determinanty reakcji na czynniki ryzyka wptywajgce na stan
zdrowia. Nowatorstwo naukowe uzyskanych wynikéw polega na
wprowadzeniu nowego podejscia metodologicznego do prezentacji
kluczowych determinant reakcji na czynniki ryzyka wptywajgce na
stan zdrowia. Warto$¢ praktyczna wynikow moze byc¢ wykorzysta-
na do zapobiegania ryzykom oraz tworzenia i ochrony bezpiecz-
nego Srodowiska dla zdrowia. Badanie jest ograniczone przez nie-
uwzglednienie wszystkich istniejgcych determinant. Niezbedne sg
dalsze badania, aby rozszerzy¢ analize reakcji na czynniki ryzyka.

Stowa kluczowe: ryzyko, czynniki, determinanty, zdrowie, bezpie-
czenstwo

Introduction

Describing illnesses and injuries, as well as risk fac-
tors contributing to these conditions, is vital for health-
care planning and decision-making. Data on popu-
lation health status and the prevalence of risks are
often fragmented and sometimes contradictory. To
synthesize this information and allow comparison of

the relative importance of risk factors across different
populations worldwide, a conceptual framework must
be used. While most scientific and medical resources
focus on treatment, understanding health risks is cru-
cial for disease and injury prevention. Often, a specific
disease or injury results from the influence of two or
more risk factors, meaning that several interventions
can target each of these factors.
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Moreover, most risk factors are associated with
the development of several diseases; thus, target-
ing these factors can reduce the underlying causes
of those 3 diseases. For example, reducing smoking
will lower mortality and decrease the incidence of lung
cancer, heart disease, stroke, chronic respiratory dis-
eases, and others. Quantifying the influence of risk
factors on disease occurrence allows for an informed
choice of the most effective interventions aimed at im-
proving health globally.

The impact of modern risks varies based on the
level of socio-economic development. For instance,
urban air pollution poses a higher health risk factor in
middle-income countries than in high-income coun-
tries, due to the latter’s significant progress in con-
trolling this risk factor through health policy develop-
ment. The rise in the impact of newly emerging risks is
inevitable; however, their propensity can be mitigated
by public health measures. Implementing effective
tobacco control policies in low- and middle-income
countries can build on the success of the industry in
high-income countries. By adopting such policies ear-
ly, low- and middle-income countries could avoid the
high incidence of tobacco-related illnesses now preva-
lent in high-income countries. This serves as the foun-
dation and prologue for further research and updates
to the article.

The transformation of risk factors in the time dimen-
sion is depicted in Figure 1.

A

Figure 1. Transformation of risk factors in the time dimension

The article aims to identify the main determinants
of the response to risk factors affecting health. The
structure of the article includes a literature review,
a description of the methodology, presentation of the
main results and their discussion, formulation of con-
clusions, and further research directions.

Literature review

The literature indicates that contemporary work safe-
ty conditions are currently perceived negatively.[1,2]
Approximately 30% of European employees work in
unsanitary and unhygienic conditions. The injury inci-
dent rate per 1,000 employed persons in the first half
of 2022 was 1.89, totaling 27,900 incidents, according
to initial data from Statistics Poland.[3,4] One in every
four employees working in unfavorable sanitary and
hygienic conditions in Europe is female. Poor work-
ing conditions hazardous to women’s health can lead
to health issues in future generations, posing a threat
to various societal aspects, including national secu-
rity.[5,6]

As highlighted in the literature,[5,7] over half of the
global population still cooks over an open fire or in tra-
ditional ovens using firewood, manure, coal, or agricul-
tural waste. In poorly ventilated conditions, the use of
solid fuels means that people, especially women and
children, are exposed to significant levels of indoor
smoke and the associated high health risks.

As noted in the scientific and practical literature, po-
tential health risks include lethal outcomes from expo-
sure to extreme temperatures and natural disasters,
communicable diseases, increased foodborne and
waterborne infections, exposure to photochemical air
pollutants, and conflict. Climate change will have the
greatest impact on health in societies with limited re-
sources, weak technological development, and fragile
infrastructure.[8,9] As only a few of the many potential
effects of climate change can be fully quantified, the
consequences of increasingly frequent and severe
natural disasters are not considered in this article.

Analyzing the literature,[10,11] with the aim of form-
ing a model to define the main determinants of the re-
sponse to risk factors affecting health status, we found
several gaps that prompted our study. We have further
determined that a number of issues with the analysis
of reactions to risk factors affecting health status still
remain relevant (Table 1).

Table 1. Main gaps resulting from the literature review in our
study

Gaps Characteristics

Lack of methodological appro-

New Approach ach to proposed improvement
measures
Modeling Lack of effective models with

a clear approach

Obsolete and not taking into

Contemporary Issues .
porary account modern risk factors
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Methods

As part of our research, we seek to identify and pres-
ent the key determinants of response to risk factors
affecting health. This can be achieved using one of the
methods of the IDEF family.

The method suitable for providing an overview of
the key determinants emphasizes inputs, outputs,
mechanisms, and means, and details the vertical and
horizontal relationships between the determinants of
response to risk factors affecting health status.

The structure of the application of the IDEFO method
in the framework of our study is shown in Figure 2.

' )

Defining the purpose of
modeling

v

X

~

Definition of determinants and
their characteristics

. v

X

'S '

Formation of the hierarchy of
goal achievement

™ v

's > \

Formation of the main model

with blocks and arrows
. 7

\

Figure 2. The structure of the application of the IDEFO
method in the framework of our study

The IDEFO method offers significant advantages in
the context of our study. Its simplicity in understanding
and visual representation of the model's key stages

A0
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through functional blocks, enhanced by vertical and
horizontal relationships depicted as arrows, makes
it possible to comprehend the functional and investi-
gative links between the key elements of the model.
Another advantage of the methodology is its flexibility,
allowing for local adjustments to established models
without altering the model’s fundamental structure or
its key goal and purpose.

Results

Risk determinants and characteristics vary significant-
ly depending on age. Certain risk factors predomi-
nantly affect children, including low body weight, inad-
equate nutrition (with the exception of iron deficiency),
unsafe drinking water, indoor air pollution from the use
of solid fuels in households, and climate change. Only
a few risk factors impact the health of adolescents;
however, risk-related behaviors in adolescence sig-
nificantly influence their health later in life. In adults,
the impact of risk factors varies with age. Young adults
bear a considerable burden of disease resulting from
substance abuse, unsafe sex, lack of contraception,
iron deficiency, and child sexual abuse. In contrast,
the elderly are more affected by risk factors leading to
chronic diseases such as cardiovascular and cancer
diseases.

Let us illustrate the hierarchy of determinants for
group A using the graphical modeling language (Fig-
ure 3).

Determinants within risk factors affecting health status

Al A2

Determinants of the reaction and
addictive substances

Determinants of the reaction to
insufficient physical activity sex

A3

Determinants of the reaction to unsafe

Figure 3. Hierarchy of determinants of group A in the framework of the graphical modeling language

Next, it is necessary to add the context to the definition of the group A determinants, as presented in the diagram

form in Figure 4.
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Control system
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}

Monitoring system

Cl1

}

Financial and material,
technical, personnel, — I1 ——>
legal resources

Determinants within risk factors affecting
health status

— o1 — Information support for the implementation
of the response

A0 — 02 — Basis for implementation of actions on

f

Ml

Decision-making
mechanisms

T risk factors

M2

Safety and security
mechanisms

Figure 4. Context diagram of group A determinants

A1. Determinants of the reaction to addictive sub-
stances. Smoking significantly increases the risk of
death from lung cancer and other cancers, heart dis-
ease, stroke, chronic respiratory diseases, and other
pathologies. The presence of tobacco smoke in the
environment and smoking during pregnancy also harm
the health of non-smokers. The number of smokers
is increasing in many low- and middle-income coun-
tries, while it is declining steadily, albeit slowly, in most
high-income countries. Alcohol contributes to more than
60 types of disease and injuries, although it may also
reduce the risk of coronary heart disease, stroke, and
diabetes. There is a wide variation in alcohol consump-
tion patterns in different regions. Consumption levels in
some Eastern European countries are approximately
2.5 times higher than the world average of 6.2 liters of
pure alcohol per year. Except for a few countries, the
lowest levels of alcohol consumption are found in Africa
and the Eastern Mediterranean. Alcohol has a positive
effect on the cardiovascular system in the elderly in re-
gions where alcohol is consumed in low to moderate
doses on a regular basis without binge drinking.

A2. Determinants of the reaction to insufficient
physical activity. Physical activity reduces the risk of
cardiovascular disease, some types of cancer, and
type 2 diabetes. It also helps improve the condition
of the musculoskeletal system, control weight, and

reduce symptoms of depression. Physical activity
is manifested in various spheres, including at work,
when using transport, when doing household chores,
and during rest. In high-income countries, a large pro-
portion of physical activity occurs during leisure time,
while in low-income countries, it occurs during working
hours, doing household chores, and traveling on pub-
lic transport. According to various estimates, insuffi-
cient physical activity determines about 21-25% of the
severity of breast cancer and colon cancer, 27% of the
severity of diabetes, and about 30% of the severity of
coronary heart disease.[12]

A3. Determinants of the reaction to unsafe sex.
People’s sexual behavior varies greatly in different
countries and regions. In 2004, unsafe sex was esti-
mated to account for more than 99% of HIV infections
in Africa, the only region where more women than
men are infected with HIV or have acquired immuno-
deficiency syndrome. In other regions, the percentage
of HIV/AIDS deaths attributable to unsafe sex rang-
es from 50% in low- and middle-income countries in
the Western Pacific region to 90% in low- and mid-
dle-income countries in the Americas region according
to WHO.[13] In virtually all regions outside of Africa,
HIV transmission through unsafe sex occurs primarily
among commercial sex workers and men who have
sex with other men (Figure 5).
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Directives for

Cl C2
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l l Directives for stage A2 stage Al Directives for stage A3
. . T
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the progress of the 7} j
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Figure 5. The model for defining determinants for group A0

Bearing this is mind, Figure 6 illustrates the hierarchy of determinants for group B using the graphical modeling

language.

Bl

Air pollution in cities

B0

Determinants within risk factors affecting health status

B2

Indoor air pollution associated
with the use of solid fuels in
households

B3

Unsafe medical injections

Figure 6. Hierarchy of determinants of group B in the framework of the graphical modeling language

Next, it is necessary to add the context to the definition of the group B determinants, as presented in the diagram
form in Figure 7.
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f

M2

Safety and security
mechanisms

risk factors

Figure 7. Context diagram of group B determinants

B1. Air pollution in cities. Industrial plants, cars,
and trucks release complex mixtures of pollutants into
the air, many of which are harmful to health. Of these
pollutants, fine particulate matter is the most harm-
ful to health. Tiny particulate matter results from the
combustion of fuels in both mobile devices such as
vehicles and stationary devices such as power plants.
Fine particulate matter is associated with a wide range
of acute and chronic diseases such as lung cancer
and cardiopulmonary disease.

B2. Indoor air pollution is associated with the use of
solid fuels in households. More than half of the world’s
population still cooks over open fires or traditional ov-
ens using wood, manure, coal, or agricultural waste. In

conditions of limited ventilation, the use of solid fuels
exposes people, especially women and children, to
high levels of indoor smoke exposure and associated
high health risks.

B3. Unsafe medical injections. The complex nature
of the medical care provision at this stage inevitably
carries both risks and benefits. Patient safety is a ma-
jor global public health issue. Estimates show that in
developed countries, one in 10 patients is harmed dur-
ing inpatient care. The likelihood of harm to health in
a hospital is higher in developing countries than in indus-
trialized countries. The risk of nosocomial infection in
some developing countries is up to 20 times higher
than in developed countries (Figure 8).[14]

Directives for
stage B1

Directives for stage B3

» Ol

Results

Cll Clz Directives for stage B2
I | Determingnts of the reaction Z
and addictive substances
u Bl
) 7'y 7'y
Information about the Y
progress of the stage Determinants of the
Bl%. - » reaction to insufficient
Information about physical activity B2
the progress of the X
stage B2 ———
Information about the
progress of the stage B

Determinants of the
reaction to unsafe sex

B3

»
>

B3 \

M1 jmz

Figure 8. The model for defining determinants for group BO
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There are thousands of other health risks both with-
in and outside the categories discussed in this report.
These include risk factors for tuberculosis and malaria
(which together account for 4.5% of the global burden
of disease), family and environmental risk factors, risk
factors for psychiatric disorders and injury, and a wide
range of dietary risk factors. Similarly, some important
risks associated with exposure to infectious agents or
antibiotic resistance are not included in this report. Al-
though genetic predisposition plays a significant role,
the article did not attempt to quantify the burden of dis-
ease due to genetic causes. In general, the approach
and methods used in the article can be used more
broadly in order to draw the attention of health poli-
cymakers to the potential for preventing health risks.

Discussion

When discussing the results obtained, it is pertinent
to compare them with similar findings to highlight their
novelty and uniqueness.

For example, a certain group of scientists [15,16]
reported that people at work are exposed to numerous
risk factors, which can lead to injuries, cancer, hearing
loss, diseases of the respiratory and musculoskeletal
systems, cardiovascular and reproductive systems,
neurological disorders, skin diseases, and mental dis-
orders. In their report, risk factors are assessed selec-
tively due to the lack of global data.

Other researchers [17,18] aim to cover as many
risk factors affecting health as possible. There are
thousands of other health risks both within and outside
the categories covered in this article. These include
risk factors for the development of tuberculosis and
malaria (accounting for a total of 4.5% of the global
burden of disease), family environment risk factors,
environmental conditions, risk factors causing men-
tal disorders and injuries, as well as a wide range of
nutritional risk factors. Similarly, some significant risks
related to exposure to infectious disease agents or
antibiotic resistance are not included in this report. Al-
though genetic predisposition plays a crucial role, the
article did not attempt to quantify the disease severity
due to genetic causes.

However, there are studies [19,20] that narrow
down risk factors to only social determinants. Society
is constantly at risk. In trying to protect himself, a per-
son introduces new means of protection, thereby gen-
erating new types of risks and scales of distribution.
The current stage of the European economy’s devel-
opment is characterized by a significant number of
social risks, products of high rates of social and tech-
nological modernization. Work safety occupies a spe-
cial place among these risks. One of the main human
rights in the social and work spheres is the right to safe
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working conditions and full compensation for damag-
es resulting from failures to ensure them. Yet, it is in
the field of work safety where the manifestation of so-
cial risks is intensifying.[21-24]

As regards our research results, they exhibit both
similarities and differences with other studies. The
similarity lies in in our agreement with several theo-
retical aspects of the problem of risk factors affecting
health status. Our study also underscores the thesis
of how problematic health protection is and how many
risks affect it.

The scientific novelty of our results lies in introduc-
tion of a new methodological approach to presenting
the key determinants of the response to risk factors
affecting health status.

Conclusions

Many diseases result from the interaction of multiple
risk factors. By reducing the impact of specific risk fac-
tors associated with a particular disease, it is possible
to influence the disease development. The cumulative
impact of multiple risk factors often results in lower
mortality rates and disease severity compared to the
individual impact of each risk factor.

Global health risks are evolving due to changes in
consumption patterns and the increasing elderly pop-
ulation, resulting from successful efforts against infec-
tious diseases and declining birth rates. Developing
countries face a dual health challenge with the rise
of infectious diseases and maternal and child health
risks, traditionally impacting the impoverished, along
with the recent addition of non-communicable diseas-
es. Severely impoverished countries still contend with
significant health challenges from malnutrition, unsafe
sexual practices, contaminated water, inadequate
sanitation and hygiene, iron deficiency, and indoor air
pollution caused by solid fuels. Risk factors such as
high blood pressure, high cholesterol levels, obesity,
and lack of physical activity contribute to the overall
severity of diseases.

Several cost-effective interventions are estab-
lished, and risk prevention strategies can be ex-
panded to additional countries. The essential sci-
entific and economic information, factual data, and
research needed to make policy decisions that can
greatly enhance global health are already accessible.
The determinants influencing the response to risk fac-
tors impacting health status were identified. The re-
sults obtained have practical value that can be utilized
to prevent, safeguard, and establish a secure health
environment. The study is restricted by not taking into
account all potential determinants. Additional research
is required to broaden our previous analysis of re-
sponses to risk factors.
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STRESZCZENIE

Wolne krazgce miRNA jako biomarkery w stwardnieniu bocz-
nym zanikowym i dziedzicznej spastycznej paraplegii

Tomczuk F.", Sutek A.?
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The development of biomarker research is essential to enhance the
diagnostic workup for neurodegenerative disorders and to facilitate
the monitoring of effective disease-modifying therapies. While DNA
testing remains a predominant biomarker for identifying mutations in
familial forms of neurodegenerative diseases, various types of RNA
have more recently been linked to both familial and sporadic forms
of these diseases. miRNAs, a subset of endogenous non-coding
RNA, bind to partially complementary sequences in mRNAs and in-
hibits mRNA translation by either blocking translational machinery
or degrading mRNAs. They are involved in a variety of cellular pro-
cesses, including cell cycle, development, metabolism, and synap-
tic plasticity. Dysregulation of miRNA expression and function has
been reported in various neurological disorders (NDs) of the central
nervous system, such as Alzheimer’s disease (AD), Parkinson’s dis-
ease (PD), Huntington’s disease (HD), amyotrophic lateral sclerosis
(ALS), and hereditary spastic paraplegias (HSP). If a specific profile
of dysregulated miRNAs is identified in patients suffering from NDs,
this could serve as a biomarker for earlier diagnosis and monitoring
of the disease progression. Identifying the role of miRNAs in nor-
mal cellular processes and understanding how miRNA expression
is linked to their neurological effects are also critical in developing
new therapeutic strategies for NDs. In this review, we will focus on
free-circulating miRNA and their association between ALS and HSP,
as both diseases share the same neurodegeneration process of the
upper and lower motor neurons. This suggests that they may also
share the same miRNA pattern, which might be considered a shared
biomarker.

Key words: miRNA, biomarkers, motor neuron disorders, neurode-
generation, rare disease

Rozwdj badan w dziedzinie badan biomarkeréw jest niezbedny do
usprawnienia diagnostyki choréb neurodegeneracyjnych i skutecz-
nego monitorowania terapii modyfikujgcych przebieg choroby. Cho-
ciaz badania DNA pozostajg dominujgcym biomarkerem pozwalajg-
cym na identyfikacje mutacji w chorobach neurodegeneracyjnych,
ostatnio powigzano rozne typy RNA zaréwno z rodzinnymi, jak
i sporadycznymi postaciami tych choréb. miRNA, endogenne nie-
kodujgce czgsteczki RNA, wigze sie z czeSciowo komplementarny-
mi sekwencjami w mRNA i hamuje translacie mRNA albo poprzez
blokowanie mechanizmu translacji, albo przez degradacje mRNA.
miRNA, bierze udziat w réznych procesach komorkowych, w tym
w cyklu komérkowym, rozwoju, metabolizmie i plastycznosci sy-
naptycznej. Potwierdzono ich udziat w zaburzeniach ekspresji i funk-
cji miRNA w réznych schorzeniach neurologicznych (ND) o$rodko-
wego uktadu nerwowego, takich jak m.in. choroba Alzheimera (AD),
choroba Parkinsona (PD), choroba Huntingtona (HD), stwardnienie
boczne zanikowe (ALS) i dziedziczne spastyczne paraplegie (HSP).
Jesli u pacjentéw cierpigcych na choroby neurodegeneracyjne zo-
stanie zidentyfikowany specyficzny profil ekspresji miRNA, moze on
postuzyc jako biomarker do wczes$niejszej diagnozy i monitorowania
postepu choroby. Identyfikacja roli miRNA w prawidtowych proce-
sach komorkowych i zrozumienie, w jaki sposob ekspresja miRNA
Jest powigzana z ich skutkami, ma rowniez kluczowe znaczenie
w opracowywaniu nowych strategii terapeutycznych dla ND. W tym
artykule skupiamy sie na wolno krazgcych czgsteczkach miRNA i ich
zwigzku pomiedzy ALS i HSP, poniewaz w obu chorobach wyste-
puje ten sam proces neurodegeneracji gornych i dolnych neuronéw
ruchowych. Sugeruje to, ze mogg one réwniez miec ten sam profil
ekspresji mIRNA, ktéry mozna bedzie uznac za wspolny biomarker.

Stowa ktuczowe: miRNA, biomarkery, choroby neuronu ruchowe-
go, neurodegeneracja, choroba rzadka
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The Nature of Biomarkers

According to the definitions provided by the US Food
and Drug Administration (FDA) and the National In-
stitutes of Health (NIH), a biomarker is an objective
indicator measurable outside the patient’s body. It
serves as a quantifiable measure of various biological
or pathogenic processes, responses to interventions,
and exposures.[1-6]

Biomarkers play a pivotal role in medical appli-
cations such as diagnosis, disease classification,
and monitoring therapeutic responses.[7] Califf et al.
further categorized biomarkers into groups based
on their functions, including diagnostic, monitoring,
pharmacodynamics/response, predictive, prognostic,
safety, and susceptibility/risk.[3] This article specifi-
cally delves into three subtypes of biomarkers: diag-
nostic, predictive, and prognostic.[1,3] Diagnostic bi-
omarkers are instrumental in confirming the presence
of a disease or identifying specific disease subtypes,
as outlined by the FDA-NIH definition.[1,4] Predictive
biomarkers play a crucial role in identifying individu-
als likely to experience either favorable or unfavorable
effects from exposure to medical products or environ-
mental agents.[3,4] An illustrative example includes
free-circulating miRNAs, which may signal impending
events such as neurodegeneration.[1,3,4] Prognostic
biomarkers are utilized to assess the likelihood of clin-
ical events or disease progression in individuals with
the condition (FDA-NIH definition). C-reactive protein
(CRP) stands as an exemplar, serving as a prognostic
biomarker for inflammation, as elucidated by different
scientists.[5,6]

Several researchers[8-13] have focused their
studies on neurodegenerative biomarkers, often de-
rived from diverse sources such as peripheral blood,
muscle biopsies, or cerebrospinal fluid (CSF). Whole
blood, in particular, has emerged as an attractive
source due to its ease of collection, relative nonin-
vasiveness, and suitability for longitudinal studies,
enabling the tracking of disease progression over
time.[2,10,14] Among potential biomarkers, microR-
NAs (miRNAs) have garnered considerable attention,
especially in neurodegenerative research. With prom-
ising characteristics, miRNAs have been employed to
monitor different gene expressions associated with
neurodegenerative diseases, as evidenced by nu-
merous studies.[10,15-17]

MicroRNA Biogenesis and Role in Gene
Expression

MicroRNAs (miRNAs) are endogenous, non-coding
single-stranded RNA molecules that play impor-
tant roles in eukaryotic gene expression through

post-transcriptional regulation. They were first
identified via classical forward genetics experi-
ments.[18,19] miRNA mainly binds to the 3’-untrans-
lated region (3’'UTR) of the messenger RNA (MRNA)
from target protein-coding genes, leading to gene si-
lencing by mRNA cleavage, translational repression
and deadenylation.[18] A miRNA particle is a part of
ribonucleoprotein complexes that specifically block
the mRNA translation. Unlike siRNAs, miRNAs are
not characterized by complete sequence identity with
the target mMRNA and therefore can silence different
genes. The miRNA biogenesis is a complex pro-
cess, which can be generated through the classical
canonical and non-canonical pathway depending on
cell types and their environment.[20] It begins in the
nucleus when 1-3 kilobase (kb) precursor miRNAs
(pre-miRNAs) are generated either by the micro-
processor complex (Drosha and DGCR8) RNaselll
enzyme processing of primary miRNA (pri-miRNAs)
transcripts or by spliceosome processing of precur-
sor mRNA (pre-mRNA) transcripts followed by the
Lariat Debranching Enzyme (DBR1) processing of
the resulting introns.[21]

The primary transcript (pri-miRNAs) of miRNA is
specifically recognized by the microprocessor complex
composed of nuclear ribonuclease lll, Drosha, and is
the binding partner of the DGCRS8 protein, which rec-
ognizes the stem-loop structure in pri-miRNA. Drosha
then cleaves the pri-miRNA into a 70 nt pre-miRNA,
which is translocated to the cytoplasm by exportin
5 protein.[18] In the cytosol, pre-miRNAs are fur-
ther processed into 19-23 nucleotide mature miRNA
duplexes by a protein complex consisting of DICER
(RNase) and the double-stranded RNA-binding do-
main proteins TRBP, PACT and Ago2.[20] One strand
of the miRNA duplex is incorporated into the RNA-in-
duced silencing complex (RISC) as a mature miRNA,
whereas the other strand is degraded. miRNA can also
be generated from hairpin introns, snoRNAs, tRNAs
and endogenous shRNAs as a result of splicing, de-
branching and other complex processing mechanisms
without RISC involvement.[18-22]

The intracellular concentration of miRNA may
change in different physiological and pathological
processes due to modifications in their transcription,
maturation and stability. Despite their intracellular ac-
tivity, miRNAs have been found in extracellular human
body fluids such as blood plasma/serum, urine, saliva,
semen, CSF, and milk. Therefore, some free-circulat-
ing miRNAs have been successfully assigned as bio-
markers for several cancers, cardiovascular diseases,
and brain or liver injuries. Such changes of miRNA lev-
els in different brain areas are also indicative of many
neurodegenerative diseases and other brain patholo-
gies.[12,22-25]
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Figure 1. The miRNA biogenesis process

miRNAs are stable and resistant to RNase activi-
ty, which makes circulating miRNAs potentially novel
sources of biomarkers for various diseases. Due to the
inherent heterogeneity within a neurodegenerative dis-
ease MiRNA can comprise both sporadic and familial
genetic forms of alteration.[2] Serving as master reg-
ulators of gene expression, they can be used as di-
agnostic, predictive, and prognostic biomarkers across
various disease states, as they are increasingly ap-
plied in the field of neurodegenerative disorders.[3,16]

Neurodegenerative Diseases and Pro-
gressive Changes in Cell Homeostasis

Neurodegenerative diseases are marked by the pro-
gressive loss of neural tissues, leading to irreversible
degradation of neurons that cannot be regenerated af-
ter cell death or damage.[26] These disorders are char-
acterized by a very broad and a diverse background,
encompassing well-known conditions like Alzheimer’s

Healthy neurons

—_—

Neuron damage — Neuroinflamation

}

Neurodegeneration

DNA damage
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disease (AD) and Parkinson’s disease (PD), as well as
rarer ones often defined by genetic defects, such as
Huntington’s disease (HD), amyotrophic lateral sclero-
sis (ALS), and hereditary spastic paraplegia (HSP).[21]
They also include various types of ataxias,[27] spinal
and bulbar muscular atrophy (SBMA), and several
other rare types.[28,29] Cellular pathologies and mo-
lecular dysfunctions in the neurodegenerative process
generally lead to functional changes, including oxida-
tive stress, protein oligomerization and aggregation,
axonal transport deficiency, calcium deregulation,
mitochondrial dysfunctions, neuroinflammation, neu-
ron-glial interactions, aberrant RNA processing, and
DNA (deoxynucleic acid) damage.[20] Figure 2 high-
lights the neurogenerative process.

The neurodegeneration process is initiated by
metabolic disruptions in the neurons, such as protein
overexpression or misfolding. These events activate
microglial cells and the Blood Brain Barrier (BBB) by
cytokines which induce neuroinflammation and lead to
neuronal damage and finally neurodegeneration.

Mitochondrial dysfunction, prevalent in aging brains
and neurodegenerative diseases, mainly involves
molecular damage to mtDNA by intracellular events
such as nucleases, reactive oxygen species (ROS),
and spontaneous hydrolytic processes. Single-strand
breaks in mtDNA can be generated either by ROS or
from aberrations in replication processes. In an aging
brain and in the neurodegenerative process the mis-
repair of double-strand breaks causes the mtDNA de-
letion seen in aged human tissues. This implies that
aging affects normal replication, leading to the majori-
ty of deletions at mtDNA replication sites.[30] Figure 3
shows possible factors of neurodegeneration.

As mentioned above, neurodegenerative diseases
are often characterized by the presence of inclusions
of aggregated protein, for example amyloid B aggre-
gation in AD, accumulated proteins forming Lewy bod-
ies in PD, polyglutamine proteins in SCA, HTT in HD,

or TDP-43 in ALS.[31,32]
Protein misfolding
and accumulation

-
—

Neuron-microglia
interactions

Figure 2. The neurodegeneration process
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Figure 3. Various factors involved in progression of neurodegenerative disease

Recent studies indicate that aberrant gene expres-
sion caused by elevated miRNA levels is increasingly
recognized as an important predictive tool in neurode-
generative disorders. Also, it has been reported that
miRNA is involved in the development of the central
nervous system and neurodegeneration.[20,32-35]
Current research on the role of miRNA in neurodegen-
eration as biomarkers remains limited. Those that do
exist, show potential changes in the process but do
not yet define their significance in the general aspect
of neurodegeneration. For a brief summary of miRNAs
involved in neurodegenerative diseases see Table 1.

miRNAs play essential role in regulating various
physiological processes, such as neuronal stem cell
differentiation, neurogenesis, neuronal survival, and
synapse formation is crucial. They have also been
shown to be involved in neurodegeneration, which
is why their importance and value as biomarkers for

diagnosis and therapeutic strategies continues to
grow.[12,20,22,32-34]

Several authors have demonstrated that miRNA
can act as both neuroregulators and neuroprotectors,
influencing the expression of specific genes. They re-
ported that the level of miR-29 is reduced in AD and
HD and in mouse models. Furthermore, miR29 plays
a key role in amyloid beta formation, leading to AD
pathology. Moreover, the neuroprotective miR-29-a-1
and miR-29-b-1 are downregulated, which promotes
the progression of AD by regulating beta-secretase-1,
increasing Ab formation.[20,32,53,54]

Huntington’s disease is a neurodegenerative dis-
order characterized by cognitive and motor defects,
caused by CAG repeat expansion in the huntingtin
(HTT) gene. Pathologically, it involves progressive
neuronal death in the cortex and striatum of HD pa-
tients.

Table 1. Brief summary of known miRNAs involved in neurodegenerative diseases

Neurzcijsee%esr;esratlve miRNAs Target genes/proteins Functional changes Ref.
miR-9 BACE1 APP cleavage [36]
Alzheimer’s disease miR-29 Bim; Bmf, Hrk; Puma Neuronal survival [37]
let-7b TLR7(binding) Immune response [38]
miR-106b | APP APP signaling [39]
miR-133b | Pitx3 DA neuron differentiation and survival | [39]
Parkinson’s disease miR-107 | Progranulin; CDK6 Neuronal survival [40]
miR-34 SIRT1; Bcl-2; CDK4 Neuronal survival [39,41]
miR-205 | Lrrk2 Neuritis outgrowth [42]
miR-9 REST/CoREST Neurogenesis [39]
Huntington’s disease miR-22 HDAC4; Rcor1; Rgs2; p38; Tp53inp1 | Neurogenesis and neuronal survival [43]
miR-128 | HTT; HIP1 Neuronal differentiation [39,44]
miR-132 | P250GAP; MeCP2 Neurogenesis [39]
Amyotrophic Lateral miR-206 | HDAC4 Nerve reinnervation
Sclerosis miR-155 | SOCS1; TGF-B Immune response [45-47]
miR-140 | REEP1 Nucleation [48]
) . miR-182 Nucleation [49]
Eeredﬂary Spastic miR-96 SPAST Neuronal survival [50]
araplegia - -
miR-33 Neurogenesis [51]
miR-224 | SPG7 Neuronal survival [52]
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The mutant HTT protein, which harbors an expand-
ed polyglutamine tract, has been shown to be asso-
ciated with Ago2 and P-bodies, cytoplasmic sites of
RNA metabolism, and RNAi and miRNA activity. Thus,
a change in miRNA activity has been proposed to be
responsible for the HD defects. It has been shown that
several miRNAs are indicative of the disease (miR-
100, miR-139-3p, miR-196a, miR-133a, miR-330).
[20,21,32,55,56]

miRNAs play a significant role in cell apoptosis and
may activate dramatic changes in brain tissue. For ex-
ample, miR-144 found in the aging human cerebellum
and cortex can bind to the 3'UTR of programmed cell
death protein 4, suggesting a possible role in apoptosis
in aging brains.[20,32-34,57] Furthermore, a possible
link exists between miRNA expression and cell apop-
tosis. miR-16, miR-128, miR-15, and miR-497 regulate
B cell lymphoma 2 protein (bcl2), which induces ap-
optosis, also within neurons.[20] Certain studies have
demonstrated that changes in miRNA expression dur-
ing neurodegeneration (miR-548d, miR-224, miR-373,
miR-198) show specific deregulation and altered ex-
pression in PD patients.[20,58] It appears likely that
miRNAs can be used as accurate diagnostic and prog-
nostic biomarkers for neurodegenerative diseases.

Amyotrophic Lateral Sclerosis (ALS) —
Involvement of miRNA

Amyotrophic lateral sclerosis (ALS) is one of the
most devastating neurodegenerative diseases; it
progresses very rapidly and leads to death within
2-5 years of onset, usually beginning in the fifth dec-
ade of life. It is characterized by the neuronal death
of upper and lower motor neurons, skeletal muscle
atrophy, and eventually death, mainly due to the
loss of respiratory muscles.[18,19,21,32] 10% of all
ALS cases are understood to be hereditary. These
mutations may be related to several genes, one of
which is SOD1, coding for copper/zinc superoxide
dismutase. This gene is involved in skeletal muscle
atrophy, paralysis, and neuronal death. It used to ap-
pear as the best biomarker for familial ALS (fALS).
[18,19,21,32-34] Another protein involved in ALS pa-
thology, TAR DNA-binding protein (TDP-43), inter-
acts with the Dicer and Drosha complexes respon-
sible for miRNA biogenesis. It has been shown that
mutations in this gene resultin the differential expres-
sion of mature and functional miRNAs.[18,21,34]
Mutations in the gene encoding fused in sarcoma/
translocated in sarcoma (FUS/TLS) share a com-
mon mechanism with TDP-43, promoting the bio-
genesis of specific miRNAs via recruiting Drosha
complexes to primary transcripts of miRNA. FUS/
TLS interacts mainly with the mutant TDP-43, which
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dysregulates miRNA biogenesis and the overex-
pression of miR-132, miR-143, miR-558, and miR-9,
which is identified with axonal growth.[18,21,33] In
recessively inherited ALS2, a rare juvenile-onset dis-
order, mutations in the ALS2 gene are responsible
for the production of the abundant protein alsin, in-
volved in neurite outgrowth and endosomal traffick-
ing. The lack of alsin production leads to increased
degradation, decreased signaling, and decreased
turnover of membrane components, and these fac-
tors may underlie the disease pathology.[32,59]
Neurofilament heavy peptide (NEFH) is a key pro-
tein in axonal transport and maintenance. Changes
in its cross-linking properties may contribute to the
aberrant neurofilamentous accumulation found in
the proximal axons of ALS motor neurons directly,
even in sporadic ALS.[60] A different type of mutation
concerns the C9orf72 locus containing hexanucleo-
tide repeats of GGGCC (G,C,), and the expansion
of the number of repeats is now considered to be
the most frequent genetic cause of ALS.[18,19,21]
Although the overexpression of C9orf72 is highlight-
ed in neurodegeneration, the normal cellular func-
tion is still unknown. The protein is highly conserved
and expressed in many tissues, including the cere-
bellum, cortex, and spinal cord.[18,19,21] Altogeth-
er, over 50 potentially causative disease-modifying
genes have been identified, but for the purpose of
this review, we have limited them to those with linked
miRNA. For more details, see Table 2.

The lack of a common cause of ALS has resulted
in difficulties with diagnosis and treatment, especially
when the underlying molecular causes of pathology
are unknown or unclear. A significant impact may be
driven by miRNA in our understanding of their biogen-
esis and functions, as well as profiling their expression
and their involvement in disease progression.[32-34]

In addition, studies on mouse models of ALS have
shown the involvement of miRNA in the progres-
sion of neurodegeneration via the deletion of Dicer
(a complex converting primary miRNA to mature
miRNA). Several studies have shown that miR-206
was observed to be overexpressed in mouse mod-
el muscles of ALS, which carries mutation in Sod1.
Another increase in the miR-338-3p level regulating
the expression of several different miRNAs was ob-
served in the leukocytes of ALS patients. Further-
more, recent studies have shown the expression
of miR-23a, miR-29b, miR-455 in skeletal muscle
tissue from ALS patients, which can cause deregu-
lations in mitochondrial gene expression. miR-132,
miR-134 and miR-9 were found to take place in syn-
aptic plasticity and neuronal development.[18,21]
For more details concerning ALS serum related
miRNAs, see Table 2.
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Hereditary Spastic Paraplegias (HSPs)

Hereditary spastic paraplegias (HSPs) are a group
of heterogeneous, genetically determined disorders
resulting from neurodegeneration in the corticospi-
nal tracts. The main clinical feature is progressive
spasticity and weakness of the lower limbs. To date,
64 spastic paraplegia genes (SPG) have been iden-
tified within 79 different loci, and all modes of inher-
itance have been described among them. Due to the
number of the HSP-causing genes, several cellular
pathways implicated in its pathogenesis have been
distinguished: membrane and axonal transport, endo-
plasmic reticulum membrane modeling and shaping,
mitochondrial functions, DNA repair, fatty acids and
phospholipid metabolisms, and myelination process-
es.[79] However, the epigenetic factors involved in the
HSPs pathomechanism are barely known. There are
only a few papers available in PubMed describing the
possible microRNAs involvement in hereditary spastic
paraplegia. Considering the known regulatory role of
the miRNA molecules in neurodegeneration, a pos-
sible role of miRNA in SPG pathogenesis warrants
thorough investigation. Even though there have been
broad studies on the role of miRNA in neurogenetics,
especially Alzheimer's (AD), Parkinson’s (PD) and
amyotrophic lateral sclerosis (ALS), the miRNA re-
search on hereditary spastic paraplegia pathogenesis
is limited. Some premises suggest that miRNAs are
also involved in spastic paraplegia pathomechanism.
The process of motoneuron degeneration shows the
same pathway as observed in HSP and ALS. Thus,
it is suggested that these two diseases may be linked
together by shared miRNA. It is only a matter of time
before both pathologies are compared at the miRNA
level. One research study of this kind has shown that
the regulation of SPAST gene (SPG4) expression is
carried out by transcription factors (proteins NRF1 and
SOX11) and miRNAs. The 3'UTR (UnTranslated Re-
gion) of the SPAST gene contains the complementary
sequences for the miRNA-96 and miRNA-182 mol-
ecules, which negatively regulate the SPAST gene
synthesis and influence the stability of the spastin
mMRNA level in the cell.[80] Recent reports have in-
dicated that miRNA-33, located within the intron of
sterol regulatory element binding protein (SREBP)-2,
controls cholesterol homeostasis and can be a po-
tential therapeutic target for the treatment of athero-
sclerosis. It had been shown that the SPAST gene,
which encodes a microtubule-severing protein called
spastin, is a novel target gene of miR-33 in humans.
The miR-33 binding site in the SPAST 3’'UTR is con-
served, and it is possible to clarify the role of miR-33
on SPAST. It has been demonstrated that inhibition of
miR-33a, a major form of miR-33 in human neurons
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via locked nucleic acid (LNA)-anti-miR ameliorated
the pathological phenotype in HSP-SPG4 patients’
induced pluripotent stem cell (iPSC)-derived cortical
neurons. Thus, miR-33a may be a potential therapeu-
tic target for novel treatment of HSP-SPG4.[51] A dif-
ferent study indicates that in the SPG7 type, miR-224
may target the 3’'UTR of SPG7 mRNA. This inhibits
SPG7 expression by enhancing the ability to recruit
a voltage-dependent anion channel (VDAC), resulting
in the failing repression of SPG7 expression. SPG7 is
one of the targets of miR-224, and it is necessary for
the mitochondrial permeability transition pore (MPTP)
formation in multiple cell types that promote Ca?*-in-
duced MPTP opening. The miR-224 inhibitor prevents
oxygen/glucose deprivation (OGD)-induced neuronal
apoptosis. Downregulation of SPG7 suppresses mi-
tochondrial signaling, which prevents VDAC from
forming the MPTP involved in mitochondria-mediated
apoptosis. It also inhibits OGD-induced mitochondri-
al membrane potential and higher mitochondrial cal-
cium retention.[52] Another example is related to the
single-nucleotide changes identified in the REEP1
3'UTR region in hereditary spastic paraplegia patients
(SPG31). This condition is characterized by spasticity
(muscle stiffness) and paraplegia (paralysis of the low-
er limbs) caused by degeneration of the neurons that
trigger muscle movement. Degeneration of the upper
motoneuron leads to a progressively spastic gait. The
vast majority of individuals suffering from SPG31 show
clinically pure HSP, i.e., with predominant pyramidal
signs, and there is no evidence of lower-motoneuron
involvement. Consistent with these clinical and genetic
observations, endogenous REEP1 has been detected
in the brain and in cultured cortical neurons.[80-88]

The mutations of the REEP1 gene are often pres-
ent as insertion or deletion and result in a short, non-
functional protein.[81,83,85,87] It is assumed that the
3'UTR variants consist of the complementary sites of
mMiRNAs. miRNA-140 and miRNA- 691 binding sites
may affect the post-transcriptional regulation of the
REEP1 gene expression.[82,84,88]. Table 3 sums up
the data on serum-related miRNAs involved in HSP
with related genes.

The receptor expression-enhancing protein 1
(REEP1) is found in neurons of the brain and spinal
cord, accumulating in mitochondria and the endo-
plasmic reticulum, responsible for protein processing
and transport. The REEP1 protein forms a network
of tubules of the endoplasmic reticulum, regulating its
size and determining protein processing. As part of its
role in the endoplasmic reticulum, the REEP1 protein
enhances the activity of certain other proteins called
G protein-coupled receptors. These receptor proteins
are eventually embedded within the outer membrane
of cells, where they relay chemical signals from outside
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the cell to its interior. The exact function of the REEP1
protein in the mitochondria is not fully known.[82,86]
Itis unclear how REEP1 gene mutations lead to the
signs and symptoms of spastic paraplegia type 31. Re-
searchers have shown that mitochondria in the cells of
affected individuals are less able to produce energy,
which may contribute to the death of neurons and lead
to the progressive movement problems of spastic par-

aplegia type 31. However, the exact mechanism that
causes this condition is unknown, and we cannot be
certain that miRNAs are not involved in this process.
So far, there is no evidence for this because of the
limited amount of research conducted to date. But this
does not change the fact that miRNA could play a sig-
nificant role in REEP1 gene mutations.[81,83-88]

Table 3. Free-circulating miRNAs that regulate some HSPs - related genes

(p?:t:?n) Gene description Tneigrt\je: miRNA description Ref.
Overexpressed in human metastatic
miR-182 melanoma cell lines and its expres- Post-tran-
Mi bul ) . I sion increased with progression from | scriptional
crlectr:tu :tﬁjgvegﬁpa;tlﬂz’i r?aryl ases: primary to metastatic melanoma regulation of
SPAST ory P Y, = 9 9. piay miR-96 promotes cell proliferation, endogeno- | [49-51,
(spastin) ;c;]lz mrgt]:ir::?(! alj:ltela\t/i% Coamrt‘i)(iﬂgrr;tsi n miR-96 | migration and invasion by targeting us SPAST | 80,89]
neurgns 9 P y PTPN9 in breast cancer mRNA and
Decreases the neurite length of spastin pro-
miR-33 | cortical neurons derived from iPSCs | tein level
through SPAST 3'UTR regulation
ER-shaping protein, ER-microtubule MIR140 is almost exclusively expres-
interaction, mitochondrial function, miR-140 sed in chondrocytes and regulates No specific [19.48
REEP1 | mutations have been linked to neuro- gene expression mainly at the post- | description | o, 89]
degenerative disorders of upper and transcriptional level in HSPs '
lower motor neurons miR-691 | —
Encodes a mitochondrial metallopro-
tease protein that is a member of the
AAA family. Members of this protein . I .
family share an ATPase domain and . mlR-224.|nh|b|tor may suppress neuronal apop_t05|s
SPG7 o miR-224 | by targeting SPG7 mRNA and thereby preventing [62]
have roles in diverse cellular proces- MPTP formation
ses including membrane trafficking, )
intracellular motility, organelle bioge-
nesis, protein folding, and proteolysis

Conclusion and Future Perspectives

Despite constantly evolving diagnostic methods and the
significant development of research on miRNAs as bi-
omarkers of neurodegeneration, the research into ALS
and HSP is still at a very early stage. When it comes to
miRNA research in ALS, the level of it is much higher
than that into HSP, where, due to the high heteroge-
neity and rarity of the particular types of the disorder,
research in terms of miRNAs is hardly carried out.

Another issue is the limitation of patients included
in the studies. These disorders are rare, and as a rule,
the study groups are small in number, making it dif-
ficult to compare the studies with each other, due to
the number of respondents and the variety of research
methods.

Furthermore, due to the limited number of ongoing
scientific projects, it is difficult to characterize the indi-
vidual miRNAs that bring together both diseases. Fu-
ture research should include a large-scale sequencing
panel of potential miRNAs that may be associated
with neurodegenerative pathology.

It has been demonstrated that miRNAs are po-
tential biomarkers for detection and differentiation
and therapeutic targets in neurodegenerative disor-
ders. miRNAs have been suggested as having both
high diagnostic effectiveness and promising value
as non-invasive biomarkers, and as a consequence,
potentially promising therapeutic targets. Recent evi-
dence suggests the existence of specific expression
signatures in some brain pathologies, though the
findings are diverse from study to study. Therefore,
future research on circulating miRNAs to better de-
fine their potential for early diagnoses, and to monitor
disease progression and response to therapies are
required.[10,32,51,52,77,90-93]
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STRESZCZENIE
Cukrzyca LADA jako choroba hybrydowa — przeglad literatury

Mataczynska A.", Paprocki M.", Jurgiel J.2, Majdowski M.2,
Wrzosek K.2, Lis M."?

" Wydziat Medyczny, Uczelnia tazarskiego, Warszawa; 2 Oddziat
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Latent autoimmune diabetes in adults (LADA) is a common hybrid
disease because it combines features of both type 1 and type 2 di-
abetes [1]. It is a slow-onset autoimmune disease characterized by
an initial relative insulin deficiency. Studies to date indicate a clear
genetic overlap between LADA and type 1 diabetes. This is relat-
ed to the variants in the human leukocyte antigen (HLA) region [2,
3], which encodes main histocompatibility antigens (MHC) [2, 3, 4].
Main histocompatibility antigens are responsible for immunoregula-
tory processes that are impaired in both type 1 diabetes and LADA,
leading to immune system disturbances in individuals. Autoantibod-
ies against pancreatic islets are produced, serving as key markers
for distinguishing type 1 diabetes and LADA [5]. They are character-
ized by occurring at a lower level, as a result of which the destruction
of the immune system progresses much more slowly. In the etio-
pathogenesis of this disease, environmental factors and lifestyle play
a significant role, which are also associated with the pathogenesis
of type 2 diabetes [6]. In most LADA cases, hyperglycemia does not
reach levels as high as in type 1 diabetes, whith contributes to the
misdiagnosis of it as type 2 diabetes. So far, an optimal treatment
for LADA has not been established. Currently, the proposed treat-
ment focuses on achieving good glycemic control and preventing or
delaying the onset of complications. Some authors suggest that this
effect can be achieved through the early use of insulin as the first-
line pharmacotherapy. Emerging oral hypoglycemic agents used in
other types of diabetes may also have a role in the treatment of this
condition.

Hereby, we discuss the possible usage of Continuous Glucose
Monitoring (CGM) in this entity for precise real-time control of blood
glucose levels. Despite their many advantages, it is important to re-
member that these systems still require a certain level of user en-
gagement.

Keywords: LADA, type 1 diabetes, type 2 diabetes, autoimmune
diseases

Cukrzyca typu LADA (latent autoimmune diabetes in adults) to po-
wszechna choroba o postaci hybrydowej, ktéra tgczy w sobie cechy za-
rowno cukrzycy typu 1, jak i 2 [1]. Jest to choroba autoimmunologiczna
rozwijajgca sie powoli i charakteryzujgca sie poczatkowo wzglednym
niedoborem insuliny. Dotychczasowe badania wskazujg na genetyczne
nakfadanie sie cukrzyc typu LADA i typu 1. Ma to zwigzek z wariantami
w regionie ludzkich antygenéw leukocytarnych (human leukocyte anti-
gen, HLA), ktére kodujg gtdwne antygeny zgodnosci tkankowej (main
histocompatibility antigens, MHC) [2, 3, 4]. Antygeny te odpowiadajg
za procesy immunoregulujgce, ktére zarobwno w cukrzycy typu 1, jak
i typu LADA sg nieprawidfowe, w wyniku czego dochodzi do zaburzen
w obrebie uktadu odpornosciowego. W przebiegu cukrzycy typu LADA
wytwarzane sg autoprzeciwciata przeciwko wyspom trzustkowym,
ktére sg kluczowymi markerami stuzgcymi do rozpoznawania cukrzyc
typu 1 oraz typu LADA [5]. Wystepuja one w dos¢ niskim mianie, w wy-
niku czego destrukcja ukfadu odpornosciowego postepuje stosunkowo
wolno. Zaobserwowano réwniez, ze w etiopatogenezie cukrzycy typu
LADA istotne znaczenie wykazujg czynniki Srodowiskowe i styl zycia,
ktore rowniez zwigzane sg z patogenezg cukrzycy typu 2 [6]. U wigk-
Sz0sci 0s6b z cukrzyca typu LADA hiperglikemia nie osigga tak duzych
wartosci, jak w cukrzycy typu 1, co wplywa na btedne rozpoznanie jej
Jako cukrzycy typu 2. Dotychczas nie ustalono optymalnego leczenia
cukrzycy typu LADA, a proponowane leczenie opiera si¢ na probach
uzyskania dobrej kontroli glikemii oraz zapobieganiu lub opdznianiu
wystapienia powiktan. Efekt ten wedfug niektorych autoréw moze byc
uzyskany poprzez wczesne stosowanie insuliny jako pierwszej linii far-
makoterapii. Swoje miejsce w leczeniu tej jednostki chorobowej moga
takze znalezc pojawiajgce sie na rynku doustne preparaty hipoglikemi-
zujgce stosowane w innych typach cukrzycy.

W pracy zostata poruszona kwestia wykorzystania systemow ciggtego
monitorowania glikemii (continuous glucose monitoring, CGM). Stuzg
one do precyzyjnego kontrolowania poziomu glukozy we krwi w czasie
rzeczywistym. Mimo ich wielu zalet nalezy jednak pamietac, ze systemy
te nadal wymagajg pewnego poziomu zaangazowania uzytkownika.

Stowa kluczowe: LADA, cukrzyca typu 1, cukrzyca typu 2, choroby
autoimmunologiczne
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Introduction

Latent autoimmune diabetes in adults (LADA) is the
predominant manifestation of autoimmune diabetes,
accounting for about 2—12% of all cases within this
population [7].

During its early decades, LADA typically manifests
a latent phase, characterized by limited overt symp-
toms. Diagnosis typically takes place after patients
reach the age of 35. Furthermore, LADA demonstrates
clinical attributes reminiscent of type 2 diabetes; how-
ever, individuals afflicted by this variant also exhibit
the presence of autoantibodies associated with type 1
diabetes. In contrast to type 1 diabetes, LADA evolves
more gradually, primarily impacting adults rather than
children and adolescents.

Due to the clinical resemblance to type 2 diabetes,
it is often misdiagnosed and inadequately treated.

Etiology

Similar to type 1 diabetes, LADA has a genetic ba-
sis associated with human leukocyte antigen (HLA)
genes, which encode major histocompatibility antigens
(MHC) [8]. The major histocompatibility complex is re-
sponsible for immunoregulatory processes that are
disrupted in both type 1 diabetes and LADA, leading to
immune system disturbances in individuals affected by
these types of diabetes. Studies indicate that carriers
of HLA-DRB1+04-DQB1+03:02 and HLADRB1+03:01-
DQB1+02:01 have the highest risk of developing this
condition [2, 3, 6, 9, 10, 11, 12]. Similar to type 1 di-
abetes, LADA diabetes may result from the interac-
tion between pancreatic islet B-cells with innate and
acquired immune cells; however, the impact of immu-
nity on disease onset and progression is not yet fully
understood [13].

Environmental factors are also significant, includ-
ing exposure to toxic substances and stress, over-
weight, lack of physical activity, alcohol consumption,
and smoking, which can influence the development
of LADA diabetes through immune system activation
and other mechanisms [6].

Latent autoimmune diabetes in adults diabetes ex-
hibits some similarities with type 2 diabetes, notably in
terms of insulin resistance. In both conditions, there’s
reduced responsiveness of the body’s cells to insulin,
necessitating higher insulin levels to maintain normal
blood glucose levels. Nonetheless, this insulin re-
sistance is generally less pronounced in LADA when
compared to type 2 diabetes, often linked to differenc-
es in BMI [14, 15, 16].

In contrast to individuals with type 2 diabetes, those
with LADA tend to experience reduced insulin secre-
tion and progress to insulin dependency more rapidly

[14, 17]. However, the autoimmune process in LADA
appears to be milder, and the decline in B-cell func-
tion is slower. This is evident in the consistently higher
levels of C-peptide — an indicator of insulin secretion —
seen in LADA patients. Consequently, many LADA pa-
tients do not require insulin therapy for some time after
diagnosis [17].

While type 1 diabetes is typically characterized by
the presence of various islet autoantibodies, LADA
patients commonly test positive primarily for glutamic
acid decarboxylase antibodies (GADA) [18, 19]. Thus,
for research purposes, measuring GADA alone is often
sufficient to differentiate LADA from type 2 diabetes.
Additionally, GADA levels exhibit an inverse relation-
ship with C-peptide levels, serving not only as an indi-
cator of autoimmune activity but also providing insights
into the extent of this activity [6, 14, 15, 16, 20].

As LADA is a relatively new area of research, in-
vestigations into its precise mechanisms and trigger-
ing factors are ongoing. Understanding the etiology of
LADA diabetes is crucial for improving its diagnosis,
treatment, and management.

LADA Diagnostic Criteria

The Immunology for Diabetes Society defined 3 diag-
nostic criteria for LADA:
1. age above 35 years,
2. presence of autoantibodies against pancreatic

B-cell,

3. independence from insulin treatment for at least the
first 6 months after initial diagnosis.

Criterion no. 2 involves assessing autoantibodies
against:

- GADA,

islet cell cytoplasmic antigens,

insulin,

protein tyrosine phosphatase.

Criterion no. 3 is contested as it is subjective and
depends on the assessing doctor’s judgment [21].

Due to the presence of autoantibodies against pan-
creatic B-cells, LADA exhibits immunological similarity
to type 1 diabetes [22]. However, autoantibodies in
LADA are present in lower titers, resulting in a much
slower progression of immune system imbalance.
Auto-reactive T cells of the immune system attack
pancreatic 3-cells. This autoimmune response leads
to a reduction in the mass of these cells and a de-
crease in insulin production.

Research findings demonstrated that measuring
GADG65 autoantibodies — GADA — lacks reliability as
a diagnostic method, as both true and false positive
results have been obtained. This indicates a distinc-
tive phenotype within this form of diabetes. Detect-
ing GADA antibodies is not conclusive evidence of
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disease presence, as they can also be present in in-
dividuals without diabetes. It is worth noting that the
mere presence of GADA is not associated with an in-
creased risk of type 1 diabetes [23, 24].

Differential Diagnosis from Type 2 Diabetes

Type 2 diabetes is a metabolic disorder characterized
by abnormal insulin secretion from pancreatic 3-cells
and inadequate response of insulin-sensitive tissues.
This mechanism, known as insulin resistance, dis-
rupts metabolic equilibrium and contributes to disease
development.

Environmental factors and lifestyle play a pivotal
role in the pathogenesis of type 2 diabetes. These fac-
tors include aspects such as excess weight, poor die-
tary habits, lack of physical activity, excessive alcohol
consumption, and smoking [25]. Genetic factors and
a positive family history of diabetes also contribute to
the onset of this diabetes type.

Latent autoimmune diabetes in adults, due to its
clinical resemblance to type 2 diabetes, is frequently
misdiagnosed and inappropriately managed. How-
ever, distinct characteristics in patients enable accu-
rate diagnosis. In LADA insulin resistance is present,
but individuals with this diabetes type might display
mild manifestations of this phenomenon, maintain
a normal body mass, and lack a positive family his-
tory of diabetes [26].

Treatment

Once the diagnosis is confirmed, recommendations
encompass lifestyle adjustments: including adopting
a calorically appropriate diet (particularly cautious car-
bohydrate consumption, emphasizing increased phys-
ical activity, and reducing alcohol consumption and
discontinuing smoking, are of paramount importance.
Notably, risk factor modification recommendations
mirror those for type 1 and type 2 diabetes.

As of now, an optimal treatment for LADA diabetes
has not been determined. The treatment strategy is
based on 2 principles: achieving good glycemic con-
trol and preventing or delaying complications [27, 28].
There is not enough evidence confirming insulin’s im-
pact on disease progression; however, it is assumed
that insulin is effective and safe in treating this type of
diabetes, and early initiation of therapy is recommend-
ed [29]. This approach can prevent the self-destruction
of pancreatic islets. In individuals with elevated BMI,
metformin assists in blood glucose management, but
it lacks a protective effect on p-cells, hence its efficacy
in LADA diabetes therapy is not proven. The use of
sulfonylurea derivatives is not recommended, as they
reduce insulin levels in B-cells, as observed through
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decreased C-peptide levels and persistent antibodies
[30]. Thus leading to B-cell destruction and conse-
quently accelerating the need for insulin therapy [21].

In the context of treating LADA diabetes, there are
studies suggesting the use of novel oral hypoglycemic
agents including dipeptidyl peptidase-4 (DPP-4) in-
hibitors and glucagon-like peptide-1 (GLP-1) receptor
antagonists.

Dipeptidyl peptidase-4 inhibitors can be employed
either in monotherapy or combined with insulin, thi-
azolidinediones, and GLP-1 receptor antagonists.
These agents elevate GLP-1 levels, through diminish-
ing glucagon secretion and enhancing insulin release
post glucose load mediated by DPP-4 receptors acti-
vation in the gastrointestinal tract and brain.

Moreover, DPP-4 receptors are also present on the
surface of T lymphocytes, participating in immune reg-
ulatory processes, thereby influencing the slowdown
of immune system cell deterioration.

Dipeptidyl peptidase-4 inhibitors play a significant
role in LADA diabetes treatment by achieving glyce-
mic control and preserving B-cell function [21, 30, 31,
32, 33, 34]. Glucagon-like peptide-1 receptor antag-
onists lower glycated hemoglobin levels, infrequently
causing hypoglycemia, they also reduce body weight
and appetite, delay gastric emptying, and improve
B-cell function [21, 35, 36].

Lin Yang et al. conducted an open-label randomized
controlled clinical trial on 51 patients with LADA. These
patients were randomly assigned to either the sitagliptin
+ insulin (SITA) group or the insulin-only (CONT) group
for 24 months. In comparison to using insulin interven-
tion by itself, the combination of sitagliptin and insulin
treatment seemed to preserve -cell function and en-
hance insulin sensitivity to a certain degree in individu-
als with LADA [37].

A personalized therapy with its primary objective of
achieving optimal metabolic control which leads to the
preservation of -cell function is currently a topic of
clinical interest.

Additionally, the incorporation of other hypoglyce-
mic agents such as incretin-based therapy (GLP-1RA
or DPP-4i), thiazolidinediones, and glucose-sodium
cotransporter 2 inhibitors may offer additional bene-
fits, such as weight loss and cardiovascular and renal
protection [35].

Continuous Glucose Monitoring Systems

Continuous Glucose Monitoring (CGM) systems are
innovative tools for individuals with diabetes, includ-
ing those with LADA, allowing precise real-time mon-
itoring of blood glucose levels. Continuous Glucose
Monitoring employs a small sensor placed under the
patient’s skin, measuring glucose levels in interstitial
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fluid and transmitting this information to a receiver or

the user’s smartphone. The receiver or mobile app pre-

sents real-time data, enabling individuals with LADA to
track glucose level changes throughout the day.

Significant benefits of CGM systems in diabetes (in-
cluding LADA) [38, 39, 401:

1. accurate monitoring: CGM systems provide much
more accurate and frequent glucose level meas-
urements compared to traditional self-monitoring
methods using a glucometer. This enables more
effective glucose control and precise therapy ad-
justments [41];

2. early detection of fluctuations: people with LADA
can experience glucose level changes that aren’t
always easy to identify. Continuous Glucose Mon-
itoring allows for early detection of these changes
and quick response, helping to avoid hypoglycemia
and hyperglycemia;

3. trends: analyzing data collected by the CGM sys-
tem allows individuals with LADA to track trends
(increases/decreases) in glucose levels. This helps
understand how the body reacts to various factors
like meals, physical activity, and stress, facilitating
lifestyle and treatment adjustments;

4. hypoglycemia reduction: continuous monitoring
enhances the avoidance of dangerous glucose
drops, especially at night. Continuous Glucose
Monitoring systems often alert the user when glu-
cose levels are too low or too high;

5. decision support: CGM systems provide data that
can be used by healthcare professionals to evalu-
ate therapy effectiveness and adjust insulin doses
or other antidiabetic medications.

Within the group of CGM, there are 2 subtypes of
devices:

1. personally owned devices intended for regular or con-
tinuous usage, comprising real-time CGM (rtCGM),

2. intermittently scanned CGM (isCGM),

and professional CGM devices utilized in clinical set-

tings for specific periods. The available sensors can

be either disposable (tCGM and isCGM) or implant-
able (tCGM).

For individuals with LADA diabetes utilizing CGM,
the frequency of sensor use plays a pivotal role in
predicting A1C reduction across all age groups. Ad-
ditionally, improved outcomes are associated with the
frequency of scanning using isCGM devices.

Specific devices, like FreeStyle Libre 2 (isCGM),
Dexcom G6, and FreeStyle Libre 3 (tCGM), have at-
tained Integrated CGM (iCGM) designation, meeting
a higher standard set by the FDA to facilitate integra-
tion with other digitally connected devices [42, 43].

It is important to remember that despite all the ad-
vantages, CGM systems do not replace traditional
glucose monitoring methods and still require a certain

level of user involvement. Collaboration with the med-
ical team and proper understanding and interpretation
of CGM data are crucial to achieving optimal control of
LADA diabetes.

Continuous Glucose Monitoring Systems
Targets

The International Society for Pediatric and Adolescent
Diabetes supports the established standards for the
duration spent in each glycemic band [44]. These in-
clude the time spent:

- >70% between 3.9 and 10 mmol/L (70-180 mg/dL),
- <4% <3.9 mmol/L (70 mg/dL),

= <1% <3.0 mmol/L (54 mg/dL),

- <25% >10 mmol/L (180 mg/dL),

- <5% >13.9 mmol/L (250 mg/dL).

Ensuring CGM accuracy is crucial, particularly in
the hypoglycemic range. According to the consensus
statement, the recommended maximum allowable time
spent below 3.9 mmol/L (70 mg/dL) is 4%. It is note-
worthy that individuals without diabetes may spend
around 3.2% of their time in this range, but rarely be-
low 3.0 mmol/L (54 mg/dL), contingent on the accuracy
of the sensor utilized. Hence, the primary focus is on
minimizing the duration spent in the very low range
below 3.0 mmol/L (54 mg/dL). Thankfully, successive
generations of CGM have demonstrated improved
accuracy, leading to the approval of several CGM
and intermittently scanned CGM (isCGM) systems
for non-adjunctive use. It is recommended to confirm
hypoglycemia using Self-Monitoring of Blood Glucose
(SMBG). Additionally, SMBG confirmation is advised
when there is a disparity between symptoms of hy-
perglycemia or hypoglycemia and a seemingly normal
sensor glucose value [44].

Treatment of LADA can also involve the use of an
insulin pump, and currently, the most effective ap-
proach is combining pump therapy with CGM. This
integrated method allows for more precise insulin
delivery, better glucose management, and enhanced
overall control of the condition. Furthermore, the com-
bination of insulin pumps and CGM not only improves
glycemic control but also empowers individuals with
LADA to make informed decisions about their daily
activities, dietary choices, and insulin dosages. The
real-time data provided by CGM allows for a proactive
and individualized approach to managing blood sugar
levels, minimizing the risk of both high and low blood
glucose episodes.

Summary

Latent autoimmune diabetes in adults, similar to
type 1 diabetes, is an autoimmune disease where



76

pancreatic -cells are destroyed by autoantibodies
targeting the islet cells. As of now, the impact of insu-
lin on disease progression has not been established,
but it is assumed to be effective and safe in therapy,
significantly surpassing the efficacy of oral antidiabet-
ic medications which come with various side effects.
The most significant of these side effects is the lack
of protective action and influence on B-cell destruc-
tion. However, DPP-4 inhibitors play a key role in the
treatment of LADA diabetes. They effectively regulate
blood sugar levels and help maintain B-cell function.
Considering the observed impact of lifestyle on LADA,
its progression can be slowed down by adopting an
appropriate diet and paying special attention to carbo-
hydrate intake and calorie consumption. In achieving
optimal diabetes control, CGM systems can be also
helpful. Avoiding a sedentary lifestyle and excessive
alcohol consumption is also recommended. Striving
to increase physical activity and reduce body weight
in overweight or obese individuals is crucial. It's also
advised to avoid stressors and quit smoking [6, 45].

Conclusions

Due to its hybrid nature, LADA remains a challenging
disease to diagnose. Establishing the diagnosis re-
quires a thorough analysis and observation of clinical
symptoms by the physician, as these symptoms are
often nonspecific and closely resemble those seen
in type 2 diabetes. An early and accurate diagnosis
enables the implementation of appropriate treatment,
which can mitigate potential harmful consequences.
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STRESZCZENIE

Ocena skutecznosci 26-tygodniowego programu edukacyj-
nego prowadzonego przez zespoft interdyscyplinarny u pa-
cjentéw z cukrzycg typu 2 w Polsce
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Introduction. Diabetes education is an integral element of diabe-
tes therapy, implemented based on a properly prepared education
program. All individuals with diabetes should participate in diabetes
education about the importance of blood glucose management, life-
style changes including diet control and physical exercise to acquire
knowledge and skills for diabetes self-management and to avoid
complications associated with diabetes.

Objective. To determine the effectiveness of a 26-week, multidis-
ciplinary diabetes education program among patients with type 2
diabetes attending outpatient clinics in Ostrowiec Swigtokrzyski. The
program’s effect on biochemical and anthropometric parameters, as
well as impact of education on the level of knowledge and attitude
towards diabetes, were evaluated.

Methods. The study included 174 adult patients with type 2 diabe-
tes, divided into two groups: a study group (113 patients) who partic-
ipated in a 26-week diabetes education program, including physical
activity classes, and a control group who only attended routine visits
at the diabetes clinic. Of the 113 subjects in the control group, 52 did
not report for the follow-up examination and were removed from the
program, so the final analysis was based on data from 61 control
individuals. All patients underwent biochemical and anthropometric
tests (fasting glucose, HbA,, total cholesterol, LDL, HDL, triglycer-
ide levels, body weight, BMI, waist and hip circumference, WHR,
systolic and diastolic blood pressure) at the beginning and end of
the program (0 and 26 weeks). The study group also completed two
questionnaires regarding educational needs, behaviors, and atti-
tudes related to diabetes (at 0, 13, and 26 weeks).

Wstep. Nieodtgcznym elementem terapii cukrzycy jest edukacja dia-
betologiczna, realizowana w oparciu o odpowiednio przygotowany
program edukacji. Wszyscy pacjenci z cukrzycg powinni uczestni-
czy¢ w edukacji na temat kontroli glikemii, modyfikacji stylu zycia
obejmujgcej zasady prawidfowego zywienia i reqularnej aktywnosci
fizycznej, by zdobywac wiedze i umiejetnosci w zarzadzaniu cukrzy-
cg oraz by unikngc¢ powiktar cukrzycowych.

Cel pracy. Celem podjetych badan byto sprawdzenie skutecznosci
26-tygodniowej kompleksowej edukacji zdrowotnej prowadzonej
przez zespdt interdyscyplinarny u pacjentow z cukrzycg typu 2, le-
czonych w poradniach diabetologicznych w Ostrowcu Swigtokrzy-
skim. Skuteczno$¢ edukacji oceniana byta na podstawie wynikéw
badan biochemicznych i antropometrycznych pacjentéw oraz ich
poziomu wiedzy i postawy wobec choroby.

Materiat i metody. Badanie przeprowadzono wsréd 174 pacjentow
Z cukrzycg typu 2, podzielonych na dwie grupy. Grupa badana obej-
mowata 113 0sob, ktére przez 26 tygodni uczestniczyty w komplek-
sowym programie edukacji diabetologicznej, potgczonym z zajecia-
mi aktywnosci fizycznej. Do grup kontrolnej zakwalifikowano réwniez
113 0s0b, ktore nie uczeszczaty na edukacje. W czasie trwania ob-
serwacji, 52 osoby z grupy kontrolnej nie zgftosity sie na badania,
wiec analizowano dane jedynie 61 0sob. Wszystkich pacjentow pod-
dano badaniom biochemicznym i antropometrycznym (glukoza na
czczo, cholesterol catkowity, LDL, HDL, trojglicerydy, HbA, ., masa
ciata, obwdd tali, obwdd bioder, BMI, WHR oraz cisnienie tetnicze
krwi) w O | 26 tygodniu programu. Pacjenci z grupy badanej wypet-
niali dodatkowo dwie ankiety dotyczgce potrzeb edukacyjnych oraz
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To assess the educational program’s effectiveness, the study and
control groups were compared through appropriate statistical me-
thods at 26 weeks, and the study group before and after the program
(at 0 and 26 weeks).

Results. Before starting the educational program, the study group
did not differ statistically significantly from the control group, except
for HDL and blood pressure levels. At the end of the program, pa-
tients in the study group achieved significantly better results for fast-
ing glycemia, triglyceride levels, HbA, ., body weight, waist and hip
circumference, and diastolic blood pressure than the controls. The
educated group also demonstrated significantly improved behavior
and attitudes towards diabetes, including awareness of diabetes
management, self-control, compliance with the therapeutic team’s
recommendations, and coping with the disease.

Conclusions. Comprehensive diabetes education, including regular
physical exercises, delivered by a multidisciplinary care team, sig-
nificantly improves biochemical and anthropometric parameters in
patients from the study group compared to patients from the control
group. Diabetes education also positively impacts patients’ knowl-
edge and awareness of diabetes management. Participating in an
educational program brings greater benefits to patients compared to
attending traditional visits at an outpatient clinic alone.

Ongoing comprehensive education is needed to maintain the long-
term effectiveness of interventions.

Keywords: type 2 diabetes, diabetes education, multidisciplinary
care team, physical activity, self-control

Introduction

Type 2 diabetes (T2D) is a complex metabolic disor-
der characterized by chronic hyperglycemia, leading
to both microvascular and macrovascular compli-
cations. It poses a significant health, economic, and
social challenge worldwide, as the associated disabil-
ities not only reduce the quality of life but also esca-
late medical expenses. According to the International
Diabetes Federation, diabetes has reached epidemic
proportions globally. In Poland, the adult prevalence
of diabetes was reported at 7% in 2021, affecting
approximately three million people, including about
one million undiagnosed cases.[1] The morbidity as-
sociated with diabetes in Poland varies by province,
with the highest percentages recorded in the Slgskie
(5.5%) and todzkie (5%) Voivodeships.[2] In the
Swietokrzyskie Voivodeship, where this study was
conducted, the prevalence was 4.6%.[2]

Education on lifestyle modifications is crucial for all
diabetes patients to help manage their blood glucose
levels. Obese patients, in particular, should be encour-
aged to lose weight, engage in physical activity, and
follow a healthy diet. Self-monitoring of blood glucose
levels is a vital component of diabetes self-manage-
ment, enabling patients to take responsibility for their

zachowarn i postaw zwigzanych z cukrzycg (w 0, 13 i 26 tygodniu
programu). W celu oceny skutecznosci przeprowadzonej edukaciji,
za pomocg odpowiednich metod statystycznych, porownano grupe
badang i kontrolng w 26 tygodniu programu edukacyjnego oraz gru-
pe badang przed i po edukacji (w 0 i 26 tygodniu programu).
Wyniki. Przed rozpoczeciem programu edukacyjnego grupa ba-
dana nie roznita sie istotnie statystycznie od grupy kontrolnej (poza
HDL i cisnieniem tetniczym). W 26 tygodniu programu edukacyjnego
pacjenci z grupy badanej osiggneli znacznie lepsze wyniki w zakre-
sie: glikemii na czczo, trojglicerydow, HbA, ., masy ciata, obwodu talii
i bioder oraz rozkurczowego ci$nienia tetniczego krwi.

Po 26 tygodniach programu edukacyjnego u pacjentéw z grupy
badanej nastgpita istotna statystycznie poprawa prawie wszystkich
parametrow (poza HDL) w poréwnaniu ze stanem w 0 tygodniu.
Ponadto, w grupie badanej nastgpita rowniez poprawa zachowan
i postaw wobec choroby: poprawita sie $wiadomos¢ postepowania,
samokontrola, stosowanie sie do zalecen zespotu terapeutycznego,
postawa wobec choroby.

Whioski. Kompleksowa edukacja diabetologiczna prowadzona
przez zespo6t interdyscyplinarny, uwzgledniajgca regularny wysitek fi-
zyczny, wplywa znaczgco na poprawe wskaznikow biochemicznych
i antropometrycznych u pacjentéw z grupy badanej w poréwnaniu
z pacjentami z grupy kontrolnej. Edukacja diabetologiczna korzyst-
nie wplywa réwniez na wiedze pacjentéow oraz ich $wiadomosc
postepowania w cukrzycy jako chorobie przewlektej. Udziat w pro-
gramie edukacyjnym przynosi wieksze korzysci pacjentom w po-
réwnaniu do odbywania samych tylko tradycyjnych wizyt w poradni
diabetologicznej. Ciggta kompleksowa edukacja diabetologiczna jest
konieczna, aby utrzymac dfugoterminowg skutecznosc interwencji.

Stowa kluczowe: cukrzyca typu 2, edukacja diabetologiczna, ze-
spot interdyscyplinamy, aktywno$¢ fizyczna, samokontrola

diabetes management. Healthcare professionals
should educate patients how to manage and live with
diabetes. However, in the USA, less than 50% of indi-
viduals with diabetes receive educational services,[3]
and in Poland, access to qualified diabetes educators
remains a challenge, with diabetes education un-
derutilized.

Diabetes education, delivered through well-pre-
pared educational programs, is an essential part of
diabetes therapy. It is expected that by improving their
knowledge of diabetes, patients will gain a better un-
derstanding of their condition, develop improved cop-
ing skills, and thus have a more significant impact on
disease progression and its complications. Numerous
studies have demonstrated that structured education
programs on diabetes self-management can ena-
ble patients to navigate barriers associated with the
disease and address real-life challenges, leading to
marked improvements in various diabetes outcomes,
including glycemic control.[4-7]

In Poland, the majority of implemented diabetes edu-
cation programs are informal and often comprise short-
term courses conducted by diabetes nurse educators
and diabetologists during routine outpatient clinic visits
or hospital stays in diabetes wards. To confirm the value
of longer-term formal courses, this study aims to assess
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the effectiveness of a comprehensive 26-week course
delivered by a multidisciplinary care team among pa-
tients with T2D. The effectiveness of education was
evaluated based on changes in the biochemical and
anthropometric parameters of the patients, as well as
their knowledge and attitude towards their disease.

Research Design and Methods

Subjects and Basic Information about the
Study

The research was conducted and completed before
the onset of the COVID-19 pandemic. It involved
174 adult patients with T2D from three outpatient
diabetes clinics in the Swietokrzyskie Voivodeship,
Poland. Eligible participants had been diagnosed
with diabetes for at least one year. The participants
were divided into two groups: those who attended the
course and those who did not.

Initially, 226 individuals were enrolled and divided
into a study group and a control group, each com-
prising 113 people. Study group members attended
the diabetes education program for 26 weeks, while
control group members did not participate in the pro-
gram. Due to a lack of follow-up (at weeks 13 and 26),
52 participants from the control group (4 treated with
insulin and 48 treated only with oral antidiabetic drugs)
were excluded, leaving 61 individuals in the control
group for the final analysis, which was based on data
from 174 participants. The diagnosis of diabetes con-
formed to the guidelines of Diabetes Poland and the
American Diabetes Association.[8,9]

Ethical Approval

All procedures in studies involving patients were con-
ducted in accordance with the ethical standards of
the institutional and/or national research committee,
as well as with the 1964 Helsinki Declaration and its
later amendments and comparable ethical standards.
The research protocol received approval from the Bio-
ethics Committee of the Faculty of Health Sciences at
Jan Kochanowski University, Kielce, Poland.

Preparation of the Patient Education Program

The program was designed based on the recommen-
dations of the Polish Diabetes Association regarding
education, with particular focus on the following prin-
ciples: patient education should support self-manage-
ment and lifestyle modifications according to a recom-
mended diet and physical activity; the program should
aim to develop practical skills that could influence the
disease progression, not just impart knowledge alone;
and program should involve members of various med-
ical professions.[8]
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Based on these guidelines, an original 26-week
comprehensive education program for people with
T2D attending diabetes outpatient clinics was created:
“Szkota edukacji dla pacjentéw z typem 2 cukrzycy”
(School of Education for Patients with Type 2 Diabe-
tes). This program was implemented by a multidiscipli-
nary team of three diabetologists, three diabetic nurse
educators, a nutritionist, a psychologist, a physical ac-
tivity instructor, and a public health specialist (who also
coordinated the project). The intervention focused on
group education sessions, combined with face-to-face
time with specialists for patients who required addi-
tional support.

The educational program consisted of theoretical
and practical sessions (once a week for 120 minutes)
intended to improve patients’ knowledge and skills
regarding diabetes management, and physical ac-
tivity sessions (twice a week, 120 minutes in total) to
emphasize patients’ role and impact on the course of
diabetes. Each week, a different member of the multi-
disciplinary team led the theoretical component. The
educational program covered a wide range of diabe-
tes-related topics, including the pathophysiology of
diabetes, diabetes control through diet and exercise,
patient self-care behaviors (dietary habits, physical
activity levels), self~-management skills (medication
administration, use of equipment, glucose self-mon-
itoring), compliance with the therapeutic team’s rec-
ommendations, diabetes complications, foot care,
motivation and behavioral strategies, psychological
problems, quality of life and health service utilization.

The physical activity component was tailored to the
individual patient needs and capabilities. Sessions
included a warm-up, proper training and stretching,
and relaxation exercises at the end, conducted either
indoors or outdoors by a certified physical activity in-
structor.

Data Collection and Outcome Measures

Participants were recruited from outpatient clinics
over a two-week period, with none having previous-
ly attended any diabetes education program. Written
informed consent was obtained from all participants
prior to their involvement in the study.

The program coordinator, Katarzyna Agnieszka
Kowalska, collected patient data using case report
forms. The collected data included: patient demo-
graphic, socio-economic profile (urban vs rural resi-
dence, occupation), duration of diabetes, current treat-
ment (oral antidiabetic drugs, insulin or combination
of both), glycemic control (fasting glucose and HbA, ),
lipid profile (total cholesterol (TC), high density lipo-
protein (HDL), low density lipoprotein (LDL), triglycer-
ide levels (TG)) and physical measurements: height,
weight, waist and hip circumferences, body mass in-
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dex (BMI), waist-to-hip ratio (WHR), and blood pres-
sure.

Blood for biochemical tests was collected from the
participants in the morning after fasting overnight.
The biochemical tests and physical measurements
were performed at the program’s start (week 0), and
conclusion (week 26). In addition, the patients in the
study group completed two questionnaires on their
educational needs, behaviors, and attitudes related
to diabetes (at week 0, 13 and 26).

Questionnaire No. 1: Educational Needs

Patients from the study group rated their interest in
the following 11 diabetes-related topics: (1) risk fac-
tors for type 2 diabetes, (2) pathogenesis, (3) treat-
ment methods, (4) self-control and self-management
strategies, (5) dietary principles, (6) physical activity
in diabetes, (7) complications of diabetes, (8) progno-
sis, (9) psychological support, (10) pharmacological
treatment, and (11) herbs and dietary supplements
in diabetes. Interest in each topic was assessed on
a 10-point scale, where 1 indicated the lowest interest
and 10 the highest.

The survey results allowed the therapeutic team to
tailor the class topics to meet patients’ needs and ex-
pectations.

Questionnaire No. 2: Patient Awareness, Be-
haviors and Attitudes Related to Diabetes

This questionnaire aimed to evaluate participant be-
haviors concerning diabetes management, self-con-
trol, compliance with the therapeutic team’s recom-
mendations, and coping with the disease. It comprised
18 questions (see supplemental material), with re-
sponses rated on a five-point scale: “no” (1 point), “not
really” (2 points), “it is difficult to say” (neither yes nor
no) (3 points), “I think so” (4 points), and “definitely”
(5 points). In most cases the answer “definitely” gave
the highest score and indicated the best health choices.

Statistical Analysis

All case report forms were digitized and analyzed us-
ing SPSS Statistics 22 (IBM). Descriptive statistics
(mean + SD, minimal and maximal values) were cal-
culated for age, diabetes duration, and biochemical
and anthropometric characteristics. Treatment type,
gender distribution, place of residence and occupation
were summarized as percentages.

Differences in biochemical and anthropometric pa-
rameters (including age, gender distribution, fasting
glucose, HbA, , TC, LDL, HDL, TG, body weight, BMI,
waist and hip circumference, WHR, blood pressure)
between the study and control groups, as well as with-
in the study group before and after the education pro-

gram, were evaluated using an unpaired t-test. The
Greenhouse-Geisser test with the Bonferroni correc-
tion was employed to compare various parameters in
the study group at weeks 0, 13, and 26 of the program:
educational needs (questionnaire no.1), attitude to-
ward diabetes, awareness of diabetes management,
self-control, compliance with the therapeutic team’s
recommendations and coping with the disease (ques-
tionnaire no.2).

A probability value of <0.05 was considered statis-
tically significant.

Results

Comparison of the Study and Control Groups
at the Start of the Program

The study group comprised 113 patients, while the
control group included 61, following the exclusion of
52 control participants. A significantly higher propor-
tion of the study group was female (n = 79; 69.9%)
than the control group (n = 30; 49.2%) (p = 0.007). In
addition, a significantly larger percentage of the study
group lived in an urban setting compared to control
group (98.2% vs 73.8%; p<0.001). The mean (xSD)
age of the participants was 65.7 (+7.3) years in the
study group and 65.2 (£10.4) years in the control
group (p = 0.643).

The mean (+SD) duration of diabetes was 11.52
(£7.3) years for the study group and 9.7 (+6.6) years
for the control group (p = 0.122). Regarding treatment,
17.7% of the study group (n = 20) were receiving in-
sulin, 27.4% (n = 31) insulin and oral antidiabetic
drug (OAD), and 54.9% (n = 62) only OAD. In con-
trast, 31.1% of the control group (n = 19) were treated
only with insulin, 41% (n = 25) with insulin and OAD,
and 27.9% (n = 17) only OAD. In total, a significantly
lower proportion of the study group (n = 51; 45.1%)
took insulin alone or in combination with OAD than
the control group (n = 44; 72.1%) (p = 0.001). Statis-
tical differences in the therapy method between the
study and control groups resulted from the exclusion
of 52 participants from the control group (4 patients re-
ceiving insulin and 48 patients treated only with OAD).
No statistically significant differences were found be-
tween the study and control groups in terms of age,
occupation, or diabetes duration.

Table 1 summarizes baseline metabolic and an-
thropometric characteristics of the study and control
groups (week 0). No differences were observed be-
tween the study and control groups with regard to fast-
ing glucose, HbA, , TC, LDL, TG, body weight, BMI,
waist and hip circumference, or WHR. However, the
study group exhibited significantly higher HDL levels
and both systolic and diastolic blood pressure read-
ings.
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Results of Questionnaire No. 1

The initial educational needs of the study group are pre-
sented in Table 2. Prior to the education program, the
most favored diabetes-related topic was the principles
of “nutrition in diabetes” (mean = 9.99 out of 10 points),
followed by “treatment methods” (mean = 9.95),
“physical activity” and “diabetes complications” (both
mean = 9.92), “self-control” (mean = 9.89), “psy-
chological support” (mean = 9.87), “pathogenesis”
(mean = 9.85), “risk factors” (mean = 9.84) and “prog-
nosis” (mean = 9.81). According to the questionnaire,
“pharmacology”, and “herbs and dietary supplements”
were of the least interest (mean = 9.74 and 9.65, re-
spectively).

At the program conclusion, the most popular topics
were “dietary principles” and “physical activity in dia-
betes,” underscoring the Polish Diabetes Association’s
emphasis, [8] proper nutrition and physical activity are
crucial in improving the overall health outcomes, and
in preventing and treating chronic complications of di-
abetes. All diabetics should be educated on the gen-
eral principles of nutrition and regular physical activity
at each visit.

Results of Questionnaire no. 2

Table 3 demonstrates changes in patients’ attitudes
toward diabetes management over the course of the
program, with overall scores for behavior and atti-
tude towards diabetes rising from baseline 3.633 out
of five points to 3.860 points by week 26 (p = 0.004).
Compared to baseline, notable improvements were
observed in all aspects tested, including attitude to-
ward diabetes: “awareness of diabetes management”
increased from 3.794 to 3.993 points (p = 0.041),
“self-control” from 3.883 to 4.465 points (p < 0.001),
“compliance with the therapeutic team’s recommen-
dations” from 3.336 to 3.811 points (p < 0.001) and
“coping with diabetes” from 2.480 to 2.829 points
(p <0.004).

Comparison of the Study and Control Groups
at the Program Conclusion

Table 1 illustrates the clinical data of the study and con-
trol groups over 26-week period. Compared to control
group, the study group participants who completed
the multidisciplinary education program demonstrated
significantly lower fasting glucose, HbA, , triglyceride,
body weight, waist and hip circumference and dias-
tolic blood pressure readings. No significant differenc-
es were observed with regard to TC, LDL, HDL, BMI,
WHR or systolic blood pressure (p > 0.05).
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Comparison within the Study Group before
and after the Program

The clinical data of the study group before and after
the diabetes program is presented in Table I. After the
program, the members of the study group demonstrat-
ed significantly lower fasting glucose, HbA, , TC, LDL,
HDL, body weight, BMI, waist and hip circumference,
WHR, and both systolic and diastolic blood pressure
levels compared to baseline (p < 0.05). However, no
significant change was observed with regard to triglyc-
eride levels (p > 0.05).

Discussion

This study examines the effectiveness of a long-term
(26 week), multidisciplinary diabetes education pro-
gram on T2D patients attending outpatient clinics in
Poland, marking a novel approach to enhancing dia-
betes therapy efficacy. Our findings indicate that such
regular, multidisciplinary interventions, consisting of
a weekly theory session and twice-weekly physical
activity sessions, yield beneficial outcomes for T2D
patients attending outpatient clinics. The findings sug-
gest that patients who had attended such a course
demonstrated different clinical outcomes compared to
a group who only participated in routine visits at the
outpatient clinic, without attending the program.

In general, at the end of the 26-week course, the
study group demonstrated significantly lower fasting
glucose, HbA, , TG, body weight, waist and hip cir-
cumference and diastolic blood pressure compared to
the control group. Moreover, the patients in the study
group also displayed significantly improved test pa-
rameters compared to baseline (week 0), except for
HDL. After completing the program, specific reductions
for patients in the study group included a decrease in
mean fasting glucose by about 10 mg/dl, mean total
cholesterol by about 11 mg/dl, LDL by about 9 mg/d|,
and triglyceride levels by about 10 mg/dl. Body weight
also dropped by about 4 kg, waist circumference by
about 6 cm and hip circumference by about 5 cm and
BMI by about 1.5; systolic pressure fell by 4.5 mmHg,
diastolic pressure by 5.5 mmHg, and WHR by 0.01.
The sole parameter adversely affected was HDL,
which decreased from 53.7 mg/dI to 50.3 mg/dlI.

Diabetes education is a crucial component of dia-
betes therapy. Echoing the words of Elliot P. Joslin,
a 19th-century diabetology pioneer, “the diabetic who
know the most, live the longest”.[10] However, the suc-
cess of a diabetes awareness-raising program hinges
on its careful preparation, which should include an in-
itial assessment of participants’ knowledge and pref-
erences. This approach enables the therapeutic team
to tailor the course content and approach to meet the
patients’ needs and capabilities. Our study aimed to
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evaluate the diabetes-related educational needs and
attitudes in the study group at the course’s outset, mid-
point, and conclusion.

According to the American Diabetes Association,
nearly 50% of diabetes patients do not achieve the
recommended HbA,  levels of < 7%,[11] and only
14.3% manage to reach target levels for HbA, , blood
pressure, and LDL.[12] Much of the costs related to di-
abetes arise from the occurrence of serious long-term
complications such as coronary heart disease, stroke,
blindness, limb amputations, and kidney disease.

While T2D is more prevalent in people aged
40 years and older, it is important to highlight that its
prevalence is increasing in younger populations due
to a rise in obesity and physical inactivity in this group.
Data from the United Kingdom Prospective Diabetes
Study (UKPDS) suggests that tight glycemic control
can significantly reduce the risk of developing serious
complications in T2D patients.[13]

Our present findings corroborate those of previ-
ous studies performed in many countries, showing
that participation in diabetes education courses is
associated with improved clinical outcomes among
patients, including glycemic control, HbA, ., BMI, lipid
profile, and blood pressure.[14-17] These improve-
ments are also associated with reduced treatment
costs,[14,15] enhanced patient knowledge and met-
abolic control,[16-19] fostering of patients’ psycholog-
ical well-being,[17-19] reduced risk of complications,
and improved quality of life.[18,19] Furthermore, pre-
vious research indicates that patients with suboptimal
or poor glycemic control derive even greater benefits
from self-management programs.[20]

Diabetes management is generally acknowledged
to be a complex process, requiring extensive patient
involvement alongside support from a multidisciplinary
care team. Patients, therefore, face considerable chal-
lenges in managing the physical, emotional and psy-
chological aspects of living with diabetes. Despite in-
dividual differences in patients’ coping needs, there is
a consensus on the necessity of educational and sup-
portive programs for diabetes patients. While tradition-
al programs were based on didactic models, aiming at
improving knowledge of the disease, current models
utilize behavioral approaches, focusing on equipping
patients with the skills needed to promote and change
their behavior.[21]

In Poland, however, there is no standardized dia-
betes education model for people with T2D. In addi-
tion, few scientific studies have evaluated the effec-
tiveness of diabetes education in the country, and
most of these dealing with the issue have analyzed
short diabetes education programs, i.e. those last-
ing only one or several days and containing no more
than two hours of contact time with the patient.[22-24]

A key strength of our study is the fact that the educa-
tion program was implemented by a multidisciplinary
care team over a six-month period (26 weeks). The
Swietokrzyskie Voivodship was chosen for the pres-
ent study as this area has demonstrated the greatest
interest in diabetes education programs among dia-
betes patients and their families (94.6%) compared to
the rest of the country (mean interest 74%).[25]

Limitations of this study include significant differ-
ences in treatment methods between the study and
control groups, with more patients in the control group
being treated with insulin than in the study group; this
may explain the more favorable clinical data observed
in patients from the study group at the end of the pro-
gram.

Additionally, after the program was concluded, it
was not possible to conduct a follow-up study to as-
sess the long-term sustainability of the education
program’s effects, e.g., 6 months after its completion.
Assessing the durability of the observed changes in
health behaviors over time would be a valuable com-
plement to this study.

Conclusion

Our study demonstrates that participation in a 26-
week multidisciplinary diabetes education program
may be associated with improved patient outcomes
compared to traditional outpatient clinic visits alone.
The observed improvements, including reductions in
fasting glucose, HbA, , triglyceride levels, and body
weight, may contribute to a decreased risk of chronic
complications in T2D.

Such education programs are vital in diabetes man-
agement, especially in its early stages, before the late
complications of diabetes can develop. Consistent
with previous research, comprehensive diabetes edu-
cation is crucial for increasing and sustaining the long-
term effectiveness of such interventions.[26]

Consequently, Polish health authorities are encour-
aged to enhance access to structured education pro-
grams for patients with T2DM to optimize treatment
outcomes and prevent development of chronic com-
plications.
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Tables

Table 1. Metabolic and anthropometric characteristics of study and control group before (0 week) and after the program

(26 week)
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Abbreviations: TC — Total Cholesterol, LDL — Low Density Lipoprotein, HDL — High Density Lipoprotein, TG — Triglyceride, BMI — Body Mass

Index, WHR — Waist-to-Hip Ratio, NS — Not Significant.
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Table 2. Assessment of educational needs in the study group
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0 week 13 week 26 week P-value
Subject 0vs 26
Min | Max |Mean | SD Min | Max |Mean | SD Min | Max |Mean | SD week
Riskfactorsfor | 50 | 100 | 984 | 062 | 20 | 100 | 7.38 | 209 | 1.0 | 90 | 390 | 156 | <0.001
Pathogenesis 6.0 | 100 | 985 | 059 | 20 | 100 | 719 | 223 | 1.0 | 10.0 | 3.77 | 1.58 <0.001
Treatment
methods 80 | 100 | 995 | 026 | 1.0 | 100 | 7.20 | 236 | 1.0 90 | 3.97 | 1.55 <0.001
Self-control and
self-management 7.0 10.0 | 9.89 | 045 | 1.00 | 10.0 | 7.08 | 2.42 1.0 | 10.0 | 3.57 | 1.60 <0.001
strategies
Nutrition 9.0 | 10.0 | 9.99 | 0.09 | 4.00 | 10.0 | 9.00 | 1.47 | 1.0 | 100 | 6.97 | 2.64 | <0.001
in diabetes
Physical activity
for people with 6.0 | 10.0 | 9.92 | 0.50 | 1.00 | 10.0 | 8.67 | 2.02 1.0 | 100 | 7.79 | 2.19 <0.001
T2D
Diabetes 80 | 10.0 | 992 | 0.33 | 1.00 | 100 | 7.35 | 227 | 1.0 | 100 | 412 | 146 | <0.001
complications
Prognosis 50 | 100 | 9.81 | 0.75 | 200 | 10.0 | 716 | 225 | 1.0 9.0 | 4.04 | 140 <0.001
Psychological
support 50 | 100 | 9.87 | 0.61 | 1.00 | 10.0 | 6.50 | 264 | 1.0 | 10.0 | 3.50 | 1.91 <0.001
in diabetes
Pharmacology 10 | 10.0 | 9.74 | 1.01 | 1.00 | 10.0 | 6.25 | 266 | 1.0 9.0 | 2.87 | 1.33 <0.001
Herbs and dietary | | 15 | 965 | 145 | 1.00 | 100 | 6.7 | 286 | 1.0 | 90 | 2.80 | 140 | <0.001
supplements
Table 3. Assessment of patients’ attitude toward diabetes
Field 0 week 13 week 26 week P-value Comment
Awareness of diabetes
management 3.794 £0.753 3.895+0.668 3.993+0.573 0.018 1<3(p=0.041)
(questions no. 1, 13, 15, 16)
Self-control 1<3(p<0.001)
(questions no. 3, 8, 11) 3.883+£1.232 4.026+0.857 4.465+0.748 <0.001 2<3(p<0001)
Compliance with the therapeutic 1<3(p<0.001)
team’s recommendations 3.336+1.083 3.461+0.974 3.811+0.801 <0.001 2<3 (p < 0'001)
(questions no. 2,4, 5, 6,7,9, 10) p=q.
Coping with diabetes 1<3(p=0.004)
(questions no. 12, 14, 17, 18) 2.480+0.878 2.798+0.819 2.829+0.871 0.001 1<2(p=0014)
. 1<3(p=0.004)
Total mark for all questions 3.633+0.714 3.646+0.604 3.860+0.490 <0.001 2<3(p<0.001)
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Supplemental Material

Questionnaire No. 2

Please choose the answer in each sentence that the

best describes your thoughts and behavior:

o no o not really o it is difficult to say (neither yes nor
no) o | think so o definitely

1. | think that my behavior has a significant influence
on the course of my diabetes.

2. | think it is the diabetologist’s responsibility to con-
sistently enforce their recommendations concern-
ing my health and my diabetes.

3. I regularly measure my blood glucose level because
| know it is an important element of my diabetes
treatment.

4. | always adhere to dietary recommendations set by
the dietitian.

5. After being diagnosed with type 2 diabetes, | regu-
larly engage in physical exercises recommended
by the diabetologist because | understand that sys-
tematic physical activity is important for managing
my diabetes.

6. | follow a proper diet because | know it is an impor-
tant part of diabetes management and contributes
to the improvement of my mood.

7. | regularly attend check-ups at the diabetes outpa-
tient clinic.

8. | follow my diabetologist's recommendations and
regularly measure blood glucose, writing down the
results in a self-monitoring diary, even when | am
not inclined to do so.

9. Every day | follow the diet recommended by the di-
etitian because | know that it allows me to maintain
my health and well-being for longer.

10. The diabetologist recommended that | do system-
atic physical exercises; | do them, albeit sometimes
reluctantly.

11. I regularly check my blood glucose levels because
my doctor has instructed me to do so.

12. At times, | deviate from the recommended diet and
alter results in my self-monitoring diary, fearing the
diabetologist’s or nurse’s reaction.

13. | make regular visits to the diabetes outpatients
clinic as my health depends both on my engage-
ment and the diabetologist’s expertise. | find the
doctor’s recommendations and advice helpful.

14. Adhering strictly to my diet presents challenges,
as | have to give up my favorite dishes. So | break
the nutritional guidelines now and again to cheer
myself up.

15. | try to find out as much as possible about my dia-
betes by reading publications on the disease.

16. My knowledge about type 2 diabetes comes ex-
clusively from my doctor, whose advice | trust com-
pletely, so | don’'t have to educate myself on this
subject.

17. | prefer not to seek additional information about
diabetes, relying on my doctor’s expertise.

18. I avoid learning about potential diabetes complica-
tions to prevent future worries.
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STRESZCZENIE

Obustronne skostnienie fancucha rylcowo-gnykowego -
rzadki przypadek anatomiczny

Adasiewicz R., Makomaska-Szaroszyk E.

Wydziat Medyczny Uczelni tazarskiego, Warszawa

ABSTRACT

Bilateral Ossification of the Stylohyoid Chain — a Rare Ana-
tomical Case

Adasiewicz R., Makomaska-Szaroszyk E.

Faculty of Medicine, Lazarski University, Warsaw, Poland

Wyadtuzenie wyrostka rylcowatego i skostnienie wigzadtfa rylcowo-
-gnykowego wystepuje u 2—20% populacji. W czasie sekcji zwtok wy-
dtuzenie wyrostka rylcowatego stwierdza sie w ok. 2—10% autopsji.
Pierwszy przypadek tego wariantu anatomicznego opisat wtoski
chirurg Pietro Marchetti w 1652 r., jednakze dopiero w 1937 r. Watt
Eagle przedstawit petny opis anatomiczny i zespot gtownych obja-
wow Klinicznych.

Catkowite zwapnienie wyrostka rylcowatego i wiezadta rylcowo-
-gnykowego, okreslane rowniez jako skostnienie, wystepuje najrza-
dziej. Rozpowszechnienie tej zmiany wzrasta z wiekiem i jest czest-
sze u kobiet niz u mezczyzn.

W pracy opisano przypadek zmartego w przebiegu zespotu post-
-polio 76-letniego mezczyzny z obustronnym zwapnieniem taricucha
rylcowo-gnykowego. Przedstawiono analize anatomiczng i histolo-
giczng wypreparowanych struktur. Omoéwiono etiologie opisanych
zmian i ich potencjalne znaczenie kliniczne.

Stowa kluczowe: faricuch rylcowo-gnykowy, przypadek anatomicz-
ny, obustronne skostnienie, zespot Eagle’a

Elongation of the styloid process and ossification of the stylohyoid
ligament occur in 2—-20% of the population. During autopsy, styloid
elongation is found in about 2—10% of autopsies.

The first case of this anatomical variant was described by the Italian
surgeon Pietro Marchetti in 1652, but it was not until 1937 that Watt
Eagle presented a full anatomical description and a set of major clin-
ical symptoms.

Complete calcification of the styloid process and stylohyoid ligament,
also sometimes referred to as ossification, is the least common. The
prevalence of this lesion increases with age and is more common in
women than in men.

The paper describes the case of a 76-year-old man with bilateral cal-
cification of the stylohyoid chain who died in the course of post-polio
syndrome. Anatomical and histological analysis of the dissected
structures is presented. The aetiology of the described changes and
their potential clinical significance are discussed.

Keywords: stylohyoid chain, anatomical case, bilateral complete
ossification, Eagle’s syndrome

Wstep

Wyrostek rylcowaty jest cienkg strukturg kostng, kto-
ra rozcigga sie z dolnej powierzchni kosci skroniowe;.
Stanowi on punkt przyczepu miesni: rylcowo-gnyko-
wego, rylcowo-gardtowego, rylcowo-jezykowego oraz
wiezadet rylcowo-gnykowego i rylcowo-zuchwowego;
eponim — bukiet Riolana [1, 2]. Wyrostek rylcowaty
rozwija sie z chrzgstki Reicherta, ktéra jest przedtuze-
niem 2. fuku skrzelowego. Chrzgstka Reicherta zbu-
dowana jest z 4 segmentow: tympanohyal (bebenko-
wo-gnykowa, stylohyal (rylcowo-gnykowa), ceratohyal

(rogowo-gnykowa) i hypohyal (podgnykowa). Czesc
bebenkowo-gnykowa odpowiada za powstawanie
czesci proksymalnej, a czes¢ rylcowo-gnykowa cze-
sci dystalnej wyrostka rylcowatego. Czes$é rogowo-
-gnykowa odpowiada za ksztattowanie sie wiezadta
rylcowo-gnykowego, natomiast cze$¢ podgnykowa za
powstanie rogu mniejszego kosci gnykowej [3]. Wy-
rostek rylcowaty posiada kilka punktow kostnienia:
czes¢ blizsza objeta pochewkg kostnieje w 7 miesig-
cu zycia, natomiast cze$¢ dalsza znacznie pdzniej,
taczac sie z czescig blizszg gtdéwnie u osbéb starszych
[3, 4]. Przecietna dlugos¢ wyrostka rylcowatego wyno-
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si 25-30 mm i moze réznic sig osobniczo oraz migedzy
strong prawg a lewg [2, 5]. Wyrostki o dtugosci po-
wyzej 30 mm klasyfikuje sie jako wydtuzone i sg one
opisywane u 2-30% lub nawet 36,8% populacji [1, 6].
Wyrostek rylcowaty, odchodzgce od niego wieza-
dio rylcowo-gnykowe i rdg mniejszy kosci gnykowej
wspolnie okresla sie jako fancuch rylcowo-gnykowy
lub zespdt rylcowo-gnykowy (stylohyoid chain or com-
plex, SHC). W ich bezposredniej bliskosci przebiega
wiele istotnych naczyn i nerwéw lezgcych przysrod-
kowo do wyrostka rylcowatego, m.in. zyta szyjna we-
wnetrzna, nerw jezykowo-gardtowy, nerw bfedny oraz
nerw dodatkowy. Natomiast po jego stronie bocznej
znajdujg sie tetnica potyliczna i nerw podjezykowy.
Wierzchotek wyrostka rylcowatego potozony jest po-
miedzy tetnica szyjng zewnetrzng a wewnetrzng [1, 4].
U 3-20% populacji dochodzi do skostnienia wieza-
dfa rylcowo-gnykowego [7, 8, 9, 10]. Cze$¢ naukow-
cOw uzywa terminu ,zwapnienie”, inni preferujg okre-
Slenie ,skostnienie”, poniewaz badania histologiczne
ujawniaty hiperplazje wyrostka rylcowatego lub meta-
plazje wigzadta rylcowo-gnykowego [11, 12, 13]. Pato-
geneza tego procesu nie zostata w petni wyjasniona.
Badacze sugerujg rozne przyczyny, takie jak reaktyw-
na hiperplazja, reaktywna metaplazja, srodwigzadto-
wa metaplazja, tendinopatia wiezadta rylcowo-gnyko-
wego [11, 12].
Przewaza opinia, ze powodem tych zmian jest
wrodzona predyspozycja do skostnienia. Podczas
embrionalnego rozwoju wyrostka rylcowatego praw-
dopodobnie stres mechaniczny rozcigga chrzastke
Reicherta, co powoduje kostnienie wiezadta rylcowo-
-gnykowego [3, 4, 11, 12].
W 1986 r. Langlais zaproponowat radiologiczng
morfologiczng klasyfikacje wyrostkéw rylcowatych ko-
8ci skroniowej [5], ktora wyrdznia 3 typy:
| —wydiuzony (nieprzerwany) wyrostek rylcowaty,
ktory osigga dtugos¢ >30 mm

Il — pseudostaw

Il — segmentacja wyrostka rylcowatego na 2 lub wie-
cej czesci.

Prezentacja przypadku

Zwtoki 76-letniego mezczyzny rasy kaukaskiej zmar-
tego z powodu zespotu post-polio zostaty przekazane
Zaktadowi Anatomii Prawidtowej i Klinicznej Uczelni
tazarskiego zgodnie z procedurg donacyjna.
Podczas preparowania szyi zaobserwowano catko-
wite skostnienie fancucha rylcowo-gnykowego po obu
stronach (ryc. 1, 2). Dlugos¢ skostniatego wyrostka
rylcowatego i wiezadta rylcowo-gnykowego po stronie
prawej wynosita 107 mm, po lewej 105 mm. Pomia-
réw dokonano z wykorzystaniem metalowego wskaz-
nika przytozonego do podstawy wyrostka rylcowate-

go, nastepnie zaznaczono punkt przyczepu do kosci
gnykowej skostniatego wiezadta rylcowo-gnykowego
i wskazang dtugos¢ zmierzono linijkg. Stwierdzono
takze obustronnie 3 stawy rzekome — jeden w odle-
gtosci ok. 2 cm proksymalnie od kosci gnykowej, drugi
miedzy rogiem mniejszym kosci gnykowej a skostnia-
tym wigzadtem rylcowo-gnykowym i trzeci pomiedzy
wyrostkiem rylcowatym a skostniatym wiezadtem ryl-
cowo-gnykowym (ryc. 1, 3, 4). Obustronnie nie opisa-
no miesnia rylcowo-gnykowego, ktory mogt ulec zani-
kowi i skostnieniu.

Rycina 1. Strona lewa. Czerwona strzatka — wyrostek
rylcowaty, czarna strzatka — przeciete Sciegno m. dwu-
brzuscowego, zielone strzatki — stawy rzekome faricucha
rylcowo-gnykowego

Rycina 2. Strona prawa. 1 —tancuch rylcowo-gnykowy,
2 —m. rylcowo-gardtowy, 3 — m. rylcowo-jezykowy,
4 —n. jezykowo-gardtowy, 5 — n. podjezykowy
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Rycina 3. Strona prawa. 1 — przeciete sciegno m. dwubrzu-
Scowego, 2 — stawy rzekome fancucha rylcowo-gnykowego,
3 —t. szyjna zewn., 4. — t. szyjna wewn., 5 — n. podjezyko-
wy, 6 — n. jezykowo-gardtowy

|+

Rycina 4. Strona prawa. 1 — slinianka podzuchwowa,
2 — stawy rzekome tancucha rylcowo-gnykowego, 3 — nerw
btedny

Pobrano takze wycinek wiezadta rylcowo-gnyko-
wego po obu stronach w celu wykonania badania hi-
stologicznego (ryc. 5).

Rycina 5. Preparat histologiczny. Widoczna kos$¢ zbita
z jamkami wypetnionymi szpikiem; na powierzchni widoczna
okostna

Zmieniony wyrostek rylcowaty opisany w tej pracy
kwalifikujemy jako morfologiczny typ Ill wg Langlaisa.

W udostepnionej Uczelni dokumentacji medycznej
w rozpoznaniu posmiertnym stwierdzono nieokreslo-
ny nowotwor skory, nadcisnienie tetnicze, kamice ner-
kowa, niewydolnos¢ nerek oraz przebyty udar mézgu.
Bezposrednig przyczyng zgonu byt zespdt post-polio.

Dyskusja

Przecietna dtugo$¢ wyrostka rylcowatego wynosi
25-30 mm i moze rdéznic sie osobniczo oraz miedzy
strong prawa a lewg [5, 13, 14, 15]. Wyrostki o diugo-
$ci powyzej 30 mm klasyfikuje sie jako wydtuzone i sg
one opisywane u 2—37% populacji [1 15, 16].

Wydtuzenie czesci kostnej moze byé jednostronne
lub obustronne, symetryczne lub asymetryczne [6, 17,
18].

U 3-20% populacji dochodzi do skostnienia SHC
[8, 13,19, 20, 21].

Wydtuzony skostniaty tancuch rylcowo-gnykowy
(lub oba) moze prowadzi¢ do dolegliwosci typowych
dla zespotu Eagle’a (stylalgia) [5, 13, 14, 22, 23].
Zostat on opisany po raz pierwszy, jak wspomniano
wczesniej, przez otolaryngologa Eagle’a w 1937 r.
[19]. Stwierdzit on wydtuzenie wyrostka rylcowatego
u chorego z nawracajgcym boélem gardfa i szyi pro-
mieniujgcym do ucha oraz dysfagig. Tsuruta w 1985 .
zasugerowat prawdopodobne mechanizmy wyste-
powania objawdéw klinicznych: 1) stymulacja nerwow
wspotczulnych powoduje bdl w obszarze dystrybugii
naczyniowej, 2) stymulacja nerwu jezykowo-gardto-
wego powoduje szumy uszne i bol ucha oraz 3) wy-
diuzony SP moze ograniczac¢ ruch kosci gnykowej, co
z kolei wptywa na potykanie i mowienie.
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Do najczestszych objawow stylalgii nalezg: bdl
gtowy, bdl twarzy promieniujgcy do ucha lub wzdtuz
zuchwy, bdl przy rotacji szyi i przy wysunieciu jezyka,
bdl gardta, uczucie ciata obcego w gardle, dysfagia,
otalgia, zmiana gtosu, zawroty gtowy i uczucie nad-
miernego Slinienia sie [2, 7, 10, 13, 18, 20, 24, 25].

Inng istotng manifestacja kliniczng stylalgii jest ze-
spot tetnicy szyjnej, zwigzany z uciskiem skostniatego,
wydiuzonego wyrostka rylcowatego na baroreceptory
i mechanoreceptory w okolicy tetnicy szyjnej [6, 22,
23, 25, 26].

Objawy w postaci omdler pojawiajg sie po obroce-
niu gtowy w bok. Zespét tetnicy szyjnej stanowi przy-
czyne ok. 1% wszystkich omdlen i moze wystepowac
nawet u 25% o0s6b w starszym wieku z zaawansowa-
ng miazdzycg. Objawami schorzenia mogg by¢ takze
zawroty gtowy, ktorym czesto towarzyszy bradykardia
i/lub spadek cisnienia tetniczego [7, 22, 23].

Obecnie szacuje sie, ze wydtuzenie wyrostka ryl-
cowatego ponad 30 mm powoduje objawy u jedynie
4-10% przypadkow [10].

Wczesne rozpoznanie zespotu Eagle’a jest trud-
ne, poniewaz jego objawy sg niecharakterystyczne
i czasami rozpoznanie zostaje postawione dopiero po
wykonaniu zdjecia pantomograficznego, tomografii
komputerowej (computed tomography, CT) czaszki,
niekiedy zupetnie przypadkowo [7, 10, 15, 20].

W ostatnich kilkudziesigciu latach opublikowano wie-
le prac oceniajgcych morfologie wyrostka rylcowatego
na podstawie zdje¢ RTG typu pantomogram i/lub CT
oraz rezonansu magnetycznego w réznych popula-
cjach: Asutay i wsp. tureckiej, Gracco i wsp. wioskiej,
Hettiarachchi et al. Sri Lanki, Vieira i wsp. brazylij-
skiej, Sakhdari i wsp. iranskiej, Alsweed Arabii Saudyj-
skiej [16, 27, 28, 29, 31].

Mnigj liczne sg doniesienia oceniajgce zmiany wy-
rostka rylcowatego w badaniach zwiok i preparatéw cza-
szek [17, 18, 32]. Badania te dajg dodatkowo mozliwos¢
histopatologicznej weryfikacji obserwowanych zmian.

Guimaraes i wsp. przeanalizowali 275 przypad-
kéw zmian w tancuchu rylcowo-gnykowym na zdje-
ciach RTG, z czego wiekszo$¢ byta obustronna
i w 67,6% przypadkéw dotyczyta kobiet [13]. Jed-
nakze w preparatach zwiok populacji japonskiej uzy-
skano odwrotne wyniki; w wiekszosci zmiany byty
jednostronne oraz czestsze w populaciji meskiej. Tego
typu réznice pojawiajg sie takze w innych pracach, co
utrudnia wyciggniecie ostatecznych wnioskéw. Naj-
prawdopodobniej wynika to z powodu réznic w do-
borze pacjentéw, liczebnosci badanych grup oraz
z przyjetych niejednolitych kryteriw oceny radiolo-
gicznej i anatomiczne;.

Dlatego tez wydaje sie wtasciwe opracowanie ogol-
nie przyjetego protokotu do opisywania réznic anato-
micznych w duchu anatomii opartej na dowodach. Taka

lista kontrolna mogtaby pomdc w standaryzacji sposo-
bu, w jaki opisujemy odmiennosci anatomiczne [33].

Obustronne skostnienie faricucha rylcowo-gnyko-
wego wystepuje rzadko [3, 8, 13, 14, 18, 25]. W bada-
niu Vougiouklakisa podczas 1215 autopsji stwierdzo-
no je jedynie w 11 przypadkach, a w 9 obustronnie [34,
35]. W opublikowanej w 2022 r. pracy Tanaka i wsp.
opisali czestos¢ wystepowania wydtuzenia wyrostka
rylcowatego w preparatach zwtok. W zadnym z bada-
nych 78 przypadkéw nie stwierdzili catkowitego skost-
nienia tancucha rylcowo-gnykowego [32].

Ciekawy przypadek czaszki z wybitnie wydiuzo-
nymi i obustronnie catkowicie skostniatymi wieza-
dtami rylcowo-gnykowymi przedstawili Skrzat i wsp.
w 2007 r. Catkowita dlugo$¢ SHC wynosita po stronie
lewej 62 mm, a po prawej 65 mm [18]. W opisywa-
nym przez nas przypadku taricuch po obu stronach byt
znacznie dtuzszy (107 mm — strona prawa, 105 mm —
strona lewa). Podobnie jak w cytowanej pracy, granica
miedzy wiezadtem rylcowo-gnykowym a wyrostkiem
rylcowatym byta trudna do ustalenia, stad nie podano
osobno dtugosci wyrostka rylcowatego. Najprawdo-
podobniej jego poczatek znajduje sie w miejscu zgru-
bienia, gdzie wystepuje potgczenie wiezadtowe (staw
rzekomy) [18].

W pracy Jie Lei i wsp. opisali z kolei jednostron-
ne catkowite skostnienie oraz pogrubienie tancucha
rylcowo-gnykowego o dtugosci 90 mm, powodujgce
dysfagie i bol. Analogicznie do naszego przypadku
w badaniu histologicznym potwierdzono obecnosé
tkanki kostnej z istotg zbitg oraz ggbczastg zawierajg-
cg szpik kostny [21].

Moussaoui i wsp. przedstawili przypadek obustron-
nego catkowitego skostnienia taricucha rylcowo gnyko-
wego oraz wiezadet tarczowo-gnykowych u pacjenta
niezgtaszajgcego objawdow. Na podstawie rekonstruk-
cji 3D TC opisano obecnos¢ 3 stawdw rzekomych [36].
Prawdopodobnie obecnos¢ stawow rzekomych
zmniejsza sztywnos¢ i ucisk SHC na struktury sa-
siednie i stad brak objawdéw klinicznych. By¢ moze
ten sam mechanizm powodowat nieobecnos$¢ dole-
gliwosci sugerujgcych stylalgie w naszym przypadku.

Uwazamy, ze wizualizacja doktadnych relacji
obustronnie zwapniatego fancucha rylcowatego do
okolicznych struktur naczyniowych i nerwéw jest istot-
ng wartoscig tej pracy (ryc. 1, 2, 3, 4). Przedstawiany
przypadek wyrdznia ponadstandardowa dtugos¢ sko-
stniatego SP (ok. 10 cm) oraz do$c¢ rzadko opisywana
w pismiennictwie obecnos¢ pseudostawow.
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