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Summary

Introduction: Most frequent histologic types of breast cancer in-
clude invasive ductal carcinoma (IDC) and its most common precur-
sor: ductal carcinoma in situ (DCIS). Based on morpho-dynamic and
functional parameters: lesion size, initial signal intensity enhance-
ment (wash-in), time-intensity curve (TIC) type, apparent diffusion
coefficient (ADC), and positive enhancement integral (PEl), breast dy-
namic contrast-enhanced magnetic resonance imaging (DCE-MRI) al-
lows the differentiation between IDC and in situ lesions in postmeno-
pausal female patients.

Methods: A single-center retrospective study included 40 postmeno-
pausal female patients with histopathologically confirmed diagnosis
(DCIS n,=20; IDC n_=20), examined with full diagnostic protocol (FDP)
on 1.5T and 3T MRI scanners. The SPSS 21.0 software package was
used for the statistical analysis of the defined parameters in two pre-
defined subgroups.

Results: Tumor size was significantly larger (p<0.001) in patients with
DCIS. The IDC group showed significantly higher wash-in and PEI val-
ues (p<0.001). ADC was significantly higher (p<0.001) in DCIS. There
was a statistically significant difference (p<0.05) in the TIC type distri-
bution: TIC type 2 was predominant in patients with DCIS, while the
TIC type 3 was predominant in patients with IDC.

Conclusion: Based on predefined morpho-dynamic and functional
parameters, breast MRl may allow the differentiation between the
two types of breast ductal carcinoma: IDC and DCIS. However, histo-
pathological confirmation remains the “golden standard” in differen-
tiation, taking the nature of the disease into account.

Keywords: DCE-MRI, ductal carcinoma in situ, invasive ductal carci-
noma, morpho-dynamic parameters, functional parameters
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INTRODUCTION

According to the World Health Organization (WHO),
breast carcinoma is the most frequent type of cancers in
the female population and the most common cause of
death by cancer types in female population globally (1).
Breast carcinoma predominantly occurs in the female
population after the age of 50 (2, 3).

Pathohistologically, breast carcinoma is traditionally
divided into non-invasive and invasive types (4). Ductal
carcinoma in situ (DCIS) is a heterogeneous disease,
which is characterized by the clonal multiplication of ep-
ithelial breast cells, that have not yet penetrated the base-
ment membrane (S). The most frequent histological type
of breast carcinoma is invasive ductal breast carcinoma
(IDC) - the infiltrative malignant neoplasm (4, 6).

Breast magnetic resonance imaging (MRI) is primar-
ily used as the adjunct radiological technique, following
mammography and breast ultrasound in the standard pa-
tient diagnostic algorithm. MRI is not designed to detect
microcalcifications like mammography, however, breast
MRI detects 10-15% of additional non-calcified lesions
and lesions that are mammographically occult (7, 8). The
percentage is even higher in dense breast, taking into
account the suboptimal sensitivity of mammography,
therefore breast MRI is regarded as the most sensitive
imaging technique for breast screening, preoperative
staging and therapy monitoring (7-10).

Dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI) represents the advanced diag-
nostic imaging technique to detect suspicious breast le-
sions based on the analysis of structural and functional
aspects, particularly on postcontrast series, based on
the assessment of neoangiogenesis and the lesion mi-
crovascularization (8). The additional diagnostic value
of DCE-MRI is based on the detection of neoangio-
genesis in suspicious lesions, i.e., the increased number
and permeability of tumor blood vessels. Following the
administration of the contrast agent based on the com-
pounds of gadolinium (Gd), the suspicious lesions tend
to express increased permeability, which leads to higher
contrast uptake (wash-in) and the subsequent washout
(7,9). Based on the above, the time-intensity (TIC) curve
is defined as the increase of the single intensity (SI) and
its change against time [s]. Based on the contrast wash-
in and washout, it is possible to examine the morphody-
namic characteristics of the lesions. DCE-MRI provides
high sensitivity, but moderate specificity (7-10). Func-
tional imaging is introduced with the aim of overcom-
ing the moderate specificity: apparent diffusion coeffi-
cient (ADC), based on the diffusion-weighted imaging
(DWI) and the positive enhancement integral (PEI) val-
ues, both representing functional MRI parameters that
may further increase the specificity of the exam (9, 10).
DWT aims to reflect tissue microstructure changes: the
threedimensional mobility of water molecules, reflect-

ing the organization of the tissue and the ADC [mm?/s
x 10°] allows the quantification of the signal aiming to
differentiate between benign and malignant lesions (10).
PE], as the semiquantitative parameter represents the
endpoint in tissue perfusion assessment, providing the
quantitative information based on the value of extracel-
lular Gd contrast agent in different tissues (9).

The aim of this study is to examine the morpholog-
ic aspects: differences in percentage of initial wash-in,
time-intensity curve (TIC), apparent diffusion coefficient
(ADC), and positive enhancement integral (PEI) in post-
menopausal female patients, in order to detect significant
and clinically relevant differences in the predefined pa-
rameters between DCIS and IDC in postmenopausal fe-
male patients with pathohistologically proven diagnosis.

MATERIALS AND METHODS

In this retrospective study, there were 40 postmenopaus-
al female patients, divided into two groups, based on the
pathohistological diagnosis: IDC vs. DCIS. The first
group (n,) included 20 postmenopausal female patients,
with pathohistologically confirmed pure ductal carcino-
ma in situ (DCIS). The second group (n,) consisted of
20 female patients, with pathohistologically confirmed
diagnosis of invasive ductal carcinoma (IDC). The MR
exams and percutaneous biopsy procedures were con-
ducted in our institution from 2018 to 2022, following
the Institutional Review Board decision No 204412-01.

Prior to MRI exam, the initial radiological exam to de-
tect and define the lesions was the full-field digital mam-
mography (FFDM). All mammograms were defined as
BI-RADS category 4 or S. The patients were additional-
ly examined using ultrasound and / or DCE-MRI with
DWTI in order to define the lesion detectability for the
optimal image-guided biopsy procedure. All the lesions
were biopsied either by ultrasound-guided core-needle
biopsy (US-CNB), or MRI-guided vacuum-assisted bi-
opsy (MR-VAB), or stereotaxic vacuum-assisted biopsy
(SVAB). The nature of the lesions was confirmed patho-
histologically.

Breast MRI exams in all patients were performed
with the MRI-scanners 1.5 T (Avanto fit, Siemens Medi-
cal Solutions, Erlangen, Germany) and / or 3 T (Lumina,
Siemens Medical Solutions, Erlangen, Germany) with
the dedicated bilateral breast coil. Morphodynamic le-
sion features were defined with the full diagnostic proto-
col (FDP): T2W and pre- / postcontrast TIW sequenc-
es with the DWI with the b-gradients: b_, b, and the
generated semiquantitative and ADC maps (10). FDP
was used for the axial-plane images (slice thickness 2
mm): T2W STIR (TE/TR 60/7690, inversion time 180
ms, flip angle 150, field of view 340 x 340, image matrix
320 x 256); T2W TSE (TE/TR 70/5900, flip angle 180,
field of view 340 x 340, image matrix 384 x 319); TIW-
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TSE (TE/TR 12/910, flip angle 90, field of view 340 x
340, image matrix 320 x 234); TIW FLASH 3D (TE/TR
4.8/9.1, tlip angle 25, field of view 340 x 340, image ma-
trix 576 x 564) for one precontrast and five postcontrast
series acquired every 1 min 23 s, after the bolus injection
of 0.1 mmol/kg of body weight of gadobutrol (Gadovist,
Bayer Pharma, Berlin, Germany) with the automatic in-
jector (Mississippi, Ulrich Medical, Ulm, Germany) at
the rate of 2 mL/s, with the flush of 20 mL saline (9, 10).

Breast MRI exmas were analyzed on the dedicated
workstation (Leonardo, Siemens Medical Solutions, Exr-
langen, Germany / Carestream Vue PACS, Rochester,
NY, USA) using Syngo (Syngo, Siemens Medical Solu-
tions, Erlangen, Germany) and OsiriX (OsiriX, Pixmeo,
Geneva, Switzerland) image processing software tools.

The following predefined parameters were computed
and analyzed: a.) Lesion size [cm] of DCIS and IDC; b.)
Dynamic features (wash-in / washout) were computed as
the percentage of the signal intensity (SI) increase within
90 's (wash-in) and the type of time-intensity curve (TIC)
was plotted against time [s] (10-12); c.) PEI values were
computed as equal to the integral of the area under the
curve of the increase in SI after contrast agent injection
and expressed in numerical values (13) and d.) ADC val-
ues [mm?/s x 10°*] were computed based on the two gra-
dient values on DWI-atb,  andb (10-12).

The data were analyzed using the methods of descrip-
tive and analytical statistics. To compare statistically sig-
nificant differences between the examined subgroups, we
used Chi-square test for the nominal data. Differences be-
tween numerical data were compared by Student’s t-test
or Mann-Whitney U test, depending on the distribution.
The difference was considered statistically significant if
p < 0.05, and highly statistically significant if p < 0.001.
The SPSS software package (version 21.0, Chicago, Illi-
nois, USA) was used for data processing.

RESULTS

The female postmenopausal patients in both subgroups
(n, and n,) were matched for age: 59,8 +/- 4,6 vs. 60,2 +/-
3,8 (p=0.767). The average tumor size (cm) was statisti-
cally significantly different between the two subgroups in
favor of DCIS (p < 0.001), as presented in Table 1. For

dynamic parameters, the wash-in was significantly high-
er during the first 90 s in the subgroup of patients with
IDC (p < 0.001). For the functional parameters, both
ADC and PEI values were significantly different between
the patients with DCIS and IDC (p < 0.001), as shown in
Table 1.

Regarding the distribution of the TIC: there was the
predilection for the TIC type 2 in the subgroup of pa-
tients with DICS and for the TIC type 3 in the subgroup
of patients with IDC, as shown in Table 2.

Table 2. Distribution of TIC typesinn andn,.

TIC type Subgroup P
n, n,
Type 1 3 4 0.004*
15.0% 20.0%
Type 2 14 4
70.0% 20.0%
Type 3 3 12
15.0% 60.0%

* Statistically significant difference (p < 0.05)

Based on the above, the postmenopausal female pa-
tients with higher initial wash-in values, TIC type 3 and
lower values for ADC, with higher values for PEI, tend to
belong to the group of patients with IDC (Figure 1), while
the patients with lower wash-in values, TIC type 2 and the
higher values of ADC and lower values of PEI, tend to be-
long to the group of patients with DCIS (Figure 2).

DISCUSSION

Breast MRI has long been a radiological method, which
tended to overcome its moderate specificity with the in-
troduction of the functional aspects in order to distin-
guish between the clinically relevant criteria: benign
vs. malignant, responder vs. non-responder, in situ vs.
invasive, etc. So far, large studies have tended to qualify
and quantify the parameters of morphology, dynamic
features and functional aspects separately and as groups
of parameters with scores, having in mind radiological -
pathological correlations, as the “golden standard” of as-
sessment. The compound scores, sometimes related to as
the “virtual biopsy” were supposed to lower the number

Table 1. Patient age (years), lesion size (cm), wash-in (% / 90s) positive enhancement integral value (PEI value) and apparent diffusion coef-

ficient (ADC, [10*mm?/s]).

Group n n, P

Age (years) 59.8 +/-4.6 60.2 +/- 3.8 0.767
Lesion size (cn) 2.7+4/-0.7 1.6 +/-0.2 <0.001*
Wash-in (%/90s) 165.0 [96.0 — 345.0] 255.0 [145.0 - 452.0] <0.001*
ADC (10*mm?/s) 1.32 +/-0.05 1.09 +/-0.11 <0.001*
PEI values 435.0[235.5 - 688.7] 1000.2 [654.2 - 1680.4] <0.001*

* statistically significant difference (p < 0.001)
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DCIS
L=1.8cm

Wi =147%
TIC=1I

ADC 1.40 wwsix109
PEl = 235.5

Figure 1. Morpho-dynamic and functional parameters of a 64-yr. old patient (Z.S.) with DCIS. (a) DCE-MRI, Subtraction (b) Diffusion
Coefficient (ADC). (c) Positive Enhancement Integral (PEI). (d) Time-intensity curve.

SE.

IDC

L=2.0cm

WI=342%
TIC=1l

ADC 1.00 mzssx103
PEI = 1000.2

Figure 2. Morpho-dynamic and functional parameters of a 62-yr. old patient (S.F.) with IDC. (a) DCE-MRI, Subtraction (b) Diffusion Coef-
ficient (ADC). (c) Positive Enhancement Integral (PEI). (d) Time-intensity curve.
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of the overdiagnosed patients with unnecessary biopsies,
confirming the benign nature of the disease. Additional
scores, which introduced the algorithms (notably Fischer
/ Goettingen, and Kaiser score), aimed to define whether
the lesion was suspicious based on the morphologic and
dynamic featues additionally with the use of DWI-ADC
(14,15).In our research, we tried to define the morpho-dy-
namic features routinely assessed in the breast MRI exam,
with the addition of two functional parameters aiming to
cover different aspects of carcinogenesis: neoangiogene-
sis with contrast-enhanced MRI, kinetics of the contrast
medium, with the assessment of dynamic parameters, le-
sion perfusion features with PEI and tissue organization
and level of cellularity with DWI-ADC (9-12).

Female patients in the two subgroups were matched
for age, all being postmenopausal with pathohistological-
ly confirmed lesions. In terms of morphology, we decided
to compare the lesion size with the largest diameter, as
the general idea was not to include the bulky tumors and
locally advanced tumors, taking into account the specif-
ic growth perutrbation in these tumors. Concerning
the lesion morphology, the DCIS tend to show different
levels of heterogeneity, however, the malignant lesions
larger than 2 mm, produce growth factors stimulating
angiogenesis and neoangiogenesis (16). This explains
the increase in SI, as early as within the first two minutes
following the contrast medium application (10, 16, 17).
In our study, we obtained statistically significant higher
wash-in values in the group of patients with pathohis-
tologically confirmed IDC compared to the group with
pathohistologically confirmed DCIS.

Jensen et al. reported results consistent with those
obtained in this study regarding the TIC: TIC type 2 is
most frequently detected in DCIS (18). There are stud-
ies that proved no regularity in TIC assessment (19).
Our results confirm that TIC type 3 is more common
in IDC, which was also confirmed in other studies (20-
22). However, regarding the available references, there is
no sufficiently defined data regarding the comparison of
the predominant curve type in DCIS and IDC. We also
need to mention that the heterogeneity may contribute to
the lack of the common conclusion, taking into account
the fact that the more heterogeneous lesions contain the
pixels which do not necessarily show the enhcancement,
therefore the region of interest may include the areas of
the normal tissue, fiborcystic changes, in situ and or inva-
sive areas, leading to the lack of TIC type specificity. The
results of this study confirm the expected predominance
of the type 2 in DCIS and type 3 in IDC, which is consis-
tent with the malignant potential of invasive carcinoma
and its infiltrative growth (4).

Expectedly, the tissue microstructure changesin more
proliferative lesions, with higher level of cellularity, lead-
ing to the reduced water molecule thermal movements,
which served as the basis for the application of DWI-ADC
in oncologic imaging: the more malignant the lesions

tend to be, the lower their ADC values become (21-23).
It is worth mentioning that the ADC is considered to be
the marker of cellularity (24). This specifically allows us
to differentiate the lesions according to the grade: low vs.
high grade DCIS, and DCIS vs. IDC (25-28). Our date
confirmed that the ADC is significantly higher in DCIS
compared to IDC (24-27). Based on this, the ADC in-
creases the positive predictive value of breast MRI up to
96.6% and the specificity up to 93.3% (29).

Unlike mammography, DCE-MRI has greater sensi-
tivity to determine the size of the DCIS lesion. The DCIS
detectability relies on periductal and stromal vascular
elements (30-33). The features of tissue perfusion, in ad-
dition to morphological criteria, may provide additional
data about the underlying process and may contribute to
better differentiation between in situ and invasive dis-
eases. The sensitivity of DCE-MRI for the detection of
DCIS ranges from 77 to 96% (30-33).

PEI values, as the integral part of the standardized
DCE-MRI exam, give insight into the tissue perfusion
and may contribute to better lesion characterization (9,
13, 31, 32). As a heterogeneous lesion, DCIS often ap-
pears as the non-mass enhancement (NME), with vari-
able distribution and enhancement patterns. SIin DCIS
may remain below the SI threshold typical for invasive
carcinomas, which may also underestimate the extension
of the lesion (14, 30-33). Based on the previous research
in the field, we expected the degree of perfusion would be
different in DCIS compared to IDC, which the results of
this study confirmed (9). The PEI values in IDC were sig-
nificantly higher compared to those in DCIS (p<0.001).

Our study has certain limitations: it is a single-cen-
ter retrospective study. The relatively small number of
patients certainly does not contribute to the generalized
conclusions. However, the single-center study, contrib-
utes to the evaluation of the results based on uniform
diagnostic protocols and the same technical conditions,
which leads to standardized approach and better repro-
ducibility. With the postmenopausal female patients in
the study, the effects of hormonal changes were elimi-
nated. Due to the limited number of subjects, it was not
possible to define MRI parameters according to histolog-
ical grades, however these data may serve as the basis for
the prospective multicentric trial, aiming to differentiate
between the histological grades and the criteria defined
by immunostaining, which are related to the treatment
selection.

CONCLUSION

The pre-defined morpho-dynamic and functional pa-
rameters in breast MRI, provide additional information
in differentiation between invasive and in situ ductal
breast carcinomas. The potential use of the additional
parameters (DWI-ADC and PEI) in routine breast MRI

|5



Medicinska istraZivanja 2024; 57(3):1-7

protocols may be of help in differentiation between DCIS
and IDC, potentially increasing the specificity of MRI.
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MORFO-DINAMSKE | FUNKCIONALNE KARAKTERISTIKE MRI DOJKI U PROCENI
DUKTLANOG KARCINOMA IN SITU | INVAZIVNOG DUKTALNOG KARCINOMA

KOD POSTMENOPAUZALNIH ISPITANICA

Marko Mihajlovi¢?, Andela Dajic¢t, Iva Krusac!, Dejan Dimitrijevi¢!, Luka Raspopovic!, Mirjan Nadrljanski®?

Sazetak

Uvod: Najcesci histoloski tipovi karcinoma dojke pod-
razumevaju invazivni duktalni karcinom (IDC), kao i nje-
gov najcesci prekursor — duktalni karcinom in situ (DCIS).
Evaluacija morfo-dinamskih i funkcionalnih parametara
na MRI dojki: veli¢ina lezije, inicijalno postkontrastno po-
vecanje intenziteta signala (wash-in), definisanje tipa kri-
ve promene intenziteta signala u jedinici viemena (TIC),
koeficijent difuzije (ADC), kao i procena pozitivne vred-
nosti integrala postkontrastnog povecanja intenziteta
signala kod postmenopauzalnih ispitanica, omogucava-
ju diferencijaciju izmedu IDC i in situ lezije.

Metode: U retrospektivno ispitivanje sprovedeno u jed-
nom centru, uklju¢eno je 40 postmenopauzalnih ispita-
nica sa potvrdenom histopatoloskom dijagnozom (DCIS
n,=20; IDC n,=20), kod kojih su analizirane lezije na MRI
dojki sa primenom standardnog - kompletnog dijagno-
stickog protokola na apartima 1.5T i 3T. Softverski paket

SPSS 21.0 je koris¢en u statistickoj analizi — proceni ra-
zlike predefinisanih parametara u dve grupe ispitanica.

Rezultati: Velicina tumora je bila statisticki znacajno
veca (p<0.001) kod ispitanica sa DCIS. U podgrupi ispi-
tanica sa IDC, postoji statisticki znacajna razlika — vece
vrednosti “wash-in” i PEl (p<0.001). Vrednost ADC je
bila statisticki znacajno veca u grupi ispitanica sa DCIS
(p<0.001). Postoji i znacajna razlika u distribuciji TIC
(p<0.05): TIC tip 2 je najviSe zastupljena kod ispitanica
sa DCIS, dok je TIC tip 3 dominantno zastupljena kod is-
pitanica sa IDC.

Zakljucak: Na osnovu predefinisanih morfo-dinamskih
i funkcionalnih parametara, MRI dojki moze da omogu-
¢i diferencijaciju izmedu dva tipa duktalnog karcinoma:
IDC i DCIS. Histopatoloska potvrda ostaje ,,zlatni stan-
dard” u diferencijaciji, uzimajuci u obzir prirodu bolesti..

Kljué¢ne reci: MRI dojki, duktalni karcinom in situ, invazivni duktalni karcinom, morfo-dinamski parametri, funkcio-

nalni parametri
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Summary

Introduction/Aim: In progressive forms of MS, the frequency of pain
increases as the disease progresses affecting patients’ functional abil-
ities and making the disease much more complex. We conducted a
cross-sectional study to examine the association of pain with walking
speed and functional abilities in patients who suffer from progressive
forms of multiple sclerosis.

Material and methods: The cross-sectional study was conducted at
the Clinic for rehabilitation “Dr Miroslav Zotovic¢” in the period from
January 2020 to May 2023. The research included 55 patients with
PPMS and SPMS consecutively admitted to this Clinic for rehabilita-
tion. Demographic and socio-epidemiological data and disease-re-
lated data were collected from all the patients. Pain intensity was
assessed using Numeric Rating Scale (NRS). Since all patients experi-
enced spasticity, pain was also assessed using the Pain/Discomfort
(PD) subscale of the Multiple Sclerosis Spasticity Scale 88 (MSSS-88).
The subjective perception of gait impairment was assessed using
a subscale of the same questionnaire, MSSS 88, related to walking,
namely the Walk (WL). Walking speed was measured by The Timed 25
Foot Walk (T25FW). The functional assessment and all questionnaires
were completed in the morning hours over a 24-hour period from the
day patients were admitted to rehabilitation.

Results: There is a significant strong correlation between WL and P/D
(rho=0. 770; p<0.001) and between WL and NRS (rho=0. 825 p<0.001).
There is a statistically significant moderate negative correlation be-
tween T25FW and NRS pain (p<0.001). There is no statistically signifi-
cant correlation between T25FW and pain intensity measured by PD
(p=0.033). There is a statistically significant correlation between EDSS
and pain intensity (NRS p=0.002; PD p=0.006) either.

Conclusion: The results of this research indicated a significant nega-
tive impact of pain on walking speed and functional disability.

Key words: pain, walking speed, functional disability, progressive
forms of multiple sclerosis
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INTRODUCTION

Multiple sclerosis (MS) is a chronic immune-mediated
and neurodegenerative disease of the central nervous sys-
tem (CNS) whose etiology remains unknown (1). Since it
affects the most productive population and leads to long-
term physical disability over time, MS is not only a health
problem, but a social and economic problem as well (2).
Recognizing the dominant cause of functional impair-
ment in MS patients is of great importance for tailoring
an individualized, effective treatment plan and improv-
ing the quality of life.

Throughout the course of MS, pain is a common,
varying symptom which has significant effects on an in-
dividual’s functional capacity and quality of life (3,4). It
is strong predictor of activity limitations and participa-
tion restrictions in MS patients (5,6). One third of people
with MS describes pain as one of their worst symptoms
(7). Pain can appear as an acute syndrome, but chronic
pain occurs in 50-75% of MS patients in different stag-
es of disease progression (8). The most frequent types of
pain are spasticity pain and headache (prevalence rates
of 43%-60%), central neuropathic pain (CNP, 5%-28%),
and back pain (10%-20%) (9). According to literature
data, pain s treated in only 38% of patients, and treatment
satisfaction has been verified in 61% of patients (10). Poor
analgesic outcomes indicates that pain control in these
patients is still insufficient (10) and may result from pain
heterogeneity in MS (11,12). Pain relief is not important
only because of the frequency of pain and its impact on
functional disability during the disease, but also because
of the consequences it has on various daily aspects of pa-
tient’s life. Recognized risk factors for pain in MS are as
follows: older age, longer disease duration, higher EDSS
score, accompanying depression or mental disorders, un-
stable course of the disease, lower level of education, pro-
gressive disease phenotypes (5,13). In progressive forms
of MS, the frequency of pain and the degree of spasticity
increase with disease progression, which affects the gait
and has negative consequences on patients’ functional
status and the quality of life (14). Rehabilitation require-
ments are derived from severe functional impairment,
where the treatment of spasticity, pain and muscle weak-
ness is of greatest importance (2).

Functionality is a complex process that includes an
interaction between a patient’s mental and physical abil-
ities and is not linearly correlated with the impairment.
Walking ability is the basic characteristic of functional
independence, so one of the greatest challenges in reha-
bilitation of patients with MS is to preserve it. The results
of some studies showed that 70% of patients with walk-
ing difficulties perceived this aspect of the disease as the
main functional problem in performing daily activities
(15). Alarge number of patients experience walking diffi-
culties in early stages of the disease (2). In the first month
upon the diagnosis, 45% of patients experience impaired

mobility, while after a decade of living with the disease
93% of patients have walking difficulties (16). Walking
difficulties can be related to reduced walking capacity
alone or combined with MS symptoms, such as reduced
muscle strength, spasticity, poor balance, fatigue, pain,
and depression (17,18).

Although there is considerable medical and scientific
interest, the association between pain intensity and walk-
ing speed and functional disability has not been fully es-
tablished in MS patients yet. We conducted a cross-sec-
tional study with the aim of examining the association of
pain with walking speed and functional disability in MS
patients.

MATERIAL AND METHODS

The research included 55 patients diagnosed with prima-
ry progressive multiple sclerosis (PPMS) and secondary
progressive multiple sclerosis (SPMS) consecutively ad-
mitted for rehabilitation at the Clinic for rehabilitation
"Dr Miroslav Zotovi¢”. The inclusion criteria were as
follows: (a) Patients 18-65 years of age with a confirmed
form of SPMS or PPMS, (b) Presence of back pain and/
or painful spasms in lower extremities for more than six
months (in order to exclude the presence of pain due to
current exacerbations of MS), (c) Degree of functional
disability (Expanded Disability Status Scale - EDSS) < 6.5
and (d) PainDETECT questionare score <19 (19). The
exclusion criteria were as follows: clinical worsening in
the past 30 days, other medical conditions that interfered
with walking, headaches, serious associated diseases
(malignancy, cardiovascular disease).

The research was conducted in the period from Janu-
ary 2020 to May 2023.

The sample size was based on the assessment of the
correlation between variables in patients with multiple
sclerosis. According to the literature, a correlation be-
tween the variables EDSS and Pain/Discomfort (PD)
was found in patients with multiple sclerosis (correlation
coefficient 0.38)

(20). The minimum number of participants needed to
estimate the correlation of these variables of interest with
a statistical power of 80% and a significance level of 0.05
is 52.

Each patient was introduced to all the details of the
protocol and their written consent was required. De-
mographic and socio-epidemiological data (age, gender,
marital status and level of education) as well as the dis-
ease-related data (disease duration, disease form, EDSS,
presence of spasticity for six months, representation of
pain, analgesic and spasmolytic therapy, satisfaction with
pain relief) were collected. The Numerical Rating Scale
(NRS) was used for the assessment of pain intensity.
Since all patients experienced spasticity, pain was also
assessed using the Pain/Discomfort (PD) subscale of the
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Multiple Sclerosis Spasticity Scale 88 (MSSS-88). The
subjective perception of gait impairment was assessed
using a subscale of the same questionnaire, MSSS 88, re-
lated to walking, namely the Walk (WL). Both subscales
were used particularly since authors suggest they could
be used as stand-alone subscales (20,21). Quantitative as-
sessment of mobility and leg function performance was
measured according to walking speed using the clinical
instrument The Timed 25 Foot Walk (T25FW). T2SFW
was used by a physiotherapist while other measurements
were done by doctors. The functional assessment and
all questionnaires were completed in the morning hours
over a 24-hour period from the day patients were admit-
ted to rehabilitation.

All participants signed an informed consent for tak-
ing part in the research, which was approved by the Clin-
ic’s Ethics Committee (No0.32-2226/2).

Pain intensity was assessed using the following
scales:

Numeric Rating Scale (NRS) represents a subjec-
tive assessment of pain intensity in patients. The 11-point
numeric scale ranges from 0 to 10, where 0 indicates
the absence of pain and 10 indicates the most intense
pain (unbearable pain). Mild pain is graded as 1, 2 or 3,
moderate pain is graded as 4, S or 6, while severe pain is
graded as 7, 8 or 9 and the most intense pain is graded
as 10. Patients were given verbal instructions to choose
a number on the scale that corresponded to pain intensi-
ty they experienced in the past 24h or, more precisely, to
choose three ratings on the scale that corresponded to the
current, best, and worst pain intensity experienced in the
past 24h. The mean value of these three values represent-
ed the final grade (3,22).

Pain/Discomfort (PD) - a subscale of the Multiple
Sclerosis Spasticity Scale88 (MSSS-88) questionnaire. The
subscale contains 9 questions. Answer categories are grad-
ed according to Likert in the following way: 1. does not
bother me at all, 2. it bothers me a little, 3. it bothers me
moderately, 4. it bothers me a lot. We calculated the score
of each subscale separately and the total score by simply
addingup theresponses. The subscale values can be scored
as an independent measurement instrument, and possible
values are 9 to 36. This scale correlated significantly with
MSWS-12 and also corelated with EDSS (20,23).

Gait was assessed by the following test and scale:

T25FW (theTimed 25 Foot Walk)-a clinical instru-
ment for quantitative assessment of mobility and leg func-
tion performance based on a timed 25-foot walk (7.62m).
Subjects are instructed to walk a marked 7.62m-long path
quickly and safely. The time is calculated from the mo-
ment instructions are given to the end of the marked 7.62
m-long path. The second T2SFW performance is done
immediately after the first, having the patient walk the
same distance. Patients are allowed to use aids during
the test. T2SFW score is the average of two performance
tests (24,25).

Walk (WL - Perception of gait impairment)-a
subscale of the Multiple Sclerosis Spasticity Scale88
(MSSS-88) questionnaire. The subscale contained 10
questions. The response categories were graded accord-
ing to Likert in the following way: 1. it does not bother
me at all, 2. it bothers me a little, 3. it bothers me mod-
erately, 4. it bothers me a lot. We calculated the score
of each scale separately, as well as the overall score by
simply adding up the responses. Subscale values can
be scored as an independent measurement instrument,
possible values being 10-40. This scale correlated sig-
nificantly with EDSS, MAS (Modified Ashworth Scale)
and MSWS-12 (20,23).

The degree of functional impairment was assessed
using the following scales:

Expanded Disability Status Scale (EDSS)is a scale
used for assessing physical impairment in MS patients.
According to this scale and the neurological examination,
the impairment is presented using a numeric value. The
degree of impairment in 8 functional systems (visual,
brainstem, pyramidal tract, sensory, cerebellar, sphincter
function, cerebral or mental function) and the patient’s
ability to walk were assessed. This score can range from
0 (normal neurological finding despite the symptoms)
to 10 (death due to MS). EDSS 1.0 to 4.5 corresponds to
patients who can walk independently. EDSS 5.0 to 9.5
includes the presence of a severe mobility disorder. The
scale has good validity and reliability, whereas some stud-
ies found its sensitivity inadequate. Another disadvantage
is a significant impact of walk on the overall score (26).

STATISTICAL ANALYSIS

Depending on the type of variables and normality of dis-
tribution, the description of the data is shown as n (%),
arithmetic mean +standard deviation, or median (range,
min-max). The Pearson correlation coefficient and
Spearman’s rank correlation coefficient are used to ana-
lyze correlations. Statistical hypotheses were tested at a
statistical significance level (alpha level) of 0.05. All data
were processed in IBM SPSS Statistics 22 (SPSS Inc.,
Chicago, IL, USA) software package.

RESULTS

The study included 55 patients with progressive forms
of MS. The basic demographic characteristics of the pa-
tients are shown in Table 1.

The majority of patients were female (80%), had sec-
ondary education (72.7%), were married (65.5%), and
retired (58.2%). The average age of the respondents was
46.3+9,4 years. (Table 1)
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Table 1. The basic demographic characteristics of the patients

Table 2. The basic clinical characteristics of patients

Variable Respondents (n=55)
Gender

. male 11 (20.0%)

« female 44 (80.0%)
Age 45.96+9.4 (29-67)

Level of education
«  highschool

e university
Marital status

o married

40 (72.7%)
15 (27.3%)

36 (65.5%),

e divorced 7 (12.7%)
. single 10 (18.2%)
. widowed 2 (3.6%)
Employment

« employed 16 (29.1%)
o retired 32 (58.2%)

« unemployed 7 (12.7%)

*arithmetic mean tstandard deviation

According to clinical characteristics, the majority of
patients had the primary progressive (PP) form of MS
(58.2%) with median disease duration of 11 years (range,
2-22). Median NRS pain was S (range, 3-8), while the av-
erage PD valuein allrespondents was 17.6+5.3 (the lowest
value was 9, and the highest value was 28). The total num-
ber of patients who used analgesics was 25 (45%), of which
25 (60%) used NSAIL, 9 (36%) used anticonvulsants, and
1 (4%) used homeopathic remedies; 26 (47.27%) patients
were satisfied with pain relief they obtained. All patients
had spasticity lasting more than six months but only
36.4% of them used spasmolytics. Most of the patients
25 (45.45%) had back pain while painful spasms in lower
limb had 17 (30.9%) and both symptoms had 13 (23.6%)
of the patients. The average walking speed, measured by
T2SFW, of all participants was 0.76+0.25 (range 0.32 -
1.33). Subjective assessment of walking difficulty mea-
sured by WL was 24.2+7.5 (range 11-40). Median EDSS
score was S (range, 3-6.5). (Table 2)

There is no statistically significant correlation be-
tween T2SFW and P/D (r=-0.288; p=0.033). There
is a statistically significant moderate negative correla-

T2EFW

MRS Pain

Variable Respondents (n=55)
Disease form

- primary progressive 32 (58.2%)

- secondary progressive 23 (41.8%)

Disease duration® (years) 11,56+6,271 (2-24)

Spasticity

Yes 55 (100%)
No 0
Representation of pain

Back pain 25 (45.45%)
Painful spasms in lower limb 17 (30.9%)
Back pain and painful spasms in lower limb 13 (23.6%)
Analgesics 25 (45%)
NSAIL 15 (60%)
Anticonvulsants 9 (36%)
Other (homeopathic remedies) 1 (4%)
Spasmolytics 20 (36.4%)
Satisfaction with pain relief 26 (47.27%)
NRS pain® 5(3-8)
P/D® 17.6£5.3 (9-28)
T25FW® 0.7620.25 (0.32-1.33)
WL 24.2+7.5 (11-40)
EDSS score® 5(3-6,5)

‘mediantinterquartile range (range); *arithmetic median+tstandard
deviation (range) EDSS — Expanded Disability Status Scale; T2SFW
— The Timed 25 Foot Walk; NRS — Numeric Rating Scale for pain
assessment; P/D - pain and discomfort; WL - Walk

tion between T2SFW and NRS pain score (rho=-0.475;
p<0.001). Lower values of T2SFW are associated with
higher values of NRS pain score.

There is a statistically significant strong correlation
between WL and NRS pain score (rho=0.825; p<0.001),
as well as between WL and P/D (rho=0.770; p<0.001).
Higher values of WL are associated with higher values of
NRS and P/D.

There is a statistically significant mild correlation
between EDSS and NRS (rho=0.418; p=0.002) and be-
tween EDSS and PD (rho=0.392; p=0.003).
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Graph 1. The relation between walking speed (T25FW) and pain intensity (P/D, NRS)
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Graph 3. The relation between expanded disability status scale (EDSS) and pain intensity (NRS, P/D)

Summarizing the presented results, we can say that
there is a significant strong correlation between WL and
P/D (rtho=0. 770; p<0.001) and between WL and NRS
(rho=0. 825 p<0.001). In other words, the greater the in-
tensity of pain, the more difficulty walking is percieved
by patients. It has been shown that there is a statistical-
ly significant moderate negative correlation between
T2SFW and NRS pain (p<0.001). However, there is no
statistically significant correlation between T2SFW and
pain intensity measured by PD (p=0.033). There is a sta-
tistically significant correlation between EDSS and pain
intensity (NRS p=0.002; PD p=0.006) either. Table 3.
The association of pain and walking speed and the degree
of functional disability

DISCUSSION

Our research aimed at examining the association of pain
with walking speed and functional disability in patients
suffering from progressive forms of MS. According to lit-
erature (PubMed/Medline, Scopus and search engine of
Google Scholar) the influence of pain on walking speed
and functional disability regardless of the form of the
disease has not been examined simultaneously yet. Our
results indicated the presence of a significant strong cor-
relation between subjective perception of walk (WL) and
pain intensity (NRS)/feeling of discomfort (P/D). It was
shown that there was a statistically significant moderate
negative correlation between walking speed (T2SFW)
and pain intensity measured by NRS with no significant
correlation with pain intensity measured by PD. There

Measuring instruments T2SFW

WL

EDSS

NRS rho=-0.36; p=0.035

rho=0.831; p<0.001

rho=0.29; p=0.086

P/D r=-0.288; p=0.033

rho=0.770; p<0.001

r=0.367; p=0.006

Rho - Spearman’s rank correlation coeflicient; r — correlation coefficient; p — p value; NRS - pain numeric rating scale;
P/D - pain and discomfort; W — walk; T2SFW - the timed 25 foot walk; EDSS — Expanded Disability Status Scale
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was statistically significant correlation between pain in-
tensity (NRS) and the feeling of pain and discomfort and
the degree of physical disability (EDSS). This type of cor-
relation indicates that pain therapy should be an integral
part of the treatment these patients receive.

In our study we used T2SFW as a clinical instrument
for quantitative assessment of leg mobility and function
and it proved to be valid for assessing walking speed in
patients with MS (25). The respondents’ average speed
in relation to the degree of disability was slightly lower
compared to the results of the study conducted by Lang-
eskov-Christensen and colleagues (27). The aim of their
study was to quantify walking impairment and perceived
impact of MS on walking according to EDSS scores and
to examine the relations between these parameters in 474
patients with MS. In the study, in moderate MS group
(EDSS > 4.5 and <6.5) most patients had progressive
forms of MS (RR108, SP116, PP 50) with T2SFW m/s:
0.93 £ 0.36 m/s. In this group walking speed correlates
more closely to EDSS (-0.47) than in the mild group
with lower EDSS (-0.37) with majority of patients with
relapse remitting form of MS (27). The walking speed
and functional disability of our patient were similar to
patients in moderate group form Langeskov-Christensen
and colleagues study. To assess gait, from patients’ with
spasticity point of view, we used a specific subscale of the
WL questionnaire MSSS88 whose values indicated that
our participants perceived a greater degree of gait impair-
ment. Pain intensity was moderate in all participants in
our study. There was a statistically significant strong cor-
relation between NRS and subjective and objective mea-
suring instruments for gait assessment. When it comes
to subjective assessment of pain intensity using the P/D
scale, there was a significant correlation with the sub-
scale related to perceived gait impairment, whereas there
was no correlation with walking speed. Freeman J et al,,
in their longitudinal study, show that P/D has moderate
correlation with EDSS (20).

Based on a literature review (PubMed/Medline, Sco-
pusand search engine of Google Scholar) there are no stud-
ies that examined a correlation between pain and walking
speed in patients with MS, but gait was mostly viewed
through a set of symptoms (muscle weakness, spasticity,
tremor, emotional/mood disturbance, fatigue, or pain)
that affect one’s physical activity. Some studies showed that
pain reduction together with spasticity reduction led to an
improvement in walking speed after various treatments
and interventions, and they thus indirectly showed that
pain reduction affected the improvement of walking speed
(28,29). The results of a study conducted by Jesse and col-
leagues are another indirect indicator of an association
between walking speed and pain perception (30). They
examined the association between fatigue perception and
gait impairment with reference to pain through the sub-
scale of Short form health survey (SF-36) in patients with
MS who have a lower degree of disability (EDSS 2.6+0.7,

2-6). The results of SF-36 scales Physical functioning and
Bodily pain, which measure the overall perception of gen-
eral health, had negative correlations with gait measures in
MS patients, i.e., self-perception of functional ability was
reduced, and self-perception of bodily pain was increased
in MS patients compared to healthy population (30). In
addition, Motl and colleagues examined whether worsen-
ing of symptoms affected the level of physical activity in
patients with all three forms of MS and the results showed
that worsening of symptoms, including an increase in bodi-
ly pain, led to a significant decrease in the level of physical
activity and functional ability (18). In a subsequent study,
Motl and colleagues showed that fatigue and depression,
but not pain, directly affected the level of overall physical
activity on a sample of 269 patients with relapsing-remit-
ting multiple sclerosis (RRMS). Based on the result of our
research and according to the previous above-mentioned
studies, the presence of pain significantly affects the per-
formance and perception of impaired lower-extremity
function in patients with progressive forms of MS.

The median EDSS score of our participants is between
moderate and severe disability. It should be emphasized that
EDSS score values and disease duration in our respondents
are in accordance with the results of other studies conduct-
ed in our population, and that they are similar to the results
obtained in groups of respondents with progressive forms
of MS examined in other studies (31, 32). Our results are
in line with the results obtained in several previous studies
that indicated pain correlates with pain and was more com-
mon in case of increased disability and longer disease du-
ration (6,10,33,34). Some clinical studies did not find any
correlation but most of them included patients with lower
EDSS scores and mostly with RRMS (35, 36, 37, 38).

The results of research conducted by Shahrbanian
and colleagues indicated that the degree of disability in
MS (measured by EDSS) was an important predictor of
the presence and intensity of pain, patients with more se-
vere disability were more likely to experience pain (39).
Furthermore, compared to patients with MS, the results
indicated that patients who experienced pain were more
likely to have a more severe disability than those with no
pain. These results suggest that the onset of pain and
variation in pain intensity cannot be predicted solely on
the basis of the disease or personal characteristics, but
that other factors play an important role as well.

When it comes to alongitudinal follow-up of pain syn-
drome, there is inconsistency in the results of the studies
that examined the association of pain and functional dis-
ability. Stenager and colleagues reported a higher preva-
lence of several pain syndromes with disease progression
(initial mean of EDSS 3.4), especially in subjects with
worsening EDSS (40). On the other hand, Brochet and
colleagues obtained results that indicated a statistically
insignificant reduction in the prevalence of pain in pa-
tients with a lower degree of disability in the early stages
of the disease (median EDSS 2) (37).
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One of the possible explanations of the association
between pain intensity and functional disability was
provided by Grau-Lépez and colleagues (10). Evaluating
other clinical characteristics associated with pain in MS,
they observed that patients with progressive forms of the
disease and a higher degree of disability (measured by
EDSS scale) reported pain symptoms much more often
than patients with minor neurological damage. When
they analyzed the relationship between pain and neu-
roradiological findings they followed, they observed that
patients who experienced greater pain intensity had a
greater myelin disruption in the central nervous system
and a greater likelihood of paresis, spasticity, and abnor-
mal posture, so they were more likely to suffer from neu-
ropathic and nociceptive pain as well. A special contribu-
tion of this study is the finding that patients with more
spinal cord lesions (regardless of their location) are more
likely to experience pain. This is supported by the results
of the studie that dealt with the association between spi-
nal cord injuries of various etiologies (with a special em-
phasis on traumatic lesions) and neuropathic pain (41).
It was shown that spinal cord lesions may cause changes
in survival, function and excitability of pathways respon-
sible for pain transmission (the spinothalamic tract) sec-
ondary due to the reduction in inhibitory neurotransmit-
ters such as GABA and glutamate and due to the release
of inflammatory mediators such as free radicals, nitric
oxide, and pro-inflammatory cytokines. These changes
create an environment suitable for the possible develop-
ment of pain at different levels.

A better understanding of the prevalence, nature, and
course of MS-related pain, as well as the identification of
the groups of patients who experience most severe pain
may help to evaluate the real extent of this problem. Fur-
thermore, a better understanding of MS-related pain ep-
idemiology may contribute to a better understanding of
the mechanisms of symptoms and potentially to the de-
velopment of targeted treatment strategies.

Despite all the effort researchers and doctors have
been investing in solving this problem for decades, the
etiology of MS remains unknown, so treatment itself can-
not be directed at the cause. There is a multidisciplinary
approach to the treatment and therapeutic modalities are
pharmacological and non-pharmacological and they are
applied individually or are combined, depending on the
needs of the patient. The basic postulate of MS treatment

is that the therapy should be started as soon as possible,
immediately after establishing the diagnosis, as any delay
contributes to further deterioration and a faster develop-
ment of neurologic and functional deficits. The presence
of pain in MS patients contributes to the complexity of
choosing the treatment concerning its efficacy, safety
and costs. It is necessary to have a multimodal approach
which includes pharmacotherapy, rehabilitation, psy-
chotherapy, interventional procedures (transcranial di-
rect-current stimulation, spinal cord stimulation, deep
brain stimulation), and lifestyle modification in order
to achieve the best treatment outcome and improve the
quality of life of patients and their families.

Several limitations should be considered when in-
terpreting the results of this study. We did not consider
degree of spasticity, disease form and patients are not
classified according to the degree of functional disability
that can has effect on the measured outcomes. We only
included patients with back pain and painful spasms in
lower extremities without considering other types of
pain. Our study included only participants with progres-
sive forms of MS. Pain was only evaluated with question-
naires without supporting it with magnetic resonance im-
aging findings. We did not compare outcome measures
between patients with PPMS and SP MS because of small
number of patients.

CONCLUSIONS

The results of our study indicated a significant negative
impact of pain on walking speed and on functional dis-
ability. The association between pain and other factors
in MS has been widely studied but remains controversial
due to inconsistencies regarding numerous clinical and
personal factors. The small number of available studies
and the diversity of their design presented an obstacle
and made it difficult for us to compare our results with
the results of previous studies.

Acknowledgments: None.

Conflicts of Interest: The authors declare no con-
flict of interest.

Ethical approval: The study was conducted accord-
ing to the guidelines of the Declaration of Helsinki. The
Clinic for rehabilitation ,Dr Miroslav Zotovi¢“ Ethics
Committee approved this study (No.32-2226/2).

REFERENCES

1. Walton C, King R, Rechtman L, Kaye W, Leray E, Marrie RA, et al.
Rising prevalence of multiple sclerosis worldwide: Insights from
the Atlas of MS, third edition. Multiple Sclerosis Journal. 2020 Dec
1;26:1816-21. doi: 10.1177/1352458520970841

2. PMID: 33174475

3. Sutliff MH. Contribution of impaired mobility to patient burden in
multiple sclerosis. Curr Med Res Opin. 2010 Jan;26(1):109-19. doi:
10.1185/03007990903433528. PMID: 19916707.

4. Alschuler KN, Jensen MP, Ehde DM. Defining mild, moderate,
and severe pain in persons with multiple sclerosis. Pain Med 2012;
13:1358-65,

5. FaildeI, Duefias M, Ribera MV, Gélvez R, Mico JA, Salazar A, de Sola
H, Pérez C. Prevalence of central and peripheral neuropathic pain in
patients attending pain clinics in Spain: factors related to intensity
of pain and quality of life. ] Pain Res. 2018 Sep 12; 11:1835-1847. doi:
10.2147/JPR.S159729. Erratum in: J Pain Res. 2018 Oct 17; 11:2397.
PMID: 30254486; PMCID: PMC6140696

[15



Medicinska istraZivanja 2024; 57(3):9-17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Drulovic ], Basic-Kes V, Grgic S, Vojinovic S, Dincic E, Toncev G,
Kezic MG, Kisic-Tepavcevic D, Dujmovic I, Mesaros S, Miletic-Dra-
kulic S, Pekmezovic T. The Prevalence of Pain in Adults with Mul-
tiple Sclerosis: A Multicenter Cross-Sectional Survey. Pain Med.
2015 Aug;16(8):1597-602. doi: 10.1111/pme.12731. Epub 2015 Jun 18.
PMID: 26087108.

Solaro C, Brichetto G, Amato MP, Cocco E, Colombo B, D’Aleo G,
Gasperini C, Ghezzi A, Martinelli V, Milanese C, Patti F, Trojano M,
Verdun E, Mancardi GL; PaIMS Study Group. The prevalence of pain
in multiple sclerosis: a multicenter cross-sectional study. Neurology.
2004 Sep 14;63(5):919-21. doi: 10.1212/01.wnl.0000137047.85868.d6.
PMID: 15365151.

Stenager E, Knudsen L, Jensen K. Acute and chronic pain syndromes
in multiple sclerosis. Acta Neurol Scand 1991; 84:197-200

Racke MK, Frohman EM, Frohman T. Pain in Multiple Sclerosis: Un-
derstanding Pathophysiology, Diagnosis, and Management Through
Clinical Vignettes. Front Neurol. 2022 Jan 13; 12:799698. doi:
10.3389/fneur.2021.799698. PMID: 35095742; PMCID: PMC8794582

Rivel M, Achiron A, Dolev M, Stern Y, Zeilig G, Defrin R. Unique
features of central neuropathic pain in multiple sclerosis: Results of a
cluster analysis. Eur J Pain. 2022 May;26(5):1107-1122. doi: 10.1002/
ejp.1934. Epub 2022 Mar 22. PMID: 35263811; PMCID: PMC9313873.

Grau-Lopez L, Sierra S, Martinez-Caceres E, Ramo-Tello C. Anal-
ysis of the pain in multiple sclerosis patients. Neurologia. 2011
May;26(4):208-13. English, Spanish. doi: 10.1016/j.nrl.2010.07.014.
Epub 2010 Oct 2. PMID: 21163193.

Ferraro D, Plantone D, Morselli F, Dallari G, Simone AM, Vitetta F,
Sola P, Primiano G, Nociti V, Pardini M, Mirabella M, Vollono C.
Systematic assessment and characterization of chronic pain in mul-
tiple sclerosis patients. Neurol Sci 2018; 39:445-53.

Solaro C, Cella M, Signori A, Martinelli V, Radaelli M, Centonze
D, Sica F, Grasso MG, Clemenzi A, Bonavita S, Esposito S, Patti F,
D’Amico E, Cruccu G, Truini A. Neuropathic Pain Special Interest
Group of the Italian Neurological S. Identifying neuropathic pain in
patients with multiple sclerosis: a cross-sectional multicenter study
using highly specific criteria. ] Neurol 2018; 265:828-35

Kalia LV, O’Connor PW. Severity of chronic pain and its relationship
to quality of life in multiple sclerosis. Mult Scler. 2005 Jun;11(3):322-
7. d0i:10.1191/1352458505ms11680a. PMID: 15957515.

Kratz AL, Whibley D, Alschuler KN, Ehde DM, Williams DA, Clauw
DJ, Braley TJ. Characterizing chronic pain phenotypes in multiple
sclerosis: a nationwide survey study. Pain. 2021 May 1;162(5):1426-
1433. doi: 10.1097/j.pain.0000000000002136. PMID: 33196577; PM-
CID: PMC8054538.

Larocca NG. Impact of walking impairment in multiple sclerosis:
perspectives of patients and care partners. Patient. 2011;4(3):189-201.
doi: 10.2165/11591150-000000000-00000. PMID: 21766914.

Hartung HP. Impact of mobility impairment in Multiple sclerosis
1-healthcare professionals’ perspectives. European Neurological Re-
view. 2011 Jul; 6:110-4.https://doi.org/10.17925/ENR.2011.06.02.110

Motl RW, Snook EM, McAuley E, Gliottoni RC. Symptoms, self-efhi-
cacy, and physical activity among individuals with multiple sclerosis.
Res Nurs Health. 2006 Dec;29(6):597-606. doi: 10.1002/nur.20161.
PMID: 17131278.

Motl RW, Arnett PA, Smith MM, Barwick FH, Ahlstrom B, Stover
EJ. Worsening of symptoms is associated with lower physical ac-
tivity levels in individuals with multiple sclerosis. MultScler. 2008
Jan;14(1):140-2. doi: 10.1177/1352458507079126. PMID: 18089672.

Freynhagen R, Baron R, Gockel U, T “olle TR. painDETECT: a new
screening questionnaire to identify neuropathic components in pa-
tients with back pain. Curr Med Res Opin 2006; 22:1911-20.

FreemanJ, Gorst T, Ofori ], Marsden J. Evaluation of the Multiple Scle-
rosis Spasticity Scale 88: A Short Report. Rehabil Process Outcome.
2019 Jan 16;8:1179572718823510. doi:10.1177/1179572718823510

Hobart JC, Riazi A, Thompson AJ, Styles IM, Ingram W, Vickery PJ,
Warner M, Fox PJ, Zajicek JP. Getting the measure of spasticity in
multiple sclerosis: the Multiple Sclerosis Spasticity Scale (MSSS-88).
Brain. 2006 Jan;129(Pt 1):224-34. doi: 10.1093/brain/awhé675. Epub
2005 Nov 9. PMID: 16280352.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Hawker GA, Mian S, Kendzerska T, French M. Measures of adult
pain: Visual Analog Scale for Pain (VAS Pain), Numeric Rating Scale
for Pain (NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form
McGill Pain Questionnaire (SF-MPQ), Chronic Pain Grade Scale
(CPGS), Short Form-36 Bodily Pain Scale (SF-36 BPS), and Measure
of Intermittent and Constant Osteoarthritis Pain (ICOAP). Arthri-
tis Care Res (Hoboken). 2011 Nov;63 Suppl 11:5240-52. doi: 10.1002/
acr.20543. PMID: 22588748.

Rodic SZ, Knezevic TI, Kisic-Tepavcevic DB, Dackovic JR, Dujmovic
I, Pekmezovic TD, Drulovic JS, Konstantinovic LM. Validation of
the Serbian Version of Multiple Sclerosis Spasticity Scale 88 (MSSS-
88). PLoS One. 2016 Jan 15;11(1):e0147042. doi: 10.1371/journal.
pone.0147042. PMID: 26771661; PMCID: PMC4714847.

Kaufman M, Moyer D, Norton J. The significant change for the
Timed 25-foot Walk in the multiple sclerosis functional composite.
Mult Scler. 2000 Aug;6(4):286-90. doi: 10.1177/135245850000600411.
PMID: 10962550.

Motl, RW.; Cohen, J.A.; Benedict, R.; Phillips, G.; LaRocca, N.; Hud-
son, L.D.; Rudick, R. Validity of the timed 25-foot walk as an am-
bulatory performance outcome measure for multiple sclerosis. Mult.
Scler. J. 2017, 23, 704-710

Amiri B, Sahebozamani M, Sedighi B. The effects of 10-week core sta-
bility training on balance in women with multiple sclerosis accord-
ing to Expanded Disability Status Scale: a single-blinded randomized
controlled trial. Eur ] Phys Rehabil Med. 2019 Apr;55(2):199-208. doi:
10.23736/51973-9087.18.04778-0. Epub 2018 Jan 2. PMID: 29307152.

Langeskov-Christensen D, Feys P, Baert I, Riemenschneider M,
Stenager E, Dalgas U. Performed and perceived walking ability in
relation to the Expanded Disability Status Scale in persons with mul-
tiple sclerosis. ] Neurol Sci. 2017 Nov 15; 382:131-136. doi: 10.1016/j.
jns.2017.09.049. Epub 2017 Oct 3. PMID: 29111007.

Marinelli L, Mori L, Solaro C, Uccelli A, Pelosin E, Curra A, Molfetta
L, Abbruzzese G, Trompetto C. Effect of radial shock wave thera-
py on pain and muscle hypertonia: a double-blind study in pa-
tients with multiple sclerosis. MultScler. 2015 Apr;21(5):622-9. doi:
10.1177/1352458514549566. Epub 2014 Sep 25. PMID: 25257616.

Marinaro C, Costantino C, D’Esposito O, Barletta M, Indino A,
De Scorpio G, Ammendolia A. Synergic use of botulinum toxin
injection and radial extracorporeal shockwave therapy in Multiple
Sclerosis spasticity. Acta Biomed. 2021 Jan 28;92(1):e2021076. doi:
10.23750/abm.v92i1.11101. PMID: 33682833; PMCID: PMC7975967.

Huisinga JM, Filipi ML, Schmid KK, Stergiou N. Is there a rela-
tionship between fatigue questionnaires and gait mechanics in
persons with multiple sclerosis? Arch Phys Med Rehabil. 2011
0Oct;92(10):1594-601. doi: 10.1016/j.apmr.2011.05.017. Epub 2011 Aug
27. PMID: 21872838.

Levi¢ ZM, Dujmovi¢ I, Pekmezovi¢ T, Jarebinski M, Marinkov-
i¢ J, Stojsavljevi¢ N, Drulovi¢ J. Prognostic factors for surviv-
al in multiple sclerosis. MultScler. 1999 Jun;5(3):171-8. doi:
10.1177/135245859900500306. PMID: 10408717.

Confavreux C, Vukusic S. Natural history of multiple sclerosis: a
unifying concept. Brain. 2006 Mar;129(Pt 3):606-16. doi: 10.1093/
brain/awl007. Epub 2006 Jan 16. PMID: 16415308.

Martinelli Boneschi F, Colombo B, Annovazzi P, Martinelli V, Ber-
nasconi L, Solaro C, Comi G. Lifetime and actual prevalence of pain
and headache in multiple sclerosis. MultScler. 2008 May;14(4):514-
21. doi: 10.1177/1352458507085551. PMID: 18562506.

Douglas C, Wollin JA, Windsor C. Illness and demographic correlates
of chronic pain among a community-based sample of people with
multiple sclerosis. Arch Phys Med Rehabil. 2008 Oct;89(10):1923-32.
doi: 10.1016/j.apmr.2008.03.022. PMID: 18929020.

Amer KA, Aldosari AA, Somaily MY, Shawkhan RA, Almuhsini RA,
Al Mater MA, Al Saleh AI, Alshabeeb MS, Alshahrani FS. The As-
sessment of the Prevalence and Disability Severity of Musculoskel-
etal Pain in Patients With Multiple Sclerosis in Saudi Arabia. Cu-
reus. 2022 Dec 11;14(12):e32413. doi: 10.7759/cureus.32413. PMID:
36644051; PMCID: PM(C9833628.

Beiske AG, Pedersen ED, Czujko B, Myhr KM. Pain and sensory
complaints in multiple sclerosis. Eur ] Neurol. 2004 Jul;11(7):479-82.
doi: 10.1111/§.1468-1331.2004.00815.x. PMID: 15257687.

16|



The Association of Pain with Walking Speed and Functional Abilities in Patients Suffering from progressive forms of multiple sclerosis

38. Brochet B, Deloire MS, Ouallet JC, Salort E, Bonnet M, Jové J, Pet-
ry KG. Pain and quality of life in the early stages after multiple
sclerosis diagnosis: a 2-year longitudinal study. Clin J Pain. 2009
Mar-Apr;25(3):211-7. doi: 10.1097/AJP.0b013e3181891347. PMID:
19333171.

39. Grasso MG, Clemenzi A, Tonini A, Pace L, Casillo P, Cucca-
ro A, Pompa A, Troisi E. Pain in multiple sclerosis: a clinical and
instrumental approach. MultScler. 2008 May;14(4):506-13. doi:
10.1177/1352458507085553. PMID: 18562505.

40. Shahrbanian S, Duquette P, E Mayo N. Impairment, disability
and fatigue in multiple sclerosis. Caspian J Intern Med. 2018 Sum-
mer;9(3):244-251. doi: 10.22088/cjim.9.3.244. PMID: 30197769; PM-
CID: PMC6121335.

41. Stenager E, Knudsen L, Jensen K. Acute and chronic pain syndromes
in multiple sclerosis. A 5-year follow-up study. Ital ] Neurol Sci. 1995
Dec;16(9):629-32. doi: 10.1007/BF02230913. PMID: 8838789.

42. Yezierski RP. Spinal cord injury pain: spinal and supraspinal mecha-
nisms. ] Rehabil Res Dev. 2009;46(1):95-107. PMID: 19533523.

POVEZANOST BOLA SA BRZINOM HODA | FUNKCIONALNOM SPOSOBNOSCU
KOD PACIJENATA OBOLELIH OD PROGRESIVNIH FORMI MULTIPLE SKLEROZE

Sindi Mitrovi¢!?, Aleksandra Vidakovic!?, Olivera Dordevic¢'?, Zoran Bukumiri¢!3, Suzana Dedijer-Dujovic¢?, Tijana Dimkic

Tomic¢*?, Ljubica Konstantinovic¢!?

Sazetak

Uvod/Cilj: Kod progresivnih formi MS ucestalost bola
raste sa tokom bolesti, utice na funkcionalnu sposob-
nost pacijenata i ¢ini je mnogo kompleksnijom. Sproveli
smo studiju preseka u cilju ispitivanja povezanosti bola
sa brzinom hoda i funkcionalnom sposobnos¢u pacije-
nata obolelih od progresivnih formi multiple skleroze.

Metod: U periodu od januara 2020. do maja 2023.godi-
ne u Klinici za rehabilitaciju ,Dr Miroslav Zotovi¢"” spro-
vedena je studija preseka. Istrazivanjem je obuhvaceno
55 ispitanika sa dijagnostikovanom PPMS i SPMS, kon-
sekutivno primljenih na rehabilitaciju. Prikupljani su de-
mografski i socio-epidemioloski podaci i podaci vezani
za bolest. Intenzitet bola je procenjivan Numeri¢ckom ska-
lom (NRS). Obzirom da su svi pacijenti imali spasticitet
bol je procenjivan i subskalom upitnika Multiple Sclerosis
Spasticity Scale 88 (MSSS-88) koja se odnosi na Bol/Nela-
godnost (Pain/Discomfort, P/D). Subjektivna percepcija

ostecenja hoda procenjivana je subskalom istog upitni-
ka koja se odnosi na hod (WL — Walk). Brzinu hoda smo
merili klinickim instrumentom — The Timed 25 Foot Walk
(T25FW). Funkcionalna procena i svi upitnici su popunja-
vani u jutarnjim ¢asovima u toku 24h od dana prijema
pacijenata na rehabilitaciju.

Rezultati: Postoji znacajna jaka pozitivha poveza-
nost izmedu WL i P/D (rho=0,770; p<0,001) i WL i NRS
(rho=0,825 p<0,001). Pokazano je da postoji statisticki
znacajna osrednja negativha povezanost T25FW i NRS
bol (p<0.001). Ne postoji statisticki znacajna povezanost
izmedu T25FW i intenziteta bola merenog P/D (p=0,033).
Takode, pokazana je statisticki znacajna povezanost
EDSS i intenziteta bola (NRS p=0,0002; PD p=0,006).

Zakljucak: Rezultati istrazivanja su ukazali na znacajan
negativan uticaj bola na brzinu hoda i na stepen funkci-
onalne onesposobljenosti.

Kljuéne reci: MRI dojki, duktalni karcinom in situ, invazivni duktalni karcinom, morfo-dinamski parametri, funkcio-

nalni parametri

Primljen: 26.12.2023. | Revizija: 09.04.2024. | Prihvacen: 23.04.2024.
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Summary

Introduction: Approximately 58 million people live with chronic
hepatitis C virus (HCV) infection across the globe. Over half of the
patients develop at least one extrahepatic complication throughout
the disease. Neuropsychiatric disorders have been described in up to
50% of HCV patients. Peripheral neuropathies seem to be the most
common complication.

Aim: To explore a wide range of neurological complications of chron-
ic HCV infection in Serbian patients.

Materials and Methods: From the medical electronic system of the
Neurology Clinic, a sample of 79 HCV patients was obtained (57%
were male, average age was 59.0 £ 13.7 years, and average hepatitis
duration was 12.4 + 7.8 years).

Results: Of the 79 registered HCV patients, 14 (17.7%) were newly
diagnosed at the Neurology Clinic. There were 29 different primary
neurological diagnoses on record. The most frequent complication
was polyneuropathy (PNP) found in 28 (35.4%) patients. The most
common type was distal symmetric PNP. The average age of patients
with PNP was significantly higher compared to those without it. Prev-
alence of diabetes mellitus and heart disease was more common in
patients with PNP. Furthermore, glomerulonephritis was registered
only in HCV patients with PNP.

Conclusion: Elderly HCV patients with comorbidities such as diabe-

tes mellitus and/or heart disease seem to be at an increased risk of
polyneuropathies and should be screened accordingly.

Key words: hepatitis C virus (HCV), chronic infection, neurological
complications, peripheral neuropathy, polyneuropathy
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INTRODUCTION

Hepatitis C virus (HCV) is a single-stranded positive
sense RNA virus that belongs to the Flaviviridae fami-
ly. As an RNA virus, it has a high mutation rate, and an
incubation period ranging from 2 weeks to 6 months
with roughly 80% of cases being asymptomatic. Only
15-45% of those with acute infection have the infection
cleared within 6 months, with the remainder remaining
chronically infected (1). HCV is not only hepatotropic,
but lymphotropic and neurotropic as well, with an esti-
mated 40-74% of patients developing at least one extrahe-
patic complication (EHC) during the disease (2). Many
EHCs are postulated to be immunologic in origin, with
one cause thought to be due to infected B lymphocytes
producing monoclonal or polyclonal autoantibodies with
cryoglobulin (CG) or rheumatoid factor (RF) properties
(3). This may also be due to the activation of autoreactive
T cells with cross-reactivity against neuronal and other
tissues (4). The most prevalent and well documented
EHCs are nephropathy, diabetes mellitus type 2, cardio-
vascular diseases, non-Hodgkin lymphomas and neuro-
psychiatric disorders (2).

Among the neurological EHCs of HCYV, distal sym-
metric sensorimotor axonal peripheral neuropathy is
the most common and best-established entity, present
in around 10% of patients (5). This is particularly true
among CG positive individuals, with peripheral neuropa-
thies present in up to 86% of CG positive patients (6), and
in approximately 65% of those who develop vasculitis (7).
Other neuropathies associated with HCV infection in-
clude polyradiculopathies, as well as small fiber neurop-
athies with paresthesia and autonomic dysfunction (8).

Less commonly, the central nervous system (CNS)
can be involved. The pathophysiology is incompletely
understood but may involve IL-1p altering the blood-
brain barrier, active viral replication within the CNS,
as well as direct and indirect HCV neurotoxicity. CNS
complications include encephalopathies, myelopathies,
hemorrhagic stroke in younger patients, and psychiatric
symptoms (9).

Use of immunosuppressive agents, such as steroids
and cytotoxic drugs are not recommended in those with
HCV because of the threat of increases in viral load (10).
Pegylated interferon (PEG IFN) and ribavirin (RBV)
combination, an immunomodulatory therapy, has been
used for decades but with a low rate of success in achiev-
ing a stable virological response (SVR) of about 50%.
From 2014, direct-acting antiviral (DAA) medications
began to be used in therapy, which significantly improved
the treatment success, over 90% nowadays. The problem
is the price of these drugs, which is why they are unavail-
able in a significant number of countries around the world
(11). Patients treated with an interferon-based regimen
have different neuropsychiatric manifestations such as
the development of irritability in 30-40%, severe insom-

nia and depression requiring antidepressant therapy in
25%, so they need to be screened for neuropsychiatric dis-
eases prior to starting this therapy (4). These are thought
to occur due to interferon induced cytokine production
and inhibition of serotonin synthesis. Sensory and motor
neuropathies and autoimmunity have been described in
relation to interferon therapy, but these side effects are
rare (12). With the use of new DA A medications for treat-
ment of chronic HCV infection as IFN free regimes, these
manifestations have become less significant.

The aim of this paper was to further investigate the
broad spectrum of neurological complications of chron-
ic HCV infection from the perspective of a neurologist,
while shedding more light toward peripheral neuropa-
thies as the most common manifestations.

MATERIALS AND METHODS

Data were collected from a sample of patients with the di-
agnosis of chronic hepatitis C and a history of hospitaliza-
tion at the Neurology Clinic, University Clinical Center of
Serbia, between January 1, 2010 and December 31, 2019.
Retrospective and completely anonymous data were used,
thus signed informed consent was not requested.

Inclusion into the sample was based on a diagnosis
matching one of the following codes according to the in-
ternational classification of diseases, 10th revision, (ICD-
10): B18 (Chronic viral hepatitis), B18.2 (Chronic viral
hepatitis C), B18.8 (Other chronic viral hepatitis), B18.9
(Chronic viral hepatitis, unspecified), B19 (Unspecified
viral hepatitis), K73 (Chronic hepatitis, not elsewhere
classified), K73.0 (Chronic persistent hepatitis, not else-
where classified), K73.8 (Other chronic hepatitis, not
elsewhere classified), and K73.9 (Other chronic hepati-
tis, not elsewhere classified). We checked if the diagnosis
of HCV infection was confirmed by serological test and/
or positive quantitative HCV polymerase chain reac-
tion (PCR) test in patients’ electronic medical records.
Furthermore, patients’ electronic medical records were
studied in detail to confirm the presence of at least one
neurological diagnosis, justifying their inclusion into the
sample. This resulted in a sample of 165 individuals. In
38 patients diagnoses of hepatotropic viruses other than
hepatitis C were found, and in 48 patients no specific in-
fectious causes of hepatitis were found, and these patients
were hence excluded from the sample.

Electronic medical records were investigated for
variables of interest. These included sociodemograph-
ic parameters such as age, gender, and presumed way of
transmission. The clinical parameters related to chronic
hepatitis C included duration of illness, whether it was
newly diagnosed, current activity of disease expressed
through the degree of hepatocellular necrosis, previous
antiviral treatment, and the presence of hepatic compli-
cations. We assessed neurological diagnoses, duration of
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neurological disease, and temporal association between
HCV infection and neurological disease. Peripheral neu-
ropathies were of particular interest. The type and degree
of PNP was further described based on the patients’ clin-
ical picture and electrophysiological testing trough nerve
conduction studies (NCS). PNP was defined as sensory,
motor, or sensorimotor; symmetrical or asymmetrical;
axonal, demyelinating, or axonal-demyelinating; and its
severity was graded in relation to the patients’ ability to
walk. Data were also collected regarding other chronic
illnesses, such as glomerulonephritis, thyroid dysfunc-
tion, diabetes, heart disease, lung disease, connective tis-
sue diseases, hematological diseases, cancer, and others.

The data was analyzed using the arithmetic mean,
standard deviation, and proportions, as descriptive meth-
ods. Fisher test, Chi-squared test and Students t test were
used to compare subgroups of patients, with the level of
statistical significance set at p<0.0S. Statistical analyses
were carried out with Statistical Package for the Social
Sciences (SPSS) version 23 (IBM Corp, Armonk, NY,
USA).

RESULTS

After excluding duplicates and those with non-HCV hep-
atitis, the sample yielded 79 patients that fit the inclusion
criteria. Of these, 45 (57%) were male, and the average
age was 59.0 + 13.7 years, ranging between 31 and 91
years (Table 1). The most frequent known route of trans-
mission was intravenous drug abuse in 17 (21.5%) pa-
tients, with a single (1.3%) patient with known routes of
transmission, namely via transfusion, occupationally, or
from a partner. Of all patients, there were 14 (17.7%) new-
ly diagnosed, i.e. diagnosis of chronic HCV infection was
made as a part of their work-up during their stay at the
Neurology Clinic. In patients with previous diagnosis of
HVC, average duration of hepatitis was 12.4 £ 7.8 years.
The disease was found to be active in the observed peri-
od in 39 (49.4%) patients, and inactive in 21 (26.6%) pa-
tients. The majority of patients (59.5%) had no treatment
for hepatitis C on record. Among those treated, the most
commonly used drug both alone and in combination was
PEG IFN, in 6 (7.6%) alone and in 9 (11.4%) in combi-
nation with a DAA. RBV was used in § (6.3%) patients,
all in combination with PEG IFN at least. Finally, DAA
alone or combined were used in 14 (17.7%) patients - so-
fosbuvir (S, or 6.3%), velpatasvir (4, or 5.1%), grazeprovir
(4, or 5.1%), ledipasvir (3, or 3.8%), elbasvir (3, or 3.8%),
with boceprevir, telaprevir, pibrentasvir, and glekaprevir
only being used in single patients (1.3%). DAA were also
often used in combination with PEG IFN (S, or 6.3%).
Neurological complications most often occurred af-
ter the diagnosis of HCV infection, as was found in 55
(69.6%) patients. The remainder of those with a known
specific chronology evenly divided into 9 (11.4%) with

Table 1. Sociodemographic, clinical and laboratory features of HCV
patients with neurological diseases, page 7.

Feature Mean + SD or number (%)
of patients

Male gender 45 (57.0%)

Age 59.0 + 13.7 years

Route of transmission

Intravenous drug use 17 (21.5%)

Transfusion 1(1.3%)
Occupational 1(1.3%)
Sexual route 1(1.3%)
Duration of HCV infection 12.4 + 7.8 years
Newly diagnosed 14 (17.7%)
Disease activity
Active 39 (49.4%)
Inactive 21 (26.6%)
Treatment
No treatment 47 (59.5%)
Interferon alone 6 (7.6%)
DAA* 9 (11.4%)
Combination 10 (12.7%)
Unspecified treatment 7 (8.9%)
Positive HCV serology and/or PCR 57 (70.9%)

* direct-acting antiviral therapy

concomitant hepatitis and neurological complications,
and 9 (11.4%) with a neurological diagnosis before the
diagnosis of hepatitis. On average, each patient had 1.8
+ 1.0 neurological diagnoses in their history, ranging be-
tween 1 and 5, and 2.8 £2.0 other chronic illnesses, rang-
ing between 0 and 9. There were 29 different primary
neurological diagnoses within the sample (Table 2).

The most frequent neurological complication present
in the sample was PNP, occurring in 28 (35.4%) patients,
for 24 (30.4%) of whom it was the primary neurological di-
agnosis. Headache was the second most frequent compli-
cation, documented in 20 patients (25.3%) of whom 8 pa-
tients (10%) had it as their primary neurological diagnosis.
Mononeuropathy occurred in 3 (3.8%) patients, as a com-
pressive ulnar lesion, optic neuritis, and trigeminal neuri-
tis, respectively. Brachial plexitis was found as a primary
neurological diagnosis in 1 (1.3%) patient, while another
had a secondary diagnosis of lumbosacral plexitis. The
next most frequent neurological diagnosis was epilepsy,
present in 17 (21.5%) patients, for 11 (13.9%) of whom it
was the primary diagnosis. In those for whom epilepsy was
a secondary diagnosis, the history of seizures was either
a direct consequence of the primary neurological diagno-
sis, e.g. hemorrhagic stroke in 2, or superseded by a more
progressive clinical entity, e.g. amyotrophic lateral sclero-
sis and progressive multifocal encephalopathy in another
2, or with inadequate medical history on the seizures as
it was in the final 2. While cognitive deficit was the pri-
mary neurological diagnosis in only 1 patient, 12 patients
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Table 2. Frequency of primary neurological diagnoses in patients
with chronic HCV, page 8.

Table 3. Frequency of non-neurological diagnoses in patient with
chronic HCV infection, page 9.

Primary Neurological Diagnosis Number (%) of patients Primary Neurological Diagnosis Number of patients
Polyneuropathy 24 (30.4%) Cirrhosis 21

Brachial plexitis 1(1.3%) Hepatocellular Carcinoma 6
Mononeuropathy 3 (3.8%) Gammopathy S

Chronic back pain 1(5.1%) Anemia 4
Encephalopathy 4 (1.3%) Pancytopenia 1
Idiopathic cognitive deficit 1 (1.3%) Hemophilia A 1

Vascular dementia 1(1.3%) Immune Thrombocytopenia 1

Epilepsy 11 (13.9%) Non-Hodgkin Lymphoma 1
Hemorrhagic stroke 1(1.3%) Vasculitis 8

Ischemic stroke 2 (2.5%) Glomerulonephritis 6

Ischemic optic neuropathy 1(1.3%) Concomitant Infection 4
Recurrent hemiplegia 1(1.3%) Hyperthyroidism 1
Hemihypesthesia 1(1.3%) Hypothyroidism 3

Spastic paraplegia 2 (2.5%) Sjogren Syndrome 2

Spastic quadriplegia 1(1.3%) Sjogren Syndrome with Rheumatoid 1

Headache 8 (10.1%) Arthritis

Hydrocephalus 1(1.3%) Arthropathy 3
Intracranial tumor 1(1.3%) Purpura 3
Myopathy 2(2.5%) Angioedema 1
Myesthenia gravis 1(1.3%) In patients with PNP, normal gait was observed in 10
Parkinsonism 2 (2.5%) (35.7%) of 28 patients, difficulty walking was found in 11
ALS 1 (1.3%) (39.3%), one-sided support was necessary for one (3.6%),
Cerebellar ataxia 1(1.3%) bilateral support was needed for four (14.3%) patients,
Vertigo 1 (1.3%) and one (3.6%) subject was unable to walk. Sensorimotor
Multiple sclerosis 3 (3.8%) impairment was the most prevalent, seen in 19 patients
@bl S by e 1(1.3%) (67.9%), while isolated sensory and isolated motor were
Progressive multifocal encephalopathy 1(1.3%) present il.l 3 (19'7%) each. Path?PhYSiOIOgical t?’Ping was
Acute disseminated encephalomyeliti T03%) not specified in 14 (50%) patients, the remaining half

had it as a secondary finding, for a total prevalence of 13
(16.5%). A total of 8 (10.1%) patients had encephalopathy,
half (5.1%) of whom had it as a primary neurological di-
agnosis. Altogether, there were 8 (10.1%) patients with a
history of stroke, of whom $ (6.3%) were hemorrhagic and
3 (3.8%) were ischemic. Only 2 (2.5%) ischemic strokes
and 1 hemorrhagic stroke were primary neurological di-
agnoses. Multiple sclerosis occurred in 3 (3.8%) patients
exclusively as a primary neurological diagnosis. Finally,
parkinsonism was documented in 2 (2.5%) patients. Oth-
er conditions classified as primary neurological diagno-
sis that occurred in single patients (1.3%) included the
following: progressive multifocal encephalopathy, acute
disseminated encephalomyelitis, clinically isolated syn-
drome, vascular dementia, ischemic optic neuropathy,
spastic paraplegia, spastic quadriplegia, recurrent hemi-
plegia, hemihypoesthesia, amyotrophic lateral sclerosis,
cerebellar ataxia, vertigo, hydrocephalus, intracranial tu-
mor, myopathy, mitochondrial myopathy, myasthenia gra-
vis, and chronic back pain. Non-neurological diagnoses in
hepatitis C patients are presented in Table 3.

being demyelinating (21.5%), and axonal-demyelinating
or pure axonal (14.3% patients each). Furthermore, sym-
metric changes were far more prevalent (71.4%) com-
pared to asymmetric (10.7%). Serological testing in these
patients showed positive CG in 4 (14.3%) of the 7 (25.0%)
patients tested, 1 (3.6%) positive for ANA of the 5 (17.9%)
patients tested, and neither of the 2 (7.1%) patients tested
for ANCA were positive. As would be expected from the
findings above, the most common subtype observed was
distal symmetric PNP, found in nine patients (32.1%).
The other two types included small fiber PNP in one and
Guillain-Bare Syndrome in another patient (3.6% each).
There was a statistically significant difference be-
tween the average age of patients with PNP when com-
pared to those without PNP (64.4 + 9.0 vs. 56.1 + 15.0
years, p<0.01) (Table 4). Additionally, 35.7% of patients
with PNP were found to have diabetes as opposed to only
7.8% of those without PNP (p<0.05). Similarly, there was
a statistically significant difference in the frequency of
the heart disease in patients with PNP vs. those without
PNP (42.9% vs. 19.6%, p<0.05). Additionally, there were
no glomerulonephritis cases among the patients without
PNP, whereas 21.4% of those with PNP had glomerulone-
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phritis (p<0.05). Lastly, it is interesting to note that while
17.9% of those with PNP were found to have vasculitis
compared to only 5.7% of those without PNP (p=0.09).

DISCUSSION

The finding of PNP as the most frequent neurological
disorder in the setting of chronic HCV infection (35%)
with neurological comorbidity is very much in line with
literature where it was reported in 40% to 75% of all HCV
patients (4). The effects of CG on the peripheral nerves
are thought to be the most common cause of PNP in this
setting. Types 2 and 3 CG, also known as mixed CGs, are
most often found in the setting of chronic HCV infection
(13). Our own findings, where just over half of tested
PNP patients were positive for CG, are much greater than
the expected 25% to 30%, and almost certainly account-
ed for by the very low sample size of those tested in our
cohort. Though various peripheral neuropathies have
been described in association with CG, those most found
are PNP of the distal, symmetric, sensory or sensorimo-
tor type (5). This type was also most frequently present
in our cohort.

The reality at play is more complex, as PNP is also a
frequent finding in those without circulating mixed CGs
(8). In these patients, PNP is similarly thought to be due
to the lymphotropic nature of HCV, but due to its effect
oninfected T cells (14). One of the mechanisms that con-
nect HCV infections and PNP, which does not include
CG, could be in immune response dysfunction during
chronic hepatitis C. Thus, HCV causes disorders of the
innate and adaptive arms of the immune response, which
includes dendritic cells (DC), macrophages (Kupffer
cells), natural killer (NK) cells, CD4+ and CD8+ T cells,
such as B cells and peripheral blood mononuclear cells
(PBMC) which are also reservoirs for HCV (15, 16). Im-
paired synthesis of various cytokines such as interleukin
1,2,6,12, 15, 18, as well as interferon (type I and III) can
be of importance in the pathogenesis of PNP (17).

The association that was found between glomerulo-
nephritis and PNP in our cohort of patients may also be
supported by the link between CG and PNP. The pres-
ence of mixed CGs in the setting of either systemic vas-
culitis or glomerulonephritis has been termed “mixed
cryoglobulinemia syndrome” (MCS) (18), and can be
thought of as a symptomatic outcome of high circulat-
ing CG levels. Again, while not the only etiological agent
that results in MCS, the relationship between chronic
HCV infection and MCS has been well established (19),
as well as the relationship between MCS of all etiologies
and PNP (20). Thus, we can conclude that, while a sig-
nificant association between PNP and vasculitis was not
made at this sample size, the association that was found
between PNP and glomerulonephritis was significant
and potentially hinting at CGs as the underlying cause

of both. Alternatively, the strong association between
glomerulonephritis and PNP may be due to the reduced
renal clearance of toxic metabolites (21). Unfortunately,
this study lacked adequate data on the chronological re-
lationship between these two conditions. Namely, if glo-
merulonephritis were to emerge earlier, the resultant ure-
mia and other toxic metabolites might in fact, be causing
auremic PNP (22), whereas, if they occur concomitantly
or there was no temporal pattern, a shared pathophysio-
logical mechanism such as MCS would be more likely. It
is of note that the majority of our patients had length de-
pendent neuropathy, while in uremia it is typical for short
fibers to be affected. Thus, it is less likely that observed
neuropathy in hepatitis C is of toxic origin. This would be
an interesting avenue for future study.

Correlation that was found between PNP and diabe-
tes is likely the result of synergy between the pathologi-
cal mechanisms through which HCV and diabetes bring
about PNP. At the level of the pancreatic p cells, HCV has
the ability to promote diabetes asan EHC (2). The effects
of diabetes could be explained in several ways. Some pa-
tients with diabetes may have pre-existing nerve injury
due to ischemia, inflammation, and metabolic changes,
so further injury from chronic hepatitis C makes things
worse (23,24). Reduced rates of nerve regeneration were
found early in diabetes even before symptoms and signs
of neuropathy appeared, while the presence of diabet-
ic neuropathy was associated with a further decrease in
the capacity to regenerate (25). In accordance with this,
regenerative deficit with reduced axonal sprouting and
Schwann cell migration was shown to be common in di-
abetes and supposed to underlie the development of neu-
ropathy (23). Diabetes may also increase inflammation
in chronic hepatitis C since both diseases are associated
with systemic inflammation including an increased level
of different cytokines (24,26).

We also noticed correlation between PNP and older
age of patients, independent of the duration of hepatitis
C. This could be a result of synergism between the bio-
logical age of the patient and other comorbidities such as
diabetes (11). An additional downside of age may be due
to the side effect profile of the only therapeutic options
available in the past - PEG IFN with RBV. While usually
better known for their neuropsychiatric and physiologi-
cal side effects, several case reports associate their use
with worsening or induction of peripheral neuropathies,
among a number of other clinical entities (27-30).

Other than PNP, the broad scope of neurological com-
plications encountered in the study is also in line with the
literature. Cognitive deficit is known to occur in up to
50% of those with chronic HCV infection (31). It can also
mask the initial stages of encephalopathy, which may be
both hepatic and directly due to active viral replication in
the CNS. Stroke, both ischemic and hemorrhagic, is also
reported to occur more frequently in this population, at
younger ages as well (32). While the number of stroke
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Table 4. Comparison of chronically HCV infected patients with and without polyneuropathy, page 10.

Feature non-PNP PNP P
Mean + SD or number (%) of patients Mean * SD or number (%) of patients

Number S1 28

Age 56.1+15.0 64.4+9.0 p<0.01
Glomerulonephritis 0 (0%) 6 (21.4%) p<0.0S
Diabetes 4 (7.8%) 10 (35.7%) p<0.05
Heart disease 10 (19.6%) 12 (42.9%) p<0.05
Vasculitis 3 (5.4%) S5 (17.9%) p=0.09

Sociodemographic, laboratory and clinical features without statistical difference were not presented in the Table.

patients within our sample was admittedly too small for
any significant associations to be made, it is interesting
to note that the average age of patients with a history of
hemorrhagic stroke was almost nearly 8 years lower than
both the sample average, and the average of those with
ischemic strokes. This correlation is thought to potential-
ly result from MCS or an increased rate of atherosclerosis
associated with HCV (33).

CONCLUSION

In summary, peripheral neuropathies are common mani-
festations of chronic hepatitis C present in approximately
one third of patients and should not be overlooked since
they can affect patients’ abilities. Physicians, including
neurologists, should also think of other extrahepatic
complications of this infection, thus requesting multidis-
ciplinary approach in this chronic disorder.
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NEUROLOSKE KOMPLIKACIJE HEPATITISA C U SRPSKOJ POPULACLI

Stojan Peric¢*2, Luka Nikoli¢?, Jelena Zlatar?, Nikola Mitrovic¢??, Milica Dajevic¢?, Ivo Bozovic!, Branislav Rali¢?, Ivana Basta'?,

Aleksandra Kacar'?

Sazetak

Uvod: Oko 58 miliona ljudi Sirom sveta boluje od hroni¢-
nog hepatitisa C. Preko polovine pacijenata razvije ba-
rem jednu ekstrahepati¢nu komplikaciju u toku bolesti.
Neuroloski i psihijatrijski poremecaji centralnog i perifer-
nog nervnog sistema opisani su u sklopu HCV infekcije
kod cak oko polovine pacijenata. Od neuroloskih kom-
plikacija, najcesce su periferne neuropatije.

Cilj: Ispitivanje Sirokog opsega neuroloskih komplikacija
hronic¢ne hepatitis C infekcije u srpskoj populaciji.
Materijali i metode: Uzorak od 79 pacijenata prikupljen
je iz elektronskog sistema Klinike za neurologiju Univer-
zitetskog klinickog centra Srbije. Cetrdeset pet (57%)
pacijenata bilo je muskog pola, a prosec¢na zivotna dob
iznosila je 59.0 + 13.7 godina. Hepatitis C infekcija je u
proseku trajala 12.4 + 7.8 godina.

Rezultati: Od ukupno 79 pacijenata, kod 14 (17.7%) je

novodijagnostikovan hepatitis C za vreme boravka na
Klinici. Opisano je 29 razli¢itih primarnih neuroloskih
dijagnoza. Polineuropatija je bila najéeS¢a neuroloska
komplikacija opisana kod 28 (35.4%) pacijenata. Distalna
simetri¢na polineuropatija je bila naj¢es¢a forma. Paci-
jenti sa polineuropatijom su bili stariji. Ucestalost dija-
betesa i uCestalost sr¢anih oboljenja bili su znatno cesci
kod pacijenata sa polineuropatijom u odnosu na ostatak
uzorka. Glomerulonefritisi su uoceni iskljuc¢ivo kod paci-
jenata sa polineuropatijom.

Zakljucak: U neuroloskoj praksi ¢esto se susrecu paci-
jenti sa HCV. Stariji pacijenti, koji pored hroni¢nog HCV
boluju i od drugih oboljenja poput dijabetesa i/ili sr¢a-
nih oboljenja u pove¢anom su riziku da razviju poline-
uropatiju.

Kljuéne reci: hepatitis C, hroni¢na infekcija, neuroloske komplikacije, periferne neuropatije, polineuropatije.
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Summary

Introduction: Fragile X syndrome (FXS) is the most common mono-
genetic cause of intellectual disability (ID) and autism spectrum dis-
order (ASD) in humans. The Drosophila melanogaster model of FXS
(dFMR1 mutants) is an excellent model for research in the field of FXS.
The aim of this study was a comprehensive investigation of climbing
abilities, as a measurement of locomotion, in the dFMR15% line as a
Drosophila model of FXS.

Methods: In this study, control w''"® and dFMR15* lines of fruit flies
were used. The climbing performance of flies was examined using a
climbing performance assay for groups of flies as well as for individual
flies. Parameters that represent climbing ability, speed and endurance
were determined. Females and males were analyzed separately.

Results: This study revealed the following: (i) worse climbing per-
formance of dFMR1%* males in comparison to w'’® males; (ii) worse
climbing success of dFMR1%* females in comparison to w''”® fe-
males; (iii) better climbing performance of top performer males
in comparison to top performer females in the group climbing
test in both dFMR1% and w'"® groups; (iv) better, but not sta-
tistically significant, climbing performance (based on the time
needed for 50% of flies to complete the task), and a higher suc-
cess rate in dFMR1%% females in comparison to dFMR1®* males.
Conclusion: According to the results of the current study, climbing
impairment was proved only in dFMR1% males, while dFMR1% fe-
males had climbing abilities similar to control w'’’® females.

Keywords: fragile X syndrome, Drosophila melanogaster, climbing as-
say

Cite this article as: MakevicV, Stojkovi¢ M, Biorac M, Milojevi¢ S, Capovilla M, Proti¢ D. Climbing as a measurement of locomotion ability in the drosophila model of fragile X syndrome;
Medicinska istazivanja 2024; 57(3):27-33 DOI: 10.5937/medi57-49227

ISSN 0301-0619 | E-ISSN 0301-0619

H 'D www.medicinskaistrazivanja.med.bg.ac.rs |27


https://orcid.org/0000-0002-3053-7314
https://orcid.org/0000-0002-0706-3800
https://orcid.org/0009-0003-8185-8518
https://orcid.org/0000-0001-8280-3015
https://orcid.org/0000-0002-1308-7964
https://orcid.org/0000-0002-2137-5405
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://med.bg.ac.rs/?page_id=13348&script=lat

Medicinska istraZivanja 2024; 57(3):27-33

INTRODUCTION

Drosophila melanogaster as a model organism has contrib-
uted enormously to the field of biomedical research, es-
pecially to genetics (1). The genome homology between
fruit flies and humans is approximately 60% for all genes
and 75% for the disease-causing genes (2, 3). Classes of
neurotransmitters, molecular pathways, synaptic plas-
ticity, and neuronal signaling are highly conserved in
fruit flies (4-6). In addition, some human body struc-
tures have counterparts in Drosophila, such as brain parts
involved in learning and memory, like the human hippo-
campus and the Drosophila mushroom bodies (7). The
ease of maintenance, small size, short generation time
and life span, large progeny, fewer ethical concerns, and
the availability of genetic tools make Drosophila melan-
ogaster an excellent model organism for neurobehavior-
al investigations (1, 8, 9). Numerous Drosophila models
have been developed primarily for the exploration of
genes related to human diseases (8, 10-12). An example
of such disorders is fragile X Syndrome (FXS) (13, 14).

With a prevalence of 1:5000 in males and 1:8000 in
females, FXS is the most common hereditary cause of in-
tellectual disability (ID) and autism spectrum disorder
(ASD) in humans (15). Expansion of CGG trinucleotides
repeats (more than 200 CGG repeats) within the Fragile X
Messenger Ribonucleoprotein 1 (FMR1) gene, which is lo-
cated at Xq27.3, its hypermethylation and transcription-
al silencing lead to deficiency or absence of the encoded
FMRI protein (FMRP). This protein is an RNA-binding
protein which is involved in the regulation of numerous
mRNAs in postsynaptic neurons (16). Moreover, FMRP
is essential for neural development and it is implicated in
post-transcriptional regulation and in the microRNA and
Piwi-interacting RNA pathways. Additionally, it is a part
of P-bodies and stress granules (reviewed in (17)). Defi-
ciency of FMRP is the main cause of the clinical features
in individuals with FXS. Core symptoms associated with
the absence of functional FMRP in affected individuals
(18, 19) reviewed in (20) are: ASD (presented in almost
60% of males (21)), shyness, abnormal eye contact and
social anxiety, attention deficit hyperactivity disorder
(ADHD), sensory hyperarousal, aggressive behavior,
sleep problems, repetitive behaviors, and hand flapping.
In addition, physical characteristics including elongated
faces, prominent ears, joint hypermobility, soft skin, flat
feet, high palate, and macroorchidism are also observed
in these individuals (16, 22-24). Motor impairments, like
delayed motor development and atypical motor behaviors,
common in FXS, usually represent the first signs of im-
paired development in affected children (25-28).

Various animal models of this syndrome have been
developed, including the Fmrl knock-out (KO) mice (29),
zebrafish (30) and the Drosophila melanogaster model of
FXS (14, 31, 32). Fmrl (FBgn0028734); (33), the Dro-
sophila homolog of the human FMR1 gene herein called

dFMRI, is highly conserved with 35% identity and 60%
similarity in two KH domains (34) (reviewed in: (17)).
Thus, the fruit fly model of FXS (dFMR1 mutants) is an
excellent model for research in the field of FXS. Name-
ly, this model of flies exhibits altered sleep and circadian
rhythm (13, 14, 35-37), defects in learning, memory (38-
40) and locomotion (35, 41-43), and changes in social in-
teractions (13, 44) and repetitive behavior (45). Defects
in locomotor activity include alternated larva crawling
(42, 43), impairment in climbing (45, 46) and in flight
(41). As mentioned above, genotype/phenotype overlap
makes the dFMRI mutants an excellent model for study-
ing FXS and a great tool for pharmacological research in
this field. However, there are several different dFMR1I
mutant lines, but the exact differences among their be-
havioral characteristics have not been clarified yet and
only very few studies have been conducted on molecular
or phenotypic sex-differences in FXS model organisms.

The aim of this study was a comprehensive investiga-
tion of climbing abilities, as a measurement of locomo-
tion, in the dFMR 1% line as a Drosophila model of FXS,
analyzing females and males separately. Current research
will enable more intensive use of this specific model in
future preclinical research in the field of FXS.

MATERIALS AND METHODS
Flies

In this study, the dFMR 1% mutant (FX group) was used
for researching climbing ability. This line was generat-
ed by Inoue and his group (2002) by imprecise excision
of the EP(3)3422 P-element that caused a deletion of
dFMRI genomic DNA containing exons 2, 3, and 4 and
creating a protein null allele (14). As control, wild type
w!!’8 flies were employed (WT group).

All experimental groups of flies were grown on standard
cornmeal/agar/molasses medium at 25°C with 60% humid-
ity under a 12-h light cycle which starts at 7 am and a dark
cycle starting at 7 pm. Both sexes of seven-day-old virgin
tlies, were used separately for all experiments. All assays
were performed in the dark under a dim red light to avoid the
phototaxis effect (47), between noon and 3 pm to prevent
potential circadian rhythm effect on climbing performance.

Climbing Performance Assay for Groups of Flies

For climbing trials, seven-day-old virgin male and female
flies from the dFMR1%5° and w''"® stocks previously sep-
arated by sex and genotype were transferred into empty
tubes that contained 10 flies each (48). The tubes were
constructed from two vials joined at their openings and
connected with clear tape in order to make them longer
(49). Flies were accustomed to dark conditions for an
hour before the experiment.
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Table 1. Results of analyses of climbing in the groups of wild-type flies and dFMR 1 mutants

Group climbing

Males Females

WT FX p value WT FX p value
N1 11 11 11 10
Failure rate (%) 18.2 27.3 0.500" 9.1 0.0 0.524*
N2 9 8 10 10
t1 (s) mean = SD 6.557 +1.580 7.250 £ 0.886 0.290 8.908 £2.038 9.450 £ 1.072 0.467
t2 (s) mean + SD 16.213 £ 4.351 35.281 £20.480 .015 17.308 £ 10.820 24.292 £13.199 0.212
SR mean * SD (%) 79.167 £ 10.607 64.375 £ 4.580 0.002 85.583 £ 8.231 74.015 * 14.649 0.043

Student’s t-test is used unless indicated otherwise. *Chi square test. The failure rate was calculated as percentage of cases that were exclu-

ded from further analysis because half of a tested population failed to reach the goal of 17.5 cm during three minutes of observation in three

or more experiments.

Abbreviations: WT, wild-type; FX, fragile X; N1, total number of experimental groups; N2, number of experimental groups used in anal-

yses after exclusion of experimental groups in which half of the flies in the group did not pass the 17.5 cm mark in three minutes in three out of

four trials; t1(s) , the time, in seconds, needed for the first fly in the group to pass the mark drawn at 17.5 cm from the bottom of the tube; t2(s),

the time, in seconds, needed for half of the flies in the group (5 flies) to pass the 17.5 cm mark; SR, Success Rate represents the percentage of

flies that passed the 17.5 cm mark within three minutes. Bold: statistically significant p values.

Each tube was gently tapped on a soft surface making
flies fall to the bottom and initiate the negative geotaxis
reflex (disturbed flies start to climb opposite to the grav-
itation vector (47)). The following parameters were re-
corded: (1) the time for the first fly (top performer) in the
group to pass a mark drown at 17.5 cm from the bottom
of the tube; (2) the time for half of the flies in the group
(5 flies) to pass the 17.5 cm mark; (3) the percentage of
experiments in which half of the flies in the group did not
climb to the 17.5 cm mark within three minutes; (4) the
percentage of flies that passed the 17.5 cm mark within
three minutes (success rate). The whole procedure was
repeated four times for each group, with three-minute
intervals between measurements, and their average was
taken for statistical analysis. At least 10 samples per gen-
otype were analyzed. Experiments in which half of the
flies in the group did not pass the 17.5 cm mark in three
minutes in three out of four trials were excluded from
data analyses. This number is represented as the parame-
ter ‘failure rate’(46).

Climbing Performance Assay for Individual Flies

An assay for individual climbing performance of flies was
used to measure climbing speed and endurance (50). In-
dividual flies were transferred in the modified serological
pipette with marks at distances of nine and 27 cm from
the bottom. Flies were knocked down to the bottom of
the tube to initiate the negative geotaxis reflex. The time
that a fly took to reach the 9 cm mark was recorded and
used for the estimation of climbing speed. For the esti-
mation of endurance, we measured the distance that the
fly climbed within 15 s (27 cm was considered maximal
distance and we stopped the time when the fly reached
it). Average of three measurements per tube were used
for statistical analysis. In the analysis, we entered just the
cases in which the fly passed the 9 cm mark (50).

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics 22 (SPSS Inc., Chicago, IL, USA). All data are
shown as mean +/- SD or median (range). Student’s t-test
or Mann Whitney U test were used for analyzing differ-
ences between the compared groups depending on the
normality of the distribution, except for the failure rate
for which the Chi square test was used. This failure rate
was calculated as percentage of cases that were excluded
from further analysis because half of the tested popula-
tion failed to reach the goal of 17.5 cm during the period
of three minutes of observation in three or more experi-
ments. p<0.05 was considered statistically significant.

RESULTS

Results of Climbing Performance for Groups of
Flies

The results of climbing performance for groups of flies
are shown in Table 1 and Table 2. In both sexes, the first
fly of the wild-type (WT) group climbed the assigned
height of 17.5 cm faster than the first fly of the FX group,
but this difference was not statistically significant (males
p=0.290, females p=0.467, Table 1). However, the first
half of WT males (five flies) reached 17.5 cm significantly
faster than first half of FX males (p=0.015, Table 1). Re-
sults for females were in the same direction but without
statistical significance (p=0.212, Table 1). The flies were
observed for 3 minutes and the percentage of flies that
succeeded to climb 17.5 cm during that period (success
rate) was significantly lowerin the FX group compared
to the WT group in both sexes (males p=0.002, females
p=0.043, Table 1).
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Table 2. Sex comparison of climbing in the groups of wild-type flies and dFMRI mutants

Group climbing sex comparison

WT EX

Males Females pvalue  Males Females p value
N1 11 11 11 10
Failure rate (%) 18.2 9.1 0.534" 27.3 0.0 0.074*
N2 9 10 8 10
t1 (s) mean + SDI 6.556 £ 1.580 8.908 +£2.038 0.013 7.250 £ 0.886 9.4500 + 1.0728 <0.001
t2 (s) median 16.750 14.0000 0.487° 31.292 19.917 0.076°
t2 (s) range (10.25 - 24.00) (9.00-46.75) NA (16.50 - 83.00) (13.00 - 49.25) NA
SR mean + SD (%) 79.167 + 10.607 79.167 + 8.231 0.157 64.375 + 4.581 74.015 + 14.649 0.075

Student’s t-test is used unless indicated otherwise. Mann Whitney U test was used; *Chi square test. The failure rate was calculated as
percentage of cases that were excluded from further analysis because half of a tested population failed to reach the goal of 17.5 cm during three

minutes of observation in three or more experiments.

Abbreviations: WT, wild-type; FX, dFMR1"%; N1, total number of experimental groups; N2, number of experimental groups used in

analyses after exclusion of experimental groups in which half of the flies in the group did not pass the 17.5 cm mark in three minutes in three
out of four trials; t1(s), the time, in seconds, needed for the first fly in the group to pass the mark drown at 17.5 cm from the bottom of the tube;
t2(s), the time, in seconds, needed for half of the flies in the group (S flies) to pass the 17.5 cm mark; SR, Success Rate represents the percentage
of flies that passed the 17.5 cm mark within three minutes. Bold: statistically significant p values.

The comparison between sexes revealed that the first
male fly was significantly faster than the first female fly
in both groups (WT group: p=0.013, FX group: p<0.001,
Table 2). Conversely, the first half of the female group
came to the goal faster than the first half of the male
group in WT flies and especially in FX flies. Although in
this case the difference between WT and FX females and
males was not significant, a positive trend is observed in
the FX group (p=0.487 and p=0.076, respectively, Table
2). Furthermore, FX females had higher success rate than
FX males (p=0.07S, Table 2). This failure rate was con-
sistent among all investigated groups, with the exception
of FX males that failed much more than FX females, but
without statistical significance (p=0.074, Table 2).

Results of Climbing Performance for Individual
Flies

As described above, in the next climbing assay, every fly
is tested separately and climbing speed and endurance of
an individual fly are obtained. The results are represent-
ed in Tables 3 and 4. The results undoubtedly show that
FX males are slower and less endurant than WT males
(p=0.018, p=0.001; respectfully, Table 3). However,
WT and FX females had similar speed and endurance

(p>0.05, both). Further, WT and FX males were faster
and more endurant than females (p<0.001, all. Table 4).

DISCUSSION

In the current investigation, dFMR1%55 mutant climbing
abilities were examined in groups of flies, as presented in
previous studies (45, 46, S1). Furthermore, this study de-
scribed, for the first time, climbing abilities in dFMR1%%
mutants using individual flies. This research, for the first
time, compared dFMR1%** mutant climbing performance
in females and males separately, and provided informa-
tion about dFMRI® mutant endurance. Finally, this
study revealed the following: (i) worse climbing perfor-
mance of dFMRI** males in comparison to w''’® males;
(ii) worse climbing success of dFMR 1% females in com-
parison to w''** females; (iii) better climbing performance
of top performer males in comparison to top performer
females in the group climbing test in both AFMRI®* and
w1 groups; (iv) better, but not statistically significant,
climbing performance (based on the time needed for
50% of flies to complete the task) and higher success rate
in dFMR 1% females in comparison to dFMR1%** males.

Table 3. The results of analyses of climbing of individual wild-type flies and dFMRI mutants

Individual climbing

Males Females

WT FX p value WT FX p value
N 29 33 18 22
speed 1.865 +£0.372 1.614 £ 0.431 0.018 1.238 £0.396 1.256 £0.299 0.867
endurance 22.138 +3.592 18.581 £ 4.341 0.001 14.880 + 3.091 14.712 £2.271 0.845

Student’s t-test is used. Speed (cm/s) was calculated based on time in seconds that a fly took to reach the 9 cm mark; endurance (cm), the

distance a fly climbed within 1S s.

Abbreviations: N, number of individual flies; WT, wild-type; FX, dFMR1% mutants. Bold: statistically significant p values.
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Table 4. Sex comparison of climbing of individual wild-type flies and dFMRI mutants

Individual climbing sex comparison

WT FX

Males Females p value Males Females p value
N 29 18 33 22
speed 1.864 +£0.372 1.238 £0.396 <0.001 1.614 +0.431 1.256 £0.299 0.001
endurance 22.138 £3.592 14.879 +3.090 <0.001 18.580 = 4.341 14.712 £2.271 <0.001

Student’s t-test is used. Speed (cm/s) was calculated based on time in seconds that a fly took to reach the 9 cm mark; endurance (cm), the

distance a fly climbed within 1S s.

Abbreviations: WT, wild-type; FX, dFMRI®* mutants; N, number of individual flies. Bold: statistically significant p values.

Our study is in accordance with the results of oth-
er studies that investigated the motor capabilities of
dFMRI1 mutants and also found a motor impairment.
They investigated motor capability like flight (41), larva
crawling (42, 43), and average motor activity (35). On
the other hand, the study conducted by Dockendorff
et al. (2002) found that dFMR1 fly total motor activity
observed during nine days in the dark was similar with
motor activity in control WT flies. However, this discrep-
ancy could be explained by different conditions/methods
which were used in this study such as dark during nine
days of experiments (13). Interestingly, FmrI-KO male
mouse performance on standard motor tests (including
climbing) was similar to their WT counterparts with an
exception of the raised-beam test in which Fmrl mice
performed worse (52). However, motor learning is prov-
en to be impaired in Fmrl mice (53).

Additional studies examined this ability in dFMRI
mutants only in males (45, 46). Martinez and colleagues
(2007) found that the first dFMRI male in the group
climbed with a similar speed as the first male in the control
group but the first half of JEMRI males was slower than
their WT counterpart and the success rate of dFMRI was
decreased compared to Canton S controls, but not to the
Oregon red control line (46). The study of Tauber and col-
leagues (2011) obtained similar results, but they found dif-
ferences in favor of controls even between the fastest male
climbers in the two groups (45). However, this study used
genetically rescued mutant flies as controls.

The current study investigated climbing ability of
both sexes in dFMRI®* mutants. Two assays used in
the current study consistently showed that dFMR1%%*
males are poorer climbers in comparison to WT. How-
ever, apart from the lower success rate in group climb-
ing, dFMRI®* females did not show differences in
climbing ability compared with control flies. There-
fore, the current research revealed that the mutation af-
fects climbing abilities in a sex-specific manner in the
dFMR1%%* mutants. Similarly, a recent study described
thatlead (plumb, Pb) exposure worsened climbing abili-
ties of Drosophila Oregon-R in a sex-dependent manner.
Namely, Pb provoked climbing impairment in both sex-
es, but climbing ability in male flies was more affected
than in females. It is important to mention that Pb also
induced other human-autistic-like behavior in fruit flies

which is similar to the features of dFMR 1 mutants which
were used in our study (9). Niveditha et al. (2017) found
that females had lower reactive oxygen species levels
and higher antioxidant levels than males (54). Thus, we
could suggest that better oxidative stress handling in fly
females might be responsible for their better climbing
performance in general (54).

In conclusion, according to the results of the current
study, climbing impairment was proved only in dFMR1%%
males, while dFMRI®* females had similar climbing
abilities to control WT. Thus, we could recommend that
dFMR1%5° male mutants might present an excellent mod-
el for further research of locomotion impairment in the
field of FXS. Also, dFMRI®%° male mutants could be an
important ‘tool” for pharmacological research and inves-
tigations of pharmacological agent effects to this kind of
behavior. On the other hand, investigation of different
aspects of climbing performance in dFMRI®* female
mutants could be unreliable. In addition, we can suggest
always using both assays (‘group’ and ‘individual’) based
on different parameters that can be obtained. Briefly, the
current study demonstrates that FMR1"% male mutants
are a very useful tool for research on locomotion and mo-
tility in the field of fragile X.
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TEST PENJANJA KAO MERA LOKOMOTRONE SPOSOBNOSTI NA MODELU
VINSKE MUSICE ZA FRAGILNI X SINDROM

Vedrana Makevic!, Maja Stojkovi¢?, Marko Biorac?, Sara Milojevi¢?, Maria Capovilla*, Dragana Protic¢?

Sazetak

Uvod: Fragilni X sindrom (FXS) je najées¢i monogenetski
uzrok intelektualne zaostalosti i poremecaja iz spektra
autizma kod ljudi. Odli¢an model za istraZivanje u ovoj
oblasti je Drosophila melanogaster model FXS (dFMR1
mutanti). Cilj ove studije bio je sveobuhvatno istraZiva-
nje penjanja, kao mere lokomocije, linije dFMR15%, koja
je model FXS kod vinske musice.

Metode: U ovoj studiji koris¢ene su linije vinskih musica
w8 i dFMR15. Sposbnost penjanja muva ispitana je te-
stovima penjanja za grupe muva i za pojedinacne muve.
Odredivani su parametri koji se odnose na sposobnost
penjanja, brzinu i izdrzljivost muva. Zenke i muzjaci su
zasebno analizirani.

Rezultati: Ova studija je pokazala: (i) loSiju sposobnost
penjanja dFMR18%> muzjaka u poredenju sa w''”® muZjaci-
ma, (ii) slabiju stopu uspeha u penjanju dFMR15% Zenki u
poredenju sa w'""® Zenkama, (iii) bolju penjacku sposob-
nost muzjaka u odnosu na Zenke u obe ispitivane linije
pokazanu u individualnom i grupnom testu penjanja u
poredenju najbrzih muva, (iiii) bolju sposobnost penja-
nja (baziranu na vremenu potrebnom da 50% muva iz-
vrsi zadatak) i vecu stopa uspeha dFMR15% zenki u pore-
denju sa dFMR18 muskarcima, premda ove razlike nisu
bile statisticki znacajne.

Zakljucak: U ovoj studiji, poremecaj penjanja je doka-
zan samo kod dFMR1%* muzjaka, dok su dFMR1% Zenke
imale slicne sposobnosti penjanja sa kontrolnim w'',

Kljuéne reci: fragilni X sindrom, Drosophila melanogaster, test penjanja
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Summary

Introduction/Aim: The aim of the study was to determine the fre-
quency of various histopathological findings in biopsies of children
with intestinal hypomotility and the incidence and characteristics of
Hirschsprung disease (HD).

Methods: Biopsies of colon and rectum taken due to intestinal hypo-
motility and chronic constipation at the Department of Pediatric Sur-
gery of the University Children’s Hospital in Belgrade over the 10-year
period (from 2009 to 2018) were reviewed using pathology reports
from the archive of the Institute of pathology, Faculty of Medicine,
University of Belgrade.

Results: A total of 287 patients with intestinal motility disorder were
identified, with 554 biopsy samples. Of the total number of patients,
56% (161/287) were without any morphological changes in enteric
nervous system (ENS). The most common histopathological findings
were HD (69/287; 24%) and immaturity of ganglion cells (29/287; 10%).
Isolated hypoganglionosis of ENS was found in 5 (2%) cases. Heteroto-
pia of ganglion cells was the only finding in 8 (3%) cases. Rare causes of
intestinal dysmotility were: eosinophilic proctitis/colitis (EPC) (4/287),
neuronal intestinal dysplasia B (2/287), unclassified disganglionoses
(3/287). Rectosigmoid variant of HD was the most frequent HD vari-
ant (80.3%). Acetylcholinesterase method and immunohistochemical
staining were used in 19.5% cases.

Conclusions: HD and immaturity of ganglion cells were the most
common pathological findings in ENS of constipated children. It is im-
portant to differentiate EPC from other lesions of enteric plexuses due
to different natural history and therapy.

Key words: Hirschsprung disease, suctional biopsy, full thickness bi-
opsy, intestinal motility disorders
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INTRODUCTION

Intestinal motility disorders present a relatively common
problem in children, particularly in the first year of life (1).
The typical clinical presentation of intestinal dysmotility,
including dyspepsia, vomiting, abdominal pain and dis-
tension, bloating, and constipation is nonspecific (2). The
most prevalent pathological finding causing motor intes-
tinal disorders in infancy and childhood is Hirschsprung
disease (HD) (3). HD is a congenital aganglionosis af-
fecting the rectum and a variable length of the bowel
segment proximal to the rectum. The delayed passage of
meconium in the first days of life is a crucial clinical sign
that raises suspicion of HD. The absence of ganglion cells
in the segment of the enteric nervous system (ENS) leads
to pseudoobstruction. An early diagnosis of HD is crucial
for preventing severe enterocolitis, a complication with a
potentially fatal outcome (4).

On the other hand, there are other rare disorders of the
ENS that can clinically manifest as chronic constipation or
symptoms resembling HD. The aim of this study was to an-
alyze the frequency of various histopathological findings in
biopsies of neonates, infants, and children with intestinal hy-
pomotility and chronic constipation, as well as to determine
the incidence and characteristics of Hirschsprung disease
(HD) in a Serbian regional center.

METHODS

We conducted an analysis at the Institute of Pathology
in Belgrade, examining histopathological slides and pa-
thology reports of colon and rectum biopsies taken due
to intestinal hypomotility and chronic constipation at the
Department of Pediatric Surgery, University Children’s
Hospital, Belgrade. This study covers a 10-year period,
from 2009 to 2018. In cases where there was suspicion of
Hirschsprung disease (HD), fresh suction biopsies were
stained using the acetylcholinesterase (AchE) histochem-
ical method. The majority of biopsies were routinely fixed
in formalin, embedded in paraffin, cutinto 5 um thick sec-
tions, and stained with hematoxylin & eosin (H&E). Ad-
ditionally, in some cases, immunohistochemical staining
was performed using various antibodies. The antibodies
and their dilutions commonly used are listed in Table 1.

Table 1. Details of antibodies used in the analysis of suction intesti-

nal biopsies

Antibody Clone Source Dilution
Calretinin DAK-calret 1 DAKO 1:50
MAP-2 HM-2 Abcam 1:1000
Glut-1 SPM948 Lab Vision 1:200
S-100 70311 DAKO 1:400
GFAP GF2 DAKO 1:50
Synaptophysin ~ SY38 DAKO RTU
SOX-10 BC34 Abcam 1:100
Bcl-2 Bcl-2/100/DS Novocastra 1:100
CD117 104 D2 DAKO 1:300

RESULTS

Over the 10-year period, we identified 287 patients with
intestinal motility disorders, comprising a total of 554
biopsy samples. The majority of the patients were males
(178/287, 62%). The median age at the time of the first bi-
opsy was 5 months, ranging from the first day of life to 209
months. More than half of all patients underwent only one
biopsy (165/287; 57.5%) (see Figure 1). In 6 cases (2%),
the samples were deemed inadequate for analysis.

N 200
150
100
50
0
Number of patients
H 1 biopsy
2 biopsies
03 biopsies
O more than 4 biopsies

Figure 1. The distribution of the total number of biopsies in children
with intestinal dysmotility problems

About half of the patients exhibited symptoms sug-
gestive of Hirschsprung disease (HD) (151/287, 53%).
One-fifth of the patients (56/287; 19.5%) had intestinal
dysmotility caused by anal atresia. The remaining pa-
tients presented with intestinal hypomotility and various
clinical manifestations, such as chronic constipation,
subocclusion, and intestinal perforation.

All biopsies underwent routine H&E staining. The
acetylcholinesterase method was applied in 22 patients
(7.6%): in 16 patients as the sole additional staining and
in 6 patients in conjunction with immunohistochemical
staining. Immunohistochemical staining was applied in
53 biopsies, with 30 patients receiving it as the only ad-
ditional staining. The most commonly used antibodies
were calretinin, MAP-2, and Glut-1 (Table 2). Notably,
there were no false positive or false negative results.

The majority of patients (161/287, 56%) with intesti-
nal motility disorders did not exhibit any morphological
changes in the ENS. HD was the most frequent patho-
logical finding (69/287; 24%). In 46% (69/151) of clini-
cally suspicious HD cases, the diagnosis was confirmed
by histopathology. The rectosigmoid variant of HD (RS-
HD) was the most prevalent HD subtype (49/61; 80.3%).
Less common variants included long segment HD (8/61;
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Table 2. The frequency of usage of primary antibodies for immu-
nohistochemical staining in the biopsies of children with intestinal
dysmotility problems

Antibody Number of biopsies  Percentage of all immuno-
(N) stained biopsies (%)

Calretinin 42 79%

MAP-2 40 75%

Glut-1 33 62%

$-100 8 15%

GFAP 2 4%

Synaptophysin 6 11%

SOX-10 2 4%

Bcl-2 7 13%

CD117 10 19%

13.1%), total colonic aganglionosis (3/61; 4.9%), and ul-
tra-short HD (US-HD), diagnosed in only one case.

The median age of patients at the time of histopatho-
logical diagnosis of HD was 19.5 days (ranging from the
first day of life to 140 months). The median age at the
time of surgical resection of the agangliotic colon was 4.5
months (ranging from 24 days to 11 years and 9 months).
In 6 cases, reoperation was necessary, with a median of
36.1 months (ranging from 8 months to 50.6 months).
Primary surgical resection in two patients was performed
at another institution. In all cases requiring a redo oper-
ation, aganglionosis of the colon affected a long segment
— TCA was present in one case, while hypoganglionosis
was associated with HD in another case.

Long-segment HD was diagnosed in 13.1% of pa-
tients. US-HD was diagnosed in one patient, while TCA
was diagnosed in 3 (4.9%) patients. The transanal en-
dorectal pull-through resection was the most common
surgical technique applied in all cases with classical RS-
HD and US-HD. In other cases, various procedures such
as the Soave, Duhamel, or Swenson technique were ap-
plied. Immaturity of ganglion cells was the second most
common finding (29/287; 10%) in the ENS in children
with intestinal motility disorders in our center, particu-
larly within the first year of life (see Figure 2).
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Figure 2. Immaturity of ganglion cells in the submucosal nervous
plexus (H&E, x400). The ganglion cells (arrows) exhibit small ba-
sophilic nuclei and a limited amount of cytoplasm - it is difficult to
distinguish them from glial cells on H&E slides.

Figure 3. The biopsy from a patient with hypoganglionosis associat-
ed with Hirschsprung disease (HD) revealed the following features:
in the lamina propria of hypoganglionic segment, intrinsic nerve
fibers were present (A), small ganglia were found in the submucosa
(B), and rare small ganglia were noted without calretinin expression
in ganglion cells in the myenteric nervous plexus (C) (A, B, C: Cal-
retinin, x400).
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Figure 4. Heterotopic ganglia in the circular muscular layer: it is sur-
rounded by muscular fibers (H&E, x400).

Hypoganglionosis of the enteric nervous system was
identified as the sole pathological finding in 5 (2%) cases,
while in one patient, it was associated with HD (Figure
3).

Heterotopic ganglia were the exclusive finding in 8
(3%) cases. Ectopic ganglia were identified in the muscu-
lar coat, surrounded by muscular fibers (Figure 4).

Rare causes of intestinal dysmotility included eosin-
ophilic proctitis or colitis (4/287), intestinal neuronal
dysplasia B (IND B) (2/287) and non-classified disgan-
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Figure S. Rare findings in enteric nervous plexuses as a cause of intes-
tinal dysmotility include eosinophilic ganglionitis within eosinophil-
ic colitis. Eosinophils surround myenteric gangliaand are also present
within ganglia, as well as between muscular fibers (HE, x400).
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glionoses (3/287) (Figure 5). In both cases of IND B, it
was an isolated finding. The histological findings in en-
teric nervous plexuses in dolichocolon were variable, and
we categorized them as non-classified disganglionosis.
This included the presence of thick nerve bundles with
ganglion cells in the submucosa of the proximal rectum
and sigmoid colon, several megaganglia in the submucosa
(less than 20%), relative hyperplasia of glial cells within
myenteric ganglia, and the presence of heterotopic gan-
glia within muscular layers.

DISCUSSION

Constipation in children, especially in the first year of
life, is a common problem. The majority of constipated
children experience functional issues, but it is crucial to
rule out organic causes of chronic constipation (5,6). The
primary cause of intestinal dysmotility in the first year of
life is HD, consistent with larger global studies (7). The
absence of meconium stool within first 48 hours of life
may indicate possible rectal aganglionosis and serve as an
indication for rectal biopsy. In our study, the median age
at the time of histopathological confirmation of HD was
19.5 days. In rare cases, the diagnosis was established lat-
er, with the oldest HD patient being 11.5 years old. Late
HD diagnosis is often associated with complications and
along recovery (8,9).

The “gold standard” for HD diagnosis is histopatho-
logical analysis of suction rectal biopsy (10). In previous
years, frozen sections stained with H&E and AchE meth-
od were considered the “gold standard” (3). However,
due to limitations of AchE usage, calretinin immunohis-
tochemical staining has become a new standard in many
laboratories (4). Calretinin immunohistochemistry has
several advantages, being applicable on formalin-fixed
tissue and superficial biopsies (11,12). However, it is not
an ideal marker, especially as HD diagnosis is based on
the absence of its expression. Additionally, in eugangli-
onic intestines in patients with Down syndrome, calre-
tinin expression may be absent (13). Different recom-
mendations exist for utilizing immunostaining in HD
diagnostics, suggesting the application of several anti-
bodies (10,14,15). In our center, over a 10-year period,
both AchE and immunohistochemical staining were used
with similar success in HD diagnosis. With the advance-
ments in artificial intelligence, deep learning approaches
have shown potential to standardize and facilitate the di-
agnostic process (16).

The majority of children with HD in our study were
treated using the transanal endorectal pull-through tech-
nique, which has demonstrated superior effectiveness
compared to alternative methods. Earlier onset, lower
incidence, and mild complications make this procedure
more favorable, reducing the need for additional surger-
ies (17). Previous surgical methods had more long-term

complications, with fecal and urinary incontinence be-
ing significantly more common compared to the general
population in long-term follow-up studies. Earlier surgi-
cal methods were also associated with reduced fertility in
female patients (18).

Most children with intestinal hypomotility in our
group were male, consistent with larger global series (18).
The distribution of HD variants was similar to other large
studies (15), and it did not differ from a previous study in
the same institution during a different period (19).

Immaturity of ganglion cells can be a cause of in-
testinal dysmotility, often presenting in the first year of
life, usually in premature babies, and typically does not
require intervention (15). It is an obligatory pathological
finding after the fourth year of life (20).

Isolated hypoganglionosis is a rare pathological find-
ing, often with a clinical presentation similar to HD. It
can also be associated with HD (2). Typical histopatho-
logical findings include rare small myenteric ganglia and
damaged AChE activity (20). The estimation of the num-
ber of ganglion cells is delicate, without an exact cut-off.
Recommendations suggest that each laboratory estab-
lishes its own cut-off values related to age (21).

Ectopic ganglia within the muscular layers are consid-
ered a pathological finding in the majority of the gastro-
intestinal tract (21), while their presence in the mucosal
lamina propria in children is considered normal (2,21).

Clinical manifestations of eosinophilic enterocolitis
could include chronic constipation or pseudoobstruc-
tion, similar to HD (22,23). However, the significance of
eosinophils in the aganglionic segment and in the transi-
tion zone is not clear (24).

IND B is a controversial diagnosis, often associated
with HD (24,25). Its clinical presentation can be very
similar to HD, but histopathological features are distinc-
tive. While HD is more of a qualitative diagnosis, IND is
more of a quantitative diagnosis, based on the estimation
of the percentage of megaganglia in the submucosa (25).
Non-classified dysganglionoses are complex, with differ-
ent features of ganglionic abnormalities. Although “un-
classified,” there is a complex classification of non-clas-
sified disganglionoses (26) to provide better treatment.
In rare cases with chronic constipation, disorders of Cajal
cells should be considered as a possible cause of intestinal
pseudoobstruction (27). Also, transitory dysfunction of
Cajal cells can be the cause of postoperative dysmotility
in patients with surgically treated Hirschsprung’s dis-
ease (28). In some cases, routine histopathological meth-
ods may not be helpful, and the underlying pathological
mechanisms are sometimes unclear. A very few associat-
ed genetic mutations have been identified (29). In some
rare cases, extraintestinal causes such as syringomyelia
could be identified as the cause of chronic constipation
(30).
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CONCLUSION

More than half of patients with intestinal motility disor-
ders did not show any morphological changes in the ENS.
The most prevalent causes of chronic constipation in the
pediatric age group in our center are HD and immaturity
of ganglion cells. Furthermore, rare causes of intestinal
hypomotility, such as hypoganglionosis, heterotopic gan-
glia, IND B, or eosinophilic colitis, should be considered
as potential contributors to intestinal hypomotility.
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HISTOPATOLOSKI NALAZ U ENTERICKIM NERVNIM PLEKSUSIMA KOD DECE SA
POREMECAJIMA INTESTINALNOG MOTILITETA - ISKUSTVO JEDNOG CENTRA

Radmila Jankovic!?, Sanja Sindi¢-Antunovic¢??, Milo$ Duknic¢'?, Dragana Vujovi¢??, Nina Risti¢*#, Jovan Jevtic¢'?, Dorde
Toplic¢ic¢?, Milena Backovic¢>®, Nenad Zdujic¢?, Dunja Putnikovic?, Marija Lukac??

Sazetak

Uvod/cilj: Cilj istrazivanja je utvrdivanje frekvencije ra-
zlicitih histopatoloskih nalaza u biopsijama dece sa in-
testinalnim hipomotilitetom i odredivanjem ucestalosti
i karakteristika Hirschsprungove bolesti (HD).

Metode: Retrospektivna analiza histopatoloskih izvesta-
ja arhive Instituta za patologiju Medicinskog fakulteta u
Beogradu biopsija dece sa hipomotilitetom creva i hro-
nicnom opstipacijom u desetogodisnjem periodu (od
2009. do 2018. godine), le¢ene u Univerzitetskoj decjoj
klinici “TirSova” u Beogradu.

Rezultati: Analizom je obuvaceno 287 pacijenata sa po-
remecajem crevne pokretljivosti sa ukupno 554 biopsij-
ska uzorka. ViSe od polovine pacijenata (56%; 161/287)
je bilo bez morfoloskih promena u enterickom nerv-
nom sistemu (ENS). Najcesci histopatoloski nalazi bili su
HD (69/287; 24%) i nezrelost ganglijskih celija (29/287;
10%). lzolovana hipoganglionioza ENS identifikovana

je u 5 (2%) slucajeva. Heterotopija ganglijskih ¢elija bila
je jedini nalaz u 8 (3%) slucajeva. Retki uzroci crevnog
hipomotiliteta bili su: eozinofilni proktitis/kolitis (EPC)
(4/287), intestinalna neuronalna displazija tip B (2/287) i
neklasifikovane disganglionoze (3/287). Rektosigmoidna
HD-a bila je naj¢esc¢a HD varijanta (80.3%). Metoda ace-
tilcholinesteraze i imunohistohemijsko bojenje koris¢eni
su u dijagnostici kod 19,5% slucajeva.

Zakljucak: HD i nezrelost ganglijskih celija bili su naj-
Ced¢i patoloski nalazi kod dece sa hroni¢nom opstipaci-
jom. Vazno je razlikovati EPC od ostalih lezija enteri¢nog
pleksusa zbog razlicite prirode bolesti i preporucene
terapije.

Zakljucak: U ovoj studiji, poremecaj penjanja je doka-
zan samo kod dFMR1%* muzjaka, dok su dFMR1% zenke
imale slicne sposobnosti penjanja sa kontrolnim w'"%,

Kljucne reci: Hirschsprungova bolest, sukciona biopsija, biopsija pune debljine zida creva, poremecaji crevnog mo-

tiliteta

Primljen: 21.03.2024. | Revizija: 11.05.2024. | Prihvacen: 11.05.2024.
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Summary

Introduction/Aim: Hemodialysis patients are often sedentary and ex-
perience a high prevalence of sleep disorders. In this study, we aimed
to assess the level of physical activity and quality of sleep among pa-
tients on maintenance hemodialysis and assess the relationship be-
tween these issues.

Material and Methods: Seventy-one hemodialysis patients filled in
the International Physical Activity Questionnaire (IPAQ) and the Pitts-
burgh Sleep Quality Index (PSQI) to assess their level of physical activ-
ity and their quality of sleep, respectively. Basic demographic, clinical
and treatment-related characteristics were obtained from an elec-
tronic medical data system, as well as the results of standard labora-
tory analyses. The results were analyzed with Student t-test, Pearson
chi-square test, linear by linear association, and Spearman correlation.

Results: Nearly half of the patients (46.5%) were poor sleepers with
an overall PSQI of 5.7 + 4.4. Older age was significantly associated
with worse sleep quality (p=0.019). Patients reported low, moderate
or vigorous levels of daily physical activity in 42.3%, 50.7% and 7% of
cases, respectively. No statistically significant associations were noted
between demographic characteristics, dialysis vintage, comorbidi-
ties and the level of physical activity. Distribution of good and poor
sleepers was almost identical among patients with low and moderate
physical activity (47% vs 53% and 50% vs 50% respectively), where-
as patients with vigorous activity were mostly good sleepers (20% vs
80%), but the difference was not statistically significant (p=0.591).

Conclusion: We observed no statistically significant association be-
tween the level of physical activity and quality of sleep in this cohort.
Further research with a larger sample might additionally elucidate
this issue.

Key words: dialysis, hemodialysis, physical activity, sleep quality
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INTRODUCTION

Chronic kidney disease (CKD) is among the leading
causes of morbidity and mortality worldwide with an es-
timated global prevalence between 11% and 15% (1). The
terminal stage of CKD, end-stage renal disease (ESRD), is
associated with a variety of symptoms affecting patients’
physical ability and functioning. Hemodialysis (HD) par-
tially improves certain clinical aspects of the disease but
fails to sufficiently recover all aspects of daily function-
ing. In fact, specific features of this treatment regimen
may even contribute to the impairment of certain aspects
of daily functioning. Namely, patients” daily physical ac-
tivity is substantially restricted by being attached to a
dialysis machine for at least 12 hours each week in three
dialysis sessions. Physical activity is any movement that
causes energy expenditure, including daily duties, such as
work, household activities, and commuting. HD patients
are often sedentary, unrelated to gender, urbanicity and
dialysis or nondialysis day, whereas older age is signifi-
cantly associated with lower mobility and less activity (2).
Inactivity even aggravates with time and disease severi-
ty. Moderate physical activity in the HD population has
been associated with better quality of life and lower mor-
tality, even in patients with comorbidities (3, 4).

Sleep disorders are highly prevalent in HD patients,
with studies accounting that sleep quality in this popula-
tion is compromised both subjectively and objectively (S).
Their origin in dialysis patients is not fully elucidated, but
it is established to be multi-factorial. Impaired quality of
sleep is reported by more than half of patients receiving
dialysis and is associated with cardiovascular events, de-
pression, impaired daily functioning, lower quality of life,
and increased mortality risk (6, 7). Nevertheless, despite
their frequency and importance, sleep disorders are often
underdiagnosed in this population, and evidence of effec-
tive management remains limited.

Previous studies suggested a positive association be-
tween physical activity and sleep in different populations,
especially among the elderly (8, 9). Even moderate long-
term physical activity appears to have a positive effect on
sleep quality, especially on its depth, latency and perfor-
mance in the general population (10). Nevertheless, data
on the relationship between physical activity and sleep
quality among patients with ESRD are limited.

This study aimed to assess the level of physical activ-
ity and quality of sleep among patients on maintenance
HD and assess the relationship between these issues.

MATERIALS AND METHODS
Population

Seventy-one out of 98 patients from a single HD unit
were willing and capable of participating in the study.

The inclusion criteria included age over 18 years, at least
6 months of maintenance HD with 3 treatment sessions
per week, regular HD attendance, and the ability to walk.
We excluded patients with acute aggravation of clinical
condition, severe mobility impairment, and cognitive
incapacity to respond to questionnaires. The subjects
agreed to participate in the study by completing ques-
tionnaires. The study protocol was approved by the insti-
tutional Ethical Committee (Decision ID: 8028/1-2022).
Demographic, clinical and treatment-related data
were obtained from medical records. Body Mass Index
(BMI) was calculated by dividing an individual’s weight
in kilograms by the square of height in meters. Values
between 18.5 and 24.9 were considered within a healthy
weight, whereas BMI >25 denoted overweight patients.
Venous blood samples for laboratory analyses were drawn
at the mid-week session upon routine monthly check-
ups according to the standard protocol for HD patients’
follow-ups. Dialysis in the center was performed within
commonly established regulations and protocols.

Instruments

The patients were administered the International Phys-
ical Activity Questionnaire (IPAQ) and the Pittsburgh
Sleep Quality Index (PSQI).

The IPAQ-short form consists of 7 questions related
to the frequency and time spent performing vigorous,
moderate and walking activities, as well as the average
time spent sitting in the previous 7 days. Data collected
with IPAQ is reported as median MET-minutes, where
MET stands for the metabolic equivalent of task, denot-
ing the proportion of energy expenditure in certain ac-
tivity compared to energy expenditure at rest. One MET
corresponds to the energy expenditure of 1 kcal/kg/h,
walking corresponds to 3.3 METS, moderate physical
activity to 4 METS and vigorous physical activity to 8
METS. Weekly physical activity reported by IPAQ was
calculated as the sum of MET-minutes per week and cat-
egorized as low (<600 MET-min/week), moderate (600-
3000 MET-min/week) and vigorous (>3000 MET-min/
week). The IPAQ has been validated in different popu-
lations and has been previously used to assess physical
activity in CKD and HD patients (12, 13).

PSQI consists of 19 self-rated questions to assess the
quality of sleep in the previous 4 weeks (14). Each ques-
tion yielded information related to 7 specific sleep com-
ponents: subjective sleep quality, sleep latency, sleep
duration, sleep efficiency, sleep disturbance, use of sleep
medication, and level of daytime dysfunction. Sleep la-
tency represents the time it takes to transit from full
wakefulness to sleep. Recommended sleep latency is less
than 20 minutes. Sleep efficiency is the ratio of time spent
asleep (total sleep time) to the amount of time spent in
bed. The reference range for sleep efficiency is 80 - 95%.
Each component was scored from 0 to 3 to form a final
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PSQI score between 0 and 21 where higher scores indi-
cated lower quality of sleep. PSQI >$ denotes poor sleep
quality. The questionnaire has been previously used in
the HD population (7, 15).

Statistical Analysis

Data analysis was performed using IBM SPSS statistics
for Windows, ver. 26 (Armonk, NY: IBM Corp.). Popu-
lation characteristics were analyzed with descriptive sta-
tistics. Continuous variables were depicted using mean
and standard deviations, whilst categorical variables were
expressed as percentages. Continuous variables were an-
alyzed by comparison of means with the Student’s t-test.
Categorical variables were analyzed with Pearson chi-
square test or linear by linear association. The Spearman
correlation coefficient was used to assess the correlation
between IPAQ and PSQI. Differences were considered
significant if the p-value of the test was less than .0S.

RESULTS

Demographic, clinical and dialysis-related characteris-
tics of the study population are presented in Table 1. The
study population consisted of 41 men and 30 women, the
age range was 35 — 94 years, and the dialysis vintage was
6 - 216 months. Most patients were 65 years or older.
Only 2 patients (2.8%) were actively employed. None of
the patients were malnourished according to BMI values.
Underlying renal disease was hypertension in 27 patients
(52.1%), diabetes in 12 patients (16.9%), glomerulone-
phritis in 11 patients (15.5%), polycystic renal disease in
7 patients (9.9%), obstructive nephropathy in 3 patients
(4.2%), and one patient (1.4%) had congenital disease.
HD was performed according to standard protocols on
a thrice- weekly basis, using machinery with controlled

Table 1. Basic demographic, clinical and dialysis-related character-
istics of the population

Study sample (n) 71
Gender (n, %)
Male 41 (57.7%)

Female 30 (42.3%)
Median age (years) 71
Age range (n, %)

18 -39 3 (4.2%)
40 - 64 14 (19.7%)

65 years and above 54 (76.1%)
Nutrition status (n, %)
Healthy weight
Overweight

Smoking habit (n, %)
Comorbidities (n, %)

33 (46.5%)
38 (53.5%)
31 (43.7%)

Cardiovascular 27 (38.0%)
Cerebrovascular 32 (45.1%)
Hypertension 54 (76.1%)
Diabetes 20 (28.2%)
Respiratory 4 (5.6%)
Renal osteodystrophy 27 (38.0%)
Median dialysis vintage (months) 36

Adequate dialysis (n, %) 47 (66.2%)

ultrafiltration, bicarbonate-based dialysate and high and
low flux dialyzers. Exactly half of the patients were dia-
lyzed in the morning shift.

Sleep Quality

Nearly half of the patients (33; 46.5%) were poor sleep-
ers with an overall PSQI of 5.7 + 4.4. Patients slept 6.5
+ 1.6 hours per night on average. Average sleep latency,
sleep efficiency, and subjective sleep quality grade were
31.2 £ 36.3 minutes, 71.2 + 21.5% respectively, and 1.7
* 0.8 respectively. Older age was significantly associated
with poor sleep (p=0.019), while none of the other de-
mographic variables, dialysis vintage and comorbidities
were associated with sleep quality (Table 2). Also, no

Table 2. Comparison of demographic data, comorbidity, dialysis-related characteristics and physical activity status in good and poor sleepers

Variable Good sleepers Poor sleepers p
Age (years) 18 -39 3 (7.9%) 0 (0%) 0.019*
40 - 64 10 (26.3%) 4 (12.1%)
>65 25 (65.8%) 29 (87.9%)
Sex (male, %) 24 (63.2%) 17 (51.5%) 0.320
Smoking habit (n, %) 19 (50.0%) 12 (36.4%) 0.248
Nutrition status Healthy weight 16 (42.1%) 17 (51.5%)
Overweight 22 (57.9%) 16 (48.5%) 0.431
Dialysis vintage <36 months (n, %) 20 (52.6%) 15 (45.5%) 0.546
Adequate dialysis (n, %) 26 (68.4%) 21 (63,6%) 0.671
Cardiovascular disease (n, %) 11 (28.9%) 16 (48.5%) 0.091
Cerebrovascular disease (n, %) 18 (47.4%) 14 (42.4%) 0.676
Hypertension (n, %) 29 (76.3%) 25 (75.8%) 0.956
Diabetes (n, %) 12 (31.6%) 8 (24.2%) 0.493
Renal osteodystrophy (n, %) 17 (44.7%) 10 (30.3%)
Physical activity Low 16 (42.1%) 14 (42.4%) 0.591
Moderate 18 (47.4%) 18 (54.5%)
Vigorous 4 (10.5%) 1(3.0%)
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Table 3. Comparison of demographic data, comorbidity, dialysis-related characteristics and quality of sleep related to the level of physical

activity
Variable Physical activity level p
Low Moderate Vigorous
Age (years) 18 -39 2 (6.7%) 1(2.8%) 0 (0%) 0.284
40— 64 8 (26.7%) 4(11.1%) 2 (40.0%)
265 20 (66.7%) 31 (86.1%) 3 (60.0%)
Sex (male, %) 18 (60.0%) 22 (61.1%) 1 (20.0%) 0.314
Smoking habit (n, %) 12 (40.0%) 16 (44.4%) 3 (60.0%) 0.699
Nutrition status Healthy weight 18 (60.0%) 13 (36.1%) 2 (40.0%) 0.454
Overweight 12 (40.0%) 23 (63.9%) 3 (60.0%)
Dialysis vintage <36 months (n, %) 14 (46.7%) 17 (47.2%) 4 (80.0%) 0.367
Adequate dialysis (n, %) 21 (70.0%) 22 (61.1%) 4 (80.0%) 0.853
Cardiovascular disease (n, %) 10 (33.3%) 16 (44.4%) 1(20.0%) 0.839
Cerebrovascular disease (n, %) 12 (40.0%) 18 (50.0%) 2 (40.0%) 0.621
Hypertension (n, %) 21 (70.0%) 29 (80.6%) 4 (80.0%) 0.360
Diabetes (n, %) 9 (30.0%) 10 (27.8%) 1(20.0%) 0.680
Renal osteodystrophy (n, %) 14 (46.7%( 10 (27.8%) 3 (60.0%) 0.551
statistically significant association was found between 1%
the quality of sleep and the level of reported daily phys- :Z/
: 47 50

ical activity in our patient’s cohort (Table 2).
Physical activity

Half of the patients (36; 50.7%) had moderate levels of
physical activity, 30 patients (42.3%) had low physical
activity, and only S individuals (7.0%) reported vigorous
physical activity. No statistically significant associations
were noted between patients’ demographic characteris-
tics, dialysis vintage, comorbidities and the level of physi-
cal activity (Table 3).

Patients with moderate physical activity had the high-
est subjective sleep quality, those with vigorous daily ac-
tivity had the highest sleep duration and the lowest sleep
latency, while sleep efficiency was optimum among indi-
viduals with the lowest physical activity. Nevertheless,
there was no statistically significant difference related to
the level of physical activity in any of the observed deter-
minants of sleep quality (Table 4).

Distribution of good and poor sleepers was almost
identical among patients with low and moderate physi-
cal activity (47% vs 53% and 50% vs 50% respectively),
whereas patients with reported vigorous levels of physical
activity were mostly good sleepers (20% vs 80%), but the
difference between the groups was not statistically signif-
icant (p=0.591) (Figure 1).

Analysis of the correlation between PSQI and IPAQ
scores suggests that higher PSQI, denoting worse sleep
quality, is associated with lower IPAQ (Figure 2), denot-

O Poor sleepers

@ Good sleepers

Low Moderate Vigorous

Level of physical activity

Figure 1. Quality of sleep among maintenance HD patients with dif-
ferent levels of physical activity

5000

5000
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3000 e

2000

1000
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Figure 2. Correlation between PSQI and IPAQ scores

ing the lower level of physical activity, but this correlation
was not statistically significant (rho=-0.06; p=0.960).

Table 4. Relationship between sleep determinants and daily physical activity

Sleep determinant Physical activity level

Low Moderate Vigorous 1P
(Mean + SD) (Mean + SD) (Mean + SD)
Subjective sleep quality 1.60 +0.62 1.89£0.95 1.40 +£0.55 0.227
Sleep duration (hours) 6.70 £ 1.51 6.42+1.71 6.80 + 1.30 0.733
Sleep latency (minutes) 33.50+38.59 29.94+35.15 27.00+37.35 0.894
Sleep efficiency (%) 72.50+£20.25 70.28 £21.32 70.00 £ 33.73 0.911
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DISCUSSION

The present study assessed physical activity and the quali-
ty of sleep in the end-stage kidney disease patients treated
with maintenance in-center HD. Several methods were
used in previous studies to measure the physical activity of
dialysis patients: accelerometers, pedometers, and self-re-
ported questionnaires (16, 17). Consumer-grade wearable
tracking devices have recently emerged as a less expensive
and more practical option than accelerometers, but more
data are still needed on their validity and reliability.

Previous research established that HD patients are
less active than their healthy counterparts, with the most
remarkable difference among the elderly (18). Also, pa-
tients with cardiovascular disease, ongoing inflamma-
tion, protein-energy wasting, obesity, and diabetes ap-
pear predisposed to low physical activity levels, while
previous transplantation and higher muscle mass were
associated with higher physical activity (19).

Earlier studies have demonstrated a significant rela-
tionship between older age and poor sleep quality among
patients on maintenance HD (7), while the association
between sleep quality and sex in this population yielded
conflicting results (7, 20). In our study cohort, older age
was also significantly associated with a higher prevalence
of poor sleep quality, while other investigated demo-
graphic, dialysis-related and clinical parameters were not
related to the quality of sleep in our study population.

Data on the relationship between demographic and
clinical parameters and physical activity in HD patients
are limited. One large study which recruited 1,611 HD
patients from 27 dialysis facilities reported a significant
association between older age and male sex and a high-
er level of physical activity in this population, but no as-
sociation with dialysis vintage and comorbidities (21).
However, physical activity in this research was defined
as regular exercise, thus not quite corresponding to the
definition describing physical activity as any movement
that causes energy expenditure, including, but not limit-
ed to, daily household activities and commuting. In our
study population, we observed no significant association
between the level of physical activity and demographic,
clinical and dialysis-related indicators. One possible ex-
planation is that only a minor share of patients fit the cri-
teria for vigorous physical activity.

The level of physical activity is known to be positively
associated with sleep quality in healthy populations of all

ages, with the most notable improvement in sleep-related
to physical activity and exercise among older adults (22,
23, 24). On the other hand, there are limited data on the
relationship between physical activity and sleep quali-
ty in the ESRD population. Studies are scarce, sample
sizes small, and methodologies highly variable (25, 26).
Furthermore, interventional studies assessing the effect
of different physical exercise programs on sleep quality
in CKD and ESRD patients so far yielded inconclusive
results. Preliminary evidence suggests improvements in
self-reported sleep quality following exercise interven-
tions, but high heterogeneity and small effect size limit
these results (27). In our study population, HD patients
with lower levels of physical activity had worse sleep
quality, as assessed by the implemented tools, but the cor-
relation was not statistically significant.

We acknowledge certain limitations to our study. The
relatively low number of participants might present a statis-
tical bias in our conclusions. Moreover, we did not perform
the nocturnal polysomnography as a gold standard for the
diagnosis of sleep-disordered breathing that might influ-
ence patients’ sleep. Nevertheless, given the scarcity of data
in this area we believe that inputs from this research might
contribute to the insight on the complexity of the subject.

CONCLUSIONS

Hemodialysis has a profound impact on patients’ lives,
habits, daily routines and functioning. Thus, any inter-
vention that might be beneficial should be thoroughly
explored. In this study, we confirmed a significant associ-
ation between poor sleep quality and older age in the HD
population. No statistically significant association was
found between the level of physical activity and quality of
sleep in this cohort, but additional research with a larger
sample should further elucidate this issue.
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FIZICKA AKTIVNOST | KVALITET SNA KOD BOLESNIKA LECENIH HRONICNIM

HEMODIJALIZAMA

Trbojevic¢-Stankovic Jasnal?, Stanimirovic¢ Sanja®, Ristanovic Ljubica*, Nesi¢ Dejan®?

Sazetak

Uvod/Cilj: Bolesnici na hroni¢noj hemodijalizi ¢esto ima-
ju smanjenu fizicku aktivnost i los kvalitet sna. Cilj ovog
istraZivanja bio je da se proceni nivo uobicajene fizicke
aktivnosti i kvalitet sna kod bolesnika na hemodijalizi,
kao i da se proceni povezanost izmedu ova dva entiteta.

Materijal i metode: Sedamdeset jedan hemodijalizira-
ni bolesnik je popunio Internacionalni upitnik o fizickoj
aktivnosti i Pitsburski upitnik o kvalitetu sna. Osnovne
demografske, klinicke i karakteristike dijalizne terapije,
kao i rezultati laboratorijskih analiza, dobijeni su iz elek-
tronskih istorija bolesti. Rezultati su obradeni Studento-
vim t-testom, Pirsonovim hi-kvadrat testom, linearnom
asocijacijom i Spirmanovom korelacijom.

Rezultati: Gotovo polovina bolesnika (46,5%) ima lo$
kvalitet sna sa prose¢nim PSQI 5,7 + 4,4. Stariji bolesnici

su imali znacajno losiji kvalitet sna (p=0,019). Fizicka ak-
tivnost je bila niska kod 42,3% bolesnika, umerena kod
50,7% i visoka kod 7%. Nije uo¢ena znacajna udruzenost
izmedu nivoa fizicke aktivnosti, demografskih karakte-
ristika, duzine dijaliziranja i komorbiditeta. Distrubucija
dobrog i loseg kvaliteta sna bila je gotovo identi¢na kod
bolesnika sa niskom i umerenom fizickom aktivnoscu
(47% vs 53%, odnosno 50% vs 50%), dok su bolesnici sa
visokim nivoom aktivnosti ¢eS¢e dobro spavali (20% vs
80%), ali bez statisticki znacajne razlike (p=0,591).
Zakljucak: Nije uocena znacajna povezanost izmedu
nivoa fizicke aktivnosti i kvaliteta sna kod hemodijali-
ziranih bolesnika u ovom istrazivanju. Ispitivanje veceg
broja bolesnika moglo bi doprineti boljem uvidu u ovaj
problem.

Kljuéne reci: dijaliza, hemodijaliza, fizicka aktivnost, kvalitet sna
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Summary

Introduction/Aim: Patients with bipolar disorder, unrecognized
and with a delayed onset of manic or hypomanic episodes are often
mistakenly diagnosed with unipolar depression (UD) due to shared
symptomatology. The two disorders, however, have related but not
identical etiopathogenesis. Immune system alterations might play a
crucial role in both the onset and manifestation of these conditions.
This study aimed to compare immune markers between patients with
bipolar depression (BD) and unipolar depression (UD) and explore
their associations with acute episode characteristics and disease pro-
gression.

Material and Methods: This retrospective study included patients
with BD (n=60) and UD (n=242) who were hospitalized within a two-
year period and whose sociodemographic information, acute episode
and course of illness characteristics, and indicators of inflammation
were available.

Results: Patients with BD exhibited elevated mean platelet volume
(MPV) compared to those with UD. MPV levels correlated with clin-
ical characteristics in both groups; higher MPV was observed in UD
patients with an earlier age of onset and a longer duration of illness.
In BD patients, elevated MPV was associated with the severity of psy-
chopathology, particularly in individuals with a history of suicide at-
tempts and a prolonged duration of untreated disorder.

Conclusion: This study indicates the presence of chronic low-grade
inflammation in specific subpopulations of patients with affective dis-
orders. Immune changes are distinct in regard to the polarity of the
disorder and could be a potential indicator of the severity of psycho-
pathology and illness chronicity.

Keywords: bipolar affective disorder, inflammation, unipolar depres-
sion
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INTRODUCTION

Bipolar disorder (BD) and major depressive disorder
(MDD) are among the most common and severe mood
disorders. Due to their overlapping symptomatology and
often unrecognized or delayed manifestations of manic
or hypomanic episodes, patients with bipolar disorder are
frequently misdiagnosed with MDD (1). Consequently,
inadequate recognition and treatment of bipolar disor-
der, along with the absence of mood stabilizing therapy,
increases the risk of antidepressant-induced mania and
the frequency of affective episodes, facilitating disorder
progression and impaired functioning. Despite having
a spectrum of shared symptoms, bipolar disorder and
MDD are related but do not have an identical etiopatho-
genesis (2—4). Numerous studies describe the association
ofalterations in immune mediator levels and immune sta-
tus in general with the etiopathogenesis of mood disor-
ders, regardless of their polarity. Changes in immune sig-
naling molecules are linked not only to depression within
MDD and bipolar disorder diagnosis but also to depres-
sive symptoms in patients with primarily somatic illness-
es, sub-threshold depressive symptoms, or different types
of affective temperaments in the population of mentally
healthy individuals (5-9). The data show that altered
levels of C-reactive protein (CRP), as well as the number
of immune-active cells such as lymphocytes (Ly), neu-
trophils (Ne), or platelets (PLT), are present in patients
with mood disorders. Additionally, some of these indica-
tors of inflammation, including platelet count or mean
platelet volume (MPV), may serve as potential markers
of specific affective states, such as depression or mania
(10). As potential mediators in the clinical presentation
of mood disorders, these parameters are also suggestive
of the severity of the disorder itself (11). The neutro-
phil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), monocyte-to-lymphocyte ratio (MLR),
MPV, and CRP are direct and easily accessible biomark-
ers of alterations in neuroimmune functioning that could
facilitate the differential diagnosis of these two disorders
and enable a more precise treatment (11-14). This find-
ing also suggested that they could play a significant role
in the etiology of mood disorders, especially symptoms
of depression, or even be an additional aid in discrimi-
nating between patients with unipolar (UD) and bipolar
depressive episodes (BD). It is additionally important to
assess whether patients with specific clinical characteris-
tics belong to the group of those with higher inflamma-
tion parameters, as this may indicate disease progression
and the occurrence of comorbidities (15-17). However,
to date, the values of the selected indicators of inflamma-
tion have not been systematically investigated in regard
to the aforementioned differences.

The aim of this study was to assess differences in indi-
cators of inflammation (NLR, PLR, MLR, MPV, CRP)
between patients with acute episodes of bipolar depres-

sion and those with acute depressive episodes within
major depressive disorder. Our secondary aim was to
examine the associations of indicators of inflammation
with the clinical characteristics of acute episodes and the
disease course.

MATERIALS AND METHODS
Study Design

This study represents a clinical, retrospective, noncom-
mercial assessment of the neutrophil-to-lymphocyte ra-
tio (NLR), platelet-to-lymphocyte ratio (PLR), mono-
cyte-to-lymphocyte ratio (MLR), mean platelet volume
(MPV), and C-reactive protein (CRP) in the blood/
serum of patients with BD and UD. The study was ap-
proved by the Ethics Committee of the University Clini-
cal Centre of Serbia (No. 622/1).

Participants

The study included 302 participants of both sexes aged
18 to 79 years. Participants were divided into two groups:
the study group of patients with bipolar depression (BD =
60) and the study group of patients with unipolar depres-
sion (UD =242). The sample size necessary for the study
with the power of 1 - p = 0.80 at a = 0.05 was calculated
based on the study by Chang et al. (18) and the values of
C-reactive protein levels. The minimum number of par-
ticipants required to detect differences among groups
was determined to be 27 participants per group.

Inclusion criteria

Specific inclusion criteria for the BD and UD patients
were as follows: a) age > 18 years; b) patients experienc-
ing an acute exacerbation of the illness, hospitalized at
the Clinic of Psychiatry over a two year period, for UD
or BD according to the criteria of the 10th Internation-
al Classification of Diseases (19); and c) completed lab-
oratory work-up, including leukocyte count, neutrophil
count, lymphocyte count, platelet count, mean platelet
volume, and C-reactive protein, conducted no later than
three days following admission.

Exclusion criteria

The exclusion criteria based on available medical records
were as follows: a) comorbidity with acute inflammato-
ry, neurodegenerative, or infectious diseases and other
severe decompensated conditions; b) pregnancy or lacta-
tion; and c) the presence of another psychiatric comor-
bidity other than personality disorders.
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Semi-Structured Psychiatric Questionnaire

At the beginning of the study, data relevant to the research
were collected from medical records using a semistruc-
tured psychiatric questionnaire, including a) general so-
ciodemographic data (gender, age, marital status, educa-
tion); b) data related to the clinical characteristics of the
acute episode (time elapsed until initial remission, current
psychotic symptoms, current suicide risk); c) data related
to the clinical characteristics of the disease course (age at
the onset of initial symptoms, the duration of untreatedill-
ness, the duration ofillness, a total number and type of pre-
vious affective episodes, the number of hospitalizations,
the number of previous suicide attempts, the analysis of
previous complementary diagnostics —- MRI, CT, psycho-
logical evaluation); d) personal medical history (history of
alcohol and psychoactive substance abuse, the presence of
acute or chronic somatic illnesses); e) family medical his-
tory; and f) complete blood count and biochemical analy-
sis (absolute leukocyte count, absolute neutrophil count,
absolute lymphocyte count, absolute platelet count, mean
platelet volume, and C-reactive protein).

Variables such as age at the onset of initial symptoms,
a total number of previous episodes, type of previous ep-
isode, number of hospitalizations, and number of suicide
attempts were obtained from medical records. Regard-
ing the variable “current psychotic symptoms” (binary
variable), psychotic features were assessed as present (as-
signed a value of 1) if the patient was diagnosed with any
of the affective disorders with psychotic symptoms (19)
upon admission by the attending psychiatrist. The value
of 0 was assigned for this variable for other examined di-
agnoses. Data on current suicide risk, assessed through
the current presence of suicidal phenomena (suicidal
thoughts, intentions, attempts), were expressed through a
single binary variable, “current suicide risk” (without sui-
cidal phenomena - 0, with suicidal phenomena - thoughts
or intentions currently and attempt within the period of
up to one week before admission) - 1), based on data from
the mental status examination and medical history.

Certain clinical characteristics for which there is no
consensus (duration of untreated disorder, stage of the
disorder) were defined based on current research find-
ings. The duration of untreated disorder was defined as
the time elapsed from the onset of initial symptoms to
the initiation of appropriate treatment. In the context
of UD, “appropriate treatment” involves the use of anti-
depressants, while mood stabilizers are regarded as ade-
quate pharmacotherapy for bipolar disorder (20). To de-
termine differences in immune indicators related to the
progression of the disorder, the patients were categorized
into early (up to S years after the onset of initial symp-
toms), middle (from S to 10 years after the onset of initial
symptoms), and late stages of illness development (over
10 years after the onset of initial symptoms), using the
criteria of Pedrini et al. (21).

Laboratory analyses

The analysis of absolute neutrophil, lymphocyte, mono-
cyte, and platelet counts and MPV was performed on Sys-
mex XN-1000 and Beckman Coulter LH 750 machines,
while the analysis of C-reactive protein levels was carried
out on the Abbott Alinity C instrument. The neutro-
phil-to-lymphocyte ratio was calculated as the quotient
of the absolute neutrophil count and the absolute lym-
phocyte count. The monocyte-to-lymphocyte ratio was
calculated as the quotient of the absolute monocyte count
and the absolute lymphocyte count. The platelet-to-lym-
phocyte ratio was calculated as the quotient of the plate-
let count and the absolute lymphocyte count.

Statistical data analysis

The database was created in Microsoft Office Excel for
Windows 2007, and data analysis was conducted using
the Statistical Package for Social Sciences (SPSS) for
Windows v. 21.0 (SPSS Inc., Chicago, IL). Descriptive
statistical methods, including measures of central ten-
dency and variability, were used to illustrate the sample
characteristics.

Bivariate analytical statistical methods included tests
examining the association between indicators of inflam-
mation and other variables (independent samples Stu-
dent’s t test for independent samples, x2 test with Yates’s
correction, Fisher’s exact probability test, and correla-
tion using Pearson’s correlation coefficient). Multivar-
iate statistical methods involved partial correlation and
analysis of covariance (ANCOVA) with a post hoc least
significant difference (LSD) test. Sex and age were used
as covariates in all multivariate analyses. The choice of
the covariates was based on previous studies finding an
association between inflammatory parameters and these
sociodemographic variables (22).

The Kolmogorov-Smirnov test with Lilliefors correc-
tion revealed a non-normal distribution for some variables
(NLR, TLR, MLR, CRP). Parametric method results
were considered statistically significant if significance was
confirmed by the “bootstrapping” procedure on 1000 sub-
samples, as the population did not exhibit a normal distri-
bution for most inflammatory parameters. The test values
were considered statistically significant if p < 0.05. The
confidence interval value in the “bootstrapping” method
was regarded as more informative and superior to the p
value in cases with borderline p values. Therefore, the con-
fidence intervals are presented in the text for variables that
showed statistical significance in the analyses (23).

RESULTS

The sociodemographic characteristics of the partici-
pants are presented in Table 1. Apart from statistically
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Table 1. Sociodemographic and clinical characteristics of the patients

Sociodemographic characteristics BD (n=60) UD (n=242) Test pvalue CI

Gender (male/female) 6/54 106/136 - 0.000*

Age (years) 48.46+12.36 51.67 +11.10 t=-1.948 0.071> -6.90-0.36
Marital status (has a partner/does not have a partner, N) 33/27 149/93 x*=0.678 0.447¢

Education (years) 12.18 £2.46 12.59 +3.34 t=-0,873 0.383° -1.15-0.37
Clinical characteristics

Age at the onset (years) 30.47 £ 11.09 37.52+13.78 t=-3.676  0.000® -10.38--3.79*
Duration of untreated disorder (months) 107.67 £101.04  38.53 +70.03 t=6.044 0.001°  42.06-97.13*
Duration of illness (years) 18.01 £11.52 14.84 +12.27 t=1.810 0.071*  0.01-6.69*
Total number of previous episodes 10.57 £7.09 4.73+£3.30 t=1.810 0.071*  0.01-6.69*
Number of depressive episodes 6.51+£4.70 4.73+£3.30 t=3.258 0.013"  0.47-3.33*
Number of manic episodes 2.81+£2.37 = = = =

Number of mixed episodes 1.91 +£3.03 - - - -

Time elapsed until remission (days) 37.96 +15.06 43.16 £28.30 t=-1.374  0.042° -9.84-0.12
Current psychotic symptoms (yes/no, N) 21/39 44/198 x*=7.086  0.008° -

Number of hospitalizations 7.77£7.22 4.41+3.95 t=4.869 0.001° 1.61-5.46
Stage of disorder (<S years, 5-10, >10 years, N) 12/8/40 65/48/129 x*=3.571 0.168¢

Heredity (yes/no, N) 32/28 105/137 ¥=1.538  0.215°

Current suicide risk (yes/no, N) 36/24 78/164 x*=13.203  0.000° -

Previous suicide attempt (yes/no, N) 30/30 100/202 ’=8.713  0.003 -

Number of suicide attempts (yes/no, N) 1 0 t=2.848 0.017 0.11-0.89

The values are presented as the means + standard deviations unless otherwise stated. *Fisher’s exact probability test, "Independent samples t

test, ‘chi-square test with Yates’ correction; d Pearson’s chi-square test, *Statistical significance, relative to confidence intervals. Abbreviati-

ons: BD = bipolar depression, UD = unipolar depression, CI = confidence interval

significant differences in gender (10.0% vs. 43.8%, p
< 0.001), individuals with BD and UD did not differ in
terms of age, marital status, or education. When compar-
ing clinical characteristics, BD patients had a significant-
lylonger duration of untreated illness (107,67 + 101,04 vs.
38.,53 £ 70,03 months, p = 0.001), higher number of de-
pressive episodes (6,51 £ 4,70 vs. 4,73 + 3,30, p = 0.013),
a shorter time to remission (37,96 vs. 43.16, p = 0.042),
and a higher number of prior hospitalizations (7.77 £ 7,22
vs. 4.41 £ 3,95, p = 0.001). In addition, BD patients more
frequently exhibited psychotic symptoms at the time of

Table 2. Blood cell count and indicators of inflammation

admission (53.8% vs. 22.2%, p = 0.008) and suicidal be-
havior (100% vs. 49.5%, p = 0.003).

Values of the indicators of inflammation in the blood
and serum of the participants in our study are shown in
Table 2. Apart from significant differences in mean levels
of monocytes (0,55 + 0,25 vs. 0,46 + 0.20, p = 0.002) and
lymphocytes (2.28 +0.70vs.2.48 £2.08, p = 0.042), there
were no differences in other indicators of inflammation
that we assessed. The MLR was higher in patients with
bipolar depression than in patients with unipolar depres-
sion (0.25 £ 0.12 vs. 0.22 + 0.14, p = 0.017). Additionally,

The blood cell count BD (n=60) UD (n=242) Test p value CI
Leukocyte count 10°/L 6.22+1.93 8.05+1.38 t=-1.484 0.142* -6.61-0.96
Neutrophil count 10°/L 4.19 +£1.59 4.21+£1.73 t=-0.273 0.786 * -6.54-2.65
Lymphocyte count 10°/L 2.28+0.70 2.48+2.08 t=-2.114 0.042 * -1.17 --0.02
Monocyte count 10°/L 0.55+£0.25 0.46+0.20 t=3.029 0.002 0.10-0.46"
Platelet count 10°/L 238.34 +65.11 226.88 £ 65.05 t=1.148 0.252° -8.18 - 31.10

Indicators of inflammation

NLR 2.04+1.12 2.05+1.51 F=0.028 0.867° -0.415 - 0.493
MLR 0.25+0.12 0.22+0.14 F=5.750 0.017° 0.15 - 0.90*
TLR 113.12 £ 41.96 107.37 £48.93 F=0.396 0.530° -9.55 - 18.75
MPV (fL) 9.49+1.37 8.97+1.20 F=6.739 0.010° -0.93 --0.18*
CRP (mg/L) 4.62+5.93 6.62 +3.38 F=0.523 0.471° -8.82-1.54

The values are presented as the means * standard deviations unless otherwise stated. ‘Independent samples t test with the bootstrapping
method, "Analysis of covariance (ANCOVA) with bootstrapping methods (covariates: sex and age). *statistically significant relative to the
confidence interval. Abbreviations: BD = bipolar depression, UD = unipolar depression, CI = confidence interval, NLR = ratio of neutrophils
to lymphocytes, MLR = ratio of monocytes to lymphocytes, PLR = ratio of platelets to lymphocytes, MPV = mean platelet volume, CRP =

C-reactive protein
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Table 3. Associations between indicators of inflammation and clinical characteristics of acute episodes and disease course in patients with BD

NLR
r=-0.197, p=0.171

MLR
r=-0.147, p=0.310

PLR
r=-0.111, p=0.443

Clinical characteristics MPV(fL)

r=0.042, p=0.774

CRP(mg/L)
r=-0.096, p=0.641

Age at the onset of initial
symptoms (years)

Duration of untreated
disorder (months)

r=0.126, p=0.385 =-0.200,p=0.888 r=0.100, p=0.489 r=0.277,p=0.047* r=0.192, p=0.146

Duration of disorder (years)  r=0.217, p=0.130

r=0.093, p=0.520

r=0.163, p=0.259
r=0.042,p=0.770

r=0.116, p=0.432
r=-0.065, p=0.659

r=0.047, p=0.747
r=-0.070, p=0.629

r=0.087, p=0.671
r=-0.091, p=0.658

Total number of previous
episodes

Number of depressive
episodes

=-0.044,p=0.763 r=-0.074,p=0.611 r=-0.115,p=0.426  r=-0.229,p=0.109 r=-0.122,p=0.552

Number of manic episodes r=-0.042, p=0.773
r=0.187, p=0.500

r=-0.247,p=0.084

r=-0.111, p=0.443
r=0.175, p=0.701
r=-0.239, p=0.094

r=0.020, p=0.889
r=-0.002, p=0.998
r=-0.022, p=0.879

r=0.010, p=0.945
r=0.287, p=0.430
r=0.029, p=0.842

r=-0.091, p=0.657
r=0.056, p=0.785
r=0.149, p=0.468

Number of mixed episodes

Time elapsed until remission
(days)

Number of hospitalizations

r=0.067, p=0.645
r=-0.006, p=0.968

r=0.078, p=0.592
r=0.165,p=0.253

r=-0.117, p=0.420
r=0.007, p=0.959

r=0.022, p=0.878
r=0.308, p=0.029*

r=-0.162, p=0.428
r=-0.108, p=0.598

Number of suicide attempts

The values are presented as correlation coefficients and p values (covariates: sex and age). Abbreviations: NLR = ratio of neutrophils to lymp-
hocytes, MLR = ratio of monocytes to lymphocytes, PLR = ratio of platelets to lymphocytes, MPV = mean platelet volume, CRP = C-reactive
protein. *p < 0.0

MPV was higher in those with bipolar depression (9,49 +
1,37 vs. 8,97 + 1,20, p = 0.010).

depression group, patients with a history of suicide at-
tempts had higher MPV compared to those who had not
attempted suicide during their lifetime (9,32 + 1,23 vs.
8,59 £ 1,20, p = 0.03). Moreover, in the same group of pa-
tients, MPV was higher in those with a higher number of
suicide attempts and in those with a longer duration of

Indicators of inflammation in patients with bipolar
depression

In BD patients with acute suicidality, MPV was higher untreated illness. All analyses were conducted with the

than in their nonsuicidal counterparts (9,71 * 1,16 vs.

8,47 £ 0.96, p < 0.001). Additionally, within the bipolar

Table 4. Differences in the values of the indicators of inflammation in relation to the clinical characteristics of acute episodes and the disease

course in patients with BD

control of sex and age covariates (Table 3 and Table 4).

Clinical characteristic NLR MLR PLR MPV(fL) CRP(mg/L)

Current psychotic symptoms F=1.195, p=0.322 F=0.747, p=0.529 F=0.860, p=0.468 F=0.273, F=0.750,p=0.553
p=0.884

Yes 2.39+1.44 0.26+0.10 113.58+50.45 9.18+£0.90 3.73+4.07

No 1.86+0.88 0.25+0.13 112.90+37.5S 8.86+1.33 4.98+5.59

Stage of disorder F=0.439,p=0.649 F=0.683,p=0.515 F=0.183,p=0.833 F=0.336, F=0.310,p=0.737
p=0.717

< § years 2.361+2.24 0.27£0.10 101.43+59.81 8.99+1.13 4.94+5.01

5-10 1.72+1.83 0.21+0.11 109.82+41.48 8.33+1.01 4.16+3.75

>10 years 2.25+0.90 0.29£0.12 119.43+43.74 8.66+1.16 4.79£6.51

Heredity F=0.742,p=0.393  F=0.018,p=0.892  F=0.036, p=0.851 F=2.550, F=0.894,p=0.354
p=0.160

yes 2.20+1.34 0.26+0.12 114.35+39.06 9.24+1.30 5.54+4.53

no 1.88+0.85 0.25£0.11 111.92+45.43 8.70£1.05 3.93+4.54

Current suicidal risk F=0.060,p=0.800 F=0.733,p=0.527 F=0.010, p=0.919 F=16.950, F=0.811,p=0.377
p=0.000*

yes 2.00+1.20 0.26£0.13 112.13+40.09 9.71+1.16 5.52+5.07

no 2.11£1.01 0.26+0.11 114.63+45.55 8.47+0.96 3.58+4.33

Previous suicidal attempt F=0.757,p=0.52§ F=0.806,p=0.497 F=0.888,p=0.454 F=1.700, F=0.707,p=0.757
p=0.028*

yes 2.13+1.24 0.26+0.12 113.85£36.30 9.32+1.23 5.21+5.20

no 1.96£1.01 0.25£0.12 112.48+47.29 8.59+1.20 3.94+5.78

The values are presented as F (ANCOVA) and p values (covariates: sex and age). Abbreviations: NLR = ratio of neutrophils to lymphocytes,
MLR = ratio of monocytes to lymphocytes, PLR = ratio of platelets to lymphocytes, MPV = mean platelet volume, CRP = C-reactive protein.

*p <0.05
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Table S. Associations between the indicators of inflammation and clinical characteristics of acute episodes and disease course in

patients with UD

Clinical characteristics

NLR

MLR

PLR

MPV(fL)

CRP(mg/L)

Age at the onset of initial
symptoms (years)

r=-0.020, p=0.766

r=0.021, p=0.751

r=0.119, p=0.073

r=-0.172, p=0.009*

r=-0.100, p=0.354

Duration of untreated
disorder (months)

r=-0.015,p=0.834

r=-0.004, p=0.950

r=0.008, p=0.909

r=0.094, p=0.190

r=0.116, p=0.326

Duration of disorder (years)

r=0.014, p=0.832

r=-0.032, p=0.627

r=-0.113, p=0.088

r=0.155, p=0.019*

r=0.094, p=0.384

The total number of previous
episodes

r=-0.063, p=0.400

r=0.046, p=0.540

r=-0.011, p=0.883

r=0.052, p=0.493

r=0.081, p=0.506

Time elapsed until remission

(days)

r=0.024, p=0.713

r=0.001, p=0.994

r=-0.068, p=0.302

r=0.126, p=0.056

r=0.139, p=0.189

Number of hospitalizations

r=-0.046, p=0.488

r=-0.006, p=0.931

r=-0.098, p=0.137

r=0.057, p=0.395

r=0.067, p=0.532

Number of suicide attempts

r=0.102, p=0.120

r=0.111, p=0.093

r=0.012, p=0.858

r=-0.060, p=0.361

r=-0.027, p=0.798

The values are presented as correlation coefficients and p values (covariates: sex and age). Abbreviations: NLR = ratio of neutrophils to lymp-

hocytes, MLR = ratio of monocytes to lymphocytes, PLR = ratio of platelets to lymphocytes, MPV = mean platelet volume, CRP = C-reactive

protein. *p < 0.05

Indicators of inflammation in patients with unipo-
lar depression

In UD patients, a statistically significant positive correla-
tion was found for MPV in those with an earlier age of
onset (r=0.172, p = 0.009) and in patients with a longer
duration of illness (r = 0.15S, p = 0.019). All analyses were
conducted with the control of sex and age covariates (Ta-
ble 5 and Table 6).

DISCUSSION

The current study, involving a substantial number of pa-
tients with bipolar and unipolar depression and including
multiple readily available indicators of inflammation in the
clinical setting, is among the rare delving into the exam-
ination of low-grade inflammation indicators, specifically
comparing these two patient groups during the acute phase.

In our research, patients with bipolar depression had high-
er MLRs and MPVs than did those with unipolar depres-
sion. The mean platelet volume also differed in regard to
the clinical characteristics of both groups of participants.
Namely, for patients with unipolar depression, MPV was
higher in those with an earlier age of onset of the disorder
and in those with a longer duration of illness. However, in
patients with bipolar depression, it was also associated with
more severe clinical presentations throughout their life-
time, as well as currently. Patients with a history of suicide
attempts or those who were currently at risk for suicide had
higher values of this indicator of inflammation. Interest-
ingly, the same parameter was higher in BD patients with a
longer duration of untreated disorder.

Changes in the immune system are considered sig-
nificant factors potentially contributing to the onset and
clinical manifestations of mood disorders. Previous stud-
ies examining similar indicators of inflammation have
highlighted MLR as an indicator of manic episodes in bi-

Table 6. Differences in the values of indicators of inflammation in relation to the clinical characteristics of acute episodes and the disease

course in patients with UD

Clinical characteristic NLR MLR PLR MPV(fL) CRP(mg/L)
Current psychotics symptoms ~ F=0.614,p=0.434 F=0.782,p=0.378 F=0.876,p=0.350 F=0.252,p=0.616 F=1.023,p=0.315
yes 1.88+1.42 0.21+0.13 100.93+51.37 9.39+1.42 12.80+36.13

no 2.09£1.53 0.23%£0.1S 108.83+48.39 9.51+1.36 6.70+16.33

Stage of disorder F=0.827,p=0.439 F=0.325,p=0.723 F=1.626,p=0.199 F=0.837,p=0.434 F=0.632, p=0.534
< S years 2.17£1.51 0.25%£0.13 109.76+44.34 9.30+1.67 10.06+30.38

S-10 2.28+2.27 0.22£0.23 117.92+60.71 9.43£1.26 2.57+2.49

>10 years LRI IL) 0.21+£0.10 102.77£46.96 9.60+1.28 8.53+£19.39
Heredity F=1.818,p=0.179  F=2.176,p=0.142 F=0.013,p=0.908 F=0.026,p=0.871 F=0.025,p=0.874
yes 2.19+1.83 0.23+0.17 108.48+53.51 9.52+1.31 7.99£3.15

no 1.95+1.20 0.22£0.11 106.50+45.25 9.47+1.42 7.29%2.98
Current suicidal risk F=0.250,p=0.617 F=0.061,p=0.80S F=0.09S,p=0.758 F=0.027,p=0.870 F=0.988, p=0.321
yes 2.11+1.87 0.22+0.18 106.91£51.60 9.49£1.24 4.09+5.08

no 2.02+1.31 0.22+0.11 107.93+46.37 9.50+1.45 8.78+24.14
Previous suicide attempt F=0.225,p=0.636 F=0.041,p=0.839 F=0.947,p=0.332 F=0.742,p=0.390 F=0.062, p=0.804
yes 2.13+2.01 0.22£0.19 103.34+56.28 9.37£1.17 6.84+14.72

no 2.02£1.26 0.22+0.11 109.07+45.58 9.54+1.46 7.94+83.08

Values are presented as F (analysis of covariance, ANCOVA) and p values (covariates: sexand age). Abbreviations: NLR = ratio of neutrophils

to lymphocytes, MLR = ratio of monocytes to lymphocytes, PLR = ratio of platelets to lymphocytes, MPV = mean platelet volume, CRP =

C-reactive protein.
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polar disorder patients (12,13,24,25). While few studies
comparing the MLR in patients with bipolar and unipolar
depression have shown no differences in the values of this
indicator of inflammation, our results show that patients
with BD have a higher MLR than those with UD. The
discrepancies in the findings may be attributed to the fact
that our study included a significantly larger number of
participants compared to the study by Mazza et al. (12).
Additionally, the same study used different confounding
variables compared to our study (12). However, the same
study only revealed a difference in the number of lympho-
cytes in individuals with BD and UD, whereas our study
documented differences in both the absolute lympho-
cyte count and the absolute monocyte count. This dis-
crepancy potentially indicates immune reactivity in both
cell groups in our patient population, especially in those
with BD. It is important to note that the studies by other
authors included younger patients, potentially with less
advanced immune changes or fewer functional changes
within the cardiovascular system (26, 27).

Research indicates that platelet size, measured as the
mean platelet volume, is indeed an indicator of plate-
let immune reactivity (28). Previous studies comparing
MPV in individuals with unipolar and bipolar depres-
sion found no difference in the values of this marker (10).
However, the majority of studies analyzing individual
diagnostic entities have reported increased MPV in in-
dividuals with unipolar and bipolar depression (28-30).
In our study, patients with bipolar depression had higher
MPYV than patients with unipolar depression, suggesting
increased immune activity in patients with BD. Doc-
umented immune activity may represent a risk factor,
particularly for cardiovascular diseases, which are more
prevalent or more pronounced in individuals with bipo-
lar disorder than in those with major depressive disorder
(31). The differences between our findings and those of
previous research may stem from different participant se-
lection, including individuals older than 65 years, or from
the use of different statistical data processing methods.

Moreover, our study identified low-grade inflam-
mation, with MPV as an indicator, in individual patient
groups. Previous studies revealed an association between
NLR and suicide risk in individuals with bipolar disor-
der (32). However, our study did not yield similar results.
It is essential to acknowledge that previous studies with
positive results were prospective, measured symptom-
atology during acute episodes using psychometric in-
struments, and found an association between NLR and
suicide risk only in patients with a positive family history
of suicide (32), which our study did not assess. Interest-
ingly, our study found an association between other in-
flammatory parameters and suicide risk in patients with
BD. MPV was higher in patients with a history of suicide
attempts and those who were acutely suicidal, but it was
also associated with a higher number of previous suicide
attempts. Moreover, similar NLR values in individuals

with unipolar and bipolar depression in our sample could
be explained by their association with the type of acute
affective symptomatology. Previous research has iden-
tified NLR as an indicator of manic states; thus, com-
parable levels of NLR in individuals with BD and UD
in our sample could be expected (13,27). Our study did
not find an association between the presence of psychotic
symptoms and inflammatory parameters, somewhat in
line with previous research. Similarly, Kayhan et al. (33)
did not find an association between NLR and psychot-
ic symptoms in individuals with unipolar depression.
However, the same authors found an association between
psychotic symptoms and PLR in individuals with major
depressive disorder, regardless of its severity. The differ-
ence in our results may be due to the retrospective nature
of our study, which made precise quantification of psy-
chotic symptoms and grading patients in terms of disease
severity unattainable.

An observation stemming from our work relates spe-
cifically to platelet reactivity, measured by MPV, which
was increased in patients with bipolar depression with a
longer duration of untreated disorder. Such data further
underline the significance of timely treatment and align
with previous research on the immunomodulatory effects
of psychopharmacological agents (34). Elevated MPV
values have also been documented in individuals with
UD compared to healthy participants (30). Although our
study did not include a healthy control group, increased
MPV values were found in individuals with UD with
an earlier onset and longer duration of illness. Prior re-
search specifically indicates increased chronic low-grade
inflammation in individuals with affective disorders,
which may be associated with the severity and chronici-
ty of the illness (28). Although our study did not directly
investigate the association between stressful life events
and inflammatory parameters, some studies have sug-
gested that altered immune status, particularly increased
inflammation, may result from the cumulative effects of
stressors, contributing synergistically to a proinflamma-
tory status and the chronic course of the disorders (35).

This study needs to be viewed in light of its strengths
as well as potential limitations that may affect the results
and their further interpretation. The most significant dis-
advantage of this study is its retrospective nature, which
prevented a comprehensive assessment of acute psycho-
pathology through psychometric instruments and thus
the evaluation of the intensity of acute depressive symp-
toms in relation to indicators of inflammatory status. An-
otherimportantlimitation is that the association between
applied pharmacological treatment and indicators of in-
flammation was not analyzed, which could impact the in-
terpretation of the results. Nevertheless, bearing in mind
that this study has overcome the limitations of previous
studies that included a smaller number of participants
and lack of control for covariates (10, 28, 32), we believe
it provides additional, novel information regarding the
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role of inflammation indicators in patients with affective
disorders of both polarities. It is important to emphasize
that one of the greatest qualities of the current study is its
naturalistic, clinical sample, which has yielded additional
insights. In practical and clinical terms, the results from
such a sample could indicate the possibility that certain
subsets of our patients are exposed to increased inflam-
mation and require special attention concerning the pre-
vention of somatic comorbidities (17) that further com-
plicate the disease course and hinder treatment.

CONCLUSION

Our study highlights the presence of chronic low-grade
inflammation in specific subcategories of patients with
affective disorders of both polarities. Immune changes
differ according to the polarity of the disorder and may
serve as indicators of the severity of psychopathology and
the absence of timely treatment in patients with bipolar

depression. However, in patients with unipolar depres-
sion, these immune dysregulations could be mediated
by the chronicity of the disease and the potential accu-
mulation of environmental stressors. The results of our
study highlight the importance of monitoring particular
populations of patients who may be at risk of developing
somatic comorbidities due to increased inflammation.
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Sazetak

Uvod/Cilj: Usled preklapajuce simptomatologije, a ce-
sto i neprepoznate ili odlozene pojave manicne ili hipo-
manic¢ne epizode u bipolarnom poremecaju, pacijenti
sa ovim oboljenjem cesto se nepravilno dijagnostikuju
kao oboleli od unipolarne depresije. Ova dva poreme-
¢aja imaju srodnu, ali ne i istu etiopatogenezu. lzmene
u imunskom sistemu potencijalno znacajno doprinose
nastanku i klinickoj ekspresiji poremecaja raspolozenja.
Studija ispituje razlike u indikatorima inflamacije kod pa-
cijenata sa bipolarnom (BD) i unipolarnom depresijom
(UD) i njihovu povezanost sa klinickim karakteristikama
akutne epizode i toka bolesti oba poremecaja.

Materijali i metode: IstraZivanje predstavlja retrospek-
tivnu studiju u koju su ukljuceni pacijenti oboleli od BD
(n=60) i UD (n=242), koji su hospitalno leceni u dvogo-
diSnjem periodu i za koje su evidentirane socio-demo-
grafske informacije i karakteristike akutne epizode i toka
bolesti i ispitivani indikatori inflamacije.

Rezultati: Oboleli od BD imaju visi srednji volumen
trombocita u odnosu na obolele od UD. Isti indikator
inflamacije je izmenjen i u odnosu na klinicke karakteri-
stike obe grupe ispitanika. Tako je kod pacijenata sa UD
njegova vrednost bila visa ukoliko je bolest ranije po-
Cela i duze trajala. Kod obolelih od BD, srednji volumen
trombocita je povezan sa tezinom psihopatologije to-
kom zivota, pa su pacijenti sa istorijom pokusaja suicida
i oni koji su duze ¢ekali na zapocinjanje terapije pri prvoj
epizodi tokom Zivota takodje imali vise vrednosti ovog
indikatora inflamacije.

Zakljucak: Nase istrazivanje ukazuje na postojanje hro-
ni¢ne inflamacije niskog stepena kod specifi¢nih sub-
populacija obolelih od afektivnih poremecaja. Prisutne
imunske izmene razlikuju se u odnosu na polaritet obo-
lienja i mogu biti potencijalni indikator tezine psihopa-
tologije i hroniciteta bolesti.

Kljucne reci: bipolarni afektivni poremecaj, inflamacija, unipolarna depresija

Primljen: 18.03.2024. | Revizija: 16.05.2024. | Prihvacen: 28.05.2024.

Medicinska istazivanja 2024; 57(3):49-58

58|



Medicinska istaZivanja 2024; 57(3):59-63 | DOI 10.5937/medi57-50470 . OPEN ACCESS

Medical Research | Published by Faculty of Medicine University of Belgrade

!\.WLU‘HJ‘HH( KW ’—\‘“H‘(H;\\ (!\‘
ORIGINAL ARTICLE OAKYIT ﬂ ' { MEDICINE

Epidemiology of spinal column injuries before, during, and after
the COVID-19 pandemic - is there any difference?

Slavisa Zagorac“*?, Milos Vasic“?, Uros Novakovic“*?, Milos Mladenovic*?,

lvan Tulic**?, =Valerija Teodosic*“*?

! University of Belgrade, Faculty of Medicine, Belgrade, Serbia
2 Clinic of Orthopedic Surgery and Traumatology, University Clinical Center of Serbia, Belgrade, Serbia

Recived: 15 April 2024

Revised: 23 June 2024 m Summary

Accepted: 27 June 2024 Check for Introduction: The lack of information in international literature re-
updates garding the impact of the introduction and the subsequent termina-

Funding information: tion of epidemiological restrictions during the COVID-19 pandemic on

The authors did not receive support from any the epidemiology of spinal injuries has led to the constant monitoring

organization for the submitted work. Nofunding | ~ and recording of all relevant data on patients with spinal column inju-

was received to assist with the preparation of ries since the beginning of the pandemic.

this manuscript. No funding was received for . . . .

conducting this study. Study Aim: To analyze and compare epidemiological data on pa-

tients with spinal column injuries treated at a tertiary healthcare facili-
ty in Serbia, before, during, and after the COVID-19 pandemic.

Materials and methods: This is a retrospective study spanning three
Licence: observation periods analyzing patients with spinal column injuries.

This is an open access article distributed under Results: The average age of patients in the first observation period
the terms of the Creative Commons Attribution was 47 years, 68 years in the second, and 39 years in the third peri-
License {https://qeativecommons.org/licenses/ od. In the first two observation periods, the dominant mechanism of
m’ixh:: dp:erggé:gzzt&(t:;l:;idlum injury was same-level faII,.and most of the patients were treated con-
provided the original author and source are ' servatively. When comparing the data on the three groups of respon-

dents, statistically significant differences in the age of the patients

Copyright: © 2024 Medicinska istraZivanja

credited.
and the mechanism of injury can be observed.
Competing interests: Conclusion: The COVID-19 pandemic contributed to spinal column
The authors have declared that no competing injuries being more common among the elderly, due to falls occurring
interests exist at home. However, after people returned to an active lifestyle, which
was especially true of the younger population, there was a sudden
%<4 Correspondence to: increase in the number of spinal column injuries due to road traffic
Valerija Teodosic accidents, while due to the frequent occurrence of spinal cord inju-
Clinic of Orthopedic Surgery and Traumatology, ries, there was also an increase in the number of emergency surgeries.
University Clinical Center of Serbia, Keywords: COVID-19, spinal column injuries, mechanism of injury,
2 Pasterova Street, 11000 Belgrade, Serbia surgical treatment

E-mail: valerija.teodosic996@gmail.com

Cite this article as: Zagorac S, Vasi¢ M, Novakovi¢ U, Mladenovic¢ M, Tuli¢1, Teodosic V. Epidemiology of spinal column injuries before, during, and after the covid-19 pandemic — is there any difference?;
Medicinska istazivanja 2024; 57(3):59-63 DOI: 10.5937/medi57-50470

ISSN 0301-0619 | E-ISSN 0301-0619 H 'U www.medicinskaistrazivanja.med.bg.ac.rs | 59


https://orcid.org/0000-0002-0010-0971
https://orcid.org/0009-0003-9012-5594
https://orcid.org/0009-0007-6154-4916
https://orcid.org/0000-0002-8350-2182
https://orcid.org/0000-0002-5648-6762
https://orcid.org/0009-0001-2250-7908
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://med.bg.ac.rs/?page_id=13348&script=lat

Medicinska istraZivanja 2024; 57(3):59-63

INTRODUCTION

The COVID-19 pandemic and the resulting epidemiolog-
ical restrictions limiting free movement, prohibiting large
gatherings, and restricting the working hours of most
establishments in the entertainment, hospitality, and
services industries, brought about certain changes, both
in everyday life and in the functioning of the healthcare
system (1-3). The overburdening of the healthcare system
with COVID patients on the one hand, and the reduced
movement and activity of people on the other hand, led
to certain changes in the epidemiology of spinal column
injuries and other bone-joint injuries, as compared to the
period before the pandemic (4-8). After the pandemic re-
strictions were lifted, people resumed an active lifestyle.
The health system gradually recovered and began to op-
erate at its full capacity, i.e., like before the pandemic.

Generally, in the epidemiology of spinal column inju-
ries, most studies have shown the ratio of male to female
injuries to be 2:1 (9). The most common mechanisms of
injury are road traffic trauma in the younger population
and falls in the older population (9-11). What makes spi-
nal column injuries both unique and complex is the inju-
ry to the spinal cord. The mechanism of injury to the spi-
nal column, i.e. the type of injury, as well as the degree of
injury, play a major role in spinal cord damage, and thus
in the degree of neurological deficit (12). The prognosis
for recovery is uncertain, and the estimate is that people
above the age of 60 years with a spinal cord injury have
a poorer prognosis for recovery and experience a lower
quality of life after the injury (9). Medicamentous thera-
py with methylprednisolone and early surgical stabiliza-
tion within the first 24 hours after injury play a role in the
degree of recovery after injury to the spinal column and
spinal cord (13-16).

The study aims to compare the epidemiological data
on spinal column injuries from the period before, during,
and after the COVID-19 pandemic, and to determine
whether there were differences in the number of spinal
column injuries, the demographic characteristics of pa-
tients, the mechanisms of injury, and the treatment mo-
dalities, in the context of the introduction and then the
termination of epidemiological restrictions. The hypoth-
esis is that, during the COVID-19 pandemic, there was a
lower rate of patients with spinal column injuries, as com-
pared to the time before and after the pandemic.

MATERIALS AND METHODS

This is an observational, descriptive, retrospective, sin-
gle-center study. Epidemiological data on patients with
spinal column injuries treated at the trauma center of a
tertiary healthcare facility in Serbia were collected for
three different observation periods. A total of 368 pa-
tients with spinal column injuries were recorded in the

first observation period, i.e., in the 18 months preceding
the COVID-19 pandemic. In the second observation pe-
riod, i.e. over the duration of the COVID-19 pandemic,
363 patients with spinal column injuries were recorded.
Finally, in the third observation period, lasting 18 months
after the COVID-19 pandemic, 326 patients with spinal
column injuries were recorded. Sex, age, the mechanism
of injury, the type of injury, neurological deficit, and the
treatment modality were recorded in all patients. The
data were obtained from the hospital admission proto-
col of the University Clinical Center of Serbia Emergen-
cy Center, the treatment protocol of the Department of
Spinal Surgery of the University Clinical Center of Serbia
Emergency Center, and the surgery treatment protocol
of the said department. In all patients, the appropriate
diagnostic procedures were performed (conventional ra-
diography — X-rays; computed tomography — CT), their
neurological status was assessed (the ASIA score — Amer-
ican Spinal Injury Association Impairment Scale was ap-
plied; according to ASIA score neurological findings can
be without neurological impairment — ASIA E, complete
neurological impairment (paraplegia or quadriplegia) —
ASIA A, or with preserved sensibility and loss of motor
skills in varying degrees — ASIA B, C, D), as was their
general health status, upon which a decision was made
whether to treat the patient conservatively or surgically.

The findings were processed using methods of descrip-
tive statistics, one-way ANOVA, Student’s t-test, Chi-square
test and the statistical significance was set at p < 0.05. The
EZR software was used for statistical data processing.

RESULTS

The values regarding age, gender distribution, mecha-
nism of injury, injury level and treatment modality are
presented in Table 1. All conservatively treated patients
in all three periods had normal neurological findings —
ASIA E (Appendix I, Table 2). During the first observa-
tion period two patients died, of whom one patient with
a cervical spine injury and quadriplegia, and one patient
with a thoracic spine injury and paraplegia. During the
second observation period four patients died, of whom
three patients with a cervical spine injury and quadriple-
gia, and one patient with a thoracic spine injury and para-
plegia. During the third observation period six patients
died, of whom four patients with a cervical spine injury
and quadriplegia, and two patients with a thoracic spine
injury and paraplegia.

DISCUSSION

The results of this epidemiological study showed that
there was an approximately equivalent number of patients
with spinal column injury during all three observation
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Table 1. Descriptive parameters of spinal column injuries before, during, and after the COVID-19 pandemic

Before the COVID-19 pandemic
(n=368, 100%)

During the COVID-19 pandemic After the COVID-19 pandemic
(n=363, 100%)

(n=326,100%)

Age (years) 47 39

[median (min-max)] (14-92) (15-92) (14-77)

Male / Female 219 / 149 228/ 135 198 / 128
(59.5% / 40.5%) (62.8% / 37.1%) (60.7% / 39.3%)

Mechanism of injury

Same-level fall 204 (55.4%) 211 (58.1%) 94 (28.8%)

Road traffic accident 111 (30.2%) 97 (26.7%) 154 (47.3%)

Fall from height above two 53 (14.4%) 55 (15.2%) 78 (23.9%)

meters

Injurylevel

Thoracic and lumbar spine 249 (67.7%) 305 (84.1%) 193 (59.2%)

Cervical spine 119 (32.3%) 58 (15.9%) 133 (40.8%)

Treatment modality

Conservative 257 (69.8%) 206 (56.7%) 176 (54%)

Surgical 111 (30.2%) 157 (43.3%) 150 (46%)

periods. Men were dominantly injured in all three peri-
ods. Regarding age, the younger population was dom-
inant in the period after COVID-19 pandemic, while
older population was dominant in the periods before and
during the pandemic. In the periods before and during
the pandemic, same-level falls were the most common
mechanism of injury, while in the period after the pan-
demic, road traffic trauma was the dominant mechanism
of injury. In the first two observation periods, the most
frequently injured segment of the spinal column was the
thoracolumbar spine, while in the third observation peri-
od, an approximately equivalent number of patients with
thoracolumbar and cervical spine injuries was recorded.
In the periods before and during the pandemic, most
patients were treated conservatively, while after the pan-
demic a similar number of patients were treated conser-
vatively and surgically (Appendix I, Table 1).
Furthermore, here was recorded that in the period af-
ter the COVID-19 pandemic, the drivers who caused road
traffic accidents were often inebriated. Also, in our study,
anincreased number of attempted suicides (Lat. tentamen
suicidi) was recorded among the younger population, as
compared to the period before and during the pandemic.
This study has shown that in a tertiary health institu-
tion in Serbia, there was no significant difference in the
number of patients with spinal column injuries, the number

Table 2. Neurological findings in the followed periods

of surgical procedures, and the injury level, before, during,
and after COVID-19 pandemic (p > 0.05). However, it was
established that there was a significant difference in the age,
as well as the mechanism of injury, before, during, and after
COVID-19 pandemic (p < 0.05), (Appendix I, Table 1).

A comparison of the observation periods for variables
where statistical significance was found had shown that, re-
garding patient age and mechanism of injury, there was a sig-
nificant difference between the first and the third, as well as
between the second and the third observation periods, while
between the first and the second observation periods, a sig-
nificant difference was not found (Appendix I1, Table 3).

Studies performed during COVID-19 pandemic
worldwide have proved that there was a significantly low-
er rate of patients with spinal cord injuries admitted to
major trauma centers during the pandemic, as well as that
alower rate of both elective and emergency spinal surger-
ies was performed, as compared to the period before the
pandemic (17-19). Restrictions on free movement during
the pandemic could be considered as the factor inducing
such a situation, as well as the large influx of patients suf-
fering from the new disease. Iyengar K. et al. showed that
Coronavirus outbreak had refocused orthopedic minds
on managing many injuries (among them spinal column
injuries) conservatively, which would have otherwise
been managed with operative fixations (20).

Before the COVID-19 During the COVID-19 After the COVID-19

pandemic pandemic pandemic
Preoperative neurological finding (n=111, 100%) (n=157, 100%) (n=150, 100%)
Normal 68 (61.3%) 118 (75.2%) 82 (54.7%)
Paraplegia 33 (29.7%) 31 (19.7%) 45 (30%)
Quadriplegia 10 (9%) 8 (5.1%) 23 (15.3%)
Postoperative neurological finding in the patients with a 43 (100%) 39 (100%) 68 (100%)
neurologic deficit found before surgery
Improved as compared to the initial finding 15 (34.9%) 17 (43.6%) 20 (29.4%)
Unchanged as compared to the initial finding 28 (65.1%) 22 (56.4%) 48 (40.6%)
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Table 3. The comparison of data for all three observation periods, as well as the comparison between individual periods for variables where a

statistically significant difference was found

Comparing all three Comparing the first and the Comparing the second and Comparing the first and the

observation periods second observation periods the third observation periods third observation periods

Number of p=0.071 p=0.065 p=0.074 p=0.074
patients
Age p <0.001 p=0.569 p <0.001 p <0.001
Sex p=0.788 p=0.612 p=0.743 p=0.067
Mechanismof p<0.001 p=0.718 p <0.001 p <0.001
injury
Injurylevel  p=0.06838 p=0.083 p=0.078 p=0.061
Treatment p=0.07861 p=0.062 p=0.071 p=0.079
modality

The data obtained from other studies do not correlate CONCLUSION

with our study, and the reason for this may be that the
Emergency Center of the University Clinical Center of
Serbia was the only functioning trauma center during the
COVID-19 pandemic, operating atits full capacity before,
during, and after the COVID-19. More patients from the
entire territory of Serbia than usual were cared for and
treated here, while other health facilities throughout Ser-
bia performed less spinal column injuries surgery than
before, due to transforming capacities into COVID-19
centers with the primary goal of caring for patients suf-
fering from the new COVID-19 infection.

The limitations of this study are that it included just
one trauma center, as well as the fact that the trauma cen-
ter was operating at its regular capacity even during the
pandemic.

The COVID-19 pandemic and the resulting epidemio-
logical restrictions contributed to spinal column inju-
ries being more common among the elderly, due to falls
occurring at home. Additionally, patients were generally
without neurologic deficits and mostly treated conser-
vatively. However, after the restrictions were lifted, peo-
ple resumed their former lifestyle, using cars and public
transportation more frequently, which led to a sudden
increase in the number of spinal column injuries caused
by road traffic accidents, especially among the young-
er population. The severity of trauma caused by such a
mechanism of injury also led to an increase in the number
of emergency surgeries, as compared to the period before
and during the pandemic.
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EPIDEMIOLOGIJA POVREDA KICMENOG STUBA PRE, ZA VREME | NAKON
PANDEMIJE IZAZVANE KOVIDOM 19 - IMA LI RAZLIKE?

Slavi$a Zagorac?, Milo3 Vasi¢?, Uro$ Novakovi¢'?, Milos Mladenovi¢?, lvan Tuli¢*?, Valerija Teodosi¢*?

Sazetak

Uvod: Nedostatak informacija u svetskoj literaturi o uti-
caju uvodenja, a potom i ukidanja epidemioloskih mera
na epidemiologiju povreda kicmenog stuba nave nas je
na konstantno pracenje i belezenje svih relevantnih po-
dataka o pacijentima sa povredama ki¢cmenog stuba od
pocetka pandemije.

Cilj rada: Sagledavanje i uporedivanje epidemioloskih
podataka u vezi sa povredama ki¢menog stuba lecenih
u tercijernoj zdravstvenoj ustanovi u Srbiji, pre, za vreme
i nakon pandemije izazvane kovidom 19.

Materijal i metode: Retrospektivna studija koja obu-
hvata tri vriemenska perioda pracenja pacijenata sa po-
vredom ki¢menog stuba.

Rezultati: Prosecne godine starosti pacijenata u prvom
periodu pracenja su iznosile 47, u drugom 68, a u trecem

39 godina. U prva dva perioda pracenja dominantan
mehanizam povredivanja je bio pad na ravnom, a paci-
jenti su najcesce leceni konzervativno. Poredenjem po-
dataka tri grupe ispitanika, uocavaju se statisticki znacaj-
ne razlike u godinama starosti pacijenata i mehanizmu
povredivanja.

Zakljucak: Pandemija izazvana kovidom 19 doprinela je
vecoj ucestalosti povreda kicmenog stuba medu stari-
jim osobama, usled padova u kué¢nim uslovima. Medu-
tim, nakon vracanja aktivnhom nacinu Zivota, posebno
medu mladom populacijom, doslo je do naglog poveca-
nja broja povreda kicmenog stuba usled saobracajnog
traumatizma, a zbog cestog postojanja povrede ki¢me-
ne mozdine, i do povecanja broja urgentnih operativnih
zahvata.

Kljuéne reci: kovid19, povrede kicmenog stuba, mehanizam povredivanja, operativno lecenje
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Summary

Introduction/Aim: Vaccine hesitancy is recognized as important determi-
nant of routine immunization coverage, but also as a factor of inadequate
acceptance of the COVID-19 vaccine. The World Health Organization pro-
posed a “3C" model, with confidence, complacency and convenience as the
core components of vaccine hesitancy. The purpose of this study was to as-
sess the intention to receive COVID-19 vaccine through the 3C framework in
Serbia.

Materials and Methods: This cross-sectional study was based on the data
collected from 1,435 adult respondents from the general population using
an online questionnaire in the period December 2020-January 2021. Con-
venience, non-probability sampling was applied. Participants were reached
through the existing social networks and mailing lists. The main outcome
variable was the intention to get vaccinated against COVID-19, with three ca-
tegories: vaccine refusal, vaccine indecisiveness, and vaccine acceptance. To
explore associations of predictor variables (socio-demographics, source cre-
dibility, general vaccine attitudes and COVID-19 vaccine hesitancy measured
through three scales - Confidence, Convenience and Complacency) with the
outcome variable, binary logistic regression models were conducted.

Results: Less than one third of respondents (28.6%) were vaccine refusing,
33.7% were vaccine accepting, while 37.7% were undecided. Increased likeli-
hood of being both vaccine undecided and vaccine refusing was significan-
tly associated with lower scores on Confidence and Convenience scales, and
a higher score on the Complacency scale.

Conclusion: Confidence in health authorities and government, confidence
in COVID-19 vaccine safety and efficacy, perception of ease of access to vac-
cination and complacency (perceived lack of need for vaccination) were the
most important factors driving the intention to get vaccinated, confirming
relevance of the “3C” model.

Keywords: COVID-19, vaccination intention, vaccine hesitancy, World He-
alth Organization.
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INTRODUCTION

Less than a year before the COVID-19 pandemic was
declared, the World Health Organization (WHO) iden-
tified vaccine hesitancy as one of the 10 most important
global health threats (1). The first conceptualization of
the global phenomenon of vaccine hesitancy was provid-
ed by the WHO in 2014, which defined the concept of
vaccine hesitancy as a delay in the acceptance or refusal
of vaccines despite the availability of vaccination services
(2). In fact, the WHO proposed a so-called “3C” model
which has three core components of vaccine hesitancy:
confidence, complacency and convenience.

Confidence has been defined as trust in the effective-
ness and safety of vaccines as well as in the system that
provides the vaccines and the policymakers who decide
on target populations for vaccination. Complacency is re-
lated to the perceived lack of need for vaccinations, where
the risks of vaccine-preventable disease are perceived as
low, and vaccines are perceived as unnecessary. Conve-
nience accounts for the perceived constraints to access
vaccinations such as physical availability, affordability,
willingness to pay, geographical accessibility, ability to
understand, and quality of the immunization services.

During the COVID-19 pandemic, it was apparent
that all three components were prominent as the driv-
ers of vaccine hesitancy. Specifically, confidence in vac-
cines was largely hampered because of the information
overload and delivery of inaccurate information through
various communication channels (3, 4). This gave rise to
the infodemic, which resulted in low coverage rates. In
addition, complacency was in place largely because of the
rapid spread of information giving way to conspiracy the-
ories (5). Indeed, convenience seen through access and
global allocation of vaccines and vaccine deployment (6)
reflected larger structural issues that were country- and/
or region-specific (7).

Bearing all mentioned above in mind, the vaccine hes-
itancy concept is important now more than ever before,
because in the post-COVID-19 pandemic period, the
propensity toward the decrease in vaccination coverage
of vaccines in the childhood immunization programs is
high. In fact, in the Republic of Serbia there has been a
downward trend in immunization coverage in children
over the past two decades (8). Vaccine hesitancy is espe-
cially prominent in Serbia, resulting in a major measles
outbreak just before the onset of the COVID-19 pan-
demic (9). This means that systematic efforts need to be
made to combat vaccine hesitancy in order to keep the
optimum coverage and maintain herd immunity in the
population (10).

Applyinga “3Clens” to the issue of intention to receive
the COVID-19 vaccine could help to calibrate the public
health response to vaccination in the post COVID-19
pandemic period and provide necessary clues on how to
frame future health policies. The aim of this study was to

evaluate 1) the intention to receive COVID-19 vaccine,
2) components of the 3C model in the COVID-19 vac-
cine hesitancy context, and 3) psycho-social factors asso-
ciated with COVID-19 vaccination intention.

MATERIAL AND METHODS
Participants and procedure

A cross-sectional online survey was conducted in the pe-
riod December 2020-January 2021 among adult general
population in Serbia. Convenience non-probability sam-
pling was applied. Respondents were reached through the
existing social networks and mailing lists. The self-ad-
ministered questionnaire was disseminated through
Google Forms platform, and it required approximately
1S minutes to be completed. The introductory part of
the questionnaire included information for respondents
including the purpose of the study and their rights as par-
ticipants. Informed consent of respondents was assumed
by their competition of the survey. The questionnaire
was anonymous, no personally identifying data were col-
lected. Participation in the study was voluntary, no incen-
tives were provided to respondents. The study protocol
was approved by The Ethics Commission of the Faculty
of Medicine, the University of Belgrade (approval num-
ber: 1322/ XIL7).

Study instrument and measures

The questionnaire consisted of six parts:

1. The primary outcome - intention to get vaccinated
against COVID-19. was measured by a single item
assessing the likelihood of getting vaccinated on a
10-point scale (ranging from 1 - extremely unlikely to
10 — extremely likely). This variable was compressed
into three categories: vaccine refusal, vaccine indeci-
siveness, and vaccine acceptance.

2. Socio-demographic questionnaire included: gender,
age, region, type of settlement, education level, em-
ployment, income, marital status, religiosity, having
children and the number of household members.

3. Health-related characteristics included three binary
(yes/no) items: having had COVID-19 infection,
pre-existing health conditions in the respondent, and
pre-existing health conditions in household members.
In addition, health self-assessment was measured by a
single S-point scale item ranging from 1 “very poor “to
S “very good®.

4. The source credibility was assessed by the list of vari-
ous sources of information concerning the COVID 19
vaccines: domestic scientific literature, international
scientific literature, national TV channels, internet
portals, You Tube channels, social networks (Face-
book, Viber, WhatsApp), and family/friends. The
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respondents were asked to indicate the credibility of
each source on the S-point scale (ranging from 1 “does
not represent a useful source at all“ to 5 “represents an
entirely useful source).

S. General vaccine attitudes were measured by two five-
point items (ranging from 1 “strongly disagree” to S
“strongly agree”): 1) In general, I believe vaccines are
safe,and 2) In general, I believe vaccines are efficacious.

6. COVID-19  Vaccine  Hesitancy =~ Questionnaire
(COVID-19 VHQ) included eight statements. Factor
analysis confirmed three-factor structure based on
the “3C” vaccine hesitancy model, with the factors
being Confidence, Complacency and Convenience.
Four items represented the Confidence aspect of
vaccine hesitancy (items 1-4), two items represented
Complacency (items S-6), and two items represent-
ed Convenience (items 7-8). Responses to each item
were graded on a S-point Likert scale ranging from 1
“strongly disagree” to S “strongly agree”. This ques-
tionnaire was previously developed within the 3C
framework and showed excellent psychometric prop-
erties (11).

Statistical analysis

Descriptive statistics were used to characterize the sam-
ple and study variables. To explore factors associated with
the intention to get vaccinated against COVID-19, the bi-
nary logistic regressions were conducted. Two regression
models were run. The outcome variable in the first model
was coded so that those who were refusing the vaccine
were compared with those who were vaccine accepting.
The outcome variable in the second model was coded so
that those who were undecided about the vaccine were
compared with those who were vaccine accepting. Dum-
mies were created for multinomial variables (region, type
of settlement, education level, income, marital status).
Variables found to be significant in the univariate anal-
ysis were entered in the multiple analysis for both mod-
els. The hierarchical multiple analysis using consecutive
blocks was conducted to assess the respective contribu-
tions of the five sets of variables: 1) socio-demographics,
2) health-related variables, 3) general vaccine attitudes,
4) sources credibility, and 5) Confidence, Complacency
and Convenience.

All analyses were performed in Statistical Package for
Social Sciences (SPSS) for Windows, version 25 (IBM
Corp., Armonk, NY) and p < 0.05 was considered statis-
tically significant.

RESULTS

The total number of respondents who completed the
survey was 1,435. Socio-demographic and health-related
characteristics of respondents are presented in Table 1.

The average age was 40.4+11.9 years. Women accounted
for 68.4% of the respondents. Only 12.8% of respondents
had laboratory confirmed COVID-19, and 15.8% report-
ed the presence of a chronic disease.

Table 1. Socio-demographic and health-related characteristics of re-
spondents

Socio-demographic variables N (%)
Age (Mean.tSD) 40.4+11.9
Gender
Male 454 (31.6)
Female 891 (68.4)
Region
Belgrade 742 (51.7)
Sumadija and Western Serbia 348 (24.3)
Vojvodina 199 (13.9)
South and Eastern Serbia 146 (10.2)
Type of settlement
Less than 5000 inhabitants 11.8 (8.2)
5000-100.000 inhabitants 538 (37.5)
100.000-million inhabitants 275 (19.2)
Over million inhabitants 504 (35.1)
Education
Elementary school 7(0.5)
Secondary school 246 (17.1)
Bachelor’s degree 408 (28.4)
Master’s degree 679 (47.3)
Doctoral degree 95 (6.6)
Employment
Yes 1,132(78.9)
No 303 (21.1)
Marital status
Unmarried 435 (30.3)
Married 845 (58.9)
Divorced 11 (7.7)
Widowed 44(3.1)
Having a child
Yes 802 (55.9)
No 633 (44.1)
No of household members
1 161 (11.2)
2 374 (26.1)
3 348 (24.3)
4 359 (25.0)
S and more 175 (12.2)
Income per household member
<250€ 283 (19.7)
250-400 € 306 (21.3)
400-550 € 328 (22.9)
>550€ 518 (36.1)
Religiosity
Yes 781 (54.4)
No 654 (45.6)
Confirmed COVID-19
Yes 184 (12.8)
No 1,240(86.4)
Health self-assessment
Very poor 3(0.2)
Poor 39(2.7)
Neither poor nor good 165 (11.5)
Good 714 (49.8)
Very good 514 (35.8)
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Table 2. General vaccine attitudes and attitudes towards the credibility of sources of information about COVID-19 vaccines

General vaccine attitudes Strongly Disagree Neither disagree Agree Strongly agree
disagree (N(%)) (N(%)) nor agree (N(%)) (N(%)) (N(%))

1. Generally, I believe vaccinesare 120 (8.4) 92 (6.4) 262 (18.3) 392 (27.4) 565 (39.5)

safe

2. Generally, I believe vaccinesare 85 (5.9) 71 (4.9) 219 (15.3) 383 (26.7) 676 (47.1)

efficacious

Sources of information about

COVID-19 vaccines perceived as

credible

1.Domestic scientific literature 117 (8.2) 181 (12.6) 458 (31.9) 366 (25.5) 313 (21.8)

2. International scientific literature 56 (3.9) 90 (6.3) 303 (21.1) 432 (30.1) 554 (38.6)

3. National TV channels 643 (44.8) 358 (24.9) 322 (22.4) 77 (5.4) 35(2.4)

4. Internet portals 246 (17.1) 297 (20.7) 535(37.3) 247 (17.2) 110 (7.7)

S. You Tube 401 (27.9) 362 (25.2) 459 (32.0) 156 (10.9) 57 (4.0)

6. Social networks (Facebook, 477 (33.2) 355 (24.7) 391 (27.2) 150 (10.5) 62 (4.3)

Viber, WhatsApp)

7. Family and friends 281 (19.6) 333(23.2) 536 (37.4) 194 (13.5) 91 (6.3)

General vaccine attitudes are presented in Table 2.
A smaller proportion of respondents agreed (27.4%) and
strongly agreed (39.5%) that vaccines are generally safe,
while 26.7% agreed and 47.1% strongly agreed that vac-
cines are generally efficacious.

Source credibility concerning COVID-19 vaccines is
presented in the Table 2. Great majority of respondents
agreed (30.1%) and strongly agreed (38.6%) that interna-
tional scientific literature is the most credible source of
information on COVID-19 vaccines.

COVID-19 vaccine hesitancy

The average total score on the Confidence sub-scale was
11.42 £ 4.59 out of a maximum of 20, while on the Con-
venience sub-scale it was 5.60 £ 2.77 out of a maximum
of 10. On the Complacency sub-scale, the average total
score was 4.02 + 2.10 out of a maximum of 10 points. The
distribution of responses on each item of the question-
naire is presented in Table 3. Nearly half of respondents
agreed (20.7%) or strongly agreed (24.0%) that mass im-
munization would not have been planned if COVID-19
vaccines were not effective and safe. However, more

than half of respondents disagreed (19.9%) or strongly
disagreed (37.9%) with the statement expressing trust in
health authorities and government when it comes to the
decision on the choice of the COVID 19 vaccine that will
be procured.

Intention to get vaccinated against COVID-19

Less than one third of respondents (28.6%) were ex-
tremely unlikely to get vaccinated against COVID-19
and were therefore labeled as vaccine refusing. Further-
more, 33.7% of respondents were vaccine accepting,
while 37.7% were undecided.

Predictors of vaccine indecisiveness

All the variables found to be significant in univariate
analyses were subjected to the hierarchical binary logis-
tic regression model predicting risk for vaccine indeci-
siveness relative to vaccine acceptance. The results are
presented in Table 4.

The final model explained 63.2% (Nagelkerke R?)
of the variance in vaccine indecisiveness outcome. In-

Table 3. COVID-19 Vaccine Hesitancy Questionnaire score distribution.

Items 1 2 3 4 S

1.If the vaccine against COVID 19 was not safe and effective, mass 281(19.6) 185(12.9) 328(22.9) 287(20.7) 344 (24.0)
vaccination would certainly not have been planned.

2.1 trust the health authorities and the state (government) when it 544(379) 285(19.9) 336(23.4) 180(12.5) 90 (6.3)
comes to the decision on the choice of the COVID 19 vaccine that will be

procured.

3. Avaccine against the coronavirus would enable a return to normallife. 210 (14.6) 119 (8.3) 400 (27.9) 398 (27.7) 308 (21.5)
4. The vaccine against COVID 19 should be mandatory for all citizens. 560 (39.0) 142(9.9) 286 (19.9) 163 (11.4) 284 (19.8)
S.1believe that I am immune to the corona virus, so there isno need to get 837 (58.3) 214 (14.9) 243(16.9) 69 (4.8)  72(5.0)
vaccinated.

6. Given that a sufficient number of people will receive the COVID 19 627 (43.7) 272(19.0) 317 (22.1) 84(5.9) 135 (9.4)
vaccine, I do not think it is necessary for me to be vaccinated.

7. Even if not enough vaccines against COVID 19 are available, Iwould try 455 (31.7) 190 (13.2) 313 (21.8) 175(12.2) 302 (21.0)
to get one.

8. Even if the state did not provide a sufficient number of free vaccines 499 (34.8) 157(10.9) 246(17.1) 162 (11.3) 371(25.9)

against COVID 19, I would be willing to pay for the vaccination.
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creased likelihood of being vaccine undecided was sig-
nificantly associated with lower scores on Confidence
and Convenience scales, and higher score on the Compla-
cency scale. Socio-demographic characteristics (Table 1)
explained 11.7% of variance. Respondents inhabiting Vo-
jvodina region had higher chances to be vaccine accept-
ing, while respondents living in Sumadija and West Ser-
bia region had higher chances to be vaccine undecided.
Respondents holding PhD degree had higher chances to
be vaccine accepting, while respondents who identified
themself as religious and were younger than 30 years had
higher chances to be vaccine undecided. Health-related
characteristics (Table 2) increased the explained vari-
ance of the model to 12.2%. General vaccine attitudes
(Table 3) explained additional 23.1% of variance. When
source credibility (Table 4) was added, it resulted in the
increase of 3.8% in explained variance. Considering the
international scientific literature and social networks
groups as less credible, and YouTube channels and fam-
ily/friends as more credible sources of information were
significantly associated with higher likelihood of being
vaccine undecided. Finally, when Confidence, Compla-
cency and Convenience scores were included (Table ),
it explained an additional 24.1% of variance.

Predictors of vaccine refusal

The variables exhibiting significant associations in uni-
variate analyses were then used in the hierarchical bina-
ry logistic regression model predicting risk for vaccine
refusal relative to vaccine acceptance, and the results are
showed in Table 5.

The final model explained 95% (Nagelkerke R?) of the
variance in the vaccine refusal outcome. Similar to vaccine
indecisiveness, the only significant predictors of vaccine
refusal in the final model were lower scores on Confidence
and Convenience and higher score on Complacency.

Socio-demographic characteristics (Table 1) ex-
plained 26% of variance, with female gender, age young-
er than 30 years, larger number of household members
and being religious presenting significant predictors of
vaccine refusal. Respondents who had master and doc-
toral level of education had higher chances to be vaccine
accepting. Health-related characteristics (Table 2) ex-
plained additional 2.2% of variance. Not having chronic
disease and better health self-assessment were signifi-
cantly associated with increased likelihood of vaccine re-
fusal. When general attitudes towards vaccines were add-
ed (Table 3), they explained additional 48% of variance,

Table 4. Hierarchical regression analysis of factors associated with the vaccine indecisiveness vs. acceptance (as the reference)

Variable Model 1 Model 2 Model 3 Model 4 Model 5

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age
18-29 years Ref. Ref. Ref. Ref. Ref.
30-41 years 1.76 (1.14-2.72)*  1.76 (1.14-2.72)*  1.87 (1.15-3.05)* 2.00(1.21-3.32)  1.75(0.93-3.32)
42-53 years 2.47 (1.52-4.00)**  2.40 (1.48-3.89)** 2.64 (1.53-4.55)** 2.74 (1.56-4.83)  1.97 (0.97-4.00)
5S4+ years 1.84 (1.06-3.20)*  1.73(0.99-3.01)  2.0S5 (1.10-3.82)* 2.37(1.23-4.56)  1.53 (0.67-3.49)
Region
Belgrade Ref. Ref. Ref. Ref. Ref.
Sumadija and West Serbia 0.70 (0.49-099)*  0.71 (0.50-1.00)  0.84 (0.57-1.26)  0.78 (0.52-1.18)  0.92 (0.55-1.53)
Vojvodina 1.66 (1.10-2.51)*  1.65 (1.09-2.49)*  1.69 (1.06-2.68)* 1.65 (1.02-2.66)* 1.60 (0.89-2.87)
South and East Serbia 1.42(0.90-2.25)  1.39(0.88-2.20)  1.43(0.85-2.40)  1.35(0.80-2.28)  1.19 (0.63-2.23)
Education

Elementary/high school

Ref.

Ref.

Ref.

Ref.

Ref.

Bachelor’s degree

1.38 (0.90-2.12)

1.38 (0.90-2.12)

1.32 (0.80-2.16)

1.44 (0.86-2.40)

1.15 (0.62-2.16)

Master’s degree

1.28 (0.85-1.92)

1.27 (0.85-1.91)

1.12 (0.71-1.78)

1.13 (0.70-1.83)

1.17 (0.65-2.12)

PhD 2.16 (1.17-3.96)*  2.16 (1.17-3.98)*  1.37(0.70-2.69)  1.22(0.60-2.47)  1.75 (0.74-4.18)
Marital status

Married Ref. Ref. Ref. Ref. Ref.

Single 0.88 (0.62-1.25)  0.90(0.63-1.28)  1.02 (0.68-1.52)  0.99 (0.66-1.50)  0.97 (0.59-1.61)
Divorced 0.74 (0.43-1.26)  0.75(0.44-1.28)  0.73(0.41-1.33)  0.74 (0.40-1.36)  0.86 (0.40-1.83)
Widowed 0.63 (0.27-1.48)  0.62(0.26-1.45)  0.57(0.22-1.51)  0.60 (0.22-1.60)  0.40 (0.12-1.37)
Revenue

<250€ Ref. Ref. Ref. Ref. Ref.

250-400 € 1.00 (0.64-1.56)  1.00(0.63-1.56)  1.05(0.63-1.75)  1.08 (0.64-1.83)  0.85 (0.44-2.12)
400-550 € 1.07 (0.68-1.66)  1.08 (0.69-1.69)  1.15(0.69-1.91)  1.15(0.68-1.92)  1.01 (0.53-1.91)
> 550 € 1.19 (0.77-1.83) 1.20 (0.78-1.85)  1.27(0.77-2.07)  1.29(0.78-2.13)  0.90 (0.48-1.67)
No of household members 0.91 (0.80-1.03)  0.91 (0.80-1-03)  0.91 (0.79-1.04)  0.90 (0.78-1.03)  0.89 (0.74-1.05)
Religiosity

No Ref. Ref. Ref. Ref. Ref.

Yes 0.47 (0.36-0.62)** 0.47 (0.36-0.62)** 0.76 (0.56-1.03)  0.88 (0.64-1.21)  0.83 (0.55-1.23)
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Chronic disease
No Ref. Ref. Ref. Ref.
Yes 1.41 (0.99-2.02)  1.56(1.04-2.33)* 1.45(0.96-2.19)  1.21 (0.74-1.99)

Vaccine safety

2.78 (2.05-3.76)**

2.59 (1.90-3.51)**

1.37 (0.96-1.97)

Vaccine efficacy

2.01 (1.42-2.86)**

1.76 (1.22-2.52)**

1.21 (0.80-1.84)

National scientific literature

0.92 (0.78-1.10)

0.89 (0.72-1.11)

International scientific literature

1.67 (1.33-2.10)**

1.03 (0.77-1.37)

You Tube channels

0.86 (0.72-1.03)

1.00 (0.80-1.24)

Social networks

1.32 (1.11-1.57)**

1.11 (0.90-1.37)

Friends and family

0.82 (0.69-0.97)*

0.85 (0.70-1.04)

Confidence 1.42 (1.31-1.54)**
Convenience 0.67 (0.59-0.77)**
Complacency 1.45 (1.31-1.62)**
Nagelkerke R? 0.117 0.122 0.353 0.391 0.632

*p<0.05; **p<0.001

with more negative attitudes towards general vaccine DISCUSSION

safety and vaccine efficacy being significant predictors

of vaccine refusal. Source credibility (Table 4) explained
an additional 2.8% of variance. Respondents who con-
sidered the international scientific literature and nation-
al TV channels as more credible sources of information
had significantly lower chance of vaccine refusal. Finally,
when confidence, complacency and convenience scores
were added (Table 5), an additional 16% of variance was

explained.

Table S. Hierarchical regression analysis of factors associated with the vaccine rejection vs. acceptance (as the reference)

Our study used the WHO-proposed “3C” model to ex-
amine COVID-19 vaccine hesitancy and intention to
receive the vaccine in Serbia. The results of this study
support previous research findings which suggested that
vaccine hesitancy would present a significant obstacle in
the effort to reach an adequate COVID-19 vaccine cov-
erage in diverse populations (12-15). Overall, more than

one third (33.7%) of the surveyed participants intended

Variable Model 1 Model 2 Model 3 Model 4 Model 5
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Gender

Male Ref. Ref. Ref. Ref. Ref.

Female 0.62 (0.44-0.87)*  0.59 (0.42-0.82) **  0.56 (0.32-0.96)*  0.66 (0.37-1.18) 1.07 (0.34-3.36)
Age

18-29 years Ref. Ref. Ref. Ref. Ref.

30-41 years 199 (1.25-3.17) **  1.89(1.19-3.03) **  2.77 (1.33-5.77)**  3.06 (1.41-6.62)**  2.78 (0.47-16.63)
42-53 years 275 (1.65-4.59) ** 231 (1.37-391)**  4.82(2.05-11.34)* 5.63 (2.26-14.02) 3.33 (0.46-

24.1809

S4+ years 2.22(1.29-3.83)*  1.75(0.99-3.07)  4.87(1.93-12.27)** 7.33 (2.68-20.02)** 4.81 (0.65-35.53)
Region

Belgrade Ref. Ref. Ref. Ref. Ref.

Sumadija and West Serbia  0.79 (0.49-1.29) 0.75(0.46-1.23)  0.66 (0.31-1.41) 0.62 (0.28-1.39) 1.98 (0.34-11.57)
Vojvodina 124 (0.732.09)  1.19(0.70-2.02) 179 (0.72-4.46)  2.00(0.76-5.27)  5.05 (0.61-41.89)
South and East Serbia 1.29 (0.72-2.31) 1.18 (0.66-2.12) 1.25 (0.51-3.10) 1.28 (0.50-3.26) 1.49 (0.20-11.13)
Education

Elementary/high school

Ref.

Ref.

Ref.

Ref.

Ref.

Bachelor’s degree

1.20 (0.75-1.92)

1.23 (0.76-1.98)

1.34 (0.59-3.07)

1.33 (0.54-3.27)

1.18 (0.19-7.35)

Master’s degree

1.68 (1.07-2.63)*

1.77 (1.12-2.78) *

1.12 (0.52-2,42)

0.91 (0.38-2.17)

0.58 (0.11-3.10)

PhD 2.93 (1.40-6.12)**  3.06 (1.45-6.48) **  1.28 (0.38-4.29) 0.85 (0.23-3.31) 0.42 (0.05-3.87)
Settlement
<5000 Ref. Ref. Ref. Ref. Ref.

5000-100 000

0.71 (0.40-1.26)

0.72 (0.40-1.27)

0.86 (0.35-2.11)

0.91 (0.36-2.30)

0.08 (0.01-0.53)**

100 000-1 000000000

0.77 (0.42-1.44)

0.78 (0.42-1.45)

0.84 (0.32-2.21)

1.02 (0.37-2.81)

0.18 (0.03-1.22)

>1 000000000

0.89 (0.46-1.74)

0.89 (0.45-1.73)

1.01 (0.35-2.90)

1.34 (0.44-4.03)

0.19 (0.02-1.91)

Employment
No Ref. Ref. Ref. Ref. Ref.
Yes 1.23(0.82-1.86) 1.29 (0.85-1.96) 1.60 (0.81-3.14) 1.48 (0.71-3.08) 1.50 (0.29-7.90)

No of household members

0.84 (0.74-0.95)**

0.84 (0.74-0.95)**

0.97 (0.80-1.18)

0.97 (0.79-1.19)

0.96 (0.61-1.50)

Religiosity

No

Ref.

Ref.

Ref.

Ref.

Ref.
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Yes 0.22 (0.16-0.30)**

0.21 (0.15-0.29)**

0.42 (0.25-0.69)**

0.48 (0.28-0.83)**

0.62 (0.20-1.93)

Health self-assessment

0.76 (0.61-0.96) *

0.75 (0.52-1.10)

0.79 (0.53-1.18)

2.10 (0.91-4.83)

Chronic disease

No

Ref.

Ref.

Ref.

Ref.

Yes

1.79 (1.12-2.84) *

3.03 (1.38-6.67)**

3.07 (1.33-7.07)**

5.84 (0.87-39.38)

Vaccine safety

4.18 (2.86-6.13)**

4.16 (2.72-6.36)**

1.51 (0.62-3.73)

Vaccine efficacy

3.43(2.26-5.20)**

2.72 (1.70-4.37)**

1.27 (0.47-3.43)

National scientific literatu-
re

0.84 (0.62-1.13) 0.50 (0.25-1.00)

International scientific lite-

1.98 (1.39-2.84)**  1.81(0.75-4.40)

rature
National TV channels 1.83 (1.39-2.41)**  1.28 (0.71-2.31)
You Tube channels 0.79 (0.61-1.02) 0.83 (0.45-1.53)

Friends and family

0.80 (0.63-1.03)  0.86 (0.51-1.43)

Confidence 1.92 (1.52-2.43)**
Complacency 0.64 (0.48-0.87)**
Convenience 2.33 (1.72-3.15)**
Negelkerke R? 0.260 0.282 0.762 0.790 0.950

*p<0.05; **p<0.001

to get vaccinated against COVID-19. Still, a similar pro-
portion claimed to be undecided (37.7%) while more
than one quarter were extremely unlikely to accept the
vaccine (28.6%). The proportion of refusing and unde-
cided respondents is larger in our sample compared to
other studies (16-18). This means that despite the avail-
ability of vaccines against SARS-CoV-2, Serbia faced
significant reluctance to vaccination in its population.
Therefore, getting a deeper insight into the factors that
possibly drive the intention to vaccinate could inform the
development of a tailored public intervention to increase
COVID-19 vaccine acceptance.

First, we explored the extent of COVID-19 vaccine
hesitancy in our sample. Given that the COVID-19 vac-
cination rollout in Serbia is carried out successfully, with
a sufficient supply of free vaccines for all the interested
citizens (19), we can conclude that the most significant
factor to be considered when addressing COVID-19 vac-
cine hesitancy in Serbia is confidence. The observed re-
sult that a minority of respondents has trust in health au-
thorities and the government when it comes to the choice
of the vaccine is not surprising in the context of the global
structural crisis of trust in institutions (20). Although the
majority of respondents still perceive scientific literature
as a credible source of information about COVID-19 vac-
cines, only 7.8% value national TV channels as credible.
This result suggests that in order to enhance the sustain-
ability of vaccination promotion programs public health
authorities should employ different approach in educat-
ing people about vaccines, relying on scientific authori-
ties rather than state officials and political figures.

Second, our results indicate that significant predic-
tors of both vaccine indecisiveness and vaccine refusal
were COVID-19 vaccine hesitancy constructs - confi-
dence, complacency and convenience, confirming the
significance of the “3C” vaccine hesitancy model in the
COVID-19 context. However, general vaccine attitudes

explained far larger proportion of variance in vaccine re-
fusal compared to vaccine indecisiveness. This finding is
in line with the results of other studies, where negative
attitude towards vaccination and distrust in science were
the main factors that differed between undecided and un-
willing to get vaccinated (13, 21). These findings imply
that adamant refusal of COVID-19 vaccines has its roots
in a much wider negative attitude toward vaccines in gen-
eral, and a general lack of trust in science.

Third, sociodemographic variables explained moder-
ately high level of variance in both vaccine indecisiveness
and vaccine refusal. The association between socio-de-
mographic factors and COVID-19 vaccine acceptance
is highly heterogeneous between countries, which can
be attributed to different cultural, socio-environmental
and psychological factors (22). Younger age (below 30
years old) was associated with both vaccine indecisive-
ness and vaccine refusal, which was found in numerous
other studies (12, 13, 15, 16, 18). This finding could be
expected, given that older people are more susceptible
to serious forms of COVID-19 infection, and expected-
ly have a greater perceived risk of COVID-19 infection.
That higher level of education is strongly associated
with general vaccine confidence and vaccine uptake is a
well-known and empirically confirmed fact (23), and our
study results endorse that education is similarly associat-
ed with COVID-19 vaccine acceptance. Our finding that
religious study participants were less willing to accept the
vaccine is in accordance with the research conducted in
Illinois, where significant negative association between
the religiosity and COVID-19 vaccination intention was
found. It can be assumed that the religious respondents
are more prone to rely on the external locus of control
(24). Our study also revealed that respondents from
some regions in Serbia are particularly vaccine undecid-
ed, which is potentially valuable information for vaccina-
tion campaigns. In addition, female respondents who did
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not have any chronic conditions and who assessed their
health as better had higher chances to refuse vaccine,
which was expected, given that individual characteristics
associated with more serious forms of COVID-19 disease
are male gender and co-morbidities, and in line with re-
sults of other research (16).

Fourth, trust in sources of information explained a
small proportion of variance in both outcomes. How-
ever, trust in the international scientific literature was
negatively associated with both vaccine indecisiveness
and vaccine refusal, confirming that trust in science is
the cornerstone of vaccine confidence. Trust in YouTube
channels was significantly associated with vaccine in-
decisiveness, which supports the finding that the rapid
spread of information of questionable quality (a phenom-
enon labeled as “infodemic”) further undermines trust in
science and institutions, providing space for misconcep-
tions and conspiracy theories (25).

This study had several limitations. First, we employed
convenience sampling, which does not offer the same
level of representativeness provided by probability sam-
pling. Second, due to the COVID-19 physical distancing
measures being active at the time of conducting the sur-
vey, the survey was administered using online platforms,
which potentially limited our sample to respondents who
have internet access and use digital technologies. Third,
the cross-sectional design of the study does not allow
conclusions about causal relationship between variables.

CONCLUSIONS

To conclude, although Serbia has carried out a successful
initial phase of COVID-19 vaccination, a large propor-
tion of people had the intention to skip vaccination. Con-
fidence in health authorities and government, confidence
in COVID-19 vaccine safety and efficacy, perception of
ease of access to vaccination and complacency were the
most important factors driving the intention to accept
the vaccine. People who had higher chances of being un-
decided or vaccine refusing were females, in good health,
younger than 30 years, less educated, religious and re-
lying on information from YouTube. Our findings can
contribute to the development of sustainable vaccination
programs and public campaign tailoring by emphasizing
information on necessity, safety and effectiveness of of-
fered vaccines, from the credible scientific source, specif-
ically targeting socio-demographic groups most likely to
be vaccine hesitant or vaccine refusing.
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NEODLUCNOST U VEZI SA VAKCINACIJOM PROTIV COVID-19 U SRBUJI

Vida Jeremic Stojkovi¢!?, Smiljana Cvjetkovi¢'?, Vesna Bjegovi¢-Mikanovic¢?, Tatjana Gazibara!, Adrijan Sarajlija*

Sazetak

Uvod/Cilj: Vakcinalna neodlu¢nost prepoznata je kao
znacajan faktor smanjenog obuhvata rutinskom imu-
nizacijom u svetu, ali i kao faktor koji je uticao na ne-
dovoljnu prihvacenost vakcine protiv kovida 19 tokom
pandemije. Svetska zdravstvena organizacija predlozila
je ,3C" model koji obuhvata tri klju¢ne komponente vak-
cinalne neodluc¢nosti: poverenje (confidence), komotnost
(complacency) i pogodnost (convenience). Cilj ovog rada
je procena namere da se primi vakcina protiv kovida 19 u
okviru ,3C" modela u Srbiji.

Materijal i metode: Studija preseka sprovedena je u
uzorku od 1.435 odraslih stanovnika Srbije, u periodu od
decembra 2020. do januara 2021. godine. Primenjeno je
prigodno uzorkovanje, a upitnik je diseminovan onlajn
putem drustvenih mreza i mejling lista. Glavna ishodna
varijabla bila je namera da se primi vakcina, sa tri kate-
gorije: odbijanje vakcinacije, vakcinalna neodlu¢nost
i prihvatanje vakcinacije. Za utvrdivanje povezanosti
prediktornih varijabli (socio-demografskih cinilaca, kre-

dibilnosti izvora informisanja, opstih stavova prema vak-
cinaciji i vakcinalne neodlu¢nosti merene putem tri ska-
le - poverenja, komotnosti i pogodnosti) sa ishodnom
varijablom primenjena je logistic¢ka regresiona analiza.

Rezultati: Manje od jedne trecine ispitanika (28,6%) je
odbilo vakcinaciju protiv kovida 19, 33,7% je nameravalo
da se vakcinise, dok je 37,7% bilo neodlu¢no u vezi sa
vakcinacijom. Povecana verovatnoca i neodlu¢nosti u
vezi sa vakcinacijom i odbijanja vakcinacije bila je znacaj-
Nno povezana sa nizim skorovima na skalama poverenja i
pogodnosti i visSim rezultatom na skali komotnosti.

Zakljucak: Poverenje u zdravstvene autoritete i vladu,
poverenje u bezbednost i efikasnost vakcine protiv ko-
vida 19, dozivljaj adekvatnog pristupa i dostupnosti
vakcinacije i komotnost (dozivljaj vakcinacije kao nepo-
trebne) imali su najveci uticaj na nameru ispitanika da
se vakacinisu protiv kovida 19, potvrdujudi relevantnost
,3C" modela.

Kljuéne reci: kovid 19, namera vakcinacije, neodlu¢nost u vezi sa vakcinacijom, Svetska zdravstvena organizacija
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Summary

Introduction/Aim: Bronchiectasis is a chronic respiratory condition
characterized by permanent dilatation of the bronchi with chronic re-
spiratory symptoms. Some studies have found association between
malnutrition and bronchiectasis. However, research on obesity re-
mains insufficient and further studies are needed. The aim was to
evaluate the association between BMI (body mass index) and pheno-
types, endotypes, clinico-radiological presentation and severity.

Methods: A retrospective study included 120 patients with bronchi-
ectasis. The socio-epidemiological, clinical, radiographic and labo-
ratory characteristics were compared using statistical analyzes, de-
pending on BMI.

Results: The mean age was 61.3 £ 7.6 years. Underweight, normal,
overweight, and obese accounted for 6.7%, 48.3%, 27.5%, and 17.5%
of all patients. There were statistically significant differences in BACI
score (p = 0.01), normal sputum finding (p = 0.03), lower hemoglobin
level (p = 0.02) in the underweight group and eosinophil endotype in
all groups except underweight (p = 0.04). The mean BACI (Bronchiec-
tasis Aetiology and Co-morbidity Index) score had a rising trend from
overweight and obese patients to normal weight the followed by the
underweight category. Chronical colonization of Haemophilus was
dominant in the underweight whereas Pseudomonas predominated
in the overweight and obese. Asthma was most common in over-
weight and obese patients. We did not find differences between the
groups in spirometry findings (but, the majority of all study patients
with restriction belonged to the underweight group), Reiff score and
radiological phenotype.

Conclusion: Underweight patients were females and they were
younger than overweight patients, they had lower diffusion capacity,
systemic inflammation and higher BACI score, post-infective pheno-
type and predominantly normal sputum bacterial analysis for coloni-
zation screening. On the other hand, overweight and obese patients
had chronic colonization by P. aeruginosa, asthma comorbidity, and
eosinophil endotype. Those differences are very important for future
specific treatment.

Keywords: bronchiectasis, BMI, lung function, phenotype, endotype
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INTRODUCTION

Bronchiectasis is a chronic respiratory condition charac-
terized by permanent dilatation of the bronchi and bron-
chioles caused by repeated inflammation and infections
(1). This facilitates the collection of purulent secretions
in airways, which further deteriorates symptoms and bac-
terial colonization (2). The most frequent symptoms are
coughing, which can persist for along time, expectoration
of colored purulent sputum sometimes with hemoptysis,
fever, weight loss, dyspnea and fatigue (3). Bronchiecta-
sis can overlap with other chronic respiratory conditions
such as asthma, chronic obstructive pulmonary disease
(COPD), tuberculosis, pneumonia, cystic fibrosis and
primary ciliary dyskinesia (4,5). For many years, bron-
chiectasis was an underrecognized disease, largely due to
the lack of advanced diagnostic methods like computed
tomography (CT) and its non-specific symptoms (5). Its
symptoms are hidden under the already mentioned other
diagnoses and conditions and they were just an incidental
radiographic finding. In the past decade, there has been a
significant increase in literature on bronchiectasis.

Some studies have found association between mal-
nutrition and bronchiectasis. Patients with bronchiecta-
sis had a lower body mass index (BMI) compared to the
population without bronchiectasis (6). Also, because of
mechanisms underlying the pathology of cystic fibrosis
(CF) and its implications on nutrient absorption, weight
loss is the dominant symptom in patients with CF bron-
chiectasis, which manifests as underweight (7). A poor
nutritional status was related to mortality, skeletal mus-
cle dysfunction with poor activity, decreased pulmo-
nary function and it had a significant impact on patients’
quality of life (8,9). On the contrary, a gain in weight can
improve pulmonary function, mostly in CF bronchiec-
tasis patients (7). There is lack of studies investigating
obesity and bronchiectasis. A Turkish study by Onen and
colleges suggested that a higher BMI had benefits in sur-
vival in patients with bronchiectasis (10). More studies
are needed that examine the association of BMI with the
phenotypes and characteristics of bronchiectasis.

The aim of this study was to evaluate the association
between BMI and phenotypes, endotypes, clinico-radio-
logical presentation, and severity of bronchiectasis.

MATERIAL AND METHODS

This is a retrospective study conducted at the Clinic for
Pulmonology, University Clinical Center of Serbia. This
study is in accordance with the Helsinki Declaration,
and it has been approved by the Institutional Committee

(841/2).

Study group and data collection

The study enrolled 120 patients diagnosed with bronchi-
ectasis. The diagnosis of bronchiectasis was determined
by chest CT scan and respiratory symptoms according to
the European Respiratory Society guidelines (11). The
data included the following: basic demographics data,
clinical presentation and symptoms, radiological phe-
notypes, endotypes according to cell predominance in
blood sample, sputum sample for bacteriological exam-
ination, BMI, hematological results of blood analysis,
bronchiectasis etiology co-morbidity index (BACI), Reiff
score, and pulmonary tests.

The modified Reiff scores indicating radiological se-
verity of bronchiectasis were score calculated number of
lobe involvement and dilatation degree (12). For quanti-
tative assessment of comorbidities, BACI has been calcu-
lated. The BACI calculator is available online at http://
www. ronchiectasisseverity.com. The spirometry func-
tion was classified according to the American Thoracic
Society guidelines (13). Patients were categorized into
four groups according to the World Health Organiza-
tion expert consultation on BMI criteria: underweight
(BMI<18.5kg/m2), normal weight (18.5 <BMI<25.0kg/
m2), overweight (25.0 <BMI<30.0 kg/m2), and obese
(BMI>30.0 kg/m2) (14).

Endotypes of bronchiectasis were defined according
to the types of inflammation (blood sample) and they
were divided in three main groups - the first one with
type 2 inflammation- eosinophilic endotype, the second
one with neutrophilic inflammation and the third one
with systemic inflammation.

Statistical analysis

Complete statistical analysis was performed with the
SPSS software version 23 (Chicago). Numerical variables
are presented as mean values with standard deviation, at-
tribute variable as the frequency for continuous variables
and were compared using the ANOVA. Chi-squared test
was used to compare categorical variables, and data were
presented as numbers with percentage. All analyses were
assessed with the p<0.05 level of statistical significance.
Results are presented as graphics and tables.

RESULTS

A total of 120 patients with bronchiectasis treated at the
Clinic for Pulmonology from 2020 to 2022 were includ-
ed. The mean age was 61.3 = 7.6 years, and there were not
statistically significant differences in age between the
groups. Over 78% of the population group were smokers,
with a statistically significant higher prevalence among
patients with a BMI over 25 kg/m” (p <0.03).
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Figure 1. The frequency of patients with bronchiectasis according to gender in four groups

The mean BMI score of patients with bronchiectasis
was 24.3 2.9 kg/m2. Underweight, normal, overweight,
and obese accounted for 6.7%, 48.3%, 27.5%, and 17.5% of
all patients, respectively.

More than half of all patients (57.5%) were female,
but there were no statistically significant frequency dif-
ferences between groups. The frequency of patients ac-
cording to gender in four groups is presented in Figure 1.

Table 1. Most frequent comorbidities in study group

COMORBIDITY N (%)
Arterial hypertension 22 (18.3)
COPD 13 (10.8)
Asthma 11 (9.2)
Immunodeficiency 10 (8.3)
Hypothyroidism 4(3.3)
Diabetes mellitus 3(2.5)

Among all study subjects, the major comorbidities
were arterial hypertension (18.6%), COPD (10.2%) asth-
ma (9.4%), immunodeficiency (8.9%), hypothyroidism
(3.7%) and diabetes mellitus (2.6%) (Table 1). Regard-
ing comorbidities, the overweight and obese group had
the highest proportion of arterial hypertension, COPD
and asthma, and the lowest proportion of DM and hypo-

thyroidism compared with the other two BMI groups. A
BACI score of over 6 was observed in 17 patients (14.1%).

According to spirometry tests, obstructive finding
was the most common dysfunction in 61 (50.8%) pa-
tients, followed by normal in 43 (35.8%) and restrictive
findings in 16 (13.4%) patients. In 99 (82.5%) patients,
cylindrical type was diagnosed, varicose type was found
in 8 (6.7%) and cystic type in 13 (10.8%). According to
modified Reiff score, mild bronchiectasis was observed
in 10S patients (87.5%), moderate was found in 9 patients
(7.5%) and severe in 6 patients (5%).

All patients underwent sputum sample collection and
analysis. In the study group, 78 patients’ sputum speci-
mens tested positive (65%). The most common isolated
pathogen was P. aeruginosa, Haemophilus influenzae,
Escherichia coli, Staphylococcus haemolyticus, and As-
pergillus species.

Differences between groups are presented in Table
2 and Table 3. There were statistically significant dif-
ferences in BACI score (p = 0.01), normal sputum find-
ing (p = 0.03), anemia and lower hemoglobin level (p =
0.02) in the underweight group and eosinophil endotype
in all groups except for the underweight (p = 0.04). The

Table 2. Comparison of data and clinical variables among the four groups

BMI Underweight Normal weight Overweight Obesity p
N (%) 8 (6.7) 58 (48.3) 33(27.5) 21 (17.5)
Male N (%) 1(12.5) 25 (43.1) 15 (45.5) 10 (47.7) 0.25
Female N (%) 7 (87.5) 33(56.9) 18 (54.5) 11 (52.3)
Age years 59.5 60.2 65.7 59.8 0.406
BACI>6N (%) 4(50) 13 (22.4) 3(9.1) 2(9.9) 0.044
Sputum N (%)
-normal 7 (87.5) 12 (20.7) 11 (33.3) 7(33.3) 0.003
-pathological 1(12.5) 46 (79.3) 22 (66.7) 14 (66.7)
Microbiology Haemophilus Staphylococcus Pseudomonas Pseudomonas
Clinical phenotype Post-infectious Post-infectious Asthma Asthma
immunodeficiency COPD

Endotype systemic inflammation  eosinophilic eosinophilic eosinophilic 0.04
Thrombocytes 10°/ml 256 224 226 243 0.583
Hemoglobin 10°/ml

117 132 134 133 0.002
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Table 3. Comparison of data and radiological and functional findings among the four groups

BMI Underweight Normal weight Overweight Obesity P

N (%) 8(6.7) 58 (48.3) 33(27.5) 21 (17.5)

Radiological phenotype

-cystic 1(12.5) 4(6.9) 3(9.1) 2(9.5) 0.287
~cylindrical 7 (87.5) 52 (89.6) 28 (84.8) 17 (81)

-varicose 0 2(3.5) 2 (6.1) 2 (9.5)

Reiff score N (%)

-mild 5(62.5) 52 (89.6) 29 (87.9) 19 (90.6) 0.124
-moderate 3(37.5) 4(6.9) 1(3) 1(4.7)

-severe 0 2 (3.5) 3(9.1) 1(4.7)

Spirometry N (%)

-normal 2(29) 22 (37.9) 12 (36.4) 7(33.3) 0.77
~obstruction 4 (50) 29 (50) 17 (51.5) 11 (52.4)

-restriction 2 (25) 7 (12.1) 4(12.1) 3(14.3)

Decreased diffusion capacity N (%) S (62.5) 21(36.2) 20 (60.6) 15 (71.4) 0.81

mean BACI score had a rising trend from overweight and
obese patients to normal weight followed by the under-
weight category, but the majority were in the group with
a low to intermediate risk for mortality. The chronical
colonization of Haemophilus was dominant in the un-
derweight and Pseudomonas in overweight and obese
group. Underlying causes were identified and the most
frequent was post-infection in all groups except for the
obese, but those associated with asthma were most com-
mon in overweight and obese patients. We did not find
statistically significant differences between groups in spi-
rometry findings, Reiff score and radiological phenotype.
About half of all four groups had obstructive spirometry
finding, as expected. Diffusion capacity was decreased
in all groups except in groups with normal BMI, in more
than half of patients. Tables 2 and 3 revealed that under-
weight individuals were the youngest, predominantly fe-
male, and had the highest number of patients with a BACI
score over 6, as well as the highest incidence of decreased
diffusion capacity and anemia.

DISCUSSION

The purpose of this bronchiectasis population study
was to determine whether any subtype (endotype, clin-
ical phenotype, radiological phenotype), pulmonary test
findings or severity scores of bronchiectasis were cor-
related with the patients’ BMI. To the best of our knowl-
edge, this is the first study in our country to evaluate fac-
tors associated with bronchiectasis.

Numerous studies have highlighted that non-CF
bronchiectasis predominantly affects older adults, while
CF bronchiectasis is more common in younger individ-
uals. Most patients are over 65 years old, and that pre-
domination has a correlation with comorbidities (15). In
several bronchiectasis studies, patients with bronchiecta-
sis were predominantly elderly, with a higher prevalence
in females than males (16, 17). Our results are in accor-
dance with these data. The average age was 60 years and

females were predominant in all four groups unrelated
to BMI. As previously mentioned, the elderly had more
comorbidities, with cardiovascular conditions being the
most prevalent, consistent with our findings. The associ-
ation of bronchiectasis with asthma and COPD has been
clearly demonstrated in previous studies. There are two
main ways in which COPD and bronchiectasis can be
associated: COPD can lead to the development of bron-
chiectasis through persistent airway inflammation and
repeated infections; bronchiectasis resulting from oth-
er causes in non-smokers can lead to irreversible airway
obstruction and subsequent COPD (18, 19). Following
arterial hypertension, asthma and COPD presented the
most dominant comorbidity in the study population. The
higher frequency of COPD in obese individuals may be
attributed to associations with metabolic syndrome and
the use of corticosteroid therapy (20).

Basically, bronchiectasis is a neutrophilic disorder in
about more than 50% of cases according to literature data
(21). Contrary to this data, our bronchiectasis partici-
pants demonstrated a higher blood eosinophil count and
eosinophilic endotype. The reason is the predominance
of asthma and COPD underlying disease in overweight
and obese patients with this clinical phenotype. Asthma
is dominantly eosinophilic disease and COPD has an as-
sociation with eosinophils in some phenotypes (22). This
is important because patients with the eosinophilic en-
dotype benefit from inhaled corticosteroids, while those
with the neutrophilic endotype respond better to antibi-
otics (21,22). Malnutrition is a frequent finding in chron-
ic inflammatory respiratory diseases, so patients have
increased mortality risk, exacerbations, chronic coloniza-
tion of P. aeruginosa and systemic inflammatory amplifi-
cation (1, 23). This s partly in accordance with our results
for underweight patients, systemic inflammation is the
dominant endotype and post-infectious is the dominant
clinical\etiology phenotype. However, P. aeruginosa was
the most frequent microbiology in other groups, not in
the underweight. The reason are probably scarce results.
Only one had positive sputum bacteriological finding.
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BMI has no influence or correlation with structural
radiological phenotype. There was no difference between
groups in localization and frequency of the three types.
The predomination was in the lower lobes and more than
60% of our entire study population had a post-infectious
phenotype. Thatis in accordance with literature data and
with etiology, because lower lobe distribution is most
often seen in post-infectious bronchiectasis (24). One
Chinese study from 2016 showed the absence of correla-
tion between the extent of bronchiectasis and BMI and
spirometry tests (25). In contrast, a Korean study found a
negative correlation between the extent of bronchiectasis
and BMI in moderate to severe disease (26). We did not
find this correlation with Reiff ‘s score for severity.

We hypothesized that being underweight would be as-
sociated with worse lung function. Our results confirmed
that 75% of them had abnormal spirometry findings. A high
percentage of obstruction was in all four BMI groups. The
majority of all study patients with restrictions were in the
underweight group. The reason for the restriction finding
in low BMI group is probably a loss of muscle mass, low
physical activity and strength in those patients (27,28).Ina
large multicenter study, BMI was found to be positively as-
sociated with the forced vital capacity (FVC) and forced ex-
piratory volume in the first second (FEV1) in patients who
had bronchiectasis and were on mechanical ventilation (28,
29). Additionally, numerous studies on COPD and bron-
chiectasis patients have examined the relationship between
BMI and pulmonary function tests, demonstrating a pos-
itive correlation between lower BMI and decreased values
in FVC, FEV], and diffusion capacity (29). The results of
our study are in line with those previous studies, except for
diffusion capacity where there were no differences between
groups. Long-term studies are needed to better identify the
effect of alow BMI on the reduction of pulmonary function
and diffusion capacity.

The association between BMI and anemia is contro-
versial due to few studies reporting direct association
with increasing BMI increases the chance of anemia,
while others reported the opposite (30, 31). Inadequate
dailyiron or dietary nutrient intake is the reason for lower
BMI and anemia and this can be the reason for the cor-
relation between underweight and anemia. Lower values
of hemoglobin are statistically significant in the under-
weight group of our study population, which is in line
with literature data.

CONCLUSIONS

This study shows that the majority of patients with bron-
chiectasis in our study population have a normal BMI.
Underweight patients were females and younger than
overweight patients, they had lower lung function, ampli-
tied systemic inflammation, higher BACI score, post-in-
fective phenotype and predominantly normal sputum
bacterial analysis for colonization screening. On the oth-
er hand, overweight and obese had chronic colonization
by P. aeruginosa, asthma comorbidity and eosinophil
endotype. Those differences are very important for fu-
ture decisions about a specific treatment. Improving nu-
tritional status might help improve the disease outlook.
Larger sample sizes are needed to measure nutritional
status and body composition as an important role of nu-
trition in bronchiectasis.
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POVEZANOST INDEKSA TELESNE MASE SA TEZINOM BOLESTI, FENOTIPOVIMA
| KLINICKOM PREZENTACIJOM KOD BOLESNIKA SA BRONHIEKTAZIJAMA

Jelena Jankovic¢'?, Zlatan Bojic¢t, Dragan Vukosavljevic!, Andrej Zecevic!

Sazetak

Uvod/cilj: Bronhiektazije su hroni¢no respiratorno sta-
nje koje karakterise trajna dilatacija bronhija se hronic-
nim respiratornim simptomima. Neke studije su otkrile
povezanost izmedu pothranjenosti i bronhiektazija ali
je nedovoljno studija na temu gojaznosti. Cilj studije bio
je da se proceni povezanost BMI (body mass index) sa
fenotipom, endotipom, klini¢cko-radioloskom prezenta-
cijom i tezinom bolesti.

Metode: Retrospektivhom studijom obuhvaceno je 120
pacijenata sa bronhiektazijama. Socio-epidemioloske,
klinicke, radiografske i laboratorijske karakteristike upo-
redene su sa BMI.

Rezultati: Prosecna starost bila je 61,3 + 7,6 godina. Pot-
hranjenost, normalna teZina, prekomerna tezina i goja-
znost Cinili su 6,7%, 48,3%, 27,5% i 17,5% svih pacijenata.
Postojale su statisticki znacajne razlike u BACI (Bronc-
hiectasis Aetiology and Co-morbidity Index) skoru (p =
0,01), normalnom nalazu sputuma (p = 0,03), nizem ni-
vou hemoglobina (p =0,02) u grupi pothranjenih i endo-
tipu eozinofila u svim grupama osim u grupi pothranje-

nih (p = 0,04). BACI skor je imao trend rasta od pacijenata
sa prekomernom tezinom i gojaznih do normalne teZine
pracene kategorijom pothranjenih. Hroni¢na kolonizaci-
ja Haemophilus vrstom bila je dominantna kod pothra-
njenih, a Pseudomonas je bio zastupljeniji kod onih sa
prekomernom tezinom i gojaznih. Astma je bila naj¢esca
kod pacijenata sa prekomernom tezinom i gojaznih. Nije
bilo razlike u nalazu spirometrije (ali vecina svih ispitani-
ka sa restrikcijom bila je u grupi pothranjenih), Reiff sko-
ru i radioloskom fenotipu.

Zakljucak: Pothranjeni pacijenti bili su zenskog pola i
mladi od pacijenata sa prekomernom tezinom (imali su
nize vrednosti difuzijskog kapaciteta pluca), sistemsku
inflamaciju, visi BACI skor, postinfektivni fenotip i pre-
tezno normalnu analizu sputuma za skrining koloniza-
cije. Nasuprot tome, pacijenti sa prekomernom tezinom
i gojazni su imali hroni¢nu kolonizaciju P. aeruginosa,
komorbiditet astme i eozinofilni endotip. Ove razlike su
vazne za odluku o specificnom lecenju.

Kljucne reci: bronhiektazije, BMI, plu¢na funkcija, fenotip, endotip
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secondary tauopathies: caregiver and patient perspectives
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INTRODUCTION

Tauopathies are neurodegenerative diseases defined his-
topathologically by the presence of intracellular inclu-
sions, composed of aggregates of pathologically altered
tau protein (1). The most common diseases from the
group of primary tauopathies include frontotemporal de-
mentia (FTD), progressive supranuclear palsy (PSP), and
corticobasal syndrome. On the other hand, Alzheimer’s
disease (AD) is generally the most common tauopathy,
although this disease is now classified as a secondary
tauopathy, where in addition to a significant accumula-
tion of pathological tau protein there is also an accumula-
tion of beta-amyloid (2). Despite clearly defined clinical
criteria, behind which there are unique pathohistological
substrates, these diseases are often difficult to distin-
guish from each other during life. This especially applies
to the early phases of the disease, when a significant over-
lap of cognitive, motor, and neuropsychiatric symptoms
(NPSs) is observed, which diverge toward separate clin-
ical presentations only in the later stages when the clin-
ical diagnosis is easier to establish. There is increasing
evidence in the literature that NPSs can even precede the
first symptoms and signs of the disease, but these man-
ifestations rarely capture the attention of doctors to the
extent that cognitive and motor symptoms do (3-5). Fur-
thermore, NPSs are increasingly integrated into research
diagnostic criteria for neurodegenerative disorders (6)
and are recognized as an important determinant of im-
paired quality of life (7, 8), which makes their evaluation
even more important. A better understanding of the dif-
ferences in NPS profiles manifested in the early stages of
these diseases could potentially contribute to an easier
differential diagnosis.

Equally important is the fact that current assessments
of NPSs rely on methodologically diverse scales. Some
are based on caregiver evaluations, while others rely on
patient self-assessments, making it difficult to accurate-
ly understand the true severity and frequency of these
symptoms.

Bearing in mind the above-mentioned data, we set the
main aims of our study: 1) examination of NPSs patterns
in patients with AD, FTD, and PSP, with an emphasis
on the early stages of the disease, and 2) examination of
differences in the profile of neuropsychiatric symptoms
based on caregivers’ and patients’ reports.

METHODS

Our study included 312 patients with the most common
forms of primary and secondary tauopathies: AD (160
patients), FTD (93 patients), and PSP (59 patients), who
met the valid criteria for the diagnosis of these diseases
(9-11). Patients with a history of neurological, psychiat-
ric, or systemic diseases, as well as those with previous

or current substance abuse, were excluded from the
study.

The study was approved by the Ethics Committee of
the Faculty of Medicine, University of Belgrade. The in-
formed consent was signed by patients and/or caregivers.

Detailed demographic and clinical data were collect-
ed through a structured questionnaire, based on an in-
terview with the patient and/or caregiver. Age at disease
onset was defined as the age at which cognitive and/or
motor symptoms attributable to these diseases first ap-
peared. Disease duration of up to 3 years is classified as
the early phase, while duration exceeding 3 years is con-
sidered the late phase. The Mini-Mental Test (MMSE)
(12), the Frontal Assessment Battery (FAB) (13), and the
Mattis Dementia Rating Scale (DRS) (14) were used to
examine patients’ cognitive status.

The presence of NPSs was assessed by the neuropsy-
chiatric inventory (NPI), which is based on an interview
with the patient’s caregivers (15). It includes the frequen-
cy (from 0 to 4) and severity (from O to 3) of 12 neuro-
psychiatric domains: delusions, hallucinations, agitation,
depression, anxiety, euphoria, apathy, disinhibition, ir-
ritability, aberrant motor behavior, sleep disorder, appe-
tite/eating habits. A score of 0-12 was obtained for each
domain by multiplying the frequency with the severity of
complaints. Composite scores for each domain were used
further in the analysis. Bearing in mind that low compos-
ite scores may be trivial in the clinical context, we also
analyzed patients who had a composite score >4 in the
respective NPI domains. The total NPI score is the sum
of all domain scores, ranging from 0 to 144, with higher
values indicating more severe neuropsychiatric symp-
toms. In addition to the NPI, symptoms of depression,
anxiety, and apathy were also examined with additional
scales based on the patient’s assessment of symptoms:
the Hamilton Depression Rating Scale (HAMD) (16),
the Hamilton Anxiety Rating Scale (HAMA) (17), and
the Apathy Scale (AS) (18). To define the presence/ab-
sence of depression, anxiety, and apathy, previously de-
fined cut-off values for these scales were used (HAMD>8,
HAMA>13,AS>14) (19,20, 21).

Statistical analysis

The following software package was used for all statistical
analyses: SPSS, version 23.0; SPSS Inc.; Chicago, USA.
To identify differences in the mean values of the re-
spective variables between the three groups of patients,
the ANOVA test was used (corrected for multiple testing
using the Games-Hovell post-hoc test). The chi-square
test and Fischer’s exact probability test were used to com-
pare categorical variables, where appropriate. Statistical
significance was defined as the value of p <0.05.

82|



The profiles of neuropsychiatric symptoms in tauopathies

RESULTS

Demographic and clinical characteristics of inves-
tigated cohorts

The study included 312 patients (176 with disease dura-
tion < 3 years (early phase) and 136 with disease duration
>3 years (late phase)) diagnosed with AD, FTD, and PSP,
whose demographic and clinical characteristics, as well as
the basic differences in cognitive profiles, are shown in
Table 1.

Patients with PSP had a later disease onset and were
older at the time of evaluation. In terms of global cogni-
tive status, measured by the DRS scale, as well as in terms
of frontal cognitive dysfunction, measured by the FAB
scale, patients with AD showed the lowest achievements
consistently during the disease course, while PSP and
FTD did not differ from each other, both in early and late
phases of the disease (Table 1).

The neuropsychiatric profile in early and late
phases across different tauopathies

At the time of evaluation, all PSP patients had atleast one
neuropsychiatric symptom present (NPI>0) even in the
early phase of the disease, followed by 85% of FTD and
77% of AD patients. A similar percentage of NPSs was
reported by caregivers in late phases in all patient groups
(Table 2).

In the early stage of the disease in the group of AD
patients, the highest NPI composite scores, reflecting the
severity of NPSs, were recorded in the domains of apathy,
depression, and anxiety (Table 2, Figure 1). In primary

tauopathies, both PSP and FTD, the highest scores were
also recorded in the domain of apathy, even significantly
more pronounced than in AD. However, the symptoms
that showed a statistically significant difference in severi-
ty between Alzheimer’s disease (AD) and frontotemporal
dementia (FTD) or progressive supranuclear palsy (PSP)
mainly fall within the agitation subsyndrome (irritability,
agitation, disinhibition, euphoria, and aberrant motor be-
havior), as well as changes in eating habits and sleep pat-
terns. The neuropsychiatric symptom profile in the early
stages of FTD is largely similar to that of progressive su-
pranuclear palsy PSP. However, patients with FTD exhibit
more pronounced irritability and aberrant motor behavior
compared to those with PSP, while sleep disturbances are
more characteristic of PSP (Table 2, Figure 1).

The differences in the severity of apathy, disinhibi-
tion, irritability, and sleep domains were maintained
even in the late stages of the disease between primary
and secondary tauopathies. Differences in symptoms
from the domain of agitation, euphoria, aberrant motor
behavior, and changes in eating habits that were observed
in the early stages are lost in the late disease course. No
differences were observed in the neuropsychiatric pro-
files between PSP and FTD in the late stages of the dis-
ease (Table 2, Figure 1).

Some of these NPSs, in addition to being character-
ized as the most severe, were also found to be the most
frequent, such as apathy and depression (Table 2, Figure
1). However, the symptoms found to be mostly character-
istics of primary tauopathies (FTD/PSP) (those belong-
ing to agitation subsyndrome), occurred in less than 50%
of patients (Table 2, Figure 1).

Table 1. Demographic and clinical characteristics of early and late phases of primary and secondary tauopathies

Early phase (<3 years) Late phase (>3 years)
N=176 N=136
AD FTD PSP AD FTD PSP
Characteristics N=95 N=54 N=27 p-value N=65 N=39 N=32 p-value
female: male ratio 56:39 24:30 8:19 AD vs. PSP* 42:23 19:20 15:17 ns*
58.81+£5.66 AD vs. PSP AD vs. PSP
Age (years) (38-67) 58784593  65.77£7.08  FTDvs.PSP 61.80+4.01  61.876.51 67.97+6.60  FTDvs.PSP
11.90+2.50
Education (years) (4-18) 12.74+2.83 12.37£2.51  ns 11.23+3.156  11.69+3.28  11.44+3.78  ns
Disease duration 2.29+0.61
(years) (1-3) 2.14+0.68 2.32+0.66 ns 4.92+1.02 5.36+2.08  5.22+1.42 ns
ADvs. FTD
56.52+5.52 AD vs. PSP AD vs. PSP
Age at onset (years)  (37-65) 56.64+5.89 63.44+7.17 PSP vs. FTD 56.98+3.93  56.56+7.69  62.73+6.52 PSP vs. FTD
AD vs. PSP
17.61+5.42 ADvs.FTD AD ADvs. FTD
MMSE (5-28) 21.87+6.45 25.07+4.44 vs. PSP 12.56+5.59  18.03+8.19  23.90+3.42 FTD vs. PSP
7.59+4.07
FAB total (2-15) 9.84+5.05 10.04+3.81 ns 4.96£3.57 6.52+5.87 9.19+3.66 AD vs. PSP
95.50+25.88
DRS total (22-134) 106.34+27.99 112.52+15.53 AD vs.PSP 73.94+33.84 92.23%£35.24 103.63+23.01 AD.vs PSP

The figures in the table present mean values + standard deviations with a range in the brackets. The groups of patients with a statistically significant difference
were indicated in bold (ANOVA test with post hoc Games Howell, except for * where chi-square test was applied; p<0.05); ns: non-significant.
AD: Alzheimer’s disease; FTD: frontotemporal dementia; PSP: progressive supranuclear palsy; MMSE: Mini-Mental State Examination test; FAB: Frontal

Assessment Battery; DRS: Dementia Rating Scale (Mattis).
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Table 2. Differences in severity and frequency of neuropsychiatric symptoms in primary and secondary tauopathies, both in early and late phases

Early phase (<3 years) Late phase (>3 years)
N=176 N=136
AD FTD PSP p-value AD FTD PSP p-value
N=95 N=54 N=27 N=65 N=39 N=32
NPI-Delusions
Mean value £SD 0.24£1.16 0.37+1.74 0.93+2.56 ns 0.58+1.64 0.56%1.65 0.50%1.74 ns
Patients with symptoms present 6 (6) 4(7) 5(19) ns 10 (15) 5(13) 4(13) ns
(No (%))
Patients with score >4 (No (%)) 4 (4) 2(4) 4 (15) ns 6(9) 3(8) 2 (6) ns
NPI-Hallucinations
Mean value £SD 0.36+1.64  0.13+0.67 0.41£1.12 ns 0.42+1.51 0.36+1.94 0.09£0.30  ns
Patients with symptoms present 8 (8) 2(4) 4(15) ns 6(9) 2(5) 3(9) ns
(No (%))
Patients with score >4 (No (%)) 4 (4) 1(2) 2(7) ns 4(6) 1(3) 0 (0) ns
NPI-Agitation
Mean value £SD 0.33+1.53 2.17+3.48 1.48+3.04 ADvs. FTD 1.22+2.49 1.46£3.36 2.34+£2.97 ns
Patients with symptoms present 6 (6) 18 (33) 9(33) ADvs.FTD  15(23) 7 (18) 21 (66) ADvs. FTD
(No (%)) AD vs. PSP AD vs. PSP
Patients with score >4 (No (%)) S (S) 17 (32) 5(19) ADvs.FTD 13 (20) 7 (18) 9 (28) ns
NPI-Depression
Mean value £SD 3.19+3.44 3.02+3.91 2.22+2.68 ns 2.85+3.35 2.85+3.93 3.22+2.90 ns
Patients with symptoms present 52 (55) 25 (46) 18 (67) ns 32 (49) 15 (39) 27 (84) ADvs. FTD
(No (%)) AD vs. PSP
Patients with score >4 (No (%)) 47 (50) 23 (43) 8 (30) ns 31 (48) 15 (39) 15 (47) ns
NPI-Anxiety
Mean value £SD 1.27+2.49 1.58+2.58 1.56£2.28 ns 1.15+2.51 1.49+2.41 1.97£2.60 ns
Patients with symptoms present 25 (26) 18 (33) 12 (44) ns 14 (22) 14 (36) 23 (72) AD vs. PSP
(No (%)) FTD vs. PSP
Patients with score >4 (No (%)) 21 (22) 14 (26) 7 (26) ns 13 (20) 10 (26) 6(19) ns
NPI-Euphoria
Mean value +SD 0.24+1.54 1.42+3.47 1.44+2.79 ns 0.00+0.00 1.36+3.41 0.50+1.02 ns
Patients with symptoms present 3 (3) 9(17) 8 (30) ADvs.FTD 0(0) 7 (18) 8 (25) AD vs.FTD
(No (%)) AD vs. PSP AD vs. PSP
Patients with score >4 (No (%)) 2 (2) 8 (15) 5(19) ADvs.FTD 0(0) 6(15) 1(3) ADvs.FTD
AD vs. PSP
NPI-Apathy
Mean value £SD 3.31+4.06 6.80+4.35 6.41+4.25 ADvs.FTD  3.12+3.53 7.54+4.30 7.53+4.27 ADvs.FTD
AD vs. PSP AD vs. PSP
Patients with symptoms present 46 (48) 42 (78) 24 (89) ADvs.FTD 38 (59) 32(82) 30 (94) AD vs. FTD
(No (%)) AD vs. PSP AD vs. PSP
Patients with score >4 (No (%)) 41 (43) 41 (76) 21 (78) ADvs.FTD 30 (46) 32 (82) 25 (78) AD vs. FTD
AD vs. PSP AD vs. PSP
NPI-Disinhibition
Mean value +SD 0.21£1.32 3.35+4.02 2.48+3.97 ADvs.FTD  0.12+0.70 2.26+4.16 3.31+£3.35 ADvs. FTD
AD vs. PSP AD vs. PSP
Patients with symptoms present 3 (3) 26 (48) 15 (56) ADvs.FTD 2(3) 10 (26) 23 (72) AD vs. FTD
(No (%)) AD vs. PSP AD vs. PSP
FTD vs. PSP
Patients with score >4 (No (%)) 2 (2) 24 (44) 7 (26) ADvs.FTD 2(3) 9(23) 14 (44) AD vs. FTD
AD vs. PSP AD vs. PSP
NPI-Irritability
Mean value £SD 0.59+2.10 3.24+4.10 1.59+3.21 ADvs.FTD  0.85+2.22 1.69£3.18 2.25+2.87 ns
Patients with symptoms present 11 (12) 26 (48) 10 (37) ADvs.FTD 13 (20) 12 (31) 21 (66) AD vs. FTD
(No (%)) AD vs. PSP AD vs. PSP
Patients with score >4 (No (%))  7(7) 23 (43) 4(15) ADvs.FTD  7(11) 9(23) 10 (31) AD vs. PSP
FTD vs. PSP
NPI-Aberrant motor behavior
Mean value £SD 0.56+2.13 2.81+4.36 1.30+2.79 ADvs. FTD 1.06£2.62 3.13+3.90 1.75£2.53 ns
Patients with symptoms present 8 (8) 19 (35) 12 (44) ADvs.FTD 12(19) 18 (46) 18 (56) AD vs. FTD
(No (%)) AD vs. PSP AD vs. PSP
Patients with score >4 (No (%))  7(7) 18 (33) 2(7) ADvs.FTD 10 (15) 17 (44) 8 (25) ADvs.FTD
FTD vs. PSP
NPI-Sleep
Mean value £SD 1.04+2.63 1.31+£3.24 2.07+2.80 ns 0.62+1.40 1.56£3.56 3.22+3.62 AD vs. PSP
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Patients with symptoms present 17 (18) 11 (20) 13 (48) AD vs. PSP 13 (20) 9(23) 20 (62) AD vs. PSP
(No (%)) FTD vs. PSP FTD vs. PSP
Patients with score >4 (No (%)) 14 (15) 8 (15) 8 (30) ns 7 (11) 6(15) 14 (44) AD vs. PSP
FTD vs. PSP
NPI-Appetite/eating habits
Mean value +SD 0.75+2.39 2.76+3.86 1.48+2.78 ADvs.FTD  0.34%1.34 2.44+4.18 1.25+2.11 AD vs. FTD
Patients with symptoms present 10 (11) 23 (43) 11 (41) ADvs.FTD 6(9) 11 (28) 13 (40) ADvs.FTD
(No (%)) AD vs. PSP AD vs. PSP
Patients with score >4 (No (%)) 10 (11) 22 (41) 5(19) ADvs.FTD 3 (5) 10 (26) S (16) AD vs. FTD
NPI total
Mean value +SD 11.56£12.77 28.81+£21.70 24.46%29.33 ADvs.FTD 12.14+10.94 26.05+£20.21 27.94%17.60 ADvs.FTD
AD vs. PSP AD vs. PSP
Patients with symptoms present 73 (77) 48 (85) 27 (100) ADvs.PSP 56 (86) 33 (85) 32 (100) ns
(No (%))
HAMA
Mean value +SD 3.70£3.1S 4.66+3.90 5.78+4.36 ns 4.16+3.45 3.00£3.13 9.16£5.19 AD vs. PSP
FTD vs. PSP
Patients with score >13 (No (%)) 1 (1) 2 (6) 2(7) ns 40 (62) 18 (46) 6(19) AD vs. PSP
FTD vs. PSP
HAMD
Mean value +SD 2.67+2.61 4.66+4.36 10.41+6.33 AD vs. PSP 4.00+3.97 3.24+3.65 13.03+6.55 ADvs.PSP
FTD vs. PSP FTD vs. PSP
Patients with score >8 (No (%)) S (9) 6(19) 19 (70) ADvs.FTD 6 (24) 4(19) 27 (84) AD vs. PSP
FTD vs. PSP FTD vs. PSP
AS
Mean value +SD 9.96£6.47 16.44+10.22 21.07+8.29 ADvs.FTD 11.33+8.00 11.33+7.78 22.38+8.72 ADvs.PSP
AD vs. PSP FTD vs. PSP
Patients with score >14 (No (%)) 18 (32) 18 (56) 23 (85) ADvs.FTD 11 (46) 7 (35) 28 (88) AD vs. PSP
FTD vs. PSP FTD vs. PSP

The scores on different neuropsychiatric scales are presented as mean values * standard deviations. The distribution of patients with symp-
toms and those with clinically significant scores (>4) is presented as absolute numbers, with percentages shown in the brackets. The groups of
patients with a statistically significant difference were indicated in bold (ANOVA test with post hoc Games Howell and chi-square test were

applied as appropriate; p<0.05); ns: non-significant.

AD: Alzheimer’s disease; FTD: frontotemporal dementia; PSP: progressive supranuclear palsy; NPI: neuropsychiatric inventory; HAMD:
Hamilton’s depression scale; HAMA: Hamilton’s anxiety scale; AS: apathy scale.

Differences in the prevalence of neuropsychiatric
symptoms based on the caregiver’s and patient’s
reports

The data on differences in the prevalence of depression,
anxiety, and apathy obtained by caregivers and patient re-
ports are presented in Table 3. Disconcordance between
the caregiver’s and patient’s observations was present in
all 3 mood disturbances, but it was most obvious in re-
porting apathy symptoms.

DISCUSSION

The study results show that NPSs occupy a significant
place in the clinical presentation of various forms of
tauopathies, even in the early disease course. Primary
tauopathies, such as FTD and PSP, exhibit a higher fre-
quency and intensity of neuropsychiatric symptoms even
in the early stages of the disease, along with a distinct pro-
file of neuropsychiatric characteristics. This is in contrast
to AD, which represents secondary tauopathies. The most
prominent and frequent symptoms of AD belong to mood
disorders (depression/anxiety), together with apathy. In

addition to these symptoms, NPSs from the agitation
subsyndrome on NPI play an important role in FTD and
PSP, especially in the early stages of the disease, making a
distinction toward AD easier. The profile of NPSs within
primary tauopathies is very similar, but more pronounced
irritability and aberrant motor behavior is a dominant
feature of FTD, while sleep disturbances are noted to be
mainly characteristic of PSP. Estimates of the prevalence
of depression and anxiety, and especially apathy, obtained
from caregivers and the patients themselves differ signifi-
cantly, and the reports from these two sources cannot be
considered interchangeable and comparable.

The general patterns of NPSs in the examined tauop-
athies obtained using the NPI in this study are compara-
ble to the results of previous research. The most common
neuropsychiatric symptoms in AD were apathy, followed
by depression and anxiety (22-25), which aligns with the
symptom profile observed in our patients. In line with
previous reports, our data indicate a specific pattern of
neuropsychiatric disorders of primary tauopathies, in
contrast to AD (24, 26, 27). Namely, we showed that
apathy, together with symptoms from the subdomain of
agitation, as well as appetite/eating and sleep disorders,
constitute a specific behavioral construct in FTD and
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Figure 1. Neuropsychiatric inventory composite scores reflect the severity of symptoms (upper graphs) and the percentage of patients with clinically significant
scores >4 for each symptom (lower graphs) in early and late phases across different tauopathies.
PSP: progressive supranuclear palsy; FTD: frontotemporal dementia; AD: Alzheimer’s disease; NPSs-neuropsychiatric symptoms

Table 3. The differences in the prevalence of depression, anxiety, and apathy between caregivers’ and patients’ reports in patients with AD, FTD, and PS

Depression-HAMD Anxiety-HAMA Apathy-AS
Significant >8 Trivial <8 P Significant >13 Trivial<13 p Significant >14 Trivial <14 P
AD Significant NPI 9 27 0.009 0 1 ns 19 15 0.002
Trivial NPT 2 43 18 63 10 35
FTD Significant NPI 6 19 ns 2 0 ns 24 15 0.001
Trivial NPI 4 24 11 40 1 12
PSP Significant NPI 23 0 0.001 6 7 <0.001 45 1 0.001
Trivial NPT 23 13 2 44 6 7

The figures in the table present absolute numbers of patients. P-value, Fischer exact test (p<0.0S); ns= non-significant.

AD: Alzheimer’s disease; FTD: frontotemporal dementia; PSP: progressive supranuclear palsy; NPI: neuropsychiatric inventory (significant-if composite

score for certain domain is >4); HAMD: Hamilton’s depression scale; HAMA: Hamilton’s anxiety scale; AS: apathy scale.

PSP. The different NPS profiles between primary and
secondary tauopathies are most noticeable in the early
stages of the disease, while with the disease progression,
differences are still present but to a lesser extent. This
implies that paying attention to the spectrum of NPSs in
the early phases of tauopathies is particularly important
for the differential diagnosis when early distinction in the
absence of hard motor and cognitive signs is not possible.

Although very frequent in all tauopathies, mood
changes (depression, anxiety) did not prove to be sig-
nificant in distinguishing these diseases, as it had been
shown in previous research (28-31). Conversely, when
apathy occurs with greater intensity and frequency, it is
more indicative of FTD and PSP than (AD). Apathy is
generally considered to be a consequence of lesions in
multiple brain regions, but several imaging studies in de-
generative dementias have indicated a significant associ-
ation of apathy with atrophy and hypometabolism of the
medial frontal cortex (predominantly the anterior cin-
gulum) (32, 33). Interestingly, the atrophy of this brain

region is also associated with disinhibition and aberrant
motor behavior (32), which in our study also stood out as
significant symptoms in distinguishing AD from prima-
ry tauopathies.

Asalready mentioned, the profile of NPSsin FTD and
PSP in our cohorts turned out to be very similar, both in
terms of the total NPI score and in terms of the severity/
distribution of the most prevalent symptoms, similar to
the study by Yataba et al. (34). However, we need to be
cautious in the interpretation of such results, bearing in
mind that our FTD cohort is amorphous, without mak-
ing a distinction between behavioral and language vari-
ants of FTD. A recent study comparing different variants
of FTD found that delusions, along with symptoms from
the agitation subdomain and euphoria, were less promi-
nent in PSP compared to the behavioral variant of FTD
(35). In our study, the presence of irritability in early
phases was a characteristic mainly of FTD, which is in
line with recently published data where irritability was
the most common NPS in prodromal FTD (36). On the
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other hand, sleep disturbances were the most valuable in
differentiating PSP not just from AD, but also from FTD.
A very recent study has also shown that the presence of
sleep disturbance at the initial visit predicted significant-
ly greater odds of PSP pathologic diagnosis compared to
non-PSP tauopathies (37).

Finally, positive psychiatric symptoms, such as hallu-
cinations and delusions, rarely occurred in our patients
with tauopathies, a result that corresponds to most pre-
vious findings (30, 31, 38). These symptoms are more
often part of the clinical spectrum of synucleinopathies
and arise as a consequence of the complex interplay of the
neurodegenerative process itself and the application of
dopaminergic therapy (38).

The prevalence of anxiety, depression, and apathy re-
ported on the NPI by caregivers was higher than reported
by patients themselves. This contrasts with the observa-
tions in other neurodegenerative diseases, such as Parkin-
son’s disease and multiple system atrophy, where patients
report more symptoms than their caregivers can register
(39, 40). In the domains of anxiety and depression, the
greatest discrepancy was observed in PSP patients, while
the discrepancy in apathy reports was consistent in all pa-
tients. The key to explaining this inconsistency may lie in
the pronounced symptoms of apathy, which include in-
difference and a lack of insight into the symptoms.

Several limitations of our study should be empha-
sized. First, our research is primarily based on the NPI
questionnaire, which is solely based on caregivers’ assess-
ment, and it must be taken into account that the NPS may
be underestimated or overestimated to a certain extent.
Since the NPI refers to a period no longer than one month
before examination, the problem of errors in recalling
symptoms cannot be ignored. Second, depression, apa-

thy, and anxiety were also assessed using additional ques-
tionnaires but were not diagnosed according to clinically
validated criteria, which requires caution when interpret-
ing the data. Third, FTD and PSP include a whole spec-
trum of clinically heterogeneous diseases, which were
not taken into consideration during this research.

CONCLUSION

Neuropsychiatric symptoms are a prominent feature in
the clinical presentation of both primary and secondary
tauopathies, even in the early stages of the disease. FTD
and PSP are characterized by distinct psychiatric con-
structs in contrast to AD, with more severe and more
frequent NPSs. Involving family caregivers through
structured interviews on changes in patients’ behavior-
al aspects using the NPI could be crucial for differenti-
ating tauopathies in the early stages of the disease, when
clinical symptoms are emerging but motor and cognitive
signs are not yet apparent. Estimates of the prevalence of
depression and anxiety, and especially apathy, obtained
from caregivers and the patients themselves differ signifi-
cantly, and the reports from these two sources cannot be
considered interchangeable and comparable.
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OBRASCI NEUROPSIHIJATRIJSKIH SIMPTOMA U PRIMARNIM | SEKUNDARNIM
TAUOPATIJAMA IZ UGLA NEGOVATELJA | PACLJENATA

Milica Je¢menica Luki¢!, Gorana Mandic, Tanja Stojkovic¢?, Aleksandra Tomic!, Vladana Markovi¢?, Iva Stankovic¢?, Nikola
Kresojevic?, Igor Petrovict, Aleksandra Kacar?, Natasa Dragasevic?, Vladimir Kosti¢!, Marina Svetel*

Sazetak

Uvod/ciljevi: Poznavanje razlika u profilima neuropsi-
hijatrijskih simptoma (NPS) u primarnim i sekundarnim
tauopatijama, narocito u ranim fazama bolesti, moze biti
od znacaja u njihovoj diferencijalnoj dijagnozi. Ciljevi
rada: a) ispitivanje obrazaca NPS kod primarnih (fronto-
temporalna demencija — FTD i progresivna supranukle-
arna paraliza - PSP) i sekundarnih tauopatija (Alchajme-
rova bolest — AD); b) ispitivanja razlika u NPS prijavljenih
od strane samih pacijenata i njihovih negovatelja.

Metode: Ispitivanje je obuhvatilo 312 bolesnika, od
kojih 176 sa trajanjem bolesti <3 godine. Prisustvo NPS
bazirano na proceni negovatelja procenjeno je neurop-
sihijatrijskim upitnikom (NPI). Procena NPS od strane pa-
cijenata ispitivana je Hamiltonovim skalama depresije i
anksioznostii skalom apatije.

Rezultati: Najizrazeniji i naj¢esci NPS u AD su poremeca-
ji raspoloZenja/apatija, dok se u FTD i PSP belezi i znacaj-

na ucestalost simptoma iz podsindroma agitacije. Profil
NPS u FTD i PSP je sli¢an, ali su iritabilnost i poremecaj
motornog ponasanja izrazeniji u FTD, dok je poremecaj
spavanja dominantna karakteristika PSP. Prevalencija
anksioznosti, depresije i apatije prijavljena na NPI upitni-
ku od strane negovatelja, bila je veca od one prijavljene
od strane samih pacijenata.

Zakljucak: FTD i PSP karakteriSu razli¢iti psihijatrijski
obrasci u odnosu na AD, sa tezim i ¢es¢im NPS. Proce-
na negovatelja o promenama u ponasanju pacijenata,
mogla bi biti od klju¢nog znacaja za diferencijalnu dija-
gnozu ovih tauopatija u ranom toku bolesti, posebno u
odsustvu jasnih motornih i kognitivnih simptoma. S dru-
ge strane, procene simptoma depresije i anksioznosti, a
posebno apatije, od strane samih pacijenata i njihovih
negovatelja se znacajno razlikuju, te se podaciiz ova dva
izvora ne mogu smatrati zamenljivim i uporedivim.

Kljucne reci: tauopatije, Alchajmerova bolest, frontotemporalna demencija, progresivna supranuklearna paraliza,

neuropsihijatrijski simptomi
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Summary

Introduction/research objective: COVID-19 coagulopathy is a disor-
der of the hemostatic system that occurs in critically ill patients infect-
ed with the SARS-CoV 2 virus and it increases the risk of mortality. The
goal of the research is to evaluate changes in hemostatic parameters
and determine their prognostic significance in patients with a severe
form of the COVID-19 disease.

Methods: The study was designed as a retrospective cohort study,
which included 146 patients treated from June to September 2020 in
the Intensive Care Unit (ICU) of the Clinical Hospital Center “BeZanijs-
ka Kosa” in Belgrade, diagnosed with COVID-19 pneumonia. Inclusion
criteria were as follows: the age over 18 years, proven current SARS-
CoV2 infection, and admission to ICU.

Results: 82 patients (56.2%) died during the treatment, while 64
(43.8%) were discharged. Significantly higher D-dimer values on ad-
mission to the ICU were recorded in subjects who died during treat-
ment 888 (1226.5) ng/ml compared to persons who were discharged
from treatment 666 (1207.3) ng/ml (p = 0.03). Differences were not
demonstrated for INR, aPTT and fibrinogen. D-dimer values on ad-
mission to the ICU greater than or equal to 760ng/ml are a statistically
significant predictor of death during hospitalization (p = 0.04).

Conclusion: COVID coagulopathy is a complication that increases
the mortality of people infected with the SARS-CoV2 virus. The main
feature is a state of hypercoagulability, which is detected by elevat-
ed D-dimer values. D-dimer greater than or equal to 760 ng/ml on
admission to the ICU may have prognostic significance for survival
during hospitalization.

Keywords: COVID-19, coagulopathy, D-dimer, Intensive Care Unit
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INTRODUCTION

In May 2023, the COVID-19 pandemic, which lasted
approximately three years and two months, was officially
declared over (1). According to the latest data, more than
703 million people have fallen ill worldwide, and about
7 million have died, according to https://www.worldom-
eters.info/coronavirus/ 02/18/2024. The pandemic was
controlled due to the development of vaccines and antivi-
ral drugs (2).

Most of those infected with the SARS-CoV?2 virus de-
veloped an asymptomatic or mild form of the COVID-19
disease, while a smaller number of people developed viral
pneumonia, which could later be followed by complica-
tions and other multisystem disorders, and finally lead to
death, especially in the elderly (3). The severe form of the
disease is characterized by an immense immune response
with the release of many cytokines, with antiviral and an-
ti-inflammatory role, while leading to the death of endo-
thelial and epithelial cells and immunothrombosis (4).

COVID-19 coagulopathyisa disorder of the hemostat-
ic system that occurs in critically ill patients infected with
the SARS-CoV-2 virus. The state of hypercoagulability
is the main feature of COVID-19 coagulopathy, which
can be manifested by thromboembolic complications or
even disseminated intravascular coagulation. Since the
beginning of the pandemic, a higher frequency of throm-
boembolic complications, both venous and arterial, has
beenreported in more severe forms of the disease, despite
the use of anticoagulant therapy (5). A meta-analysis that
included 47 studies and a total of 6459 patients led to
the conclusion that deep vein thrombosis was present in
about 30% of cases, that it was more frequent in patients
treated in the ICU, and that people with COVID-19 and
thrombosis had higher mortality than people without
thrombosis (6). Hyperinflammatory response, hypoxia,
endothelial damage, as well as comorbidities, immobility,
age and history of previous thrombosis are key risk factors
for hypercoagulability and subsequent complications (S).

D-dimer is mentioned as the most important indica-
tor in the context of COVID-19 coagulopathy. Elevated
D-dimer values were recorded in COVID-19 patients
with a more severe form of the disease. Also, it was shown
that higher D-dimer values correlated with disease sever-
ity and mortality. Certain studies (7-9) confirmed that
D-dimer values greater than 1 mg/ml, 0.5 mg/ml, or 0.5
mg/l upon admission were associated with an 18-fold,
7.3-fold, or 4-fold increase in mortality risk, respectively.
It has also been proven that elevated D-dimer values are
associated with a more severe clinical presentation (10).
The results of our recently published prospective study
showed that elevated levels of D-dimer, as well as coag-
ulation factor VIII (FVIII), in a certain category of pa-
tients (elderly, with a more severe presentation of COVID
infection) can be maintained even after 6 months of
COVID infection. This indicates that the degree of hy-

percoagulability is maintained in a certain number of pa-
tients even after the infection has passed (11). In addition
to high D-dimer values, indicators of COVID coagulop-
athy can be low platelet values, prolonged prothrombin
and partial thromboplastin time, as well as fibrinogen,
FVIII, von Willebrand factor (yWF), and reduced anti-
thrombin (AT) values as well as ADAMTS13 (7, 11-13).
This research aims to evaluate changes in hemostat-
ic parameters and to determine their prognostic signifi-
cance in patients with a severe form of COVID-19 disease.

Material and methods

This study was designed as a retrospective cohort study,
which included 146 patients treated from June 2020 to
September 2020 in the Intensive Care Unit (ICU) of the
Clinical Hospital Center "BezZanijska Kosa“ in Belgrade,
diagnosed with COVID-19 pneumonia. The inclusion
criteria were as follows: the age over 18, proven current
SARS-CoV2 infection, and admission to the Intensive
Care Unit. Respondents younger than 18 years of age and
respondents whose stay in the intensive care unit was not
due to a severe form of COVID-19, as well as incomplete
data on respondents, were excluded from the research.

Upon admission to the ICU, the usual anamnestic
data (hetero-anamnestic data related to the patient’s co-
morbidities and accompanying therapy) and demograph-
ic data were collected and entered into the electronic
database. All patients, according to the protocol for treat-
ment at the ICU, had blood samples taken for the deter-
mination of routine laboratory analyses, such as complete
blood count, coagulation profile, biochemical analyses,
and markers of inflammation. All these values were re-
corded in the hospital’s electronic database, along with all
important patient clinical data.

A computed tomography (CT) score was determined
for each patient. The score was graded according to the
degree of involvement of the lung tissue by consolida-
tion seen on the CT scan of the chest. Each lung lobe was
scored from 1 to S depending on the prevalence of con-
solidation (1. < 5% involvement; 2. 5-25%; 3. 26-49%; 4.
50-75%; 5. > 75%). The values of the total CT score were
obtained by adding up the individual score for each lobe,
and the score values could range from 0 to 25. The sever-
ity of the clinical presentation, as determined by the CT
score, was categorized into mild (score <8), moderate (9-
15), and severe (>15) (14).

The treatment of patients and the definition of a se-
vere clinical picture were carried out according to the na-
tional protocol of the Republic of Serbia for the treatment
of COVID-19 (15).

In the statistical analysis, descriptive and analytical
statistics methods were used, depending on the type
of data distribution. If the distribution was normal, the
T-test was used for analysis. For distributions deviating
from normality, the Mann-Whitney U test was employed
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for non-parametric analysis. The non-parametric tests
were the Chi-square (x2) test or Fisher’s exact probability
test. The ROC curve was used to determine the optimal
D-dimer cut-off value and its sensitivity (Sn) and speci-
ficity (Sp). The Kaplan-Meier method and the log-rank
test were used to assess survival. p < 0.05 was considered
statistically significant. The computer program “R” was
used to process statistical data.

Results

The research included 146 respondents, 103 (70.5%)
male and 43 (29.5%) female. The average age was 65
years, range from 29 to 89 years. Of the total number of
respondents, more than a half died during the treatment,
82 (56.2%), while 64 (43.8%) were discharged after the
treatment. Of the 82 patients with a fatal outcome, 58
(70.7%) were male, and 24 (29.3%) were female. The in-
cidence of fatal outcomes matches the representation in
relation to sex.

Comorbidities were present in 109 (74.7%) subjects.
Arterial hypertension was recorded in 99 (67.8%) sub-
jects, diabetes mellitus in 50 (34.2%), coronary disease in
25 patients (17.1%), while other comorbidities were less
common (obesity and cardiomyopathy in 8.2%, COPD in
4.8%, and asthma in 2.7% of cases).

In relation to the severity of the clinical picture, the
majority of respondents had a CT score of 20, i.e., 14.2%.
There were 10.4% of respondents with the maximum
score. Upon admission to the ICU, most patients were
intubated, with 52.7% receiving invasive mechanical
ventilation and 34.2% receiving non-invasive ventilation.
The lowest percentage of people was on high-flow oxygen
therapy, 3.4%, while 9.6% of patients were on low-flow
oxygen therapy through an oxygen mask (Table 1).

The values of the subjects’ coagulation parameters
were as follows: D-dimer 768 (1066) ng/ml, INR 1.1
(0.3), APTT 24.7 (8.3) and fibrinogen 3.8 (1.5) g/ 1. The
measured values of D-dimer, INR, APTT and fibrino-
gen did not differ significantly between men and women
(D-dimer p=0.51; INR p=0.409; aPTT p=0.826; fibrin-
ogen p=0.212).

Patients with hypertension had higher D-dimer val-
ues, 888 (2715) ng/ml, compared to 554 (705.5) ng/ml
in normotensive p=0.002. Differences in D-dimer values
were not observed between subjects with and without
corresponding comorbidities (Table 2).

INR values recorded upon admission to the ICU were
higher in patients with cardiomyopathy 1.3 (1.5) than
those without 1.1 (0.2)s p=0.028. INR values did not dif-
fer between patients with and without other comorbidi-
ties (Table 3).

Table 1. Clinical characteristics of subjects suffering from COVID-19 admitted to the Intensive Care Unit

Clinical features
Age med (IQR)
65 (21) years
Sex n %
Male/Female. .. ..ottt e 103/43  70.5/29.5
Comorbidity n (%)
Arterial Ry pertension. . .......oouuuuueetteeeei i 99 (67.8)
COrONArY diSEASE . .. v uuueee e ettt ettt ettt ettt 25 (17.1)
Cardiomyopathy ... 12 (8.2)
Diabetes Mellitts. . ... .vvveeteeeeeee e eee e ee e ee et eannns 50 (34.2)
OBESIEY e e v vttt ettt et e 12 (8.2)
ASthma ..ot 4(2.7)
COPD ..o 7 (4.8)
The severity of the clinical presentation according to the CT score n (%)
Mild .o
MOdErate ...ttt ettt e 7 (4.8)
RS 25 (17.1)
114 (78.1)
Type of respiratory support n (%)
L@ By OFgiEON o 6 00000000000000000000000000000660006000060000000000 14 (9.6)
I5En ko7 QM 0 00000000000000000000000000000060000000060000000000 5(3.4)
Non-invasive mechanical ventilation................c...oooi .. 50 (34.2)
Invasive mechanical ventilation .............cc.ooiiiiiiiiiiiiiii... 77 (52.7)
Number of days of hospitalization med (IQR)
18 (16)
Treatment outcome n (%)
Discharge ..o 64

Fataloutcome ... ...oootininiii e

Male 45 (70.3) Female 19 (29.7)

..... 82

Male 58(70.7); Female 24(29.3)
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Table 2. D-dimer values of patients with COVID-19 according to co-
morbidities (values are shown as median (IQR))

Comorbidity Presence D-dimervalues pvalue
(ng/ml)

Arterial hypertension YES 888 (2715) 0.002*
NO 554 (705.5)

Diabetes mellitus YES 680.5 (746) 0.212
NO 823.5 (3217.7)

Obesity YES 1051 (1000)  0.428
NO 760 (1286.3)

COPD YES 741 (1908.7) 0.865
NO 775 (1213.8)

Asthma YES 873.5(1005.2) 0.980
NO 760 (1263.8)

Coronary disease YES 740 (2990) 0.719
NO 768 (1123)

Cardiomyopathy ES 752 (1066) 0.967
NO 768 (1229)

Note: *-statistically significant difference
COPD - Chronic obstructive pulmonary disease

Table 3.INR values of COVID-19 patients according to comorbidi-
ties (values are shown as median (IQR))

Table 4. aPTI values of COVID-19 patients according to comorbid-
ities (values are shown as median (IQR))

Comorbidity Presence  aPTT (s) values pvalue

Arterial hypertension ~ YES 25.2(10.3) 0.436
NO 24.2 (6.5)

Diabetes mellitus YES 23.6 (10.5) 0.546
NO 25.3 (7.4)

Obesity YES 21.5 (6.4) 0.257
NO 25.2(8.5)

COPD YES 30.6 (11.6) 0916
NO 24.6 (7.9)

Asthma YES 21.7 (13.1) 0.267
NO 24.6 (8.4)

Coronary disease YES 27.6 (10) 0.083
NO 24.6 (7.5)

Cardiomyopathy YES 29.5 (12.8) 0.070
NO 24.4(7.3)

COPD - Chronic obstructive pulmonary disease

Table S. Values of fibrinogen strains with COVID-19 according to
comorbidities (values are shown as median (IQR))

Comorbidity Presen- Fibrinogen values (g/L) p value

Comorbidity Presence  INRvalues pvalue ce

Arterial hypertension YES 1.1(0.3) 0.965 Arterial YES 3.8 (1.65) 0.50S
NO 1.1(0.3) hypertension NO 3.8 (1.15)

Diabetes mellitus YES 1.1 (0.2) 0.051 Diabetes melitus ~ YES 4.2(2.2) 0.169
NO 1.1(0.3) NO 37(1.2)

Obesity YES 1(0.3) 0.774 Obesity YES 3.9(1.3) 0.722
NO 1.1 (0.3) NO 3.8(1.5)

COPD YES 1.2 (0.4) 0.420 COPD YES 3.7(1.8) 0.759
NO 1.1 (0.3) NO 3.8 (1.5)

Asthma YES 1(0.26) 0.135 Asthma YES 5.4(2.2) 0.047*
NO 1.1(0.3) NO 3.8(1.5)

Coronary disease YES 1.2 (0.3) 0.562 Coronary disease  YES 4.1(1.1) 0.081
NO 1.1(0.2) NO 3.8(1.5)

Cardiomyopathy YES 1.3 (1.5) 0.028* Cardiomyopathy ~ YES 3.4(1.3) 0.270
NO 1.1 (0.2) NO 3.8 (L.5)

Note: *-statistically significant difference
COPD - Chronic obstructive pulmonary disease

The measured values of the partial thromboplastin
time did not differ in patients with certain comorbidities
and those without, at the admission to the ICU. Detailed
values are shown in Table 4.

People with asthma had fibrinogen values of 5.4 (2.2)
g/1 on admission significantly higher than those without
asthma 3.8 (1.5) p=0.047. Fibrinogen values in other sub-
jects with and without various comorbidities were not ob-
served. Detailed values are shown in Table S.

Regarding the disease outcome, significantly high-
er values of D-dimer upon admission to the ICU were
recorded in subjects who died during treatment 888
(1226.5) ng/ml compared to patients who were dis-
charged from treatment 666 (1207.3) ng/ml (p = 0.03).

Note: *-statistically significant difference
COPD - Chronic obstructive pulmonary disease

No differences were determined in relation to other
parameters of hemostasis (Table 6).

The ROC curve is used to determine the cut-off value
of the D-dimer to predict the fatal outcome. The optimal
value was 760 mg/ml. Of the total deceased, 51 subjects
had D-dimer values greater than or equal to 760 ng/ml,
and the remaining deceased (31) had values less than
760 ng/ml. The sensitivity of 60.8% and the specificity
of 59.4% of D-dimer was calculated (Figure 1). The Ka-
plan-Meier survival curve and the log-rank test revealed
that D-dimer values of 760 ng/ml or higher are a statis-
tically significant predictor of mortality during hospital-
ization (p = 0.04) (Figure 2).
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Table 6. Values of coagulation parameters of COVID patients mea-
sured at admission to the ICU in relation to the outcome of treatment

Variable Median (IQR) pvalue

Death outcome

D-dimer (ng/l) YES 888 (1226.5)  0.033*
NO 666 (1207.3)

INR YES 1.1 (0.3) 0.437
NO 1.1 (0.3)

aPTT (s) YES 25.9 (10.3) 0.518
NO 23.9(6.2)

Fibrinogen (g/1) YES 3.8(1.7) 0.157
NO 3.8 (1.2)

Note: *-statistically significant difference
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Figure 1. ROC curves of D-dimer values for predicting outcomes
of treatment

Thrombosis was detected in 11 patients (7.5%).
Among these, 8 had arterial thrombosis (including myo-
cardial infarction in 5 patients and thrombosis of the bra-
chial, radial, and ulnar arteries in 3 patients), while 3 had
venous thrombosis, specifically pulmonary thromboem-
bolism. Of the total number of subjects with thrombosis,
eight died, while three were discharged after treatment.
D-dimer values did not differ significantly between sub-
jects with and without thrombosis (p = 0.46).

total number of hospitalization days

Figure 2. Kaplan-Meier survival curves for D-dimer measured at
ICU admision

Discussion

The research revealed distinct patient profiles in terms
of age, gender, comorbidities, hemostatic parameters,
and elevated D-dimer values among SARS-CoV-2 pos-
itive individuals with pneumonia who were treated in
Intensive Care Units. The average age of patients who
required treatment in the ICU was 65 years. Men had a
greater need for treatment in the ICU as well as a higher
mortality, while the total mortality was 56.2%. The most
common documented chronic disease among the re-
spondents was hypertension (67.8%), followed by diabe-
tes mellitus (34.2%) and coronary disease (17.1%). People
with hypertension had higher D-dimer values compared
to people without the given comorbidity. Also, people
with cardiomyopathy had significantly higher INR val-
ues compared to those without it, and higher fibrinogen
values were recorded in people with asthma. Significant
differences for the remaining parameters of hemostasis
were not detected in relation to the present comorbidi-
ties. Higher D-dimer values upon admission to the ICU
were recorded in persons who died during treatment,
while values equal to or greater than 760 ng/ml were as-
sociated with a higher risk of in-hospital mortality.

More than 78% of those treated in the ICU had a CT
score greater than 15, which speaks in favour of the severe
clinical picture of the patients. Patients with a CT score
greater than 15 have a high risk of death, followed by a
longer stay in the ICU (16). As the CT score increases,
the risk of death also rises (17).

Endeshaw etal., in a study conducted on 100 patients,
proved that patients with hypertension had significantly
higher D-dimer values of 1.1 mg/l, compared to controls
of 0.37 mg/1. Additionally, the more severe arterial hy-
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pertension was, the higher D-dimer was (18). In addition,
the values of D-dimer and fibrinogen are positively relat-
ed to the duration of hypertension, which suggests that
the higher the values the longer the person was hyperten-
sive (19). Hypertension is one of the most common co-
morbidities in COVID-19 patients (20).

D-dimer represents a significant marker of hemostat-
ic activity and indicates the formation of a fibrin clot, i.e.
its breakdown under the action of the fibrinolytic system.
Significantly higher D-dimer values were recorded in
persons suffering from COVID-19 (21). At the beginning
of the pandemic, it was thought that high D-dimer val-
ues resulted from an increased frequency of arterial and
venous thrombosis, the development of disseminated in-
travascular coagulation (DIC), acute respiratory distress
syndrome (ARDS), etc. However, the underlying factor
is the host’s robust inflammatory response to the SARS-
CoV-2 virus. The virus induces the synthesis and release
of mediators such as IL-6, TNF, G-CSF, etc., leading to
mononuclear cell activation. Thus, activated cells express
tissue factors that lead to thrombin activation and fibrin
conversion. Also, the virus directly causes damage to en-
dothelial cells and the release of cell contents, including
plasminogen activator and vWF. Under the influence of
plasminogen activators, plasminogen is converted into
plasmin, initiating fibrinolysis. The ultimate goal of this
process is the breakdown of fibrin into fibrin degradation
products. If the fibrin clot is stabilized by coagulation
Factor XIII (FXIII), its subsequent breakdown results in
the formation of D-dimer (22).

The results of our study showed that D-dimer values
of more than 760 mg/ml (measured on admission to the
ICU) can represent a great predictor of mortality. Also,
numerous studies have reported similar data. A me-
ta-analysis that included 100 studies over 42,000 patients
concluded that high D-dimer levels upon admission are
associated with the risk of developing a more severe form
of the disease, as well as death (23). Popovska Jovi¢i¢ et
al. in their research, where they included 288 patients
diagnosed with SARS-CoV2 infection, proved that D-di-
mer values of 0.82 ug/mL measured upon admission can
indicate a potential risk of death during the hospitaliza-
tion (24). A multicentre study in Spain reported that ad-
mission D-dimer values higher than 945 pg/L FEU have
a predictive value regarding in-hospital mortality (25).
Within the first ten days of hospital treatment, there is
a trend of increasing D-dimer, after which the value de-
creases (26).

It should be noted that the results of our prospective
study in which patients were monitored after hospitaliza-
tion for COVID 19 infection showed that certain categories
of patients (the elderly and those with a more severe clinical
presentation of COVID infection) can maintain elevated
D-dimer and FV IIIlevels, even 6 months after hospitaliza-
tion. This finding indicates that the degree of hypercoagu-
lability is maintained in a certain number of patients even

after the infection has passed, therefore, it represents a risk
for thrombosis in the post-Covid period (11).

When discussing the risk of thrombosis associated
with acute COVID-19 infection, thrombotic events were
verified in 11 (7.5%) subjects, of which 8 were arterial and
3 pulmonary embolisms.

The D-dimer values of persons with verified throm-
bosis were 1260 (31810) ng/ml and did not significantly
differ from the D-dimer values of persons without veri-
tied thrombosis, which can be explained by the higher
frequency of arterial thrombosis. In other studies, the
incidence of thrombosis in ICU patients was significantly
hihger (27-29). In contrast to our research, in other stud-
ies venous compared to arterial thromboses were detect-
ed more frequently (30, 31), and D-dimer levels above
3,000 pug/L measured in patients with COVID-19 can be
a predictor of pulmonary thromboembolism (32).

Regarding the limitations of the study, it should be
emphasized it was a retrospective study that included a
relatively small number of respondents. These are the first
data on hemostatic changes in critically ill COVID-19
patients in our country who were treated in the ICU. As
such, they represent a significant contribution to under-
standing this issue and highlight the need for prospective
studies with larger sample sizes.

CONCLUSION

COVID coagulopathy is a complication that increases
the mortality of people infected with the SARS-CoV2
virus. The main feature is the state of hypercoagulabili-
ty, which is confirmed by elevated D-dimer values. Our
research showed that people suffering from COVID-19
had high D-dimer levels upon admission to the ICU and
this value was significantly higher in people who died.
D-dimer values greater than or equal to 760 ng/ml upon
admission to the ICU may have prognostic significance
for survival during the hospitalization.
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PROMENE U HEMOSTATSKOM SISTEMU KOD KRITICNO OBOLELIH OD KOVIDA 19

Marija Milenkovi¢*2,Mirjana Kova¢?, lvan Rovi¢?, Duro Sijan, Bogdan Crnokrak?#, Marija Zdravkovi¢2*

Sazetak

Uvod/cilj istrazivanja: Koagulopatija usled kovida 19
predstavlja poremecaj sistema hemostaze koji se javlja
kod kriticno obolelih bolesnika zarazenih SARS-CoV2
virusom i koja poveceva rizik od mortaliteta. Cilj istra-
Zivanja je procena promena hemostaznih parametara i
odredivanje njihovog prognostickog znacaja kod bole-
snika sa teskom formom bolesti kovid 19.

Metode: Studija je dizajnirana kao retrospektivna ko-
hortna studija, koja je obuhvatila 146 pacijenta lec¢enih
od juna do septembra 2020. godine u Jedinici intenziv-
nog lecenja (JIL) Klinicko bolnickog centra ,Bezanijska
kosa” u Beogradu pod dijagnozom pneumonije izazva-
ne kovidom 19. Ukljucujuci kriterijumi su bili starost iz-
nad 18 godina, dokazana aktuelna SARS-CoV2 infekcija
i prijem u JIL.

Rezultati: Tokom lecenja su preminula 82 bolesnika
(56.2%), dok je 64 (43.8%) otpusteno nakon sprovede-

nog lecenja. Znacajno vise vrednosti D-dimera na prije-
mu u JIL zabeleZene su kod ispitanika koji su preminuli u
toku lec¢enja 888 (1226,5) ng/ml u odnosu na osobe koje
su otpustene sa lecenja 666 (1207,3) ng/ml (p = 0,03).
Razlike nisu dokazane za INR, aPTT i fibrinogen. Vredno-
sti D-dimera na prijemu u JIL vise ili jednake 760ng/ml
statisticki su znacajan prediktor smrtnog ishoda u toku
hospitalizacije (p = 0,04).

Zakljucak: Koagulopatija usled kovida 19 predstavlja
komplikaciju koja povecava mortalitet osoba zarazenih
SARS-CoV2 virusom. Osnovno obelezje jeste stanje hi-
perkoagulabilnosti, koje se detektuje povisenim vred-
nostima D-dimera. Vrednosti D-dimera vise ili jednake
760 ng/ml na prijemu u JIL mogu imati prognosticki zna-
Caj za prezivljavanje u toku hospitalizacije.

Kljucne reci: kovid 19, koagulopatija, D-dimer, jedinica intenzivnog lecenja
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Summary

Introduction: Oral cancer is the most common subtype of cancer in
the head and neck region, with an increasing incidence worldwide.
Unfortunately, no specific biomarkers are used in everyday clinical
practise. Small non-coding RNA molecules, micrcoRNA (miRNA), are
considered sensitive biomarkers for early diagnosis as well as progno-
sis in patients with oral cancer. Especially, microRNA derived from the
H19 locus are poorly investigated for their potential role in oral cancer.

Aim: The aim of this study was to evaluate expression of hsa-miR-
675-5p in tumor and non-tumor tissues of oral cancer patients and to
associate it with pathohistological features.

Material and Methods: The study group consisted of 35 patients
with oral cancer. Tumor and surrounding non-tumor tissues were tak-
en from each patient. Relative expression was measured using the
quantitative reverse transcription - real time PCR method.

Results: The relative expression of hsa-miR-675-5p was lower in oral
cancer tumor than in non-tumor tissue suggesting its tumor suppres-
sive role. hsa-miR-675-5p has diagnostic potential for sensitive dis-
tinction of tumor and non-tumor tissues in oral cancer patients. There
was no difference in overall survival rates between patients with low
and high hsa-miR-675-5p expression, confirming that hsa-miR-675-5p
cannot be used as a prognostic biomarker in patients with oral cancer.
Conclusion: hsa-miR-675-5p can be considered as a potential diag-
nostic but not a prognostic molecular biomarker in oral cancer.
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INTRODUCTION

Epidemiological data worldwide indicate a troubling in-
crease in the incidence of oral cancer (1). While surgical
removal of tumor remains a mainstay treatment, recur-
rence rates among the patients with negative resection
margins can be as high as one-third (2). To reduce the
risk of recurrence post-surgery, current histopathological
procedures should be improved by adding a molecular
approach to analyze tissue changes.

MicroRNAs (miRNAs) represent a class of small,
non-coding RNA molecules, typically 18-24 nucleotides
in length, involved in posttranscriptional regulation by
either mRNA degradation or repression of translation of
target gene (3, 4). With over 2 000 miRNAs identified in
humans to date, their regulatory role extends over vital
biological processes such as: cell proliferation, differen-
tiation, development, apoptosis and immune response.
The focus of research into miRNAs in the biomedical
field is based on the fact that miRNAs have promising
biomarker potential in various pathologies, including
cancer (S, 6). Notably, their stability in tissue and liquid
biopsies uncerscores their utility as molecular biomark-
ers (6). In our previous study, we delineated three-miR-
NAs signature (miR-31-3p, miR-139-5p and miR-30a-
Sp) for diagnostic use in oral cancer and also identified
miRNAs (miR-135b-Sp, miR-18a-Sp and miR-30a-Sp)
indicative of poor survival (7). It is important to contin-
ue the search for molecular biomarkers to improve fu-
ture diagnostic, prognostic and therapeutic practice in
oral cancer patients.

The IGF2-H19 locus (11p15.5), paternally imprinted
and harboring both coding and noncoding genes, is fre-
quently deregulated in cancer (8), yet its involvement in
oral cancer remains elusive. Of interest is hsa-miR-675,
expressed from the H19 gene within the IGF2-H19 lo-
cus, with documented increased expression of hsa-miR-
675-3p in esophageal cancer (9, 10) and underexpression
of hsa-miR-675-Sp in adrenocortical carcinoma (11).
Given its dysregulation across cancer types, its poten-
tial implication in oral cancer can be assumed also. To
our knowledge, status of hsa-miR-67S in oral cancer re-
mains unexplored, leaving its significance unresolved.
Furthermore, the biomarker potential of hsa-miR-675
remains ambiguous.

Our objective was to characterise H19 derived hsa-
miR-675 through a bioinformatic approach and assess
relative levels of hsa-miR-67S in publicly available data-
bases and clinical samples of oral tumor and surrounding
non-tumor tissues. We aim to associate these findings
with pathohistological features and survival outcomes in
oral cancer patients.

MATERIAL AND METHODS

Exploration of hsa-miR-675 using a bioinformatic
approach

hsa-miR-675 was functionally analysed by DIANA-miR-
Path v4.0 web-based software (http:// www.microrna.gr/
miRPathv4) (12). Both forms of hsa-miR-675, -Sp and
-3p, were searched. TargetScan v8.0 was used for gene
target selection. To determine significantly enriched mo-
lecular pathways with target genes predicted to be regu-
lated by the miRNA of our interest, the Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) was used under
the criteria of pathway union, p value threshold of 0.05,
and false discovery rate (FDR) correction. If p value was
less than 0.0S, pathway was considered significantly en-
riched. Heatmap of significantly enriched pathways was
constructed by DIANA-miRPath v4.0.

Network of hsa-mir-675 (-Sp and -3p forms) - gene
interactions were constructed and visualised by miRNet
v2.0 software (https://www.mirnet.ca) (13). miRTar-
Base v8.0 and TarBase v8.0 were used as a resource of
validated interactions between hsa-miR-675 and target
genes. On all target genes was performed enrichment
analysis using hypergeometric test and KEGG database.
If adjusted p value was less than 0.05, pathway was con-
sidered significantly enriched.

The University of California Santa Cruz (UCSC)
Xena platform (http://xena.ucsc.edu/) was used for
visual analysis of hsa-miR-675 expression in head and
neck squamous cancer (HNSC) compared to normal
tissue using the Genomic Data Commons - The Cancer
Genome Atlas (GDC TCGA) database (14). The GDC
TCGA HNSC database contains phenotype data for 612
samples. After filtering out samples and restricting the
search to oral cancer cases of white ethnicity with data on
hsa-miR-675 expression, 254 samples remained (Figure
1A). Of these, 235 were primary tumors and 19 were sol-
id normal tissue. There were 18 matched samples of pri-
mary tumors and normal tissue. The hsa-miR-675 stem
loop expression data and relevant demographic (gender,
age, alcohol consumption, smoking history) and clini-
cal data (histological grade, TNM status, clinical stage,
overall survival) were downloaded from the UCSC Xena
platform for further statistical analysis. Kaplan-Meier
curve of overall survival were generated in UCSC Xena
and compared by log-rank test. For survival analysis
hsa-miR-675 expression was classified into low and high
based on median value.

Patients and biological samples

Tissue samples from oral cancer patients were collected
in period between 2018 and 2020. This same series of pa-
tients (N=35) was used for analysis in our previously pub-

lished study, with demographic and pathohistological
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characteristics of the study group detailed therein (7).
Ethical approval for the collection and utilization of bi-
ological samples for research purposes was granted from
the Ethics committee of the Faculty of Medicine, Univer-
sity of Belgrade (approval number: 1550/ VII-6).

Patients diagnosed with oral cancer provided in-
formed consent for their patricipation in the study.
During surgical tumor excision, specimens from both tu-
mor and surrounding non-tumor tissue (approximatelly 2
cm from macroscopically identified tumor margins) was
taken for research, immersed in RNA later solution (Invi-
trogen, USA) and stored at -80°C. Tissue verification and
tumor staging were in accordance with the guidelines
outlined in the Union for International Cancer Control
Staging Manual, 8th Edition.

Quantification of hsa-miR-675-5p relative
expression

The mirVana™ kit (Invitrogen, USA) was used to isolate
total RNA from collected biological samples. RNA at a
concentration of 20ng/ul was used for cDNA synthesis
with the TagMan™ MicroRNA Reverse Transcription Kit
(Invitrogen, USA) according to the manufacturer’s rec-
ommendations. TagMan™ MicroRNA Assay was used for
hsa-miR-675-5p (ID 002005) quantification by real time
PCR. Normalization was done by RNU6B (ID 001093)
as an endogenous control. Cycle Treshold (Ct) values
were used to calculate the relative expression of the hsa-
miR-675-5p target using the comparative ACt method
(ACt=Ct of target — Ct of endogenous control). Ct values
were measured in triplicate for each sample, and the aver-
age value was used for further analysis. Relative expres-
sion, presented as 2%, is used for statistical tests.

Statistical analysis

The collected data were analysed and graphically dis-
played using GraphPad Prism software, version 9. Chi-
square (x2) test was used for association of categorical
variables. The normality of the data was tested using
the Shapiro-Wilk test. If the continuous data were nor-
mally distributed, a parametric t-test was performed, for
non-normally distributed paired data, the Wilcoxon rank
test was performed. Receiver Operating Curve (ROC)
was used to evaluate diagnostic potential of analysed miR-
NA. Association of gene expression with patients overall
survival was estimated by Kaplan-Meier survival curve
and log-rank test. Cox regression analysis was performed
to estimate hazard risk depending on hsa-miR-675-5p ex-
pression. All p values were two-tailed and if p value was
less than 0.05, results were considered significant.

RESULTS
Bioinformatic exploration of hsa-miR-675

Nineteen KEGG pathways showed significant enrich-
ment in genes predicted to be regulated by hsa-miR-675,
withmetabolic pathways and pathwaysin cancerbeing the
most enriched (Figure 1A, 1B). Using miRNet v2.0, we
constructed a network of interactions between hsa-miR-
675-5p and hsa-miR-675-3p, and target genes. Network
analysis revealed that hsa-miR-675-5p regulates a larger
number of genes (163 genes) compared to hsa-miR-675-
3p (70 genes) (Figure 1C). Further analysis using the hy-
pergeometric test and the KEGG database confirmed sig-
nificant enrichment in cancer with the largerst number of
genes affected (genes RUNX1, MAP2KI, PRKCA, RBI,
WNTSA, CREBPP, ITGA6, NFKBI, TGFBI) (Figure
1D, 1E) affirming the involvment of hsa-miR-675 in car-
cinogenesis. This justifies the selection of hsa-miR-675
for further analysis in the open transcriptomic database
for oral cancer as well as in clinical samples.

Exploring hsa-miR-675 in the open GDC TCGA
HNSC database via UCSC Xena (Figure 2A) revealed
no significant difference in expression between primary
tumor samples and solid normal tissue among oral cancer
patients (p=0.504, t-test Welch’s correction), Figure 2B.
Similary, no significant difference was found in matched
tumor and non-tumor tissue from 18 oral cancer patients
(p=0.277, t-test Welch’s correction), Figure 2B.

ROC analysis on whole group including 254 sam-
ples, indicated that hsa-miR-67S was not effective as a
diagnostic biomarker for distinguishing oral tumor from
non-tumor tissue (AUC=0.538, 95% CI=0.421-0.654,
p=0.579), Figure 1C. The same trend persisted when an-
alyzing a subset of matched samples (AUC=0.620, 95%
CI= 0.427-0.813, p=0.217). Furthermore, Kaplan-Meier
curve analysis showed no significant difference in overall
survival between patients with low and high expression
of hsa-miR-675 (p=0.169, log-rank test), Figure 2D, indi-
cating that hsa-miR-675 cannot be considered as a prog-
nostic biomarker.

Table 1 presents the association of hsa-miR-675 ex-
pression with demographic and pathohistological fea-
tures, revealing significant associations with the location
of primary tumor (p=0.011, x2 test), histological grade
(p=0.013, 2 test), tumor stage (p=0.013, 2 test) and tu-
mor size (p=0.019, x2 test), categorized into low and high
expression groups based on the median expression level.

Relative expression, diagnostic and prognostic
potential of hsa-miR-675-5p

In our study group, the relative expression of hsa-miR-
675-5p was significantly higher in non-tumor than in tu-
mor samples from oral cancer patients tissue (p=0.006,
Wilcoxon signed rank test), Figure 3. The expression
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Table 1. Association of hsa-miR-675 expression in oral cancer with demographic and pathohistological features of oral cancer patients from
GDC TCGA database downloaded from the UCSC Xena
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well differentiated 25 21.9 12 10.4

moderately differentiated 59 S1.8 76 66.1
Tl poorly d%fferentlated 26 22.8 27 23.5 0.013

anaplastic 4 3.5 0 0

grade can not be evaluated /

<2cm 14.5 19.1
Tumor size 2-4cm 24 21.8 41 35.7 0.019
>4cm 63.6 45.2

hsa-miR-675"s" and hsa-miR-675"" are classified according to median value 0.056 reported as log2(RPM+1);
NA - not available; GDC TCGA - Genomic Data Commons The Cancer Genome Atlas; N — number of cases; NO — without regional lymph
node involvement; N1- regional lymph node involvement; p<0.05 is presented in bold
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Figure 3. hsa-miR-675-5p relative expression (presented as mean * SD of 22 value) of oral cancer patients in (A) tumor and non-tumor
tissue (B) paired tumor and non-tumor tissue.
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hsa-miR-675-5p"" and hsa-miR-675-5p""are classified according to
median value 0.021 reported as 22,

level in non-tumor samples was 2-fold higher than in tu-
mor samples. In both groups, relative expression was vari-
able with a mean 2*“ value 0f 0.127 + 0.250 in tumor and
0.264 *+ 0.362 in non-tumor tissue.

ROC curve analysis indicated acceptable discrimi-
natory power of hsa-miR-675-5p for distinguishing oral
tumor from non-tumor (AUC=0.637, 95% CI=0.506-
0.768, p=0.047), Figure 4, with a proposed cut-off value
of 0.106, estimated using the maximum Youden index
(sensitivity + specificity -1) with a specificity and sensi-
tivity of 80% and 51.4%, respectively.

The median value of hsa-miR-675-5p expressionin tu-
mor tissue (22“value of 0.021) was used to classify it into
low (hsa-miR-675-5p**) or high (hsa-miR-675-Sphish)
expression groups. There was no difference in survival
between oral cancer patients with hsa-miR-675-5p"**and
hsa-miR-675-5p"s" expression (p=0.090, log-rank test),

Figure S. Survival rates were not significantly different
when patients were stratified by tumor stage and size.

Relative expression of hsa-miR-675-5p and demo-
graphic and pathohistological features

Table 2 shows that no significant associations were
found between the expression of either low or high hsa-
miR-675-5p in tumor tissue and the demographic and
pathohistological features of oral cancer patients. Cox
regression analysis further indicated that hsa-miR-675-
Sp was not associated with oral cancer outcome (hazard
risk=3.596, 95% CI=0.706-18.315, p=0.123).

DISCUSSION

The search for suitable molecular biomarkers in oral
cancer research continues to offer vast potential. With
the plethora of genes, non-coding transcripts and their
interactions, the design of comprehensive gene panel for
testing apperas promising. Nonetheless, focusing on the
analysis of a single gene candidate is a valuable starting
point for developing a gene panel for diagnostic and prog-
nostic assesments of oral cancer patients. In this study, we
investigated hsa-miR-67S as it arises from IGF2/H19 lo-
cus, often deregulated in different cancers, but unstudied
in oral cancer.

The availability of public transcriptomic datasets
across various cancer types underscores the importance
of leveraging these data. However, conducting expres-
sion analysis in own clinical samples remains crucial and
justified. In our investigation of hsa-miR-675, we started
our exploration with bionformatics approach, initially
checking KEGG pathways enriched in genes targeted
by hsa-miR-675 and validated gene-miRNA interaction
network. Notably, the disruption of signalling pathways,
particulary metabolic pathwas and pathways in cancer,
aligns with the hallmark characteristics of cancer cells
(15). Our findings strongly suggest the involvement
of hsa-miR-675 in cancerogenesis, thus validating our
choice for further analysis.

Contrary to our expectations, expression analysis of
hsa-miR-675 in the GDC TCGA, samples failed to reveal
significant differences between cancer samples and solid
normal tissues, thereby refuting hsa-miR-675 as a diag-
nostic and prognostic biomarker in oral cancer. This dis-
crepancy maystem from the composition of the TCGA
oral cancer cohort, which predominantely comprised
cancer samples, potentially diluting any differences with
normal tissues. Furthermore, the limited availability of
matched samples highlights the need for robust analyses
in more homogenous sample sets. Matched samples were
only available for 18 oral cancer samples, representing a
relatively modest study group. In a group twice as large
as that studied by the GDC TCGA, we found significant
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Table 2. hsa-miR-675-5p relative expression association with demographic and pathohistological features of oral cancer patients

Demographic and pathohistological features

Relative expression of
hsa-miR-675-5p in tumor tissue

hsa-miR-675-5p™"

hsa-miR-675-Sp"e"

N=18 N=17
N % N % p value
It 1 g 112, b
Sex male 4 77.8 70.6 0.627
female 4 2907 5 29.4
<59 11 61.1 7 41.2
Age (years, median) 0.238
>59 7 38.9 10 58.8
nonsmoker 4 22.2 6 35.3
Smoking habit 0.392
ey smoker + ex smoker 14 77.8 11 64.7 3
intaki 27.8 29.
i\::;z;: o no intake S 7 S 9.4 0915
: moderate + high 13 722 12 70.6
d 11 61.1 8 gl
Oral hygiene s ol 0.625
poor 7 38.9 9 52.9
. i tongue 12 66.7 13 76.5
Location of primary 0.096
tumor hard palate 4 AN, 0 0 ’
floor of the mouth 2 11.1 4 23.5
well differentiated S 27.8 S 29.4
Histological grade moderately differentiated 9 50 9 52.9 0.944
poorly differentiated 4 222 3 17.6
<2cm 1 5.6 1 5
Tumor size 2-4cm 9 S0 6 353 0.672
>4cm 8 44.4 10 58.8
T1, T2 8 44.4 6 35.3
T stagi 0.581
staging T3, T4 10 55.6 11 64.7 >
NO 0 P
N staging 2 > 2 529 0.862
N1 9 S0 8 47.1
M stagi MO 18 100 17 100
stagin, -
o M1 0 0 0 0
no 13 72.2 13 76.5
Recurrences 0.774
yes S 27.8 4 23.5

hsa-miR-675-5p"¢" and hsa-miR-67-5p"" are classified according to median value 0.021 reported as 24",
N - number of cases; NO - without regional lymph node involvement; N1- regional lymph node involvement; MO — without metastases; M1

— present metastases.

hsa-miR-675-Sp differences between tumor and non-tu-
mor tissue. Our results of down-regulated hsa-miR-675-
Sp in oral cancer tissue are in line with findings reported
for adrenocortical carcinoma (11), while opposite to find-
ings in esophageal carcinoma (10) and laryngeal carcino-
ma and cell lines of head and neck cancer (16). In naso-
pharyngeal carcinoma and tongue cancer cell line, H19
and hsa-miR-675-5p were upregulated (17, 18). Based on
these data, it can be assumed that hsa-miR-675 has dual
role, both oncogen and tumor suppressor depending on
the tumor type. The fact that hsa-miR-675-5p is less ex-
pressed in oral cancer tissue suggest that hsa-miR-675-
Sp could be considered as a potential therapeutic target
in suspicious malignant lesions in oral cavity. These as-
sumptions need to be clarified in future studies.

The data presented herein offer potential for early
identification of oral cancer patients, even before clinical
signs of the disease appear. Validating these findings en-
tails assesing hsa-miR-675-Sp levels across various clin-
ical samples, including premalignant oral changes. Ad-

ditionally, exploring the presence of hsa-miR-675-5p in
body fluids, such as serum, plasma, saliva could confirm
its candidacy as a non-invasive biomarker. Incorporating
hsa-miR-675-5p into existing three-miRNAs signature
panel for testing in oral cancer patients warrants further
investigation in larger cohorts (7). All recommended in-
vestigations should be performed in a larger study group.

The prognostic potential of hsa-miR-675-5p was not
confirmed, as there were no differences in overall surviv-
al between the groups with low and high hsa-miR-675-5p
expression. The median of relative expression was used
for classification since it is most commonly used in sur-
vival analysis. However, it is justified to set different cut-
off values for the classification. In contrast to our results,
in laryngeal carcinoma, high expression of hsa-miR-675
was associated with poor prognosis, disease-free survival
and recurrence, indicating the predictive potential of hsa-
miR-675 (16).

The exact mechanism underlying the involvment of
hsa-miR-675-5p in oral cancer development is still un-

106 |



hsa-miR-675-5p in oral cancer

known. It has been shown that has-miR-675-5p promotes
invasion and metastasis through downregulation of tar-
get gene SFN (17). Functional studies, including hsa-
miR-675-5p mimic and knock-down, performed firstly
in in vitro setting, should provide more information on
role of this miRNA as well as it’s host gene HI9 in can-
cerogenesis. A previous study reported increase in H19
is associated with an increase in hsa-miR-67S in tongue
cancer patients (19). Lower expression of H19 was found
in tumor tissue than in non-tumor tissue of tongue can-
cer, which is consistent with our results since the majority
of patients in our study group had oral cancer localised to
the tongue. However, anatomic location of the tumor in
oral cavity was not associated with hsa-miR-675-5p ex-
pression in our study, which justify considering different
anatomic location alltogether in our study.

To fully elucidate the role of hsa-miR-675-5p in oral
cancerogenesis, it would be useful to investigate the
co-expression between hsa-miR-675-5p and its host
H19 as well as other genes in the IGF2/H19 locus. Since
IGF2/H19 is an imprinted locus, it is recommended to
determine methylation level in relation to the expression
of hsa-miR-675-5p.

Co-expression of this miRNA and their target genes
should be analyzed, too. So far, oral cancer literature data
indicate that almost all structure genes gained through
our bioinformatic approach, involved in significantly en-
riched pathways in cancer, are up regulated. Higher ex-
pression was obtained for mRNA of genes RUNX1I (20),
MAP2KI (21), PRKCA (22) ITGA6 (23), NFKBI (24),
as well as for protein products of genes PRKCA (25), RBI

(26) and WNTSA (27). These results are in concordance
with our results, if hsa-miR-675-5p is down regulated, it
is expected that its target genes are up regulated.

CONCLUSION

The results of our study suggest a potential tumor-sup-
pressive role of hsa-miR-675-5p and a highlight its utillity
as a diagnostic biomarker in oral cancer. Further inves-
tigations should focus on the measurement of hsa-miR-
675-5p in liquid biopsies, including saliva, serum and
plasma across a larger cohort of oral cancer patients.
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EVALUACIJA EKSPRESIJE, DUJAGNOSTICKOG | PROGNOSTICKOG ZNACAJA
HSA-MIR-675-5P KOD ORALNOG KARCINOMA

Goran Stojkovic¢'?, Marija Savic Veselinovi¢?, Nikola Todorovic¢?, Bojana Bukurov*?, Miljan Foli¢'?, Tjasa IvoSevict4,

Katarina Zelji¢?

Sazetak

Uvod: Oralni karcinom je najces¢i podtip karcinoma
u predelu glave i vrata, sa rastu¢om incidencom Sirom
sveta. U svakodnevnoj klini¢koj praksi se ne koriste spe-
cificni biomarkeri za dijagnozu i prognozu ovog entite-
ta. Mali nekodiraju¢i RNK molekuli, mikroRNK (miRNK),
smatraju se dobrim kandidatima za biomarkere za us-
postavljanje rane i senzitivne dijagnoze, kao i prognozu
kod pacijenata sa oralnim karcinomom. mikroRNK koja
se transkribuje sa H19 lokusa do sada nije ispitivana kod
oralnog karcinoma.

Cilj: Cilj rada je bilo merenje relativne ekspresije hsa-miR-
675-5p u tumorskom i netumorskom tkivu pacijenata
sa oralnim karcinomom, kao i ispitivanje asocijacije ove
miRNK sa patohistoloskim karakteristikama pacijenata.
Materijal i metode: Studijsku grupu cinilo je 35 pacije-
nata sa oralnim karcinomom. Od pacijenta uklju¢enih
u studiju prilikom ekscizije tumora uzet je uzorak tkiva

Kljucne reci: oralni karcinom, hsa-miR-675-5p, biomarker

tumora i okolnog netumorskog tkiva. Relativna ekspre-
sija je merena kvantitativnom reverznom transkripcijom
- PCR metodom u realnom vremenu.

Rezultati: Relativna ekspresija hsa-miR-675-5p bila je
znacajno niza u tumorskom nego u netumorskom tki-
vu, $to ukazuje na njegovu supresivnu ulogu u tumoru.
hsa-miR-675-5p ima dijagnosticki potencijal za razliko-
vanje tumorskog od netumorskog tkiva kod pacijenata
sa oralnim karcinomom. Nije bilo razlike u prezivljavanju
izmedu pacijenata sa niskim i visokim nivoima ekspresije
hsa-miR-675-5p, sto ukazuje da se hsa-miR-675-5p ne
moze koristiti kao prognosticki biomarker kod oralnog
karcinoma.

Zakljucak: hsa-miR-675-5p se moze smatrati potencijal-
nim dijagnostickim, ali ne i prognosti¢kim molekularnim
biomarkerom u slucaju oralnog karcinoma.
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Treatment of painful flexible flatfoot in children after failed
conservative treatment using a minimally invasive surgery

technique
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Summary

Introduction/Aim: Flexible flatfoot (FFF) is one of the most common
skeletal deformities in the pediatric population, especially in preado-
lescence. This retrospective observational study evaluates results of
a calcaneal subtalar extra-articular arthrodesis (subtalar arthroereisis)
with one cannulated screw for the treatment of painful flexible flat-
foot in children, after previously failed conservative treatment.

Material and Methods: Preadolescent and adolescent pediatric pa-
tients were observed at the Department of Pediatric Orthopedic Sur-
gery. The study included 28 feet of 15 children (5 girls and 10 boys)
during a 6-year period, from 2016 to 2021 (average 36 months). The
average age was 11.46 years (range 8-15 years). We performed the
same operative technique under fluoroscopy for all patients. Radio-
graphic parameters were taken before, after operative treatment, and
after hardware removal. The following radiological parameters were
measured: talo-calcanear (TC), talo-navicular (TN), talo-first metatarsal
bone (T1MT) and calcanear pitch (CP) angles, in the anteroposterior
and/or lateral views. Functional outcomes (extension and eversion of
the foot) before surgery and after hardware removal were compared.

Results: After operative treatment, the midfoot radiographic param-
eters were not statistically significantly altered; however, the subtalar
joint and forefoot were statistically significantly improved: both ra-
diologically and clinically. The range of extension and eversion of the
foot were remarkably reduced without disturbing the morphological
and functional aspects of the talocrural and subtalar joints.

Conclusion: Extra-articular arthrodesis, using a cannulated screw is a
minimally invasive technique, represents an optimal method for the
operative treatment of symptomatic flexible flatfoot in children. This
technique is simple, efficient and does not disrupt the anatomy of the
foot.

Keywords: flexible flatfoot, extra-articular arthrodesis, minimally in-
vasive surgery, children
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INTRODUCTION

Flexible flatfoot (FFF) is the most common skeletal de-
formity in the pediatric population (1). It is represented
as abnormally low, or absent, medial arch ofthe foot,
in association with excessive eversion of the heel during
weight-bearing and an abducted forefoot, producing a
midfoot sag. During standing position on the toe tips, the
longitudinal arch of the foot will reform because of the
windlass mechanism of the plantar fascia.

Usually, FFF does not cause any symptoms. Rarely,
FFF can cause calf or foot pain, gait disturbances or dis-
ability, at which point it becomes alarming (2). Factors
that need to be taken into account in the treatment of FFF
are: age, joint hypermobility, general hyperlaxity, degree
of deformity and patient concerns (3,4). Initial treatment
of FFF is physiotherapy and orthotics, but if those con-
servative methods fail, operative treatments should be
considered (5). The goals of an operative treatment are:
pain relief, foot alignment, stability of the foot during
stance, and correction of an abnormal gait (5).

Extra-articular arthrodesis using a cannulated screw
(subtalar arthroereisis) represents a minimal invasive
surgical method of treatment. It involves the placement
of an implant, or bone graft, within the sinus tarsi to re-
strict excessive motion at the subtalar joint. Subtalar ar-
throereisis corrects the hindfoot valgus deformity and
restores plantar-flexion without overly disrupting the
anatomy of the foot (2,6).

The aim of this study was to evaluate radiological and
clinical parameters of a minimal invasive surgical tech-
nique for the treatment of flexible flatfoot in children,
using an extra-articular arthrodesis with a cannulated
screw, after failed conservative treatment.

MATERIAL AND METHODS
Study sample

We retrospectively analyzed the results of 28 feet (15
patients), aged from 8 to 15 years (average 11.46+3.33
years), during a six-year period (from January 2016 to
December 2021). This included $ girls and 10 boys with
lower leg or foot symptoms (pain and discomfort) af-
ter failed physiotherapy. The average follow-up was 26
months (range 18-78 months).

Inclusion criteria for this study was flexible flatfoot
with pain or discomfort in the lower leg, calf or foot, in pe-
diatric patients with open growth plates, with no previous
surgeries of the foot, ankle or lower leg. According to John-
son and Strom classification system, all our patients were
stage IT, which include moderate swelling and tenderness
along posterior tibial tendon, marked weakness in “heel-
rise test”, flexible positive deformity in talonavicular joint
and positive “too many toes sign” (7).

Patients with systemic disease, neurological disorders
and patients with chronic diseases or bone dysplasia were
excluded. Patients on chemo- or radiotherapy and pa-
tients on corticosteroids were also excluded.

Ethical approval was obtained from the Human Eth-
ics Research Committee.

Surgical procedure

An oblique dorso-lateral 2-cm incision was made over the
sinus tarsi of the foot, following the natural skin lines. The
underlying extensor brevis muscle was dissected from its
surrounding tissues and retracted distally. The sinus tar-
si was cleaned of all fat and soft tissue. The varus-valgus
position of the heel was assessed on clinical examination
intraoperatively. The calcaneus was rotated under the talus
and the foot was held with the ankle in equinus and in in-
version. Under fluoroscopic guidance, the threaded guide-
wire was driven from the talar neck projection line into the
calcaneus (in the antero-posterior [AP] and lateral view). A
short tunnel was drilled over the guidewire, followed by in-
sertion ofan AO (Arbeitsgemeinschaft fiir Osteosynthese-
fragen) cannulated screw (3.5-4.5Smm diameter and 30-35
mm in length, depending on the size of the bone). During
surgery, it is important that the screw does not enter the
plantar cortex of the calcaneus. Postoperatively, a cast was
not applied, with weight bearing occurring two days after
surgery. The X-rays in the standing position (in AP and lat-
eral view) were done during the first postoperative week.
None of our patients had a triceps surae contracture, so
elongation of the Achilles tendon was not performed.

Patients were evaluated according to the clinical and ra-
diological findings. Following parameters were observed:
demographic data (age, gender, side of surgery), clinical
data (passive dorsiflexion and passive eversion of the foot),
and radiological data [talo-calcanear (TC), talo-navicular
(TN), talo-first metatarsal bone (TIMT) and calcaneal
pitch (CP)] in the antero-posterior (AP) and lateral (PRO)
views]. Clinical and radiological data were correlated be-
fore surgery and after hardware removal (18-36 months af-
ter the surgery). Goniometer was used to measure clinical
data and values were expressed in angle degrees.

Statistical analysis

Data was analyzed using the Kolmogorov Smirnov test
(for examination of a variable’s deviation from the normal
distribution) and one-way repeated measures using ANO-
VA. Data was presented as mean and standard deviation.
When required, the Bonferroni correction was used to as-
sess particular significant differences. Partial eta squared
(partial n*) was used for effect size assessment. Type one
error was set at a=5%. Statistical significance was set at
a p-level of p<0.0S. For statistical analysis of the data we
used the data analysis software system Statistica for Win-
dows (version 13.0., Dell Inc., Tulsa, OK, USA).
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Table 1. Analysis of radiological parameters in the treatment of flexible flatfoot

Parameter Before surgery* After surgery* F-value™* p-value** n’value***
TC (AP) 28.11+8.11 21.14+7.26 93.309 p<0.001 0.776
TC (Lat) 29.64+8.61 23.6417.44 26.321 p<0.001 0.494
TIMT (AP) 19.79+5.79 13.11+5.10 69.943 p<0.001 0.721
TIMT (Lat) 16.75+7.76 12.46+6.05 12.099 p=0.001 0.309
TN (AP) 16.36+5.79 15.07+6.35 2.178 p=0.152 0.075
TN (Lat) 11.25+4.93 11.43+6.40 0.012 p=0.914 0.000
Cp 12.00£3.97 16.46+2.95 37.956 p<0.001 0.584

* Expressed in angle degrees (mean values+SD); ** One-way repeated measures ANOVA; *** Partial eta squared (partial 1) for effect size
assessment; TC (AP): talo-calcaneal angle in antero-posterior view; TC(Lat): talo-calcaneal angle in lateral view; TIMT (AP): talo-first
metatarsal angle in antero-posterior view; TIMT (Lat): talo-first metatarsal angle in lateral view; TN (AP): talo-navicular angle in antero-po-
sterior view; TN (Lat): talo-navicular angle in lateral view; CP: “calcaneal pitch” angle

RESULTS

We studied 28 feet (in 15 patients) with an average fol-
low-up of 26 months (range 18-78 months). From all par-
ticipants 13 out of the 1S patients had surgery on both
feet. Using the Kolmogorov-Smirnov test, it was calculat-
ed that all observed variables consistently had a normal
distribution. The data set had no significant outliers. We
found no statistical significance in either radiological or
clinical parameters between both left and right feet.

In analysis of radiological parameters, after the sur-
gery there were statistically significant differences in the
talo-calcaneal (TC), talo-firstmetatarsal (T1MT) and
calcaneal pitch (CP) angles, while there was no statisti-
cal significance with respect to the talo-navicular (TN)
angle (Table 1).

The values of radiological parameters related to hind-
foot; the subtalar (talocalcaneal) joint (TC) and “calcane-
al pitch” (CP), and to forefoot (TIMT) were significantly
improved after the surgery, whereas there was mild im-
provement in midfoot values, expressed in talo-navicular
(TN) angle values.

When comparing pre- and post-surgery assessment,
most improvement was seen in the clinical parameters
(range of extension and eversion) (Table 2). Passive
extension and eversion of the foot were statistically im-
proved before and after the surgery (Table 2).

DISCUSSION

Many surgical procedures for the correction of symp-
tomatic flexible flat feet (FFF) have been proposed. The
ideal operative procedure should result in a painless foot

and lower leg, with a physiological longitudinal arch, full
range of motion and function of the talocrural and sub-
talar joints (2). Operative treatment of FFF is rarely indi-
cated and should not be performed under the age of eight
years (2). In all cases, contracture of the triceps surae
muscles should be corrected.
Operative procedures can be classified as:
« soft tissue procedures (plications, tendon transfers,
tendon lengthening)
+ bone and joint procedures (osteotomies, bone exci-
sions, arthrodesis)
« use of implants (bone or synthetic) into the calcaneus
into the sinus tarsi (8-14)

Chronic pain and gait disturbances are possible and
rare complications of subtalar arthrodesis (15). In 1972,
Recardo Alvarez published the original technique for
subtalar extra-articular arthorodesis (subtalar arthro-
ereisis) — since then, many variant techniques have been
reported (16). Subtalar arthoereisis has an immediate
mechanical effect, in elevation of the talus in sinus tarsi,
without any disruption of foot anatomy. It also has a pro-
prioceptive effect, controlling the compressive and direc-
tional muscular forces (17). The subtalar joint has a crit-
ical role in proprioception of the foot in contact with the
ground (17). Some authors propose that sinus tarsi pain
originates mostly from mechanoceptors and nociceptors
(17,18). However, some publications showed that patients
with sinus tarsi pain and instability in the subtalar joint
have a prolonged peroneal reaction time (PRT), causing
irregular peroneal muscle activity, ultimately leading to
pain and instability in the sinus tarsi (19-21). In this ret-
rospective study with cannulated screw insertion into si-
nus tarsi in patients with painful flatfeet, the radiological

Table 2. Analysis of clinical parameters in the treatment of flexible flatfoot.

Parameter Before surgery* After surgery* F-value** p value** n2value***
Extension 24.75£7.25 11.68+7.76 293.668 p<0.001 0.916
Eversion 18.93+£5.33 6.18+5.08 303.263 p<0.001 0.918

* Expressed in angle degrees (mean valuestSD); ** One-way repeated measures ANOVA; *** Partial eta squared (partial n?) for effect size

assessment
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and clinical improvement was obtain, particularly in the
forefoot and hindfoot. And the most important, all par-
ticipants were painless after the surgery.

In this study, the major complaint for all participants
was forefoot supination and intoeing gait after surgery,
which we did not consider as complication. Also, we did
not consider the effusion in the subtalar joint and in the
sinus tarsi as the complication. All of those signs were tem-
porary, and resolved 3 months post-surgery. The major
complication in this study (occurring in one participant)
was the perforation of the distal part of the calcaneus by the
cannulated screw, requiring subsequent screw removal.

Some authors report that fracture of the fourth meta-
tarsal bone can occur in corrective surgical techniques,
since the fifth ray of the foot is more mobile and contrac-
ture of the peroneal muscles due to the antalgic position
of the foot occurs (16). There were no such complications
in patients in this study.

There are limitations to this study: a small number of
patients, retrospective, no qualitative patient satisfaction
survey and there was no control group of children with
symptomatic FFF treated using a different surgical tech-
nique for comparison.

CONCLUSION

Most children with flexible flatfeet are asymp-
tomatic and do not require treatment. Symptomat-
ic children, however, may benefit from conservative
(non-operative) treatment. Non-operative treatment
(physical therapy, shoe insoles and orthotics) is usually
successful. If this fails, operative treatment is an option.
Extra-articular arthrodesis, using a cannulated screw
(subtalar arthroereisis), remains an excellent method for
surgical flexible flatfeet correction. It does not disrupt
the physiological function, or the anatomy of the foot,
and has immediate beneficial post-surgery effects. The
technique is simple, easily and quickly performed with the
screw providing mechanical support and a beneficial
proprioceptive effect in the sinus tarsi. The mechanical
load over the medial side of the foot (talo-naviculo-cune-
iform joint, plantar aponeurosis and medial ligaments) is
minimized and an ideal physiological load balance of the
foot can be achieved. Indications for surgery must be
precise to avoid any possibility of overtreatment.
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LECENJE BOLNOG RAVNOG STOPALA KOD DECE KORISCENJEM MINIMALNO
INVAZIVNE HIRURSKE PROCEDURE NAKON NEUSPELOG KONZERVATIVNOG

LECENJA

Bojan Bukva, Marko Majstorovic¢, Sinisa Ducic¢, Branislav Krivokapi¢, Vladimir Radlovi¢, Goran Durici¢, Ninoslav Begovic,

Jasna Stojkovic, Tatjana Knezevic, Dejan Nikolic

Sazetak

Uvod: Fleksibilno ravno stopalo je jedan od najcescih
deformiteta u pedijatrijskoj populaciji, narocito u pe-
riodu preadolescencije. Ova retrospektivha opserva-
ciona studija se odnosi na evaluaciju rezultata lecenja
ekstra-artrikularnom subtalarnom artrodezom pomocu
jednog kanuliranog zavrtnja (subtalarna artroereiza), u
lecenju bolnih ravnih stopala, a nakon neuspelog kon-
zervativnog lecenja,

Materijal i metode: Ispitanici su bili preadolesceti i ado-
lescent le¢eni na Odeljenju degje ortopedije i traumato-
logije Univerzitetske decje klinike u Beogradu. Studija
je obuhvatala ukupno 28 stopala , odnosno 15 dece (5
devojcica i 10 dec¢aka), tokom perioda od 6 godina (pro-
secno 36 meseci). Prosecni uzrast pacijenata je bio 11.46
godina (opseg 8-15 godina). Svi pacijenti su le¢eni istom
hirurskom procedurom pod kontrolom RTG pojacivaca
slike. Radiografski parametri su mereni pre i posle hi-
rurske intervencije, kao i posle vadenja osteosintetskog
materijala. Posmatrali smo sledece radiografske parame-
tre: talo-kalkanearni (TC), talo-navikularni (TN), talo-pr-
vi metatarzalni ugao (T1MT) i uzdignutost petne kosti
(“calcanear pitch” -CP) u antero-posteriornoj i profilnoj

projekciji. Takode, poredili smo funkcionalne (klinicke)
rezultate, u vidu stepena opruzanja (ekstenzije) i izvr-
tanja (everzije) stopala pre hirurske intervencije, posle
intervencije i nakon vadenja osteosintetskog materijala.

Rezultati: Nakon hirurskog lecenja navedeni radiograf-
ski parametri u nivou srednjeg dela stopala nisu statistic-
ki znacajnije promenjeni u odnosu na preoperativne, ali
u nivou prednjeg segmenta stopala i subtalarnog zglo-
ba navedeni klinicki i radiografski parametri su znac¢ajno
poboljsani. Obim pokreta opruzanja (ekstenzije) i izvr-
tanja (everzije) su statisticki znac¢ajno redukovani, bez
morfoloskih i funkcionalnih poremecaja talokruralnog i
subtalarnog zgloba.

Zakljucak: Ekstra-artikularna subtalarna artrodeza
pomocu jednog kanuliranog zavrtnja, kao metoda mi-
nimalno invazivne hirurske procedure, predstavlja op-
timalni metod hirurskog le¢enja simptomatskih fleksibil-
nih ravnih stopala kod dece. Ova tehnika je jednostavna
za izvodenje, efikasna i ne remeti fiziolosku anatomiju
stopala.

Vrsta studije: retrospektivna studija, nivo dokaza IV

Kljuéne reci: fleksibilno ravno stopalo, subtalarna artroereiza; minimalno invazivna hirurgije, deca, pedijatrija
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Summary

Introduction: Brain metastases represent the most common intra-
cranial malignancy in the adult population, while breast cancer rep-
resents the leading cause of brain metastases among women. Brain
metastases have increased in recent years due to improved therapeu-
tic control of systemic disease and better diagnostic tools. Stereotac-
tic radiosurgery (SRS) is used in patients with brain tumors to achieve
local disease control, preserve the quality of life, and extend patient
survival. This study aimed to evaluate the effects of SRS in patients
with brain metastases from breast cancer through analysis of mag-
netic resonance imaging (MRI) parameters of the brain.

Methods: Brain MRI was conducted in 30 adult female patients be-
fore and 3-6 months after SRS treatment. Radiological analysis was
used to estimate lesion volumes before and after SRS.

Results: Patients were categorized into four groups based on thera-
peutic response: 1 - complete response (CR) with loss of the lesion, 2 -
partial response (PR) with more than 50% reduction in lesion volume,
3 - disease progression (PD) with more than 25% increase in lesion
volume, 4 - stable disease (SD) if the patient did not display PR or PD.
Among all patients, it was found that CR was present in 0 (0%), PR in
15 (50%), PD in 1 (3%), and SD in 14 (47%) patients. Following the SRS
treatment, a statistically significant reduction in tumor volume was
observed (p<0.001).

Conclusion: Radiological volumetric analysis of brain metastases af-
ter SRS showed a statistically significant reduction in lesion volume,
demonstrating effective local disease control.

Keywords: brain metastases, breast cancer, stereotactic radiosurgery,
magnetic resonance imaging
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INTRODUCTION

Brain metastases represent the most common intracra-
nial malignancy in the adult population, while breast
cancer represents the leading cause of brain metastases
among women (1, 2). Brain metastases from breast can-
cer occur in 20-40% of cases during the disease, with
a higher risk in patients older than 41 years, those with
human epidermal growth factor receptor 2 (HER2) pos-
itive or triple-negative breast cancer subtypes, and those
with existing metastases at 2-3 extracranial sites (1-3).
Approximately 50% of brain metastases from breast can-
cer are solitary, while multicentric lesions occur in the
remaining cases (1). The increase in brain metastases
over the last decade can be attributed to advancements in
therapeutic modalities, longer patient survival, improved
lesion detection, and more frequent use of magnetic reso-
nance imaging (MRI) of the brain (1, 4, 5).

Stereotactic radiosurgery (SRS) is currently the
method of choice for the non-invasive treatment of brain
metastases, providing local disease control with minimal
toxicity to the surrounding brain structures (4). It in-
volves delivering a high dose of focal Gamma radiation to
a precisely defined volume, typically in a single fraction,
in patients with 1-10 brain metastases totaling less than
1S ml in volume. Assessing the effect of SRS on brain
metastatic lesions is crucial for planning further local and
systemic therapies for patients, with MRI of the brain be-
ing a pivotal method both for diagnosis and for therapeu-
tic planning and post-therapy monitoring of patients.

In recent years, various research groups have pro-
posed different criteria to achieve more objective mea-
sures for evaluating the post-therapy response of brain
tumors (6-18). Many authors, including the leading
RANO (The Response Assessment in Neuro-Oncology)
working group, advocate for linear 1-dimensional (1D) or
2-dimensional (2D) models of analysis by measuring 1 or
2 largest diameters of the lesion (6-12) while volumetric
3-dimensional (3D) analysis has been performed in fewer
individual studies (13-20). Given that brain metastasis is
treated with SRS based on its volume, volumetric anal-
ysis is the most objective method for evaluating tumor
response to applied therapy (21, 22).

Although the number of studies confirming the sig-
nificance of volumetric measurements of lesions is in-
creasing, most focus on analyzing metastases regardless
of their primary origin (13-20). To date, only two stud-
ies have specifically addressed the volumetric analysis of
metastatic lesions from breast cancer (23, 24). Therefore,
this study aimed to assess the early therapeutic effect of
SRS in local disease control of brain metastases originat-
ing from breast cancer through MRI volumetric analysis,
thereby contributing to the scientific literature in this

field.

MATERIALS AND METHODS

A retrospective study was conducted at the Department
of Magnetic Resonance Imaging at the Center for Radiol-
ogy of the University Clinical Center of Serbia (UCCS)
involving 30 adult female patients with solitary brain me-
tastases originating from breast cancer. The study was
approved by the Ethics Committee of UCCS (number
1264/12).

From 2023 to 2024, all patients underwent stereotac-
tic radiosurgery (SRS) treatment at the Department of
Stereotactic Neurosurgery—Gamma Knife Center for
Neuro-oncology, Clinic of Neurosurgery, UCCS. The av-
erage dose of focused SRS radiation delivered was 20 Gy.

MRI of the brain was performed for all patients be-
fore and 3-6 months after SRS using a 3 Tesla MRI with a
32-channel head coil. The MRI protocol for intracranial
examination included: axial and sagittal T2-weighted im-
aging (T2WI) [time of echo/time of recovery (TE/TR) =
5000/98 ms, slice thickness/gap = 5/1 mm, field of view
(FOV) = 23 cm], axial Tl-weighted imaging (T1WTI)
[TE/TR = 220/4.8 ms, slice thickness/gap = 5.1 mm,
FOV =23 cm], coronal T2-weighted FLAIR (fluid-atten-
uated inversion recovery) sequence [TE/TR = 9000/97
ms, time of inversion (TI) = 2500 ms, slice thickness/gap
=5/1 mm, FOV = 23 c¢m], and diffusion-weighted imag-
ing (DWI) [TR/TE = 3800/68 ms, slice thickness/gap =
5/1 mm, FOV = 23 cm] with b-values of 0 and 1000 s/
mm?, along with calculation of apparent diffusion coeffi-
cient (ADC) maps.

Following intravenous administration of gadolin-
ium-based contrast agent (0.1 mmol/ kg body weight;
gadobutrol; Gadovist, Bayer, UK), a three-dimensional
T1-weighted MPRAGE (magnetization-prepared rapid
acquisition gradient-echo) sequence [TE/TR =2400/3.6
ms, TT = 1000 ms, slice thickness/gap = 5/1 mm, FOV =
24 cm] was acquired.

Brain MRI findings were analyzed using commercial
software (Syngo Via, Siemens, Germany). Lesion dimen-
sions were measured on post-contrast T1-weighted imag-
es, calculating the anteroposterior (d1), laterolateral (d2),
and craniocaudal (d3) diameters in millimeters. Lesion
volume was calculated using the formula:

V=3%nxdl/2xd2/2xd3/2.

Figure 1 shows a representative MRI image of the
brain in a patient with brain metastasis before and after
SRS.

Statistical analysis

Descriptive and analytical statistical methods were used
in this study. Central tendency measures (mean) and
dispersion measures (standard deviation, SD) were used
for continuous numerical variables. Categorical variables
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Figure 1. MRI of brain metastasis before and 3 months after SRS in a $7-year-old patient with breast carcinoma. (A) Axial postcontrast TIWI
before SRS, (B) sagittal postcontrast TIWI before SRS, (C) axial postcontrast TIWI after SRS, (D) sagittal postcontrast TIWI after SRS.
Expansive lesion in the left cerebellar hemisphere with inhomogeneous postcontrast enhancement and edema, with partial response (PR)
after SRS.

were presented as absolute numbers with percentages.
Results were presented in tables and graphs. All data
were analyzed using SPSS 20.0 (IBM Corp., Armonk,
NY) and R 3.4.2 (R Core Team, Vienna, Austria) statisti-
cal software packages. A value of less than 0.05 for type-
1 statistical error was considered statistical significance
(alpha) for hypothesis testing.

RESULTS

The study included a total of 30 female patients with soli-
tary brain metastases originating from breast cancer. The
average age of the participants was 60 (ranging from 46
to 64 years).
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Table 1. Arithmetic mean value and standard deviation (SD) of lesion diameter and volume before and after SRS size (statistically significant

change - p<0.001).

AP1 AP2 LL1 LL2

{mm) (mm) (mm) (mm)
Mean 13.53 10.87 12.77 9.53
SD 8.48 8.61 8.55 7.59

Following the SRS treatment, a statistically signifi-
cant change in tumor volume was observed, indicating a
significant reduction in lesion size (p<0.001). The mean
with standard deviation of lesion diameters and volumes
before and after SRS is presented in Table 1, and the
change in brain metastasis volume values before and after
SRS expressed in cm? is shown in Graph 1.

Column 1

14
12
10
8
6
4 l
2
0

Before SRS After SRS

Graph 1. Volume changes of brain metastasis before and after SRS in

® Column 1

cm3 size (statistically significant change - p<0.001).

By calculating the percentage change in lesion volume
values before and after SRS, patients were categorized
into 4 groups based on therapeutic response: 1 - Com-
plete Response (CR), 2 - Partial Response (PR) with
more than 50% reduction in lesion volume, 3 - Progres-
sive Disease (PD) with more than 25% increase in lesion
volume, 4 - Stable Disease (SD) if the patient’s condition

Graph 2. Therapeutic response of brain metastasis after SRS in per-
centages.

CR - complete response, PR — partial response, PD — progressive di-
sease, SD — stable disease

cc1 c2 Vi V2 %
(mm) (mm) (cm3) (cm3)

12.43 9.30 1.57 0.77 46.87
8.55 5.76 2.81 1.58 23.81

did not meet PR or PD criteria. Among the total number
of patients, it was found that CR was present in 0 patients
(0%), PR in 15 patients (50%), PD in 1 patient (3%), and
SD in 14 patients (47%).

The distribution of therapeutic responses in patients
with solitary brain metastases from breast cancer after
SRS, expressed in percentages, is illustrated in Graph 2.

DISCUSSION

In this study, we analyzed changes in brain metastasis vol-
umes before and 3-6 months after SRS therapy in patients
with primary breast cancer. By evaluating brain MRI pa-
rameters, the study enabled the assessment of lesion size
changes and therapeutic responses to SRS. Radiological
and statistical analyses confirmed a significant reduction
in metastatic lesion volume shortly after SRS, validating its
effectiveness in local disease control of brain metastases.

SRS is a preferred therapeutic modality for treating
brain metastases, used either as monotherapy or adjunc-
tive therapy alongside whole-brain radiotherapy (WBRT)
or surgical resection (1, 4, 25, 26). WBRT, known for its
significant neurotoxic effects, can lead to long-term neuro-
cognitive decline and cerebellar dysfunction in treated pa-
tients. Furthermore, due to these potential side effects, its
clinical use has been limited to palliative care settings (1).

In contrast, SRS delivers a high dose of focal Gamma
radiation to a precisely defined volume, achieving local
disease control with minimal toxicity to surrounding
healthy brain structures. It is typically recommended
for patients with a good clinical status and up to 4 brain
metastases or up to 10 lesions with a total volume not ex-
ceeding 15ml (1,4, 25,26). SRS is most commonly deliv-
ered as a single radiation fraction ranging from 15 to 24
Gy. In contrast, 2-S fractions are recommended for larger
lesions (>3 cm in diameter), lesions near critical struc-
tures like the brainstem, optic nerves, or optic chiasm, or
in patients who have previously received cranial radiation
therapy (1,4, 25). The primary goals of SRS are long-term
local tumor control, improved quality of life, and extend-
ed patient survival. As a result, the use of SRS for treating
brain metastases has significantly increased.

In local disease control, SRS and surgical treatments
are competitive therapeutic approaches. Neurosurgical
tumor resection favors scenarios such as unknown pri-
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mary tumors, unreliable neuroradiological lesion diagno-
sis, large cystic or necrotic lesions, the need for high-dose
corticosteroid therapy, significant compressive effects
of the lesion on surrounding structures, or the necessity
for lesion molecular profiling for therapeutic purposes.
Despite studies demonstrating the benefits of surgical
resection, many patients are not optimal candidates due
to their poor overall medical condition, other medical
comorbidities, inaccessible tumor locations, or multiple
intracranial metastases, with some patients declining sur-
gical treatment due to high risks.

Assessing the effect of SRS therapy on brain me-
tastases is crucial for planning both local and systemic
therapies for patients, with MRI of the brain being the
most precise method for evaluating post-therapeutic
findings. Over the recent years, several working groups
have proposed various criteria to achieve more objective,
quantitative radiological assessments of tumor response
post-therapy. These models typically include analyzing
brain tumor responses on post-contrast TIW MRI se-
quences. The World Health Organisation (WHO), Mc-
Donald’s, The Response Evaluation Criteria In Solid
Tumors (RECIST), and The Response Assessment in
Neuro-Oncology (RANO) working groups have devel-
oped linear models for analyzing brain tumor response
post-therapy. In contrast, volumetric analysis has been
conducted in fewer individual studies (6-11, 13-18). By
measuring one (unidimensional, 1D) or two (bidimen-
sional, 2D) maximum tumor diameters on post-contrast
T1IW MRIsequences, 1D RECIST and 2D RANO analy-
ses define CR as complete absence of the lesion post-ther-
apy, PRasatleasta 30% reduction in the largest diameters
of the lesion, PD as at least a 20% increase in the largest
diameters of the lesion, and SD as a state not classified
as PR or PD (8-10, 27). According to the WHO and Mc-
Donald working groups, 2D tumor analysis defines CR
as a complete absence of the lesion post-therapy, PR as at
least a 50% reduction in the largest diameters of the le-
sion, PD as atleast a 25% increase in the largest diameters
of the lesion, and SD as a state that is not classified as PR
or PD (7, 9, 27). While the aforementioned authors per-
formed 1D or 2D measurements of brain metastasis size,
the authors of this study conducted 3D measurements
with lesion volume calculation, followed by therapeutic
response classification according to the WHO and Mc-
Donald working groups.

Follwell et al. were among the first to analyze the vol-
ume of 178 brain metastases of various primary origins
in 70 patients treated with SRS (18). They compared the
therapeutic response of brain metastases based on 1D
RECIST criteria and 3D lesion volume, defining PD as a
condition with a 71.5% increase in lesion volume, PR as a
58.5% decrease in lesion volume, and SD for those lesions
that were neither PD nor PR. Over a two-year follow-up,
they found that assessing brain metastasis therapeutic
response to SRS based on changes in lesion volume was

more accurate than using 1D RECIST criteria. Popat et
al. emphasize the importance of calculating brain metas-
tasis volumes as a prerequisite for assessing the feasibility
of SRS, as reflected in the mandatory analysis for evaluat-
ing the therapeutic effect of SRS applied in this study (21).

The significance of volumetric measurements of met-
astatic lesions has increased in recent years, although
most studies have focused on analyzing metastases re-
gardless of their primary origin (13-20). Only two studies
have been published and examining the volume of brain
metastases originating from breast cancer (23, 24).

Maucevic et al. studied the volume of solitary and
multiple brain metastases originating from breast cancer
after SRS in 151 patients (23). However, the authors of
this study did not clearly define tumor response based on
changesin lesion volume after SRS was applied. In contrast
to the Maucevic study, the authors of this study analyzed
brain metastases originating from breast cancer with a
more complex classification of therapeutic responses.

Consistent with the results of this study, Kowalchuk
et al. demonstrated that SRS of solitary and multiple
brain metastases significantly reduces lesion volume af-
ter therapy in patients with triple-negative breast cancer
(24). The authors explained that the low overall survival
during the seven-month follow-up of these patients could
be explained by systemic disease progression rather than
a local progression of intracranial metastasis after SRS
treatment. Given the advancements in systemic therapy
development for this triple-negative breast cancer sub-
type, greater effectiveness of SRS in treating brain metas-
tases in these patients is expected in the future (1,24). In
contrast to the aforementioned study, the authors of this
study analyzed only solitary brain metastases regardless
of the histopathological subtype of breast cancer.

This current study has several limitations. The sam-
ple size was small, and the study included patients with
metastases originating from primary breast tumors re-
gardless of their histopathological subtype. The study
was limited to analyzing conventional MRI parameters,
while advanced MRI techniques such as diffusion, sus-
ceptibility, MR spectroscopy, and perfusion were not ap-
plied. Lastly, clinical evaluation of patient performance
status, progression-free survival, quality of life, and over-
all survival was not analyzed.

Further research on the changes in brain metastasis
volume before and after SRS in a more significant num-
ber of patients, grouped by histopathological subtypes of
primary tumors, with analysis of multiple parameters of
conventional and advanced MRI techniques and longer
patient follow-up, would facilitate the development and
clinical application of radiological methods in post-thera-
peutic monitoring of patients with brain metastases.
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CONCLUSION

This study has demonstrated that SRS therapy in pa-
tients with brain metastases originating from breast can-
cer leads to a statistically significant reduction in lesion
volume in the early post-therapy period, confirming the
validity of SRS application in local control of metastatic

disease. The findings of this study should be further vali-
dated by larger studies examining the significance of vol-
umetric measurements of lesions.

Ethical Statement: The study was conducted by the
Declaration of Helsinki and was approved by the Ethics
Committee of the University Clinical Center of Serbia.
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RANI TERAPIJSKI ODGOVOR NA GAMA NOZ STEREOTAKSICNU RADIOHIRUGIJU U
SLUCAJU METASTAZA NA MOZGU KOD PRIMARNOG KARCINOMA DOJKE

Jovanovi¢ Marija®#, Davidovi¢ Kristina® 4, Petkovi¢ Ana?, Seha Biljana2, Jeremi¢ Danilo®*, Milicevi¢ Mihailo?#,

Bogdanovic Ivan?#, Rosanda Ili¢>*

Sazetak

Uvod: Metastaze mozga su najucestaliji intrakranijalni
malignitet adultne populacije, a u Zenskoj populaciji naj-
Cesce potic¢u od primarnog karcinoma dojke. Incidencija
metastaza mozga raste poslednjih godina usled bolje
terapijske kontrole sistemske bolesti i bolje dijagnosti-
ke stanja pacijenta. Primena stereotaksi¢ne radiohirur-
gije (stereotactic radiosurgery, SRS) kod pacijenata sa
tumorima mozga ima za cilj da obezbedi kako lokalnu
kontrolu bolesti, tako i o¢uvanje kvaliteta zivota i duze
prezivljavanje pacijenata. Cilj ovog rada je da proceni
efekat SRS kod pacijentkinja sa metastazama mozga
kod primarnog karcinoma dojke analizom parametara
magnetno-rezonantnog prikaza (magnetic resonance
imaging, MRI) mozga.

Metode: Kod 30 adultnih pacijentkinja nacinjen je MRI
endokranijuma pre i 3-6 meseci nakon SRS tumora. Ra-
dioloskom analizom izracunati su volumeni lezija pre i
nakon SRS.

Rezultati: Pacijentkinje su svrstane u Cetiri grupe prema
terapijskom odgovoru: 1 — kompletni terapijski odgovor
(CR) kod potpunog gubitka lezije, 2 — parcijalni terapij-
ski odgovor (PR) u slu¢aju smanjenja volumena lezije za
vise od 50%, 3 - progresija bolesti (PD) kod povecanja
volumena lezije za vise od 25%, 4 - stabilna bolest (SD)
ukoliko stanje pacijenta nije oznaceno kao PRiili PD. Od
ukupnog broja pacijentkinja, CR je bi prisutan kod 0 (0%),
PR kod 15 (50%), PD kod 1 (3%), a SD kod 14 (47%) paci-
jentkinja. Nakon primenjene SRS utvrdena je statisticki
znacajna razlika u promeni volumena tumora (p<0.001).

Zakljucak: Radioloskom volumetrijskom analizom me-
tastaza mozga nakon SRS ustanovljena je statisticki zna-
¢ajna redukcija u volumenu lezija i time lokalna kontrola
bolesti.

Kljuéne reci: metastaze mozga, karcinom dojke, stereotaksi¢na radiohirurgija, magnetnorezonantni prikaz
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Summary

Obstructive Sleep Apnea (OSA) is a syndrome characterized by re-
peated episodes of breathing cessation during sleep, which can be
partial (hypopneas) or complete (apneas). Intermittent hypoxia is the
fundamental pathophysiological mechanism in the development of
all associated diseases with obstructive sleep apnea. OSA is linked to
various forms of cardiovascular diseases, and their association is cor-
related with poorer health outcomes. It is present in as much as 40%
to 60% of patients with pre-existing cardiovascular diseases, making
the causal relationship between cardiovascular diseases and obstruc-
tive sleep apnea the focus of this article.

Keywords: obstructive sleep apnea, cardiovascular diseases, inter-
mittent hypoxemia
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INTRODUCTION

Obstructive sleep apnea (OSA) is a syndrome character-
ized by recurrent episodes of partial or complete collapse
of the upper airways during sleep. At the moment of col-
lapse, the airflow through the airways is reduced or com-
pletely absent despite continuous efforts to inhale (1).

The most likely reasons for the collapse of the airways
include the anatomy of the upper airways, the ability of
the dilator muscles of the upper airways to respond to re-
spiratory challenges during sleep, the tendency to wake
up from increased respiratory drive during sleep (arousal
threshold), and the stability of the breathing control sys-
tem. The consequence of reduced airflow through the
airways is inadequate alveolar ventilation, leading to poor
gas exchange and increased activity of the sympathetic
nervous system (1,2).

Snoring and interruptions in breathing during sleep
lead to excessive daytime sleepiness and a lack of concen-
tration which are characteristic features of patients with
obstructive sleep apnea.

Obstructive sleep apnea is a serious condition associ-
ated with various metabolic disorders linked to increased
mortality. Furthermore, there is evidence indicating that
it represents an independent risk factor for a range of ad-
verse cardiovascular outcomes (3). Cardiovascular diseas-
es (CVD) are widely prevalent in the general population
and constitute a leading cause of mortality. Therefore, sig-
nificant attention is given to risk factors influencing their
development and subsequent prevention (4). It is estimat-
ed to affect 34% of men and 17% of women in the general
population, and 40% to 60% of patients with CVD (5).

Mechanisms linking OSA and CVD are not yet ful-
ly elucidated. A spectrum of different factors is involved,
such as increased sympathetic activity, changes in intra-
thoracic pressure, and oxidative stress. One piece of evi-
dence supporting a causal relationship between OSA and
CVD is the alterations in blood pressure values and the
improvement in left ventricular systolic function after
continuous positive airway pressure (CPAP) therapy (6).

PATHOPHYSIOLOGY

As previously mentioned, intermittent hypoxia during
the night is the fundamental pathophysiological mecha-
nism in the development of associated diseases in patients
with this syndrome. One of the main pathophysiological
mechanisms of cardiovascular diseases in OSA is sym-
pathetic activation in response to intermittent ischemia,
driven by increased activity of chemoreceptors at the ca-
rotid bodies. This subsequently influences the develop-
ment of an imbalance in myocardial oxygen demand and
supply (7).

Additionally, increased oxidative stress is one of the
most commonly described mechanisms responsible for

the development of cardiovascular consequences. In nor-
mal conditions, there is an equilibrium between free radi-
cals and antioxidants, and disrupting this balanceleads to
a disturbance known as oxidative stress.

Oxidative stress exerts its harmful effects in multiple
ways, either by activating NADPH oxidase and synthe-
sizing superoxide, which impacts the reduction of nitric
oxide (NO), or by increasing the oxidation of biological
compounds such as lipids, proteins, and DNA, or by re-
ducing the activity of antioxidant enzymes (8).

NO is the primary vasodilator synthesized in the
endothelium and it possesses abundant vasoprotective
properties, including the inhibition of platelet aggrega-
tion and the expression of adhesion molecules. Due to its
clear and well-known effects, the consequences of NO
deficiency primarily involve elevated blood pressure val-
ues.

In patients with OSA, elevated levels of 8-isopros-
tane, compounds similar to prostaglandins, have been
observed. The formation of isoprostanes involves free
radicals as catalyzing agents in the reaction. Isoprostanes
are compounds that enhance vasoconstrictor tone, there-
by increasing the likelihood of developing arterial hyper-
tension in patients with OSA (7). Systemic inflammation
and its effects are crucial aspects in patients with OSA.
In addition to everything mentioned earlier, intermittent
hypoxia also induces the activation of inflammatory cells
and the release of inflammatory mediators.

Vascular endothelium can be damaged by various
stressors, including free oxygen radicals, blood pressure
force, circulating cholesterol, or fatty acids. Endothelial
injury stimulates the expression of leukocyte adhesion
molecules and endothelial adhesion molecules, initiating
the well-known process of atherosclerotic plaque forma-
tion, which is a prerequisite for the development of ath-
erosclerosis (8).

A significant number of patients with OSA have meta-
bolic syndrome, especially those who are obese. Elevated
levels of triglycerides along with high LDL cholesterol
values carry a high cardiovascular risk, primarily due to
the atherosclerotic process. Studies have also shown that
endogenous cholesterol synthesis is increased in obese
individuals with OSA (9). Insufficient activity of the lipo-
protein lipase enzyme is considered responsible for ele-
vated LDL cholesterol levels. The activity of this enzyme
is under the control of insulin, cortisol, and adrenaline.
Therefore, it is crucial to emphasize the role of OSA in
insulin resistance (10,11).

CARDIOVASCULAR DISEASES AND OBSTRUCTIVE
SLEEP APNEA

From everything previously stated, we can conclude that
unregulated blood pressure values are a hallmark in pa-
tients with OSA and are present in about 50% of patients.

124 |



(ardiovascular diseases associated with obstructive sleep apnea syndrome

What is characteristic are hypertensive episodes that
occur during the night with the absence of the morning
physiological blood pressure drop, otherwise known as
non-dipper hypertension. They are often poorly con-
trolled with standard antihypertensive therapy unless the
syndrome itself is adequately treated. Up to 30% of hyper-
tensive individuals may suffer from unrecognized OSA.
The prevalence of hypertensive crises in patients with co-
existing OSA and hypertension is as high as 15.7% (12,13).

In addition to the various etiologies previously de-
scribed, one of the more serious consequences in patients
with OSA is the development of manifest heart failure
(3). As previously mentioned in the text, a characteristic
feature of OSA is the interruptions in breathing during
sleep, which occur despite the patient’s inspiratory effort.
At the moment of effort, there is a drop in intrathoracic
pressure, leading to hemodynamic consequences. The
decrease in intrathoracic pressure increases the pressure
in the left ventricle, raising afterload and causing disten-
sion of the right ventricle. This, in turn, shifts the inter-
ventricular septum to the left, affecting the filling of the
left ventricle and ultimately contributing to a reduction
in stroke volume (3,14).

The combination of increased afterload on the left
ventricle and a faster heart rate due to heightened sym-
pathetic activity leads to a mismatch between myocardial
oxygen supply and demand. This acute condition predis-
poses the patient to cardiac ischemia and arrhythmias,
and chronically it can result in left ventricular hypertro-
phy and the development of heart failure (14).

Increased sympathetic tone occurs during each ep-
isode of upper airway obstruction and remains present
even during waking moments in patients with OSA.
Sympathetic discharges can provoke abnormal electrical
activity in the atria. In addition to acute mechanisms oc-
curring during each obstructive event, OSA can lead to
cardiac remodeling, which, in turn, increases the suscep-
tibility to cardiac arrhythmias and, of course, the possi-
bility of sudden cardiac death as the most severe compli-
cation (15).

In severe forms of OSA, the frequency of arrhythmias
can be as high as 50%. The most common are recurrent
atrial fibrillation, nonsustained ventricular tachycardia
(VT), sinus arrest, second-degree AV block, and prema-
ture ventricular contractions (PVCs). It is important to
note that bradyarrhythmia is a common type of arrhyth-
mia in patients with OSA and it is a consequence of in-
creased vagal tone. A European multicenter study showed
a high prevalence of obstructive sleep apnea syndrome,
approximately 60%, among patients with implanted
pacemakers, regardless of pacing indications (16).

It is crucial to emphasize that the occurrence of cor-
onary heart disease and sudden cardiac death is more
common in patients with OSA compared to the general
population. It is characteristic that patients with OSA
who die suddenly most often pass away while sleeping be-

tween 10 PM and 6 AM, in contrast to other patients who
typically experience sudden death in the early morning
hours (15,17).

DIAGNOSIS OF OBSTRUCTIVE SLEEP APNEA
SYNDROME

To prevent and timely treat the described consequenc-
es before the onset of fatal complications, it is essential
to promptly diagnose obstructive sleep apnea. The gold
standard for diagnosing this syndrome is polysomnogra-
phy, which precisely quantifies the extent of respiratory
and sleep disorders.

To diagnose obstructive sleep apnea, a patient must
experience more than 5 respiratory interruptions per
hour, accompanied by desaturation and lasting for at
least 10 seconds. Depending on the number of respira-
tory interruptions during sleep, whether they are partial
(hypopneas) or complete (apneas), OSA is classified as
mild (AHI 5-15/h), moderate (AHI 15-30/h), or severe
(AHI over 30/h). To facilitate the diagnostic process and
assess the severity of obstructive sleep disease, several
clinical questionnaires have been developed, such as the
STOP-BANG questionnaire, Epworth Sleepiness Scale,
and Berlin questionnaire (18).

TREATMENT

The treatment of obstructive sleep apnea is complex and
includes positional therapy, behavioral therapy, intraoral
prosthetic systems, surgical treatment, as well as positive
pressure therapy using CPAP and BIPAP devices. The
choice of therapeutic modality depends on several fac-
tors, primarily the severity of symptoms assessed through
clinical questionnaires, the patient’s comorbidities, and,
of course, the degree of diagnosed OSA. Continuous pos-
itive airway pressure (CPAP) and bilevel positive airway
pressure (BIPAP) therapy is undoubtedly considered the
gold standard for treating OSA and represents the first-
line therapy for patients with moderate to severe OSA (19).

Prominent daytime sleepiness and nighttime symp-
toms tend to diminish after a short period of consistent
CPAP use. After 3-6 months of continuous treatment,
patients often experience improvements in memory and
attention. Some studies provide evidence that CPAP
treatment has a positive impact on cardiovascular out-
comes. CPAP therapy significantly lowers diastolic and
systolic blood pressure, thereby reducing the incidence of
fatal cardiovascular events. In addition, insulin resistance
and altered lipid profiles in the serum are closely linked to
OSA. Although the effect of CPAP on metabolic chang-
es is widely researched, the results are still inconclusive.
Inflammatory responses, which significantly contribute
to the atherosclerotic process, increasing cardiovascular
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and cerebrovascular morbidity, are proven to be signifi-
cantly reduced with CPAP treatment (20).

Taken together, these data indicate that CPAP is ex-
tremely effective in controlling the symptoms and con-
sequences of OSA. Very few unwanted effects have been
recorded, and they are mainly associated with discomfort
from wearing the mask. It is crucial to note that the effec-
tiveness of CPAP strictly depends on its consistent use,
and recurrence of symptoms occurs within 1-3 days of
discontinuing the treatment.

In addition to treating the underlying cause, in this
case, obstructive sleep apnea, it is necessary to treat the
consequences with the goal of reducing cardiovascular
risk. Statin therapy and its benefits in preventing cardio-
vascular diseases are unquestionable. However, evidence
regarding the positive effects of lipid-lowering therapy in
patients with OSA is controversial. Various multicenter
studies have been conducted, but significant improve-
ments in endothelial function after 12 weeks of ator-
vastatin use in patients with severe OSA have not been
observed. It is evident that statin therapy has improved
blood pressure values, potentially impacting overall car-
diovascular risk (9).

In clinical practice, PCSK9 inhibitors, along with
statins, have been shown to reduce cardiovascular risk
in patients with stable atherosclerotic cardiovascular dis-

ease or recent acute coronary syndrome. As a relatively
new and insufficiently studied biomarker, the regulation
of PCSK9 in OSA is still poorly understood (21).

In recent years, the effects of mesenchymal stem
cells have been studied due to their potent regenerative,
pro-angiogenic, and immunomodulatory properties.
As known, repetitive hypoxia induces an inflammatory
response, which is a precondition for the development
of atherosclerosis. Studies on animal models have been
conducted, and the results show that mesenchymal stem
cells effectively alleviate vascular injuries, inflammation,
and fibrosis caused by OSA. It is crucial to emphasize that
their effectiveness needs to be demonstrated in clinical
studies (22).

CONCLUSION

Obstructive sleep apnea is a syndrome associated with a
significant number of comorbidities and is a crucial factor
in their development. It is important to emphasize that
this syndrome is not synonymous with snoring but it is
a significant independent factor for the development of
cardiovascular diseases, which can have a fatal outcome
if not treated in a timely manner.
The authors contributed equally to this work.
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KARDIOVASKULARNE BOLESTI UDRUZENE SA OPSTRUKTIVNOM BOLESTI

SPAVANJA

Marija Zdravkovic¢'?, Ratko Lasica®?, Sofija Nikolic¢?, Milica Brajkovic'?

Sazetak

Opstruktivna apneja u snu (OSA) je sindrom koji karakte-
riSu ponavljajuce epizode prekida disanja tokom spava-
nja pri ¢emu prekidi mogu biti delimi¢ni (hipopneje) ili
potpuni (apneje). Intermitentna hipoksija je osnovni pa-
tofizioloski mehanizam u razvoju svih udruzenih bolesti
sa opstruktivnom apnejom u snu. OSA je povezana sa

razlic¢itim oblicima kardiovaskularnih bolesti, a njihova
udruzenost je povezana sa losijim zdravstvenim isho-
dom. Prisutna je kod ¢ak 40% do 60% pacijenata sa vec
postojecim kardiovaskularnim oboljenjima zbog ¢ega je
tema ovog rada upravo uzro¢no posledi¢na veza kardio-
vaskularnih bolesti i opstruktivne apneje u snu.

Kljuéne reci: opstruktivna apneja u snu, kardivaskularne bolesti, intermitenta hipoksemija
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Summary

Less than 3% of people who get infected with COVID-19 need hos-
pital treatment. However, up to one-third of the hospitalized pa-
tients with COVID-19 require invasive mechanical ventilation. Venti-
lator-associated pneumonia (VAP), caused by the multidrug-resistant
Acinetobacter baumannii (A. baumannii), is an emerging infection in
the intensive care units and can have fatal consequences for those
patients who already have critical COVID-19. Countries of the Balkan
peninsula have an exceptionally high prevalence of invasive carbap-
enem-resistant Acinetobacter spp in the hospital setting. Diagnosing
this type of pneumonia is a challenging process. Furthermore, treat-
ment complexities arise because of multidrug resistance. Novel ther-
apeutic agents, such as sulbactam/durlobactam and zosurabalpin
could be the new therapeutic opportunity for A. baumannii-induced
VAP. Antimicrobial resistance of A. baumannii is not entirely under-
stood, although several mechanisms have been identified. To ade-
quately manage VAP it is important to isolate causative agents, have
awareness of the resistance pattern, carefully dispense antibiotics,
and identify risk factors. In this review, we discuss epidemiological
characteristics, pathophysiological mechanisms, clinical presentation
and diagnosis, as well as the current and novel treatments of A. bau-
mannii-induced VAP.

Keywords: COVID-19, ventilator-associated pneumonia, Acineto-
bacter baumannii, multidrug resistance
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INTRODUCTION

Beside tremendous societal challenges of the coronavi-
rus disease (COVID-19) pandemic (1-3), the underlying
changes in the antimicrobial ecology since the onset of
the pandemic seem to be a major threat, particularly in
the hospital setting. COVID-19 has a heterogeneous clin-
ical presentation, ranging from asymptomatic and mild
forms to severe and critical clinical forms, which require
treatment in the intensive care unit (ICU) (4). In relation
with all patients with symptomatic COVID-19, severe ill-
ness developsin 13.4% to 19.1% of individuals, depending
on the population sample (5, 6). However, approximate-
ly 2.3% - 9% of people who get infected with COVID-19
need hospital treatment, while respiratory failure requir-
ing invasive mechanical ventilation (IMV) is report-
ed among 2.3% - 33% of all hospitalized patients (7, 8).
Despite the efforts to preserve lung function, cumulative
mortality from COVID-19 among people on IMV ranges
from 30% to 97% (9, 10). This can be partially attributed
to systemic inflammation, multiorgan failure, and other
complications associated with COVID-19, as well as to
complications related to the IMV itself (9). Major com-
plications of IMV include ventilator-induced lung injury
(VILI) and ventilator-associated pneumonia (VAP) (9).

VAP accounts for the most common infection ac-
quired in ICUs among patients with COVID-19, with an
estimated cumulative incidence of 5% - 40% (11). Based
on the time of the onset (within the first 4 days or after 4
days of hospitalization), two VAP entities were defined:
an early onset ventilator-associated pneumonia (EVAP)
and a late onset ventilator-associated pneumonia (LVAP)
(10). The EVAP typically has milder clinical features and
a more favorable prognosis, while LVAP is often attribut-
ed to multidrug-resistant microorganisms (10). Of multi-
drug-resistant (MDR) bacteria, Acinetobacter baumannii
(A. baumannii) is often associated with the onset of VAP
(12). In fact, carbapenem-resistant A. baumannii (CRAB)
has been listed by the Centers for Disease Control and
Prevention (CDC) as an urgent antimicrobial resistance
threat in the United States just before the onset of the
COVID-19 pandemic (13). Data from the European An-
timicrobial Resistance Surveillance Network (EARS-
Net) for 2020 underscored an exceptionally high preva-
lence of invasive carbapenem-resistant Acinetobacter spp.
(exceeding 80% of all A. baumannii isolates in hospitals)
in the Balkan countries (13): Turkey (93.1%), Greece
(94.6%), North Macedonia (97.4%), Bulgaria (82.9%),
Romania (93.3%) Serbia (98.6%), Montenegro (100%),
Bosnia and Herzegovina (97.9%) and Croatia (96.4%).
This prevalence was about 2.5 times higher than those
observed within the European economic area (38%), sug-
gesting that the Balkan region may be an Acinetobacter
spp. hotspot (14).

The purpose of this review is to summarize the exist-
ing scientific literature on epidemiological characteristics,

clinical presentation, therapeutic challenges of A. bau-
mannii- induced VAP during the COVID-19 pandemic.

EPIDEMIOLOGAL CHARACTERISTICS

The presence of A. baumannii in hospital settings is re-
ported worldwide. A combined incidence rate of A. bau-
mannii among all hospital-acquired infections in Europe,
Eastern Mediterranean region and Africa is estimated at
25.1 (95% CI 12.8-48.5) per 1,000 patients (15). A sys-
tematic review and meta-analysis of bacterial coinfection
and secondary infection in patients with COVID-19 re-
ported an A. baumannii prevalence of 3.5% and 14.3%,
respectively (16, 17). A study conducted in hospitals in
Belgrade (Serbia) reported that Gram-negative bacteria,
including Acinetobacter spp., Pseudomonas aeruginosa,
and Klebsiella/Enterobacter spp. complex, were the most
frequently isolated pathogens in patients with EVAP
(39.7%, 13.8%, and 12.1%, respectively), thereby contrib-
uting to more than one-half of all early pneumonias (18).
Similarly, in LVAP, Acinetobacter spp. and Pseudomonas
aeruginosa were the most commonly isolated biological
agents (18). Furthermore, in a study from the neighbor-
ing Croatia, during the COVID-19 pandemic, it was ob-
served that the most common isolates in the ICU were
those of A. baumannii, however, its frequency decreased
in the post-pandemic period (19).

A study in Turkey reported almost a double increase
in the prevalence of A. baumannii in the ICU during the
COVID-19 pandemic compared to the pre-pandemic pe-
riod, albeit the case-fatality ratio was similar (20). These
pieces of evidence are compelling because the study in-
cluded patients over a period of 27 months before and 27
months during the pandemic (20). One literature review
indicated that A. baumanniiin VAP during the COVID-19
pandemic was confirmed by deep bronchoalveolar lavage
(BAL) in approximately 35%-45% of cases and endotra-
cheal aspirate in about 40%-60% of cases (21, 22).

Community-acquired infections caused by A. bau-
mannii, including pneumonia and bacteremia, are rare,
even though they are associated with a relatively high
mortality (23). Nevertheless, A. baumannii infections
have become increasingly relevant as nosocomial infec-
tions, particularly in patients on IMV, because infected
and colonized patients are major reservoirs of A. bauman-
nii and spread with ease in hospital environment (24).
More importantly, A. baumannii has the ability to survive
on surfaces, especially plastic, in dry conditions, which
allows for its ubiquitous presence in hospitals worldwide
(25). The average duration of viability for sporadic A.
baumannii strains is estimated at 27 days (range 21 to 32
days), whereas the average duration of viability for out-
break strains is 26 days (range from 21 to 33 days) (26).
For this reason, the hygiene of stethoscopes, hands, and
uniforms of healthcare professionals and medical stu-
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dents is essential, not only during the COVID-19 pan-
demic, but at all times. Evidence shows that the incidence
rate of MDR A. baumannii was 315.4 per 1000 ICU pa-
tient-days, with cumulative mortality rate being 52%-
66% among those who are infected (27). A study by No-
vovi¢ et al. indicated that 64 isolates of A. baumannii were
identified from COVID-19 patients admitted to the ICU
in a local general hospital in Serbia, all of them requiring
IMV and having poor COVID-19 outcomes (28).
Several hypotheses have been proposed to explain
the increase in incidence of A. baumannii-induced VAP
during the COVID-19 pandemic. Factors such as hospi-
tal overcrowding, a shortage of healthcare workers, and
irrational use of antibiotics and immunosuppressants may
be the underlying reasons (29). Thom et al. found that
healthcare workers caring for patients known to be in-
fected or colonized with A. baumannii carry this pathogen
on their hands or gloves 30% of the time spent in hospi-
tal (30). In other studies A. baumannii was isolated from
different sources and objects, including medical instru-
ments, sinks, and toilet bowls, and protective equipment
of healthcare professionals (31, 32). Interestingly, A. bau-
mannii was identified in a swab from a plastic ventilator of
the air conditioning unit 2.5 m above patient beds in an
ICU of 40 m* in size, suggesting that it may be transmitted
via airflow in addition to direct and indirect contact (19).

PATHOPHYSIOLOGICAL MECHANISMS

A major risk factor for the development of A. baumannii
VAP is the presence of an endotracheal tube (33). In this
way, infectious agents can enter the tracheobronchial sys-
tem through the formation of a biofilm on the inner sur-
face of the tube or via microaspiration around the balloon
(33). As COVID-19 damages the cells of the respiratory
tract, alters mucus production, and reduces cilial mobili-
ty, this cellular damage can modulate the upregulation of
bacterial adhesion proteins (34). The disruption of tight
junctions between cells results in lesions of the epithelial
barrier, facilitating bacterial adhesion to the respiratory
system cells and their paracellular migration (35). Fur-
thermore, the altered immune function in COVID-19,
coupled with changes in microbiota of the respiratory
and gastrointestinal systems, further facilitates the sus-
ceptibility of COVID-19 infected patients to bacterial
superinfections (36).

It has been observed that A. baumannii has a wide
range of virulence factors, such as versatile survival
mechanisms which help to evade the immune response
of the host, as well as the efficient interference capacity
to bind, internalize, and induce apoptosis in host cells
(37). Integral to these mechanisms are the outer mem-
brane proteins (OMPs), such as the OmpA, which serve
as the key facilitator in binding and internalization of A.
baumannii in the host epithelial cells. Beside these inter-

actions, OmpA initiates a cascade of apoptotic factors
within the cells of the host which trigger cell death (38).
The capsular exopolysaccharides of A. baumannii operate
as a protective mechanism, shielding it from both envi-
ronmental and host-related defense mechanisms (38).
The degree of virulence of A. baumannii is linked to the
structure of these exopolysaccharides, which acts as a dy-
namic resistance system (39).

CLINICAL PRESENTATION AND DIAGNOSIS

When a patient develops a new or progressive infiltrate
on chest radiography, leukocytosis, and purulent tracheo-
bronchial secretions VAP is suspected (40). A compari-
son of histological analysis and culture findings of lung
samples obtained immediately after death suggested that
the presence of a new and persistent (>48 h) infiltrate on
chest radiography along with two or more of the follow-
ing criteria: 1) fever >38.3°C, 2) leukocytosis >12 x 10°/
ml, and/or 3) purulent tracheobronchial secretions, had
69% chances of confirming the VAP diagnosis (sensitivi-
ty of 69% and specificity of 75%) (41). Sensitivity of these
clinical criteria for VAP diagnosis is lower in patients
with acute respiratory distress syndrome (ARDS) in
critical COVID-19, making it challenging to detect new
radiographic infiltrates (42). With regards to the ARDS,
Bell et al. (43) reported a false-negative rate of 46% for
clinical diagnosis of VAP. Consequently, suspected VAP
in ARDS as a complication of COVID-19 could be high.

Systemic signs of pneumonia, such as fever, tachycar-
dia, and leukocytosis, are non-specific and could result
from COVID-19, VAP or any other condition in which
the release of cytokines, such as interleukin-1, interleu-
kin-6, tumor necrosis factor-alpha, and gamma inter-
feron, is the primary immune response (44). In cases of
purulent sputum, positive sputum cultures, fever, and
leukocytosis without a new pulmonary infiltrate, a diag-
nosis of hospital-acquired tracheobronchitis should be
considered, except when the ARDS-associated VAP is
suspected (45).

While a normal chest X-ray is rarely associated with
VAP, a study on surgical patients found that 26% of
opacities were detected through computed tomography
(CT), but not on portable chest X-ray (40). Furthermore,
asymmetric lung infiltrates consistent with VAP can re-
sult from various non-infectious disorders, including at-
electasis, chemical pneumonitis, asymmetric cardiogenic
pulmonary edema, pulmonary embolism, cryptogenic or-
ganizing pneumonia, lung contusion, and drug-induced
lung reactions (46). The overall radiographic specificity
of lung opacities consistent with pneumonia is only 27%
to 35% (40).

Accurate laboratory identification of causative agents
is crucial, but remains controversial because of the chal-
lenges when differentiating between rapid bacterial col-
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Figure 1. Resistance mechanisms of A. baumannii (PBP-penicillin binding protein, AME-aminoglycoside modifying enzymes)

onization in ventilated patients, coinfection, and VAP
(47). Literature data support the sampling of respiratory
secretions, tissues, blood, and pleural fluid to confirm
VADP. In less than 10% of VAP cases, the infection spreads
into the bloodstream or pleural space (46). Therefore, the
experts recommend obtaining two sets of blood cultures
and performing thoracentesis for non-loculated pleural
effusions (>10 mm in diameter) on chest X-rays with lat-
eral decubitus as part of a suspected VAP (48). For loc-
ulated effusions, ultrasound-guided aspiration may be
necessary (40). However, it is important to note that the
sensitivity of blood cultures for VAP diagnosis is lower
than 25% (49). Even when positive, infectious agents may
originate from extrapulmonary sites of the infection in up
to 64% of cases, despite the presence of VAP (49).

Gram staining and non-quantitative or semi-quan-
titative cultures of tracheal secretions have advantages,
including reproducibility and minimal technical require-
ments, without the need for a specialized equipment (50).
The semi-quantitative scoring of Gram stain was estab-
lished based on the number of bacteria per high-power
(x1,000) oil immersion field, utilizing the following cri-
teria: 0 = absence of bacteria per field; 1+ = fewer than
one bacterium per field; 2+ = 1-5 bacteria per field; 3+
= 6-30 bacteria per field; and 4+ = more than 30 bac-
teria per field (51). However, these studies contribute
minimally to the sensitivity and specificity of the clinical
diagnosis of VAP, as the upper respiratory tract quickly
becomes colonized by lung pathogens within hours of
intubation, even in the absence of pneumonia (52). In a
study involving 48 patients with respiratory failure, the
concordance between non-quantitative tracheal cultures
and lung tissue cultures obtained through an open lung
biopsy was only 40% (53). In that study, in patients with

histologically confirmed pneumonia, endotracheal aspi-
rates (ETA) exhibited sensitivity of 82%, but specificity
of only 27%. Prior antibiotics use can result in a false-neg-
ative rate of 10 to 40% as well (54).

To potentially improve the specificity of VAP diagno-
sis and prevent the unnecessary use of antibiotics, some
studies explored the role of quantitative cultures of respi-
ratory secretions (40). These include non-bronchoscopic
methods, such as quantitative cultures of endotracheal
aspirates (QEA) and blind sampling of secretions from
distal airways through the endobronchial catheter (40).

CHALLENGES OF MUTLI-DRUG RESISTANCE

Mechanisms of antibiotic resistance of A. baumannii can
be categorized into three groups: (1) reduction of mem-
brane permeability or increase in efflux of the antibiotic;
(2) genetic mutation or post-translational modification;
(3) hydrolysis or modification (SS). Visual representation
of the key resistance mechanisms of A. baumannii is pro-
vided in Figure 1. Based on these mechanisms, it can be
concluded that A. baumannii has a remarkable ability to
acquire antimicrobial resistance. It has been previously
identified that A. baumannii is resistant to penicillins,
macrolides, trimethoprim, and fosfomycin (56). Resis-
tance to cephalosporins, carbapenems, aminoglycosides,
and fluoroquinolones has also been documented in A.
baumannii strains (57). Infections caused by the CRAB
result in a prolonged hospital stay, poor outcomes, and
increase in healthcare costs compared to the infections
caused by carbapenem-susceptible strains (58).
Expectedly, A. baumannii is resistant to a wide spec-
trum of antibiotics, such as penicillins, macrolides, tri-
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methoprim, and fosfomycin (59-61). Moreover, this
bacterium displays an extraordinary capacity to develop
antimicrobial resistance to cephalosporins, carbapen-
ems, aminoglycosides, and fluoroquinolones, as evi-
denced by previous data (59). The remaining challenge
focuses around the increasing resistance to carbapenems,
the last line of defense against infectious agents caused
by multidrug-resistant Gram-negative bacteria. Although
tigecycline represents one of the last resort therapies for
MDR A. baumannii, resistance to this antibiotic has been
reported already (62). A study from Serbia emphasized
that the primary mechanism behind tigecycline resis-
tance in A. baumannii isolated in the Balkan hospitals was
the overexpression of antibiotics efflux pump (63).

Resistance to carbapenem in Acinetobacter spp. is of-
tenlinked to the acquired production of carbapenemases,
with class D beta-lactamases, or oxacillinases (OKSAs),
having a major role in this process (64). At the present
moment, distinct groups of OKSA-type carbapenemas-
es found in A. baumannii include OKSA-23-like, OKSA-
24/40-like, OKSA-58-like, OKSA-143-like, OKSA-235-
like groups, alongside an intrinsic chromosomal group
similar to OKSA-51 (64-66). In addition, acquired resis-
tance to aminoglycosides and fluoroquinolones has been
observed in A. baumannii strains that produce carbapen-
emases (67).

In a recent study from Serbia, mutations in the PmrB
protein were identified as the main factor in colistin re-
sistance (68). The finding that chromosomal mutations
were the culprit for colistin resistance (ColR) in Serbia
may have implications for other global high-risk clonal
lineages (68). This challenges a previous belief that resis-
tant strains disseminated and subsequently proliferated
locally (68). Research by Strateva et al. suggested that a
rise of OXA-72 increases the risk of horizontal transfer of
antibiotic resistance genes (ARGs) in nosocomial A. bau-
manniiisolates and other Gram-negative bacteria through
plasmids and transposable mobile genetic elements in
Bulgaria (69). The increasing resistance of ColR A. bau-
mannii clones suggests that there is an urgent need for a
comprehensive global surveillance system of AMR (69).

THERAPEUTIC APPROACHES

General principles in treatment of VAP caused by A. bau-
mannii while having COVID-19 include an isolation of a
causative agent, identification of sensitivity and resistance
patterns, rational antibiotic dispensing, and justification
for de-escalation or discontinuation of antibiotics usage
(70). Irrational antibiotics usage is especially relevant in
the Serbian hospital setting as increased use of many an-
tibiotics has been recorded over the COVID-19 pandem-
ic (71, 72). A study of trends in antibiotics use pre- and
during the COVID-19 pandemic in Serbia documented
a significant increase in the use of antibiotics labelled as

“Watch” and “Reserve” drugs (72). Moreover, more than
one-half of children treated for COVID-19 in the first
pandemic wave in Serbia received antimicrobial agents
without clear indication of bacterial superinfection (71).
The treatment of CRAB depends on the antibiogram
and severity of clinical presentation, but generally in-
volves colistin administration, either alone or in a com-
bination with other antibiotics (75). Treatment of carbap-
enem-sensitive strains is carried out as a monotherapy
using imipenem or meropenem (75). Most commonly
used antibiotics in combination with colistin for CRAB
are ampicillin/sulbactam, fosfomycin, tigecycline, and
meropenem (75). A combination of colistin with mero-
penem has shown to be either equally as effective or less
effective compared to colistin alone and it is not being
used if the minimum inhibitory concentrations of A. bau-
mannii are high (75). Combinations of colistin with other
antibiotics (ampicillin/sulbactam, fosfomycin, tigecy-
cline) have also been more effective than colistin alone
(72). Given that intravenous administration of colistin
does not provide sufficient drug concentrations in lung
tissue, inhalation of colistin may be a better option for
VAP caused by CRAB, in addition to the previously de-
scribed intravenous antibiotics administration (76).

NEW THERAPEUTIC POSSIBILITIES

Sulbactam/durlobactam (KSACDURO®) represents a
co-formulated antibacterial compound to manage infec-
tions arising from the A. baumannii-calcoaceticus complex
(ABC) (77, 78). Concurrent administration of durlo-
bactam, a potent serine B-lactamase inhibitor exhibiting
broad-spectrum activity, in conjunction with sulbactam,
a well-established class A B-lactamase inhibitor effective
against A. baumannii, prevents enzymatic degradation of
sulbactam by -lactamases produced by ABC (78). Sulbac-
tam/durlobactam was also approved in the United States
in 2023 for adult patients who had hospital-acquired bac-
terial pneumonia and VAP caused by ABC (77).
Zosurabalpin represents a novel category of macro-
cyclic peptide antibiotics (MPA) highly efficient against
Acinetobacter spp., specifically targeting CRAB-calcoace-
ticus strains (79). The outer membrane of Gram-negative
bacteria is composed of an asymmetrical double layer with
phospholipids in the inner layer and lipopolysaccharide
(LPS) in the outer layer (79). The synthesis of LPS is final-
ized within the cell at the inner membrane. To facilitate
the formation of the outer membrane, components of the
LPS transporter in the inner membrane assemble into a
subcomplex that extracts LPS from the double layer (79).
Progress in the field of reverse vaccinology, proteom-
ics, and genomics has certainly improved vaccine devel-
opment. Despite the success of experimental vaccines
against A. baumannii on animals, their application in hu-
mans is still limited. This is, in part, attributed to a rela-
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tively small number of vaccine antigen targets identified
thus far, which does not allow for satisfactory vaccine ef-
fectiveness (80). Difficulties with purification and limit-
ed safety profile warrant more research in this field (80).

CONCLUSION

Epidemiological data suggest that the incidence of A.
baumannii in ICUs during the pandemic has been on the
rise. It is potentially linked to hospital overcrowding and
antibiotic misuse. The complexity of clinical presenta-
tion and differential diagnosis requires a more accurate
identification methods to differentiate VAP from other
conditions. Effective managing A. baumannii VAP while

having COVID-19 involves several principles: identifica-
tion of the bacterium in biological specimen, understand-
ing local resistance patterns, implementing a rational an-
tibiotic regimen, and justifying antibiotic de-escalation
or cessation. It is critical to eliminate risk factors such as
endotracheal and nasogastric tubes, tracheostomy, rein-
tubation, enteral nutrition, corticosteroid use, stomach
pH modifiers, supine positioning, prior antibiotics, poor
infection control, and contaminated equipment. The
rise of multidrug resistance poses a significant challenge,
with limited options for an effective treatment. Novel
therapeutic possibilities, such as sulbactam/durlobactam
and zosurabalpin, offer promising results, but research in
vaccine development could potentially become a long-
term solution for A. baumannii VAP prevention.
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PNEUMONIJA PROUZROKOVANA ACINETOBACTER BAUMANII TOKOM
MEHANICKE VENTILACIJE USLED INFEKCIJE KOVIDOM 19: EPIDEMIOLOSKE |

KLINICKE KARAKTERISTIKE | TERAPIJA

Tatjana Gazibara?, Branko Beronja?, Aleksandra Karan?, Biljana Luki¢?

Sazetak

Manje od 3% ljudi koji su zarazeni infekcijom kovid 19
imaju potrebu za bolnickim lecenjem. Medutim, jednoj
trecini hospitalizovanih pacijenata sa kovidom 19 je ne-
ophodna invazivha mehanicka ventilacija. Pneumonija
povezana sa koriS¢enjem respiratora (PPKR) ciji je pro-
uzrokova¢ multirezistentni Acinetobacter baumannii (A.
baumannii) je nova infekcija u jedinicama intenzivne
nege i moze imati fatalne posledice kod osoba sa te-
Skom formom infekcije izazvane kovidom 19. Zemlje Bal-
kanskog poluostrva imaju izuzetno visoku prevalenciju
karbapenem rezistentnih Acinetobacter spp u bolnica-
ma. Dijagnoza ove pneumonije je prilicno komplikova-
na. Stavise, sloZzenost lecenja nastaje usled rezistencije A.

baumannii na vise antibiotika. Novi lekovi, kao $to su sul-
baktam/durlobaktam i zosurabalpin pokazali su dobru
efektivnost u borbi protiv PPKR izazvane A. baumannii.
Antimikrobna rezistencija A. baumannii nije u potpuno-
sti rasvetljena, iako je definisano nekoliko mehanizama.
Za adekvatno lecenje PPKR vazno je izolovati uzro¢nika,
imati na umu mehanizme rezistencije, pazljivo dozirati
antibiotike i identifikovati faktore rizika. U ovom pre-
glednom radu bi¢e razmotrene epidemioloske karakte-
ristike, patofizioloski mehanizmi, klini¢ka slika i dijagno-
stika, kao i aktuelne i nove terapijske moguc¢nosti PPKR
izazvane A. baumannii.

Kljucne reci: kovid 19, pneumonija povezana sa ventilacijom, Acinetobacter baumannii, multirezistencija na lekove
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INTRODUCTION

PSC is a chronic immune-mediated cholestatic liver dis-
ease characterized by inflammation and obliterative fi-
brosis of large bile ducts with subsequent development of
multifocal biliary strictures. Even though PSC is a rare
condition, typically seen in young and middle-aged men
with slow progression, it eventually leads to cirrhosis and
many associated complications (1, 2). There is a strong
correlation between PSC and inflammatory bowel dis-
ease (IBD), particularly ulcerative colitis, but Crohn’s
disease can also be found (3). To date, there is no effec-
tive medical therapy for PSC and liver transplantation
remains, the only proven life-extending treatment (4).
The average transplant-free survival is estimated to be
20 years (5). There are a few prognostic models predomi-
nantly based on biochemical and clinical findings aiming
to aid in predicting disease progression and time to trans-
plant, but none of them has been widely accepted (7).
The precise etiopathogenesis of PSC remains un-
known. Different factors such as autoimmune, genetic,
and environmental contribute to the development of
multifocal, patchy peribiliary inflammation pathogno-
monic for PSC (4). Histologically, concentric periductal
fibrosis (onion skinning) in medium- and large-size bile
ducts is a characteristic finding, accompanied by mini-
mal inflammatory cells (7). However, this histological
pattern is observed in less than 20% of patients and may
also be present in secondary sclerosing cholangitis (7).
Thus, liver biopsy alone is insufficient for PSC diagnosis
and must be assessed in conjunction with clinical and im-

aging findings.
Diagnosis and follow-up of patients with PSC

The diagnosis of PSC is usually suspected due to ele-
vation of cholestatic liver enzymes, alkaline phospha-
tase in particular (8). Nevertheless, elevated cholestatic
biochemical markers are not mandatorily present, their
values may spontaneously fluctuate and could also be
normal (8). Transaminase levels are commonly slightly
elevated, while the significant increase is seen during ep-
isodes of acute ascending cholangitis and also in patients
with an overlap with ATH (6). Serum bilirubin levels are
usually normal in PSC patients (6). Hyperbilirubinemia
might be seen in cases of severe benign or malignant stric-
tures or late stage of the disease with the development of
hepatic dysfunction (6, 8). The diagnosis of PSC can be
made only after the exclusion of all secondary causes of
sclerosing cholangitis (8).

Since PSC is a disease of the biliary tract, the diagnosis
relies on cholangiography findings obtained by endo-
scopic retrograde cholangiopancreatography (ERCP) or
more commonly magnetic resonance cholangiopancrea-
tography (MRCP) (8,9). MRCP exhibits high sensitivi-
ty (85%) and specificity (98%) for detection of bile duct

irregularities in patients with PSC (9). Nowadays, MRCP
is also used for surveillance of PSC patients and should be
performed once a year (9). MRCP has superseded ERCP
which was previously the only method for biliary duct
evaluation (10). Although ERCP allows very good visual-
ization of the biliary tract, it has serious post-procedural
complications and also doesn’t allow visualization of the
lumen above the stenosis (9). ERCP is advised only when
there is a need for therapeutic biliary stent placement
(10). The diagnosis of PSC might be made on cholangi-
ography if typical findings consisting of multiple stric-
tures with or without dilatations are seen (11). However,
the assessment of the presence of the strictures is made
qualitatively, leading to high interobserver variability in
MRCP interpretation (11). Therefore, there is an obvious
need for a more quantitative approach in the analysis of
MRCP findings.

Liver biopsy is generally unnecessary for the diagno-
sis of the most common type of PSC, large-bile duct PSC.
In cases where the small bile duct type is suspected or
PSC-AIH overlap syndrome liver biopsy should be per-
formed (12). The small bile duct type is suspected when
a patient with IBD presents with cholestatic laboratory
findings, normal cholangiographic imaging features, and
a negative antimitochondrial antibody profile (13). PSC
is histologically characterized by the presence of an in-
flammatory infiltrate in a large intra- and extra-hepatic
bile duct wall in conjunction with an obliterative concen-
tric periductal fibrosis called “onion skin fibrosis” (12). As
the disease progresses there is a gradual loss of small- and
medium-sized bile ducts (ductopenia) (8, 12). Eventual-
ly, chronic inflammation leads to portal and periportal
fibrosis and the development of biliary cirrhosis (8). Al-
though liver biopsy may precisely depict the progression
of the disease through different stages, it is not routinely
used in everyday clinical practice due to its invasive na-
ture and the possibility of sampling error (5,6).

MR IMAGING FEATURES OF PSC

The typical MRCP presentation of PSC consists of dif-
fuse, multifocal strictures affecting both intra- and ex-
trahepatic bile ducts in the majority of patients. The
pathognomonic”beaded” appearance of the bile ducts is
created by multiple, diffusely distributed, short, annular
strictures associated with normal or slightly dilatated
segments (Figure 1) (14). Isolated intrahepatic bile duct
involvement is seen in 15% of patients, while only extra-
hepatic bile duct involvement is the rarest manifestation
occurring in 8% of cases (11). The strictures in PSC are
described as band-like strictures if the length is less than
2mm, segmental strictures if the length is from 2 mm up
to 10 mm, and confluent strictures if the length is more
than 10 mm (11). The strictures are commonly seen on
bile duct bifurcations (11). In the early stages of PSC,
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Figure 1. Primary sclerosing cholangitis in 33-year old man. (A) MRCP shows multiple short band-like strictures and slight luminal dilata-
tion (solid arrows). In another 36-year-old patient with PSC (B), there is a classical “beaded appearance” of bile ducts - multiple short segmen-
tal and annular strictures with slightly dilated bile ducts between them. Note also the stricture of the middle third of the common bile duct

(dotted arrow).

multiple strictures are seen in the absence of biliary dil-
atation (11, 15). With the progression of the disease, dil-
atation might be detected, but due to periductal fibrosis
and inflammation the dilatation is rarely prominent (15).

Further disease progression may lead to complete
obliteration of small peripheral ducts, resulting in a
“pruned tree” appearance where only central ducts are
visualized, while peripheral ducts are completely oblit-
erated (Figure 2) (15). If significant dilatation is detect-

ed, complications of PSC like cholangiocarcinoma or
ascending suppurative cholangitis should be suspected
(16). Diverticular outpouchings are observed in up to
20% of cases. The least common feature is the presence of
pigmented stones (15). Rarely, abnormalities might also
be seen in the main pancreatic duct (15).

In addition to bile duct changes, MRI reveals associat-
ed parenchymal liver changes, including liver dysmorphy,
confluent liver fibrosis, and parenchymal heterogeneity. A

Figure 2. Advanced primary sclerosing cholangitis. (A) MRCP reveals obliterated peripheral bile ducts, resulting in a “pruned tree” appear-

ance and multiple diverticular outpouchings (solid arrows). Moreover, note the stricture of the common hepatic duct (dotted arrow). In another
case (B), MRCP in a 44-year-old patient with primary sclerosing cholangitis displays very irregular bile ducts, multiple strictures combined
with diverticular biliary dilatation (solid arrows).
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Figure 3. Primary sclerosing cholangitis in 44-year old man. (A) An axial T2-weighted image displays hyperintense areas in peripheral,

atrophic regions within the right liver lobe, correlating with sites of parenchymal inflammation and increased water content (solid arrows).

Additionally, observe the enlarged caudate lobe (asterisks). Axial T1-weighted image from the same patient, acquired after intravenous ad-

ministration of gadolinium chelates during arterial (B) and portal-venous phase (C), depicts increased enhancement of peripheral liver areas,

indicative of intrahepatic perfusion abnormalities (solid arrows).

spherical liver shape is a typical finding for PSC and devel-
ops as the consequence of caudate lobe hypertrophy and
atrophy of left lateral and right posterior segments (Figure
3A) (17). The most frequent type of liver cirrhosis in PSC
patients is macronodular cirrhosis, with large regenerative
nodules predominantly located in central liver parts (14,
15). This could be explained by the more severe inflamma-
tion in subcapsular regions of the liver, while central parts
are partly spared and undergo hypertrophy. The severi-
ty of liver fibrosis could be assessed non-invasively with
MRI using MR elastography (MRE) or diffusion-weight-
ed MRI measurements (18). Among these two methods,
liver stiffness measurement using MRE has been validat-
ed in many studies showing a significant correlation with
other non-invasive markers of disease progression (8).
Areas of increased T2-weighted signal intensity, wedge-
shaped or reticular, with peripheral distribution are com-
mon findings in PSC (14). As this feature is explained by
intense inflammation in highly fibrotic areas, increased
enhancement on arterial phase contrast-enhanced MR
which persists in delayed phases is also seen (Figure 3B)
(14, 17). Hilar lymphadenopathy and periportal hyperin-

tensity are also common findings, occurring due to edema
and inflammation in the periportal space (14, 18). How-
ever, they are not pathognomonic for PSC as they are also
seen in other cholestatic liver diseases.

Image-based scoring systems for assessment of
PSC severity and prognosis

Based on clinical and laboratory findings, two prognos-
tic risk models have been developed, including the Mayo
risk model (MRS) and the Amsterdam-Oxford model
(AOM) (19, 20). Both have shown great performance
in estimating prognosis and survival in PSC patients.
However, the results of large studies investigating the
role of these scoring systems in predicting the prognosis
of PSC are conflicting (20, 21). Recently, serum markers
that reflect fibrosis and inflammation are increasingly
being investigated in PSC patients (21). Based on these
markers the enhanced liver fibrosis score was developed
and evaluated in PSC (21). Additionally, the role of liver
stiffness measurement using transient elastography and
magnetic resonance elastography has been systematically
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evaluated and was found to correlate significantly with
the fibrosis stage (22).

Taking into account that PSC is the disease of bile
ducts, it would be expected that cholangiographic find-
ings should be used to stage the disease and assess its
prognosis. The first scoring system based on imaging
findings was developed by Li-Yeng and Goldman in 1984.
and was later modified by Majoie et al. and Ponsioen et
al. (23-25). This classification scheme was employed by
a Dutch gastroenterologist for the development of Am-
sterdam cholangiographic score. Amsterdam score was
developed based on ERCP features found in 174 patients
with PSC (25). According to the modified Amsterdam
score, all patients could be classified in three stages de-
pending on the abnormalities of intrahepatic bile ducts:
I - multiple strictures without biliary dilatation; II -
multiple strictures associated with saccular dilatations
and decreased arborization; III- pruning of peripheral
bile ducts with good visualization of only central ducts
with adequate filling pressure (24). Concerning findings
in extrahepatic bile ducts patients might be divided into
four stages according to modified Amsterdam score: I-
slight irregularities of contour without strictures; II- the
presence of segmental stricture (the stricture 3-10mm in
length); I1I- stricture of almost whole extrahepatic bile
ducts; IV — extreme irregularities of bile duct contours
and the presence of diverticulum-like outpouchings (24).
Using this classification system and the age of the patient
at the time of initial ERCP, a prognostic model was creat-
ed showing that the sum of intrahepatic and extrahepat-
ic scoring was a significant predictor in determining the
prognosis (26). Namely, patients with high overall scores
had significantly lower survival rates (26). To overpass
the disadvantages of the scoring system developed by
Majoie et al. and Ponsioen et al. which was based on qual-
itative assessment and therefore had very poor interob-
server agreement, Craig et al. introduced quantitative
measurements of bile duct changes on ERCP performed
in patients with PSC (27). The novel classification sys-
tem included the following measurements: the grade of
bile duct narrowing, the length of strictures, the extent
of stricturing (localized or diffused), the diameter of
the common bile duct, right and left main hepatic duct,
and secondary intrahepatic ducts (27). Among all mea-
surements, two variables were found to have prognostic
significance. Namely, patients with high-grade intrahe-
patic duct strictures had a 19% decrease, while patients
with diffuse intrahepatic strictures had a 16% decrease in
transplant-free survival at three years follow-up (27).

Although ERCP has the potential to accurately depict
the state of the biliary tract in PSC patients since biliary
ducts are filled with contrast media under pressure, it is
an invasive diagnostic modality and carries the risk of
many possible post-procedural complications (28). That
is the reason why MRCP as a non-invasive and non-ioniz-
ing diagnostic modality has largely replaced ERCP for the

initial diagnosis and follow-up of patients with PSC (29).
After the introduction of MRCP in the evaluation of PSC
patients, efforts were made to adapt Amsterdam score to
MRCP. Nevertheless, it has been shown that there was
a 5% overestimation of intrahepatic biliary changes and
a 10% discrepancy in staging extrahepatic disease when
Amsterdam score was applied to MRCP findings (30).
These discrepancies might be explained by different ac-
quisition protocols. Thus, in ERCP biliary ducts are filled
with contrast media under pressure, while in MRCP bili-
ary tree is examined in a resting state without distension
(30). Therefore, it is much more difficult to evaluate stric-
tures on MRCP than on ERCP (31).

Considering that MRI provides not only insight into
bile duct changes but also delineates morphological
changes in the liver parenchyma, Ruiz et. al introduced
a new score for staging and prognostic purposes in PSC,
termed ANALI score (32). This classification system is
based on quantitative measurements of MRCP, including
the garde of intrahepatic biliary duct dilatation, length
of strictures in main intrahepatic ducts and peripheral
ducts, and morphological changes of liver parenchyma
such as parenchymal enhancement heterogeneity, portal
hypertension, and liver dysmporphy (32). Liver dysmor-
phy was defined as severe right or left lobe atrophy occur-
ring as a consequence of severe biliary dilatation, or an
abnormal caudate to right lobe volume ratio (32). Con-
cerning parenchymal enhancement heterogeneity, perib-
iliar enhancement was assessed implying the severity of
peribiliary parenchymal inflammation (32). Intrahepatic
biliary duct dilatation was scored as 0 ( less than 4mm),
1 (4mm), or 2 (more than 4mm), where other variables
were either present or absent. Using the abovementioned
variables, the following two scores were developed:

Score (MRI without gadolinium): 1 x intrahepatic bile
duct dilatation + 2 x dysmorphy + 1 x portal hypertension

Score ( MRI with gadolinium) = 1 x dysmorphy + 1 x
parenchymal enhancement heterogeneity

Subsequent studies have shown that the ANALIscore
has good prognostic value in patients with PSC and that it
is significantly correlated with existing biochemical and
clinical scores like MRS and PRESTO (33, 34). Accord-
ing to alarge retrospective multicenter study on 238 PSC
patients, the predictive accuracy of ANALI score without
and with gadolinium was 0.89% IC 95%, and 0.75% IC
95% (34). In another large study evaluating the value of
MR and MRCP in the prediction of PSC progression,
multivariate logistic regression analysis showed that
liver dysmorphy, signs of portal hypertension, and peri-
hepatic lymph nodes were significantly associated with
transplant-free survival and adverse clinical outcomes in
long-standing PSC (35). Accordingly, a modified MRCP-
risk score was developed as an upgrade of the ANALI
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score. Nevertheless, the evaluation of PSC changes re-
mains a challenge for radiologists since subtle irregu-
larities are hardly detectable and the evaluation is quite
subjective (36). Taking into account the importance of
detecting PSC early and close monitoring of disease pro-
gression, a more objective approach to disease staging
with limited variability in reporting is necessary (37).

In the era of artificial intelligence, several deep learn-
ing models have been developed for the automatic de-
tection of PSC-compatible cholangiography alterations
(38). Ringe et al. reported a great diagnostic accuracy
of these models with sensitivity, specificity, positive and
negative predictive values higher than 90% (38). Recent-
ly, a quantitative biliary tree analysis software (MRCP+,
Perspectum Diagnostics Limited) was developed allow-
ing semi-automatic quantification of bile duct changes in
PSC (39, 40). After uploading the 3D MRCP examina-
tion, the MRCP+ post-processing tool provides multiple
measurements of biliary ducts. Among many quantitative
variables that can be generated, the following metrics
have been highlighted as the most important: sum of rela-
tive severity of dilatations; proportion of dilatated biliary
tree; biliary tree dilatation score; and total stricture sever-
ity score (33, 34). Bile duct dilatation was considered to
be present if the lumen of the bile duct is at least Imm in-
creased in comparison to the diameter of the closest duct
(41). The dominant stricture was defined as the diameter
of the common bile duct less than 1.5mm, and less than
Imm for the left and right hepatic duct (41). Currently,
there are a few published studies implying the value of the
new computer-based system suggesting its high diagnos-
tic accuracy in the diagnosis of PSC (41-44). Among dif-
ferent variables obtained by the 3D-biliary analysis tool
in PSC patients, increased gallbladder volume and higher
dilatation metrics were found to be significant predictors
of survival (43). Distension of the gallbladder in PSC pa-
tients has previously been described as a characteristic
finding, occurring probably due to lower levels of hydro-
phobic serum bile acids (45). Ithasbeen hypothesized that
gallbladder has a protective role in PSC, as PSC patients
who had cholecystectomy develop more severe cholan-
giographic findings (45). Furthermore, Selvaraj et al.
have shown that dilatation metrics had a significant cor-
relation with non-invasive biochemical markers of disease
severity and were also significantly higher in the high-risk
PSC group defined by MRS (42). In contrast to dilatation
variables, stricture metrics did not differ significantly
among high-risk and low-risk PSC groups. No significant
correlation between biliary stricture severity score and
advanced stages of liver fibrosis in PSC patients was also
found in the study by Song et al. (46). Similar results were
reported by another group that tested the correlation be-
tween intrahepatic stricture severity and disease stage as-
sessed by magnetic resonance elastography (47). In oppo-
site, Ismail et al. reported that the stricture severity index
was significantly correlated with biochemical prognostic

scores indicating that also stricture metrics derived from
MRCP+ may have a prognostic purpose (44). The gener-
ally low sensitivity of stricture metrics might be explained
by technical limitations of MRCP which is unable to as-
sess the severity of strictures due to examining non-dis-
tended biliary ducts. Furthermore, MRCP images often
have artifacts disabling adequate measurement of the bile
duct lumen (9). It should be pointed out that even with
ERCP, the prognostic significance of stricture severity
and dominant stricture is questionable as no correlation
with biochemical markers of cholestasis was demonstrat-
ed (48). On the other hand, the importance of biliary dil-
atation was also stressed by Ruiz et al. who incorporated
this parameter in the ANALI score (32). Opposite to the
index of biliary dilation severity, biliary tree volume ob-
tained from MRCP+ analysis did not show an association
with bad outcomes in PSC patients (33, 34). It could be
explained by the fact that biliary tree volume is increased
inanintermediate stage of disease but it often decreasesin
advanced disease due to reduction of peripheral ducts and
atrophy of liver segments with severe dilatation (49). Nev-
ertheless, although the most important cholangiographic
finding obtained by the computer-based 3-dimensional
model of the biliary tree is the severity of biliary dilata-
tion, other metrics might also have a role in the evaluation
of disease severity (42).

DIFFERENTIAL DIAGNOSIS OF PSC

Differential diagnosis of primary sclerosing cholangitis
includes IgG4-sclerosing cholangitis (IgG4-SC), prima-
ry biliary cirrhosis, ischemic cholangitis, and AIDS chol-
angitis (11, 15). Characteristic cholangiographic find-
ings, young age, male patients, and association with IBD
favor the diagnosis of PSC (11, 14). IgG4-SC, which is
more commonly seen in elderly men, is characterized by
long segmental strictures with prestenotic dilation (50).
Moreover, it is frequently associated with autoimmune
pancreatitis and other disorders from the IgG4 disease
spectrum (50). If classical cholangiographic findings are
absent and papillary stenosis is the predominant imaging
feature in cholangiography, AIDS cholangitis should be
considered (51). Further correlation with clinical and lab-
oratory findings allows the correct differential diagnosis
among these two types of cholangitis. Ischemic cholan-
gitis is typically seen in posttransplant patients due to
ischemic injury and is characterized by strictures of the
middle third of the common bile duct and the hilar part of
the biliary tree (52). Together with PSC, primary biliary
cirrhosis comprises a spectrum of primary cholestatic liv-
er diseases (53). In contrast to PSC, PBS is typically seen
in middle-aged women without characteristic cholangi-
graphic findings. Furthermore, laboratory data adds ad-
ditional information necessary for distinguishing among
these two entities (53).
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Complications of PSC

Cholangiocellular carcinoma (CCC) represents the most
severe complication arising from long-standing PSC, and
affecting approximately 10-14% of patients (54). The ex-
act pathogenesis of cholangiocarcinoma in PSC patients
is still not elucidated, but chronic inflammation probably
plays the mostimportant role. The detection of cholangio-
carcinoma in the early stage is a challenge for radiologists
as there are no pathognomonic cholangiographic features
(85). The majority of cholangiocarcinomas originate in
the perihilar area, but some develop in intrahepatic bile
ducts. The tumor is usually seen as an indistinct hypovas-
cular mass with progressive delayed enhancement in im-
aging studies (Figure 4) (56, 57). However, findings may
be more discrete, and a stricture accompanied by promi-
nent wall thickening, alongside significant proximal bili-
ary dilatation, might be the only indicator of CCC (58). To
facilitate early CCC detection, regular screening of PSC
patients is advocated, involving CA 19-9 measurements
every six months and MRCP annually. Elevated CA 19-9

levels have high diagnostic accuracy, with a sensitivity of
75% and specificity of 80% for a cutoff value of 100 U/ml
(59). From a clinical standpoint of view sudden worsening
of symptoms in PSC patients, characterized by cholestasis
and weight loss, should raise the suspicion of CCC. Unfor-
tunately, CCC development in the context of PSC carries
a poor prognosis, even after resection or liver transplan-
tation, with 3-year survival rates ranging from 0% to 42%
(58, 60). The radiologist should bear in mind that the pro-
gression of the dominant stricture with subsequent biliary
dilatation does not necessarily mean the development of
CCC, but it can also occur due to the worsening of in-
flammation (15). In doubtful cases further check-out with
cholangioscopy if available is recommended.

Another complication in long-standing PSC is acute
ascending cholangitis with superimposed biliary sepsis
(54). It usually occurs in patients with severe strictures of
the common bile duct, left or right hepatic duct. In such
cases, after medicamentous treatment of acute infection,
therapeutic endoscopic dilatation should be performed.

Figure 4. Cholangiocellular carcinoma complicating long-standing primary sclerosing cholangitis in a 52-year-old male patient. (A) An axial

T2-weighted image displays alarge irregular, moderately hyperintense mass in the right liver (solid arrows). Bile ducts are irregularly dilated in

both lobes due to primary disease. Multiple intrahepatic calculi are also present (dotted arrows). (B) An axial T1-weighted fat-saturated image

reveals a hypointense mass with a central necrotic part (solid arrow). Intrahepatic calculi are also visible as hyperintense lesions within dilated

bile ducts (dotted arrow). (C) On the portal-venous phase T1-weighted fat-saturated image, the tumor appears as a hypovascular lesion (solid

arrows). (D) A thick slab MRCP demonstrates multifocal alternating strictures of intrahepatic bile ducts with loss of bile duct visualization in

segment V corresponding to tumor infiltration (asterisks).
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Medical therapy for PSC has limited value, and liver
transplantation remains the only life-expanding treat-
ment, offering a 75-85% five-year post-transplant survival
(61). However, recurrence of PSC after transplantation
is observed in up to 25% of cases, necessitating careful
differential diagnosis due to various potential causes of
post-transplant biliary strictures (61). Diagnosing recur-
rent PSC after liver transplantation is quite difficult due to
the various causes responsible for post-transplant biliary
strictures, such as ischemia, rejection, allograft reperfu-
sion injury, recurrent biliary sepsis, ABO incompatibility,
or technical issues with biliary reconstruction (61, 62). To
make a diagnosis of recurrent PSC the non-anastomotic
strictures occurring three months post-transplantation
must be detected (62). However, distinguishing between
chronic rejection and recurrence remains challenging.
Certain imaging features have been previously described
toaidin this differentiation (62). An additional feature that
favors the diagnosis of recurrent PSC instead of chronicre-
jection is an enlarged liver with a slightly nodular contour,
whereas, in chronic rejection, it typically maintains a nor-
mal size (62). Furthermore, MRCP findings in recurrent
disease often reveal multiple non-anastomotic strictures
with mildly dilated bile ducts, while cholangiograms in

chronic rejection patients show peripheral arterial insuffi-
ciency-induced reduction of the peripheral biliary tree (61,
62). A liver biopsy is recommended when a non-invasive
differential diagnosis cannot be established (62).

CONCLUSION

In conclusion, the role of MR and MRCP in evaluating
patients with PSC is evolving. Although there are a few
disadvantages of MRCP in comparison to ERCP, its
non-invasive nature, and the possibility of repeating ex-
aminations without adverse effects make it the gold stan-
dard for the diagnosis and follow-up in PSC patients. In
addition to cholangiography findings, MRCP allows the
assessment of liver parenchymal changes which might
indicate the severity of the disease. The scoring systems
based on MR findings, such as the ANALI score, and
new computer-based software analysis termed MRCP+,
provide a prediction of the course of disease and identify
high-risk patients. Thus, MR with MRCP is a promising
diagnostic tool for the integrative evaluation of PSC pa-
tients allowing not only initial diagnosis and detection of
complications but also has prognostic significance.
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MR KARAKTERISTIKE PRIMARNOG SKLEROZIRAJUCEG HOLANGITISA:
PREGLED SKORING SISTEMA ZASNOVANIH NA IMIDZING KARAKTERISTIKAMA
KOJI SE KORISTE ZA PROCENU TEZINE | PROGNOZE

Jelena Dokic¢ Kovac?, Aleksandra Jankovi¢?, Milica Mitrovic¢-Jovanovic?, Aleksandar Bogdanovi¢?, Vladimir Dugali¢?, Tamara

Milovanovic?

Sazetak

Primarni sklerozirajuci holangitis (PSC) je hroni¢no, hole-
statsko oboljenje jetre koje se odlikuje hroni¢nom infla-
macijom, fibrozom i stenozom zuc¢nih puteva. Magnetno
rezonantna holangiopankreatiografija (VIRCP) predsta-
vlja zlatni standard za dijagnozu PSC-a i omogucava uvid
u promene na bilijarnom stablu. Tipi¢na radioloska slika
PSC-a obuhvata multifokalne anularne i kratke-segmen-
te strikture u kombinaciji sa normalnim ili lako dilatira-
nim zuc¢nim vodovima. Pored holangiografskog prikaza,
magnetna rezonanca (MR) pruza uvid i u morfoloske

promene parenhima jetre koje mogu ukazivati na tezi-
nu bolesti. Savremeni skoring sistemi zasnovani na MR
nalazima, ukljucuju ANALI skor i novu softversku anali-
zu zvanu MRCP+, omogucavaju procenu tezine bolesti
i identifikovanje visoko-rizi¢nih pacijenata. Stoga, MR sa
MRCP-om predstavlja dijagnosti¢cku metodu koja pruza
sveobuhvatnu evaluaciju pacijenata sa PSC-om, ukljucu-
juci inicijalnu dijagnozu, pracenje pacijenata radi rane
detekcije komplikacija uz prognosticki znacaj.

Kljucne redi: jetra, primarni sklerozirajuci holangitis, magnetno rezonantna holangiopankreatografija
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Summary

Awake craniotomy is a neurosurgical procedure that is used for
the safe removal of intracranial lesions near Broca’s and Wernicke's
speech areas. During this procedure, speech mapping is done. Its use
demands anesthesia for awake craniotomy, which includes different
possibilities for the management of anesthesia with awake patients
at the moment of tumor removal. There are two widely accepted con-
cepts: “awake-awake-awake”, when the patient is consciously sedated
(“awake”) throughout surgery, with lighter or deeper sedation (moni-
tored anesthesia care), or “asleep-awake-asleep”, when the patient is
introduced into general endotracheal anesthesia while opening the
skull, but is awake during lesion removal and asleep during closure.
Our protocol is a form of “asleep-awake” concept, with general en-
dotracheal anesthesia for craniotomy and awake patients during and
after lesion removal (including skull closure).

Keywords: awake craniotomy, anesthesia, speech mapping, “awake-

" ou

awake-awake”, “asleep-awake-asleep”
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INTRODUCTION

Awake craniotomy is a neurosurgical procedure that is
used for the removal of intracranial lesions (tumors, ar-
terio-venous malformations, epileptogenic foci) near
speech areas (1). During removal, speech mapping is per-
formed to preserve these areas (Broca’s and Wernicke’s
areas) (2). For these procedures, it is necessary to per-
form anesthesia for awake craniotomy (3,4).

Anesthesiologists have several options to perform
this procedure. Monitored anesthesia care (“awake-
awake-awake®) is an anesthetic approach in which the
patient experiences varying levels of anesthesia depth
during a neurosurgical procedure. During speech map-
ping, anesthesia must be lightened or paused to allow
the patient to fully awaken (5). “Asleep-awake-asleep* is
an anesthetic protocol in which the patientis introduced
into general endotracheal anesthesia as usual (6,7). Af-
ter craniotomy and dura mater incision, anesthesia is
lightened, and the patient wakes up. The patient is ful-
ly awake during the speech mapping procedure. After
tumor removal, the patient remains awake or lightly
sedated (“asleep-awake®) (1) or can be reintroduced to
general anesthesia (6,7).

Benefits of awake craniotomy

Compared to neurosurgical interventions in general
endotracheal anesthesia, awake craniotomy provides
complete tumor removal with preserved neurological
functions (3,8). Additionally, these patients have fewer
ICU days, shorter intrahospital stays, and better surviv-
al (1-3).

Contraindications to awake craniotomy

Contraindications to awake craniotomy are different.
The main contraindication is an uncooperative patient
and the patient’s rejection of the procedure (1,3). Relative
contraindications include the presence of comorbidities
such as uncontrolled hypertension, comorbidities related
to safe airways (chronic obstructive lung disease, sleep
apnea, morbid obesity), and tumor characteristics (large
and highly vascular tumors) (9,10).

AWAKE CRANIOTOMY PROTOCOL

At Neurosurgery Clinic, University Clinical Center of
Serbia, Belgrade, awake craniotomy intervention was
started in 2017. We developed our protocol for anesthe-
sia in these patients. This protocol can be classified as
“asleep-awake” with induction into general endotracheal
anesthesia, awakening before tumor removal, and awak-
ening during tumor removal and skull closure or Dexme-
dotimidine use for agitated and restless patients (7,9).

Afteraneurologist and neuropsychologist prepare the
patient for intraoperative speech testing (speech map-
ping) (10,11), he/she is admitted to our clinic.

Premedication

On the day of the neurosurgical intervention, the patient
will get premedication before the transfer to the operat-
ing theater. It consists of benzodiazepine, Diazepam, in
a dose of 10mg intramuscularly (IM). Atropine in a dose
of 0.5mg IM should be considered because of side effects,
but it has antisialogogue which is desirable for awake
craniotomy. The antibiotic for antimicrobe prophylaxis
which we use is a cephalosporin belonging to the st or
the 3rd generation (Cefazolin, Ceftriaxone) intravenous-
ly (IV). Patients should also take their oral antiepileptics.

After admission to the operating theater, the patient
is prepared for induction into general endotracheal anes-
thesia (GA) (10,12). One intravenous cannula is placed
into the arm’s peripheral vein. ECG monitoring, non-in-
vasive blood pressure measurement, and pulse oximetry
were initiated. Bispectral index (BLS) monitoring for the
level of consciousness follow-up is started (1,2,4).

Before induction, Ondansetron 4mg IV (antiemetic
action), Metilprednizolone 40-80mg IV (anti-inflamma-
tory action), Pantoprazole 40mg I'V (decreased risk of re-
gurgitation), and Lidocaine 40mg IV (blunted response
on endotracheal intubation) are administered.

Induction

After 3-minute preoxygenation with a mask, induction
into GA is initiated with the following doses of anes-
thetics and relaxants: Midazolam 2.5-Smg IV, Fentanyl
50-100pg IV, Propofol 1.5-2mg/kg IV, Rocuronium 50-
70mg I'V. When conditions for endotracheal intubation
are met, the patient is intubated with an armored tube of
the appropriate size. Controlled mechanical ventilation is
initiated with capnography. After the fixation of the tube
with sticky tapes, the throat pack is performed for addi-
tional securing of the tube position. Before starting the
intervention, intraoperative heating of the patient is initi-
ated to prevent hypothermia and intraoperative shivering
(13,14).

Maintenance

When the patient is induced into GA, an additional intra-
venous cannula is placed together with an arterial cannu-
la into the radial artery and a urinary catheter. BIS value
is maintained between 40 and 60.

The patient is positioned on the right (in most cases)
or the left side, with the head fixed by Mayfield pins. Intu-
bation in the case of failed emergence should be possible
in that position (1-3). The eyes are protected with pads.
The skin points of pin placement are infiltrated by sub-
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cutaneous 2% Lidocaine injections (2ml for every point).
A bilateral scalp block with 0.25% Bupivacaine and Epi-
nephrine 1: 200 000 is done (with a total of 30 ml of solu-
tion), then a Mayfield frame is placed for head fixation
(15). Seven nerves on either side of the scalp are infiltrat-
ed with local anesthetic: supraorbital nerve, supratroch-
lear nerve, zygomaticotemporal nerve, auriculotemporal
nerve, lesser occipital nerve, greater occipital nerve, and
greater auricular nerve (15). After infiltration, the opera-
tive field is cleaned and disinfected, and the head is cov-
ered with sterile drapes.

Anesthesia is maintained with a continuous infusion
of Propofol at 75-200 pg/kg/min and Remifentanil at
0.2-0.3 pg/kg/min, with a BIS value of 40-60, from the
skin incision until the skull is fully opened and the dura
mater is incised (16,17). Prior to incision, the dura mater
is soaked with 2% Lidocaine solution (1). Once the brain
cortex is exposed, the patient is prepared for awakening

Emergence

Emergence (awakening) is the most complex part of an-
esthesia in these patients. The infusion of Propofol and
Remifentanil is discontinued. We wait for an increase in
BIS value to 80, then the dose of Flumazenil 0.2 mg IV
(reversion of residual Midazolam action) is administered.
If the patient exhibits insufficient breathing, Naloxone is
administered intravenously at a dose of 0.2 mg. When
the patient is awake, obeys commands, and breaths suf-
ficiently, extubating is performed. Following extubation,
the patient is oxygenated using a nasal cannula, while
capnography is simultaneously monitored with Capnos-
tream (16). Hemodynamic stability is maintained, as well
as appropriate oxygenation.

If emergence fails, we should consider intubation of
the patient by video laryngoscope. The operation is con-
tinued without speech mapping.

After tumor removal and during the closure of the

skull, the patient stays awake or can fall into spontaneous
sleep untill the end of the intervention. If the patient is
agitated or disturbed, continuous infusion of Dexmede-
tomidine (2,7,9) can be initiated in a dose of 0.2-0.7 pg/
kg/h. If the patient is hypertensive, a bolus of 12.5 mg IV
Urapidil can be administered followed by continuous in-
fusion of an average dose of 9 mg/h (1-3). If seizures oc-
cur after awakening, cold normal saline irrigation of the
brain should be done. If cold saline irrigation is ineffective
for seizure cessation, boluses of Propofol 10-20 mg IV or
Midazolam 1-2 mg IV should be administered (1). Endo-
tracheal intubation should be considered in these cases.

After the speech test is finished and extirpation of the
intracranial lesion is completed, the closure of the skull
is initiated. Additional dura mater irrigation with 2% Li-
docaine can be done. In case of pain, a Remifentanil in-
fusion at doses of 0.01-0.05 pg/kg/min can be initiated,
and nonsteroidal anti-inflammatory analgesics or Tra-
madol 50 mg IV may also be administered. After dura
mater closure, antiepileptic Phenobarbitone 220 mg IM
is administered. At the end of the operation, the patient
is transferred to the intensive care unit for postoperative
monitoring.

CONCLUSION

Anesthesia for awake craniotomy can be managed in dif-
ferent ways. The “asleep-awake” protocol provides good
conditions for neurosurgical intervention (awake and co-
operative patient for speech mapping) and can influence
functional outcomes.
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ANESTEZIJA ZA KRANIOTOMIJU U BUDNOM STANJU- PRINCIPI IZVODENIJA

Tijana Nastasovic¢*?, Nevena Savic?, Igor Lazi¢!?, Tjasa lvosevi¢??, lvan Bogdanovi¢?*, Rosanda Ili¢*#, Filip Milisavljevic¢*

Sazetak

Kraniotomija u budnom stanju je intervencija koja se ko-
risti tokom operacije intrakranijalnih tumora blizu Broki-
ne i Vernikeove govorne zone. Tokom ove intervencije
vrii se mapiranje govornih zona. Kraniotomija u bud-
nom stanju zahteva anesteziju za kraniotomiju u bud-
nom stanju koja ukljucuje razli¢cite mogucnosti za njeno
izvodenje, pri ¢emu je pacijent budan tokom ekstirpaci-
je tumora. Postoje dva opste prihvacena koncepta za iz-
vodenje anestezije: engl. awake-awake-awake, pri cemu

je pacijent budan ali u plicoj ili dubljoj sedaciji sve veme
tokom hirurske intervencije (engl. monitored anesthesia
care) ili engl. asleep-awake-asleep, kada je pacijent uve-
den u opstu endotrahealnu anesteziju za samu kranio-
tomiju (otvaranje) ali je budan tokom same ekstirpacije
tumora, a u anesteziji je tokom zatvaranja. Na$ protokol
je oblik engl. asleep-awake koncepta, sa opStom aneste-
zijom tokom kraniotomije i budnim pacijentom tokom i
posle ekstirpacije tumora i zatvaranja lobanje.

Kljucne reci: kranitomija u budnom stanju, anestezija, mapiranje govora, awake-awake-awake, asleep-awake-asleep

Primljen: 11.05.2024. | Revizija: 16.07.2024. | Prihvacen: 25.07.2024.

Medicinska istazivanja 2024; 57(3):147-150

150 |



Medicinska istaZivanja 2024; 57(3):151-160 | DOI: 10.5937/medi57-50990

() OPEN ACCESS

Medical Research | Published by Faculty of Medicine University of Belgrade

REVIEW ARTICLE

MEQV LHHH\H‘ TV\A(HH‘ OF
DAKY/TE i | \‘\\FV’!\\\\JF
||

Nutrition in critically ill adult patients

=«van Palibrk**2, Marija Dukanovi¢“*?, Dona Stefanovi¢*?

tUniversity of Belgrade, Faculty of Medicine, Belgrade, Serbia

2Center for Anesthesiology and Reanimatology, Department of Anaesthesiology and Intensive Care, Hospital for
Digestive Surgery, University Clinical Centre of Serbia, Belgrade, Serbia

Recived: 12 May 2024

Revised: 16 July 2024

Accepted: 25 July 2024 Check for
updates

Funding information:

The authors received no specific grant from any
funding agency in the public, commercial, or not-
for-profit sectors.

Copyright: © 2024 Medicinska istraZivanja

Licence:

This is an open access article distributed under
the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author and source are
credited.

Competing interests:
The authors have declared that no competing
interests exist

=4 Correspondence to:

Ivan Palibrk

Center for Anesthesiology and Reanimatology,
Department of Anaesthesiology and Intensive
Care, Hospital for Digestive Surgery, University
(linical Centre of Serbia

6 Dr Koste Todorovica Street, 11000 Belgrade,
Serbia

E-mail: ivanpalibrk@yahoo.com

Summary

Nutrition is a crucial component of critically ill patients’ treatment.
The key questions to address are when to initiate nutrition therapy,
how to determine the optimal route, the appropriate amounts of
macro and micronutrients, and the precise energy requirements for
each patient.

Critical illness has three phases: early period (previously “ebb phase”)
lasting 1-2 days; late period (previously “flow” phase) lasting for 3-7
days; late phase (Phase Rehabilitation or Chronic Phase). Each of
the above-mentioned phases has its characteristics. During the first
phase, severe catabolism is increased, and it gradually proceeds to
anabolism during the following 3 to 4 days. The recommendations
for critically ill patients’ nutrition have been formed based on these
phases.

Early nutrition therapy, especially early parenteral nutrition with high
energy and protein intake, should be avoided in the first three days of
critical illness. Reaching the nutritional goal should be initiated only
3 to 4 days upon the onset of critical illness. According to ESPEN rec-
ommendations, daily calorie intake should be initiated at 20-25 kcal/
kg/day, while daily protein intake should be initiated at 0.8g/kg/day
with a gradual increase to 1.3 g/kg/day. On the other hand, ASPEN
recommends 12-25kcal/kg/day of daily calorie intake with daily pro-
tein intake at 1.2-2 g/kg/day. The optimal route of feeding is enteral
whenever possible. Alternatively, parenteral route should be used. In-
direct calorimetry serves as a basis for determining nutritional needs
in critically ill patients.

Conclusion: Nutritional therapy is essential for critically ill patients.
Nutrition should be obtained through enteral route whenever possi-
ble. Energy and protein intake should be gradually introduced in crit-
ically ill patients’ treatment. Nutritional therapy prescription should
be adapted to the patients’ needs.

Keywords: critically ill, enteral nutrition, intensive care, parenteral
nutrition
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INTRODUCTION

It has been widely accepted that nutrition not only serves
as support, but is also a therapy on its own, one that ev-
idently affects patients’ treatment outcome. Similar to
other treatment methods, such as antibiotics or vasopres-
sors, nutritional therapy has specific indications and con-
traindications that are dependent on the type of formula,
its components and ingredients. The dosage of micro and
macronutrients in various types of formulas is well known.
Nutrition therapy applied to critically ill patients has sur-
passed a universal prescription. Nowadays nutritional
therapyis particularly prescribed according to the patient’s
diagnosis, stage of the disease and nutritional status. It can
be described as being individually tailored. The precise
moment of the induction of nutritional therapy, its dura-
tion and the interval of implementation are individually
determined. All these components have a significant im-
pact on morbidity, mortality, quality of life, time of recov-
ery and, finally, to the positive economic impact (1-3).
How do we define a critically ill patient? The defini-
tion is certainly hard to find. It is a patient who has devel-
oped or is under the risk of developing an acute severe or
multiple organ failure. Likewise, it can also be a patient
with other comorbidities and under the risk of further de-
terioration. A common denominator among all the above

is that they are patients requiring constant monitoring,
whether invasive or non-invasive, with 24-hour care and
comprehensive individualized treatment. For example,
such a patient would require invasive or non-invasive
respiratory support, as well as the need for vasoactive
drugs, nutritional therapy, continuous renal replacement
therapy, and/or purification processes (Figure 1).

Organ dysfunction can be monitored using the Se-
quential Organ Failure Assessment (SOFA) score, a
scoring system that also provides insights into the level
of inflammation and organ impairment. SOFA score en-
ables us to trace the degree of respiratory system dysfunc-
tion based on the PaO, / FiO, ratio. Furthermore, we can
detect the coagulation system dysfunction based on plate-
let count, the liver dysfunction based on bilirubin values,
the cardiovascular system dysfunction based on the val-
ues of mean arterial pressure and/or the use of vasoactive
drugs, the central nervous system dysfunction based on
Glasgow Coma Score (GCS), and renal dysfunction based
on the values of creatinine and/or diuresis (4, 5).

EPIDEMIOLOGY

A significant number of post-surgery patients have been
hospitalized after experiencing substantial weight loss

Figure 1. Critically ill patient in the intensive care unit (author’s personal archive)
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(over 10 kg) within the past six months. At the Clinic for
Digestive Surgery, University Clinical Centre of Serbia
(UCCS), this percentage amounted to $3.3% in 2008,
while in Europe, in 2006, it reached 33%. The starvation
trend continues after hospital admission, because some
patients suffered from loss of appetite (28.95%), 12.28%
had difficulties swallowing food, while an astonishing
45.6% did not receive food orally due to diagnostic inter-
ventions and preparations for upcoming surgical proce-
dures. Hospitalized patients evidentially have problems
with food intake, which places them in need of nutri-
tional therapy. The Clinic for Digestive Surgery UCCS
has, therefore, made the nutritional therapy an integral
component of the patients’ treatment during their pre-
operative preparation and other procedures. As a result,
there were 26.31% of patients on parenteral nutrition in
2008, 13,51% of patients on enteral nutrition, and 2.63%
of patients who received specialized nutrition with the in-
troduced protein supplements amounting to 0.88% cas-
es. This systemic assessment of nutritional problems has
resulted in the formation of a nutritional therapy team
and the evaluation of nutritional risk following patients’
admission into hospital, through the implementation of
Nutritional Risk Screening 2002(NRS 2002) (6-8).

NUTRITIONAL RISK ASSESSMENT

Nutritional risk assessment is a critical matter. The im-
plementation of it, in practice, enables us to identify pa-
tients that are under a greater risk of complications due
to prolonged fasting. Two most common scoring systems
that have been used in the Intensive Care Unit (ICU)
are mNUTRIC (modified Nutrition Risk in Critically
I Score) and NRS 2002 (Nutritional Risk Screening).
The mNUTRIC takes the following into account: the
age, APACHE II (Acute Physiology and Chronic Health
Evaluation II), SOFA score (Sepsis-Related Organ Failure
Assessment), comorbidities and days since the time of hos-
pital admission and to the ICU. Score <4 is defined as low
risk, whereas score > S is defined as high risk. NRS 2002 is
composed of age, BMI (body mass index), percentage of
weight loss, energy intake compared with energy require-
ment and severity of disease. Nutrition risk classification is
scored as: < 3: Norisk, >3: At risk, > S: High risk. Nutri-
tional risk assessment in critically ill patients could be very
challenging, since those patients are at a great nutritional
risk considering the fact that they are in a critical condition
as soon as they enter the ICU, being in severe catabolism
and inflammation and requiring nutritional therapy. As
a result, the scoring systems mentioned above could not
be applied to critically ill patients. It is considered that the
most useful tool to assess the nutritional risk of patients
in the ICU is NUTRIC (Nutrition Risk in Critically Ill
Score), that has all the same parameters as the mNUTRIC
with the exception of interleukin-6; score < S is considered

as low risk; score > 6 is considered as high risk (9). Patients
with the NRS score >3 have a significantly longer hospi-
tal stay (24 vs 14 days) and a significantly higher number
of complications (57.1% vs. 13.3%) compared to patients
with an NRS score <3. Postoperative morbidity was in-
creased 3.84 times for each positive response to the initial
four screening questions (10).

EFFECTS OF NUTRITION

Nutrition is certainly a crucial part of therapy for critical-
ly ill patients. The impact of nutrition on reducing mor-
bidity and mortality in critical illness has been con-
firmed. Alberda’s multicentre study reached interesting
conclusions (11). Critically ill patients received amounts
of energy (15,0-30,9 kcal/kg/day) and protein (1,0-1,4
g/kg/day) intake based on their BMI. 69.0% of patients
received enteral nutrition (EN), 8.0% received parenteral
nutrition (PN), 17.6% received EN plus PN, and 5.4% re-
ceived neither EN nor PN. The results indicated that in-
creased energy and protein intake improved the treatment
outcome of critically ill patients, especially those with
BMI below 25 and greater than 35. On the other hand,
the increased energy and protein intake did not enhance
the outcome of patients with BMI 25-35 (11).In a multi-
centre study, Compher et al. divided critically ill patients
into two groups: patients with NUTrition Risk score < §
and patients with NUTrition Risk score > 5. By analyzing
mortality on the 4th day of critical illness, it was observed
that there was no change in odd ratio when it comes to
mortality or an increase in energy intake for the group of
patients with high nutritional risk. However, by analyzing
interaction between NUTRIC category, energy intake
and mortality on the 12th day of critical illness, the study
noted that the odds of death were significantly reduced by
11.6% with each 10% increase in delivery of goal energy
intake but not in the low-risk patients. A similar result was
obtained in relation to the goal protein intake. Increas-
ing protein intake on the 4th day of critical illness does
not reduce the odds of mortality in patients with a high
Nutrition Risk, but on the 12th day of critical illness in
patients in the group with an increased Nutrition Risk,
the odds of death decreased significantly by 10.1% with
each 10% increase in protein intake relative to goal but
not significantly in the low-risk patients. In conclusion,
patients with higher nutritional risk at the ICU admission
may benefit from greater protein and energy intake, espe-
cially during longer ICU stays, while patients with lower
nutritional risk have no benefit from greater intake (12).

NUTRITIONAL RECOMMENDATIONS

Should one start nutritional therapy in critically ill
patients? And if so, what would be the right time for
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introducing it? There is no doubt that nutrition proved
beneficial during critically ill patients’ therapy. Studies
have shown that nutrition improves the outcome of the
treatment and a proper timing is crucial. Determining
the right moment for the beginning of nutritional therapy
and the right amount of energy and nutrient intake are
crucial. The European Society for Clinical Nutrition and
Metabolism (ESPEN) has given the following recom-
mendations: every critically ill patient is considered to
be at risk of malnutrition if the length of stay in the ICU
is longer than 48 hours. Oral intake of food and water is
preferable. However, as this is often not feasible in critical-
ly ill septic patients with the intact gastrointestinal tract,
enteral nutrition is recommended whenever possible, es-
pecially within the first 72 hours. Furthermore, if there
are any cases in which enteral nutrition is not achievable
while the patient is at a high nutritional risk (NRS score
greater than 5), parenteral nutrition should be introduced
gradually, taking into account all the risks it carries (oc-
currence of overfeeding and refeeding). Early full EN and
PN are to be prescribed within three to seven days. The
recommendation is to use indirect calorimetry to assess
the energy requirements of critically ill patients, especial-
ly in cases involving mechanical ventilation. If predictive
equations are used to determine the energy requirement
of a critically ill patient (20 to 25 kcal/kg/day), a hypoca-
loricintake (below 70% of the calculated needs) is recom-
mended. This recommendation should be used during
the first seven days of critical illness (13-15). American
Society for Parenteral and Enteral Nutrition (ASPEN)
states that there is no significant difference in the applied
amount of energy in the first days of critical illness, but
they recommended the intake of 12 to 2S5 kcal/kg/day
during the first days of critical illness (8, 16).

What is the appropriate protein intake for a critically
ill patient? This is yet another important question that
requires our attention, and it is as crucial as the issue of
energy-per-day parameters which are connected to the
critically ill patients’ treatment outcome. According to
ESPEN recommendations, daily protein intake should
be initiated at 0,8g/kg/day with a gradual increase to 1.3
g/kg/day, while ASPEN recommends 1.3 g/kg/day past
24-48h, upon hemodynamic stabilization. The amount of
protein intake depends on the severity of critical illness.
For instance, in patients with burns, additional protein
intake should be administered (up to 2g/kg/day) (8-14).

How did we establish these recommendations and
their undeniable necessity for an individual approach to
the patients’ needs? While the exact amount of nutrients
and energy intake is well known, it should be pointed out
that the “breaking point” for reaching the nutritional goal
comes only after the 3-4th day from the onset of critical
illness. The question is why it is so.

PATHOPHYSIOLOGICAL BASIS OF THE
RECOMMENDATION

Critical illness has three phases: early period (previous-
ly known as “ebb” phase) lasting for 1-2 days, late peri-
od (previously known as “flow” phase) lasting for 3-7
days, late phase (Phase Rehabilitation or Chronic Phase)
(8,14,15,17,18).

Early period is characterized by hypermetabolism, a
severe increase in catabolism, muscle wasting, protein and
amino acid degradation, production of glucose and acute-
phase proteins, insulin resistance and finally, hemody-
namic instability. It is important to remember that 500 to
1400 kcal of endogenous energy is produced during this
phase and that any addition of energy through nutrition
willlead to overfeeding and all its negative outcomes.

Late period is characterized by organism slowly turn-
ing towards catabolism (third day) which in turn causes a
decrease of endogenous energy production. In this period,
we gradually increase energy along with the protein uptake.

Late phase (Phase Rehabilitation or Chronic Phase)
marks a period when anabolism begins to overtake catab-
olism triggering the patients’ rehabilitation. In certain
cases, however, some patients fail to recover, leaving them
in a late persistent catabolism and resulting in prolonged
hospitalization.

ESTABLISHING A SET OF RECOMMENDATIONS

Over the past decades a great amount of previous stud-
ies were conducted with a goal of determining the exact
protein and energy daily intake in critically ill patients,
avoiding the negative impact on morbidity and mortality
at the same time.

Casearetal. (2011) have published arandomized, mul-
ticentre study on the impact of early (within 48h) versus
late initiation (starting 8 days later) of parenteral nutri-
tion in critically ill patients as an addition to enteral nutri-
tion targeted to reach the caloric goal. The results were in
favor of late implementation of parenteral nutrition with
an aim of reaching the caloric goal (Table 1). Late par-
enteral nutrition initiation has proven to be superior due
to patients’ shortened length of stay in the ICU, as well as
a lowered number of infections and renal complications.
The latter indicates that the lower protein intake positive-
ly correlates with the lower renal stress. As a conclusion,
late PN initiation has evidently contributed to a faster re-
covery, followed by a reduced number of complications as
compared to the early PN initiation (19).

Heidegger (2013) published the results of a con-
trolled, randomized study, in which a parenteral nutrition
supplemented the already existing enteral nutrition with
an aim of optimizing energy intake in critically ill pa-
tients. The nutritional goal was at 25kcal/kg/day of ideal
bodyweight for women and 30kcal/kg/day of ideal body-
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Table 1. The main results of early and late supplemental parenteral nutrition implementation (prepared according to the reference (19))

Late initiation group Early initiation group p Value
(n=2328) (n=2312)
Discharged alive from the ICU within 8 days no (%) 1750 (75.2) 1658 (71.7) 0.007
Death in ICU no (%) 141 (6.1) 146 (6.7) 0.76
Death in hospital no (%) 242 (10.4) 251 (10.9) 0.63
Death within 90 days upon enrolment no (%) 257 (11.2) 255(11.2) 1.00
Nutrition related complication no (%) 423 (18.2) 434(18.8) 0.62
Length of stay in the ICU 3(2-7) 4(2-9) 0.02
Infection no (%) 531 (22,8) 605 (26,2) 0,008
Mechanical ventilation; 2 (1-5) 2 (1-5) 0,02

median duration (days)

weight for men. During the first three days, all patients
received enteral nutrition after which one group contin-
ued receiving enteral nutrition, while the other group
received enteral nutrition with supplemental parenteral
nutrition (Figure 2). Both groups had a target of reaching
the nutritional caloric goal. Those patients who received
enteral nutrition exclusively were less susceptible to noso-
comial infections, as they did not always manage to reach
the caloric goal. Mortality was reduced in patients who
received supplemental parenteral nutrition (ICU mortal-
ity S vs7%, p= 0.211and general mortality 13% vs 18%;
p=0.119). The conclusion of this study was that the in-
dividually optimized energy supplementation with sup-
plemental parenteral nutrition starting 4 days after ICU
admission should be considered as a strategy to improve
clinical outcome in patients in the ICU for whom enteral
nutrition is insufficient (20).In other words, there is no
need to rush with implementing of parenteral nutrition
with an aim of reaching the caloric goal during the first
3-4 days of the onset of critical illness. Furthermore, en-
teral nutrition should be introduced as early as possible,
with a gradual increase of caloric intake up to 25 kcal/kg/
day. In those cases where this goal is impossible to reach,
after four days supplemental parenteral nutrition should
be considered (21).

Group EN + SPN
Enegy goal

All patients are
on EN

1
L]
3rd day

Days after ICU amission

Figure 2. Study design (Prepared according to the reference (20))

Prospective cohort study published in 2012 set the
initial calorie (25-30 kcal/kg/day) and protein goal (1.2 -
1.5 g/kg/day) in critically ill patients. They hypothesized

that securing the protein intake improves the outcome

of the critically ill patients’ treatment. Ten-day mortality
was the lowest in the group of patients with the highest
amount of proteins (1.46+0.29 g/kg/day). The conclu-
sion of this study suggested that the increase of proteins
and amino acids figures as more important to the recov-
ery of critically ill patients than the increased caloric
intake alone (22). Weijs et al. monitored four groups of
critically ill patients during their treatment with nutri-
tional therapy. The first group included patients who
did not reach either the caloric or the protein goal, while
the second group reached both of these goals. The third
group was comprised out of patients who had reached
only the caloric goal, and the fourth group included the
patients who had reached only the protein goal. The re-
sults have shown that in those patients who had only
reached the protein goal within 1.2g/kg/day the 28-day
mortality was lowered, as well as the hospital mortality
and the ICU mortality. The best results with regards to
mortality were shown in the group that had reached both
the caloric and the protein goal. Reaching the caloric goal
exclusively (1600 kcal/kg/day) did not impact mortality
(23). Zusman et als retrospective observational study
showed that nutritional therapy which was commenced
within the first 4 hours of the admission in the ICU had
resulted in the lowest mortality rates providing that 70%
of the total caloric needs (energy expenditure) were met.
The protein intake was 1.3g/kg/day. Ultimately, this
study excludes the thesis that 100% of calorie intake fares
as necessary for the patient’s recovery and highlights the
indirect calorimetry as an essential factor for the assess-
ment of patient’s caloric needs (24).

In a prospective cohort study (PROTINVENT),
critically ill patients were divided according to calorie
intake in three groups: hypocaloric (less than 80% ca-
loric needs), normocaloric (80-100% caloric needs), and
hypercaloric intake (more than 110% caloric needs), with
a desired protein intake from 1.5 up to 2g/kg/day. The
conclusion of this study was that late medium protein
and late high energy intake were associated with surviv-
al benefit in septic patient; on the other hand, early high
protein intake was associated with higher 6-month mor-
tality, while late protein intake higher than 0.8g/kg/day
was proven to be beneficial (25). In an EFFORT Protein
international, randomized, multicentre study the pro-
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tein intake was initiated within 96 hours of ICU admis-
sion. The patients were divided into two groups; the first
group was receiving high doses of proteins (at least 2.2g/
kg/day, or more), while the second group was receiving
the usual doses of proteins (1.2g/kg/day or less). Calorie
intake was not controlled. In conclusion, it was highlight-
ed that the protein intake of 1.2g/kg/day was reasonable
and safe for critically ill patients, while delivery of high-
er doses of protein to mechanically ventilated critically
ill patients did not improve the time-to-discharge-alive
from hospital and might have worsened outcomes for
patients with acute kidney injury and high organ failure
scores (26). Reignier et al. hypothesized that early pro-
tein and energy restriction in critically ill patients in com-
parison with a standard intake could improve treatment
outcome, but the results were surprising. There were
fewer complications in the group with restricted intake,
but without impact on mortality. The conclusion was that
low caloric and protein intake (6 kcal/ kg/day; 0.2 — 0.4
g/kg/day) compared to standard caloric and protein in-
take (25 kcal/kg/day; 1.0-1.3 g/kg/day) during the acute
phase of critical illness led to a faster recovery with fewer
complications, without affecting mortality (27).

WHY LESS PROVIDES MORE?

Reviewing the above mentioned studies, it is suggested
that in the first days of critical illness a reduced amount of
energy and protein is needed in order to achieve the best
possible results in the treatment of these patients. It could
be said that less is more. This could be explained by more
expressed catabolism, produced endogenous energy and
muscle protein degradation in the first days of critical ill-
ness. Nutritional therapy during that period could lead to
overfeedingand renalstress, which could be accompanied
by further renal damage in patients with impaired renal
function (18). Additionally, reduced energy intake and
fasting have been shown to be the most potent physio-
logical triggers for activating autophagy, which is es-
sential for defending the body against microorganisms
and for eliminating damaged or dead cells. Parenteral
nutrition itself leads to suppression of autophagy, which
has been proven in experiments on rabbits. Autophagy is
greatly reduced in the liver by parenteral nutrition, which
is a pillar of the body’s defence against detritus and patho-
genic microorganisms. Early parenteral nutrition, espe-
cially with an increased amount of amino acids and lipids,
reduces the body’s defence and should therefore be avoid-
ed during the early phase of critical illness. Intraoperative
administration of amino acids together with lidocaine
and magnesium has been shown to reduce the postoper-
ative inflammatory response, as measured by inflamma-
tion parameters. That being said, the strategy of fasting
under the first 2 to 3 days of critical illness could be justi-
fied (28-31). One of the reasons for nutritional therapy in

early stages of critical illness is an attempt to salvage the
muscles from catabolism, as well as to maintain muscle
mass. Unfortunately, this could not be possible during a
critical illness, provided that muscle strength is reduced
while myofibrils are replaced by fat tissue; moreower,
during an early parenteral nutrition this process is more
expressed. Hence, the above mentioned could be the rea-
son why the early parenteral nutrition should be avoided
during the early stages of critical illness (32).

During a critical illness, the urea-creatinine level is
increased in response to muscle wasting, which is more
expressed in traumatized patients; the higher the ratio,
the longer is the stay in the ICU and the higher is the mor-
tality rate. Increased load of amino acids leads to worsen-
ing of critical illness and deterioration of renal function.
With this in mind, the protein intake should be reduced
in the first days of critical illness in order to reduce the
urea-creatinine ratio as an indicator of catabolism. This
could explain why the use of glutamine in critically ill pa-
tients has not given the expected satisfactory results, on
the contrary, glutamine use led to liver overload. Gluta-
mine is well known as the amino acid with the most po-
tential of producing urea and glycogen, which significant-
ly overloads the liver and kidneys (14, 33,34). Nutritional
therapy is known to suppress ketogenesis, while fasting
activates lipolysis and ketogenesis. Ketogenesis is of great
importance in critical illness for the following reasons:
ketone bodies are a great alternative to glucose in the
brain and cardiomyocytes during the first days of critical
illness, they have a signaling role in activating an immune
response, autophagy, activating muscle regeneration, as
well as having anti-inflammatory features. Therefore,
ketone bodies that are produced during fasting represent
an evolutionary mechanism of body defense (35).1t could
be concluded that early nutrition therapy, especially early
parenteral nutrition with high energy and protein intake,
should be avoided in the first three days of critical illness
on the account of introducing overfeeding, protein, ami-
no acid and carbohydrate overload, muscle catabolism,
reduced production of ketone bodies, which all lead to
higher morbidity and mortality. In short, less is more.

OTHER REQUIREMENTS

There are two key issues that nutritional therapy of crit-
ically ill patients ought to resolve — the starting time for
nutrition, and the exact amounts of protein/energy in-
take. These have, evidently, had the most impact on the
mortality and morbidity of critically ill patients. Along-
side the specific energy and amino acid needs, nutrition-
al therapy requires the implementation of glucose and
lipids or fatty acids. These amounts are added into the
daily energy needs of critically ill patients. Lipids are in-
troduced intravenously, through emulsions. It is import-
ant to highlight that the daily energy intake must include
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all the lipids, together with those introduced through the
anesthetic propofol. Taking all these lipid (or fatty acid)
sources into account, the total daily value should not ex-
ceed 1.5 g/kg/day. Daily amounts of fatty acids have to be
adjusted individually, according to each patient’s needs.
Consequently, their triglyceride and cholesterol values
require monitoring. If the values rise, the intake has to be
either adjusted accordingly, or terminated completely.

Lipid emulsions used in parenteral nutrition may con-
tain polyunsaturated fatty acids of fish oil, olive or soybean
oil and their immunomodulatory role in critically ill and
septic patients has been proven. Thus, soybean oil-based
fatty acids (omega-6 fatty acids) should be avoided in
septic patients because of their pro-inflammatory effect.
Fatty acids based on fish oil (omega-3 fatty acids) have an
anti-inflammatory effect, while olive oil-based fatty acids
(omega-9, monounsaturated fatty acids) have a relatively
neutral effect on the inflammatory response. Knowing all
this, the immune response in critically ill patients could be
modified by using certain fatty acids. Implementing ome-
ga-3 fatty acids in critically ill septic patients’ nutrition
therapy has been proven to be beneficial in some aspects,
such as improved gas exchange and earlier weaning from
mechanical ventilation. However, their positive impact in
critical illness has not shown obvious proofs (36). On the
other hand, all of the three above mentioned fatty acids
are essential, meaning they are not endogenously synthe-
tized, therefore, their intake during critical illness is cru-
cial. Essential fatty acids are necessary for synthesizing
eicosanoids, from which biologically active substances are
produced (prostaglandins, leukotrienes, thromboxane).
These substances modulate the coagulum production,
regulating circulation and affect immune processes (14-
16,27,37). Nowadays, there are lipid emulsion formulas
that contain all these three essential fatty acids.

Glucose is a necessary macronutrient, as it is a basic
source of energy. Daily dose of glucose should not exceed
Smg/kg/min or 150g/day, respectively. During the first
two days it is necessary to monitor the glucose level every
4 hours. If the values of glucose exceed 10mmol/L, insu-
lin should be implemented in therapy (14-16,27,37).

Vitamins (hydrophilic and lipophilic) and micronu-
trients have an important role in metabolic processes, im-
mune response and as antioxidants in gene synthesis and
reparation. Therefore, it is necessary to supplement them
daily, either orally or parenterally (14-16).

COMPLICATIONS AND MONITORING OF
NUTRITIONAL THERAPY

Nutritive therapy complications arise due to two reasons:
poor planning or poor monitoring. Monitoring prevents
complications that result from nutritive therapy treat-
ment, such as metabolic, infectious or mechanic com-
plications, as well as thrombosis. Electrolyte imbalance

is particularly significant since it could lead to refeeding
syndrome. For that reason, a careful daily monitoring of
electrolyte and biochemical panel prevents any further
electrolyte imbalance as well as increased urea and creat-
inine levels. Refeeding syndrome is a metabolic disorder
that occurs during the transition from the fasting state to
a state of food intake during the initial phase of nutrition-
al therapy in patients who are severely malnourished or
are in a state of stress due to a critical illness. That be-
ing the case, gradual intake of food with daily electrolyte
monitoring should be carefully planned. Particular at-
tention should be paid to the potassium, sodium, phos-
phorus and magnesium levels. Main refeeding syndrome
symptoms include arrhythmias, decompensated heart
failure, breathing disorders, vision disorders, and neuro-
logical disorders. Potassium, sodium, phosphorus, mag-
nesium and thiamine supplementation should be applied
from the first day of nutritional therapy in patients who
are at arisk of developing refeeding syndrome. Thiamine
is an essential vitamin that has a role as a coenzyme in
the Krebs cycle and is necessary for the conversion of
glucose into adenosine triphosphate (ATP). Along with
other vitamins, thiamine should be given 200 to 300 mg
per os, or intravenously daily (8,31,37-39). During the
fasting phase, a decomposition of cells begins since there
is no energy that would activate the Na-K pump whose
role maintains osmotic equilibrium between intracellu-
lar and extracellular space. Once the Na-K pump ceases
to function, cellular death occurs. The beginning of food
intake, whether enterally or parenterally, the organism
receives the necessary nutrients for cell reconstruction
and energy for activating Na-K pump. In order to create
energy, sufficient amounts of thiamine and phosphorus
are needed. As a result, phosphorus starts building up in
this energetic carrier, as well as in cell membranes, all of
which leads to hypophosphatemia. With the appearance
of ATP alarge number of Na-K pumps are activated, with
the aim of maintaining the newly created cells that pump
potassium into the cell. This results in hypokalaemia and
hypomagnesemia.

Hyperbilirubinemia and acalculous cholecystitis are
frequent complications that occur after a long-term ap-
plication of parenteral nutrition, although these compli-
cations can arise shortly after implementing the therapy.
It is a result of certain components’ toxicity, as well as
overfeeding. The main symptoms are abdominal pain and
discomfort followed by elevated transaminase and lac-
tate dehydrogenase levels. Furthermore, elevated levels of
bilirubin have been recorded. Acalculous cholecystitis is
presented as a gallbladder dysfunction and its etiological
factors may include critical illness, fasting, weight loss, and
total parenteral nutrition. Best course of action is to termi-
nate parenteral nutrition and make a transition to enteral
nutrition or at least to exclude fatty acids from the thera-
py. Hyperbilirubinemia and acalculous cholecystitis can,
however, also occur in case of enteral nutrition (40, 41).
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Nutritive therapy monitoring is based on the labora-
tory and biochemical panel monitoring, as well as energy
needs and protein catabolism monitoring. The optimal
practice for energy needs monitoring of patients is in-
direct calorimetry. If such an approach is not available,
the nitrogen balance offers the best way to find out if the
patient’s energy needs are met. This practice allows us
to calculate the ratio of nitrogen input versus output. If
nitrogen output is greater than the input, the patient’s en-
ergy needs have not been met yet, leaving the organism to
consume its proteins for energy production. When nitro-
gen input is greater than the output, the patient has met
their energy needs and the organism no longer needs to
consume its proteins for energy production (8, 15,37,39).

CONCLUSION

Nutritional therapy is essential for critically ill patients.
The optimal route of feeding is enteral whenever possible.

Alternatively, parenteral route should be used. The basis
of nutritional therapy prescription is to determine the
necessary energy and protein amounts. Hypocaloric
and hypoproteinemic intake during the first 2 to 3 days
of critical illness is recommended. Additionally, indirect
calorimetry serves as a basis for determining nutritional
needs in critically ill patients.
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ISHRANA KOD KRITICNO OBOLELIH ODRASLIH BOLESNIKA

Ivan Palibrk*?, Marija Bukanovic¢'?, Dona Stefanovi¢?

Sazetak

Ishrana je sastavni deo terapije kriticno obolelog bole-
snika. Postavlja se pitanje kada je zapoceti, na koji nacin
i koje kolicine makro i mikronutrienata treba primeniti,
a svakako je najvaznije pitanje koja koli¢ina energije je
potrebna takvom bolesniku.

Kriticna bolest ima tri faze: early period (ranije ebb) u tra-
janju od 1 do 2 dana, late period (ranije flow phase) u
trajanju od 3 do 7 dana i late phase (phase rehabilitation
ili chronic phase). Svaka faza ima svoje karakteristike. U
prvoj fazi je izrazen jak katabolizam, koji od 3. do 4. dana
polako prelazi u anabolizam. Na osnovu toga su napra-
vljene i preporuke za ishranu kriticno obolelog.

Prvih dana kriticne bolesti ne preporucuje se pun ener-
getski i proteinski unos hrane. Dosezanje nutritivhog ci-
lja treba zapoceti tek posle 3-4 dana od pocetka kriticne
bolesti. Energetski unos treba da se krec¢e od 20 do 25
kcal/kg/dan, a proteinski od 0,8g/kg/dan uz postepeno

povecanje do 1,3 g/kg/dan po ESPEN-u. Po ASPEN-u
energetski unos treba da je od 12 do 25 kcal/kg/dan , a
proteinski od 1,2 do 2 g/kg/dan. Preporucuje se enteral-
ni unos hrane kada god je moguce, a ako on nije mogu¢
onda se primenjuje parenteralni nacin ishrane.

Rani, puni energetski i proteinski unos moze rezultova-
ti povecanim morbiditetom i mortalitetom kod kriticno
obolelog.

Za odredivanje energetskih potreba kriticno obolelog
bolesnika preporucuje se koris¢enje indirektne kalori-
metrije.

Zakljucak: Kriticno obolelog treba hraniti. Koliko god
je moguce ishrana treba da bude enteralnim putem.
Bilo da je ona enteralna ili parenteralna, unos energije i
proteina treba da je postepen. Preskripcija nutritivne te-
rapije treba da je individualna, prilagodena potrebama
bolesnika.

Kljucne reci: kriticna bolest, enteralna ishrana, intenzivno lecenje, parenteralna ishrana
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Summary

Introduction: Electrical burn injuries present a major public health
issue in industrialized countries, and unlike electrical arc flash burns,
they often result in deeper and more extensive injuries, especially
in hands and feet. When choosing from the range of reconstructive
modalities, prompt coverage of exposed defects is imperative, ensur-
ing a better functional and cosmetic outcome.

Patient review: A 26-year-old male was admitted into our facility’s
Burns Unit following a high-voltage electrical burn injuries sustained
on the same day. After several debridement sessions, the left foot
was left with a 100 square centimeter dorsal surface defect with the
involvement of ankle joint region. The defect was covered using In-
tegra® Dermal Regeneration Template (IDRT) with a 100% success
rate both with the template and later split-thickness skin graft (STSG)
application. There were no reported perioperative complications,
with satisfactory cosmetic and functional results at the 6-month fol-
low-up.

Conclusion: IDRT can be considered a good surgical choice for effec-
tive defect coverage with satisfactory results. Nevertheless, the final
outcome and patient recovery also often depend on a multitude of
other factors, such as the defect size and the involvement of under-
lying structures.

Key words: electrical burn injuries, foot defect, Integra® Dermal Re-
generation Template, skin graft
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INTRODUCTION

Electrical burn injuries present a major public health
issue in industrialized societies due to the serious out-
comes they can have and large socioeconomic burden
they present. Although they account for only 0.04-5%
of all Burns Unit admissions in developed countries, the
incidence can go as high as 27% in developing countries
(1). Unlike electrical arc flash burns in which there is no
current passage through the body, in electrical burns the
current passes through the body often resulting in deeper
and more extensive injuries with therefore higher mor-
bidity and mortality (2). The hands are the most com-
mon entry point, followed by the head, while the feet are
usually the ground point (3). With these types of tissue
loss in extremities the primary wound closure is often un-
successful and wounds are left to heal by secondary inten-
tion which involves granulation tissue filling the defect
and marginal epidermal cells spreading from the wound
edges, covering the tissue and forming a scar. These types
of scars have a much higher contraction rate and, in most
cases, adhere much more to the underlying structures,
thus jeopardizing later extremity function (4). Using var-
ious reconstructive procedures does not only restore skin
integrity more quickly, but it also shortens healing time,
resulting in better functional and cosmetic outcomes (5).
One of the many tools in plastic surgeon’s arsenal are the
acellular dermal matrices (6).

Integra Dermal Regeneration Template (IDRT) is an
acellular bilayer membrane consisting of a cross-linked
bovine tendon collagen and glycosaminoglycan matrix
covered by a semipermeable silicone layer. This design
ensures immediate coverage of large surface defects of
different etiology (burns, trauma, tumors), followed by
dermal regeneration which goes through four distinct
histologic stages: imbibition, fibroblast migration, neo-
vascularization, and remodeling and maturation (7,8).
During dermal regeneration the silicone layer provides
flexible but adherent coverage of the wound while in-
creasing the tear strength of the template, ensuring

after the removal of IDRT s silicone layer.

moisture control, and serving as an infection barrier (7).
IDRT based reconstruction is typically two-staged, with
the second stage taking place in 2-3 weeks and involving
coverage of formed neodermis using split-thickness skin
grafts (STSG) (8). In this article we present a case of a
large electrical burn injury dorsal foot defect involving
the ankle joint region managed by using IDRT.

CASE REPORT

We present a case of a 26-year-old male admitted to our fa-
cility’s Burns Unit following high-voltage electrical burn
injuries of multiple body parts sustained on the same day
while performing reparations on a transformation sta-
tion. The patient was initially admitted to the local hos-
pital and then promptly referred to our facility for further
treatment. Upon arrival, the patient underwent a thor-
ough assessment and stabilization of his hemodynamic
status. In later course multiple debridement sessions of
devitalized tissue were performed. Since the injury dis-
tribution included the perianal region, a colostomy bag
was derived. Dressing changes were performed regularly
every 2 days. The patient was also treated using Hyper-
baric Oxygen Therapy (HBOT). After final debridement
session the foot was left with a defect that measured 100
square centimeters in size and covered the proximal part
of the dorsum and ankle joint, with the underlying joint
capsule remaining intact (Figure 1a). On the post-admis-
sion day 18, after surgical wound-bed preparation, Integ-
ra® Dermal Regeneration Template (IDRT) was placed
and fixated using non-absorbable single sutures. Regular
dressing changes were performed every 2-3 days, in cor-
relation with the template’s local status, and 18 days lat-
er the outer silicone layer was removed (Figure 1b), and
wound bed covered using split-thickness skin graft (0.2
mm) harvested from the right calf region. Due to the ex-
tent of burn injuries, the 5 toe of the left foot was partial-
ly amputated with the wound closed directly using single
non-absorbable sutures. No postoperative complications

Figure 1. Surgical treatment of the exposed foot defect: (a) the defect size after a number of debridement sessions; (b) neodermal wound bed
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Figure 2. Functional and aesthetic outcomes at the 6-month follow-up session. Intact dorsal and plantar flexion can be noted.

were observed, with both IDRT and STSG acceptance
rates at 100%. Due to the extent of his injuries and the re-
quirement of other reconstructive procedures, the patient
was hospitalized for additional 43 days, after which he
was discharged and later followed by outpatient visits. No
STSG failure or additional skin disruption was observed
during a 6-month outpatient follow-up (Figure 2).

DISCUSSION

Theuse of Integra® Dermal Regeneration Template (IDRT)
has been described on multiple occasions in the literature
for covering wide spectrum of injuries such as burns and
trauma, and post-oncologic resection defects (6). Although
it was first synthesized as a primary skin replacement in
treatment of extensive burns, its many advantages showed
that it can be a very good solution, especially in defects in-
volving regions with high functional requirements such as
hands and feet. Although there is a substantial number of
papers regarding the use of IDRT, only a handful have de-
scribed its specific use on foot defects (9,10).

Furthermore, the published articles were generally
focused on post-traumatic defects or chronic wounds
(5,9,10), with no references to electrical burn injuries.
These types of injuries present a real surgical challenge
for multiple reasons. Firstly, the body distribution of
burned tissue can often be quite unpredictable, both re-
garding the Total Body Surface Area (TBSA) involved,

as well as the depth and underlaying structures involve-
ment. More complex procedures, such as axial or micro-
vascular flaps require healthy blood vessels unaffected by
the passing electrical current which can lead to endothe-
lial and smooth muscle disfunction, increasing the future
risk of thrombosis or stenosis in the injured region (11).
For these patients, acellular dermal matrices (ADMs) of-
fer a better chance of reducing the donor site morbidity
and leaving the potential donor sites available for cover-
ing more urgent exposed regions.

Even if the IDRT does fail, no native patient tissue is
lost, and donor region morbidity is avoided. The lack of
donor region has also allowed this method to be espe-
cially advantageous in elderly patients, or with patients
not suitable for general anesthesia involved in longer and
more complex reconstructive procedures, such as free
flap surgery (12). IDRT application can be done in both
local or regional anesthesia, and the two-staged approach
provides dressing changes being done in an outpatient
setting thus reducing the hospital stay duration and costs.

Using DRT as a reconstructive tool also allows better
contouringin cases of extensive tissue loss. Even if the ini-
tial resurfacing is inadequate and not bulky enough, the
procedure can be repeated multiple times, with multiple
layers of IDRT offering aesthetically a more pleasing scar
and avoiding over bulking commonly seen with pedicle
flap reconstruction (5). Opposite to flap surgery, using
skin grafting as a method of choice often leads in the hol-
low appearance, when compared to the unaffected foot.
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Shortening the grafting time allows lesser scar tissue de-
velopment which improves the final aesthetic and func-
tional outcomes. In their study, Weigert et al. reported
that the use of IDRT lead to more rapid restoration of ex-
tremity function regarding everyday living activities (5).

Amplifying the IDRT take rate can also be achieved
using Negative Pressure Wound Therapy (NPWT) as a
bolster, which strengthens the template’s adherence to
the wound bed. In a study conducted on a series of 16
combat-related wounds, Helgeson et al. reported an over-
all success rate of 83% while using this method (10), while
Park et al. reported a 100 % success rate, with no compli-
cations during a 3-month follow-up period (13).

Some disadvantages of IDRT use are the need for a
two-stage reconstruction with regular dressing changes
done by individual versed in IDRT-based reconstruction
management, the risk of infection or hematoma resulting
in DRT failure, and its high price per square centimeter
which makes it unavailable in limited resources clinical
settings. The infection could be avoided by providing a
clean well prepared wound bed, using meticulous wound
handling techniques during and after the surgery, using
preventive dressing options such as nanocrystalline silver
dressings, and antibiotic prophylaxis (14).

Regardless of the reconstruction method used, sur-
geons should fully inform the patients of the primary
goals of the procedure (defect closure), and the impact
of the initial trauma damage on later functional recovery.

CONCLUSION

Integra® Dermal Regeneration Template can be a valu-
able tool for covering a wide spectrum of foot defects, of-
ten resulting in very satisfactory functional and aesthetic
results. Nevertheless, the patient should always be fully
informed that final results also vary and depend on mul-
tiple factors, such as the initial defect size and the under-
lying structures involved.
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UPOTREBA INTEGRA® DERMALNE REGENERATIVNE PLOCE U REKONSTRUKCLJI
DEFEKTA STOPALA ZAOSTALOG NAKON ELEKTROKUCIJE- PRIKAZ SLUCAJA

Marko Jovi¢t 2, Branko Sudecki?, Biljana Certi¢t, Jelena Isakovi¢ Suboti¢?, Milana Jurisi¢?, Milana Marinkovi¢?,

Milan Jovanovic¢®2, Milan Stojicict-2, Jelena Jeremic*?

Sazetak

Uvod: Elektrokucije predstavljaju veliki javno zdravstve-
ni problem u industrijski razvijenim zemljama jer za razli-
ku od elektrokombustija izazvanih voltinim lukom ¢esto
rezultuju dubljim i ekstenzivnijim povredama, posebno
Saka i stopala. Prilikom odabira rekonstruktivnih opcija,
promptno pokrivanje defekta ima prioritet jer obezbe-
duje pacijentima bolji funkcionalni i estetski rezultat.

Prikaz slucaja: Muskarac star 26 godina primljen je u
Jedinicu intenzivnog lecenja odeljenja opekotina nase
ustanove radi le¢enja povreda zadobijenih visokovolta-
znom elektrokucijom istog dana. Nakon vise sukcesivnih
nekrektomija devitalizovanog tkiva, zaostao je defekt
velicine oko 100 cm? koji zahvata skocni zglob i dorzum

levog stopala. Defekt je rekonstruisan u dva akta, upo-
trebom Integra® Dermalne Regenerativne Ploce (IDRP),
sa stoprocentnim stepenom prihvatanja kako ploce,
tako i autotransplantata koze parcijalne debljine. Post-
operativni tok pacijenta protekao je bez komplikacija uz
postignute zadovoljavajuce funkcionalne i estetske re-
zultate na Sestomesec¢nom kontrolnom pregledu.

Zakljucak: IDRP predstavlja dobar izbor za efektivno
pokrivanje defekta uz postizanje zadovoljavajucih rezul-
tata. Medutim, finalni ishod lecenja i stepen oporavka
Cesto zavise i od mnogobrojnih drugih faktora kao sto
su velicina defekta i zahvacenost dubljih struktura po-
vredom.

Kljucne reci: elektrokucije, opekotinske povrede, stopalo, Integra® Dermalna Regenerativna Ploca, autotransplantat

Primljen: 16.12.2023. | Revizija: 08.04.2024. | Prihvacen: 30.05.2024.

Medicinska istazivanja 2024; 57(3):161-165

| 165



166 |



Medicinska istazivanja 2024; 57(3):167-171 | DOI: 10.5937/medi57-50143

G OPEN ACCESS

Medical Research | Published by Faculty of Medicine University of Belgrade

CASE REPORT

e IVERSITY OF 0
MEONLNHCKN ’—\IH(HH\ OF
DAKY/TET L) MEDICINE

Sudden death in anorexia nervosa: exploring the mechanism of

death

Bogdanovic¢ Milenko™?, Popovic¢ Vesna !, Atanasijevi¢ Tatjana~?, Radni¢ Bojana™",
Petrovic¢ Tijana™?, =MiloSevic¢ Veljko™*

1 Institute of Forensic Medicine “Milovan Milovanovi¢”, University of Belgrade, Faculty of Medicine, Belgrade,

Serbia

Recived: 30 March 2024

Revised: 13 May 2024

Accepted: 15 May 2024 Check for
updates

Funding information:

This work was supported by the Ministry of
Science of the Republic of Serbia, Grant No.
175093

Copyright: © 2024 Medicinska istraZivanja

Licence:

This is an open access article distributed under
the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author and source are
credited.

Competing interests:
The authors have declared that no competing
interests exist

=4 Correspondence to:

Milosevi¢ Veljko

Institute of Forensic Medicine “Milovan
Milovanovi¢’, University of Belgrade, Faculty of
Medicine

31a Deligradska Street. 11000 Belgrade, Serbia

E-mail: veljkomilosevic97@gmail.com

Summary

Introduction: Anorexia nervosa (AN) is a severe chronic psychiatric
disorder with often underestimated prevalence. Patients suffering
from anorexia nervosa can die from natural causes, such as severe
heart problems, organ failure, or malnutrition, as well as from unnat-
ural causes, such as suicide. However, the mechanism of death in an-
orexia nervosa is poorly understood.

Patient review: Our paper describes a case of sudden death in a
22-year-old woman suffering from anorexia nervosa. The autopsy
showed severe malnutrition. Upon opening the abdominal cavity,
extremely dilated stomach (without signs of wall necrosis or rupture)
was noted. Biochemical findings showed that the vitreous chloride,
sodium and potassium levels were markedly low, suggesting ante-
mortem significant hypokalemia. There were no biochemical signs
of severe hypoglycemia and dehydration. As cardiac disease is a
significant cause of death in AN, aggravation caused by concurrent
biochemical derangement must be taken into account. It is possible
that gastric dilatation has a role in the occurrence of death, but this
remains questionable.

Conclusion: In this case, the possible mechanism of death could have
been a disruption of heart rhythm in an arrhythmogenic state due to an
electrolyte imbalance or vagal activation related to gastric dilatation.
Key words: anorexia nervosa, gastric dilatation, arrhythmia, sudden
death, autopsy
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INTRODUCTION

Anorexia nervosa (AN) is a severe chronic psychiatric
disorder with often underestimated prevalence. The
mortality rate of the patients suffering from AN from all
causes of death is higher than that of the general popu-
lation (1).

AN patients can die from natural causes, such as se-
vere heart problems, organ failure, or malnutrition, as
well as from unnatural causes, such as suicide. However,
mechanism of death in AN is poorly understood (2, 3).
Many patients with AN struggle with various digestive
symptoms. In this case, we noticed gastric dilatation in
autopsy. Since the first description of acute gastric dila-
tation in 1833, there has been an ample amount of cas-
es documented in literature (4). Generally, the cause of
gastric dilatation is difficult to pinpoint (5). This condi-
tion may be the result of mechanical and/or neurogenic
factors and may appear in individuals with physical and
mental impairment (AN). In addition to eating disorders,
gastric dilatation has been reported to result from superi-
or mesenteric artery syndrome, volvulus of hiatal herni-
as, trauma resuscitation, medications, air swallowing due
to neuromuscular incoordination, diabetes mellitus, and
other conditions (3,6,7,8,).

In this paper, we shall present a case of a young an-
orectic woman who died suddenly and discuss possible
mechanisms of death.

CASE REPORT

A22-year-old female was found dead in her bedroom bed.
According to heteroanamnestic data, she had suffered
from anorexia nervosa for five years. That day, accord-
ing to her mother’s statement, she had a meal for the first
time in two days. She rapidly consumed porridge (ap-
proximately 400 ml) and one apple and she drank about
600 ml of tea. A few minutes later (without history of any
symptoms) the woman lost consciousness and died. The
autopsy was performed two days later.

The deceased was extremely underweight — she
weighed only 23 kg and was 161 cm tall (BMI 8.9 kg/m2)
(Figure 1). There were no signs of external or internal
injuries. The abdomen was not distended. Upon open-
ing the abdominal cavity, extremely dilated stomach was
noted (Figure 2). It completely filled the abdominal and
partially the pelvic cavity (extending from the xiphoid
to the bladder). Its vertical diameter was around 40 cm,
while its horizontal diameter amounted to around 30 cm.
When the stomach was opened, it revealed around 1.2 1 of
undigested content. The gastric wall was of usual color,
without necrosis. The gallbladder was highly distended.
The intestines contained a small amount of semisolid fe-
cal content. There were no obstructions, ascites, perito-
nitis or depositions of fibrin in the digestive tract. The di-
aphragm was not elevated. All organs were small in size,
yet without obvious signs of dehydration.

Figure 1. The patient’s body was poorly nourished with body mass of only 21 kg (BMI 8,6 kg/m?).
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Toxicological testing was negative for alcohol and
drugs. Biochemical findings showed vitreous chloride,
sodium and potassium in the following concentrations:
78 mmol/], 116 mmol/] and 9.86 mmol/], respectively.
The vitreous glucose, and urea levels were 4.1 mmol/]
and 28 mmol/], respectively; no ketones were found.

Finally, the underlying cause of death was AN, and
the possible mechanism of death could have been a dis-
ruption of heart rhythm due to an electrolyte imbalance
or vagal activation related to gastric dilatation.

DISCUSSION

Long-term complications of AN include cardiovascu-
lar, gastrointestinal, endocrinological, hematological,
psychiatric, fertility and pregnancy disorders (9). Rec-
ognized cardiovascular complications in these patients
include numerous structural, hemodynamic, conduc-
tion, repolarization and peripheral vascular changes (9).
Although ischemic heart disease and acute coronary syn-
drome are sparsely described in AN patients, definitive
data in support of an increased risk of atherosclerotic vas-
cular disease in anorexia nervosa population are lacking.

Literature does suggest that anorexia nervosa could be
associated with sudden death (8, 11). As precise etiolo-
gy behind the increased risk of sudden cardiac death in
anorexia nervosa remains unclear, the prolongation of
the QT interval has been suggested as a potential cause
because of its well-known association with torsade de
pointes (12, 13). However, more recently it has been re-
ported that anorexia nervosa might not be inherently as-
sociated with QT prolongation; rather, when it is present
on electrocardiography, it should point towards second-
ary causes, such as electrolyte aberrations (hypokalemia,
hypomagnesemia), or medications known to prolong the
QT interval (9). Therefore, cardiac disease is a significant
cause of death in AN, aggravated by concurrent biochem-
ical derangement due to poor food intake and/or purging.
That being said, arrhythmogenic complications due to
severe hypokalemia that was proven in this case cannot
be excluded and, may have, indeed, played a significant
role in causing the young woman’s death. Furthermore,

autonomic dysfunction in AN has been in the focus of
numerous studies. Some researchers showed that the car-
diac vagal tone was higher in AN patients compared to
the healthy control group (14). However, autonomic dys-
function and heart rhythm disorders cannot be proven in
a postmortem examination.

In case of starvation, the immediate cause of death
could be dehydration. Hypoglycemic coma is also re-
ported in literature as one of the immediate causes of
death (15). The vitreous levels of sodium, chloride and
potassium, glucose level and ketones were measured and,
even though it is well-known that the concentrations of
many natural chemical substances in the corpse are rap-
idly distorted by postmortem autolysis (16), certain post-
mortem values of electrolytes might be indicative of their
antemortem levels. The concentrations of sodium and
chloride decrease after death, while the potassium level
rises. Elevated vitreous levels of chloride (>135 mmol/1)
and sodium (>155mmol/I) are indicative of antemortem
dehydration, which is not the case in this paper. The level
of potassium was low, even for a 2-day postmortem pe-
riod, suggesting antemortem hypokalemia that, as we
have previously stated, could have been the cause of ar-
rhythmia. Vitreous glucose level was 4.1 mmol/l, while
the analysis showed no ketones. In relation to hypogly-
cemia, vitreous glucose level below 1.4 mmol/l was taken
by Sturner et all. to be an indication of low antemortem
glucose level (16).

Anemia, leukopenia and thrombocytopenia are com-
mon findings in AN patients. In those patients, the diag-
nosis of infection could be delayed due to the absence of
inflammatory and febrile response. In our case, we did
not find any signs of infection (17).

In this case, the finding of gastric dilatation was very
interesting. Acute gastric dilatation is recognized and de-
scribed as gastrointestinal complication of AN (8). The
symptoms of gastric dilatation can be vague, patients
often present with emesis and gradual abdominal disten-
tion with pain, but in this case there were no data about
prominent gastrointestinal symptomatology.

Acute gastric dilatation is defined as a condition in
which the gastric wall rapidly loses its tension, and the
gastric lumen is filled with gas and secretions, leading to
rapid distention in the absence of structural obstruction
in the stomach and/or duodenum (18). In the presented
case, there was no structural obstruction in the stomach
and/or duodenum. Literature describes deaths related to
severe stomach dilatation followed by wall necrosis. In the
described cases, high intragastric pressure overwhelms
gastric venous pressure, producing ischemia, necrosis and
finally the perforation of the gastric wall (8,11). In the pre-
sented case, there were no such complications. Fatalities
following acute gastric dilatation without wall necrosis
and rupture are rarely described and discussed, which
is why the question is raised about the cause of death in
those cases. Acute gastric dilatation accompanied by in-
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creased intra-abdominal pressure and compression of the
inferior vena cava may result in the congestion of bilateral
lower limbs. In the case reported by Sincina, the inferior
vena cava was compressed between dilated duodenum
and vertebral bodies (19). Overextension of the gastric
wall could induce peritoneal stimulation and vasovagal
reflex, contributing to neurogenic shock (11, 19, 20). This
is an example of distributive shock resulting from im-
balance of sympathetic and parasympathetic regulation
of vascular smooth muscles and heart rate. Also, acute
gastric distension accompanied with increased intra-ab-
dominal pressure could lead to diaphragmatic elevation
and consequent limitation of respiratory movement.
Space-restrictive disturbances in the thoracic cavity may
also lead to the fatal outcome (6, 21). Therefore, all of the
above suggests that acute gastric dilatation could be con-
sidered the cause of sudden death. However, the patient
presented in this paper did not have any of the previously
described complications. The role of gastric dilatation in
the occurrence of death remains questionable.

The cause and mode of death in the presented case
can be discussed. The absence of peritoneal irritation,
ischemia and necrosis of the stomach wall, as well as fi-
brin deposits associated with liquid blood, suggest rapid
death. It is possible that the previous heavy cachexia con-
tributed to faster death; therefore, “there was not enough
time” for the development of intestine necrosis and sub-
sequent perforation and peritonitis.
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NAPRASNA SMRT U SLUCAJU ANOREKSIJE NERVOZE: RAZMATRANJE

MEHANIZAMA UMIRANJA

Bogdanovi¢ Milenko?, Popovi¢ Vesna?, Atanasijevi¢ Tatjana?, Radni¢ Bojana?, Petrovi¢ Tijana?, MiloSevic Veljko?

Sazetak

Uvod: Anoreksija nervoza je tesko hroni¢no psihijatrij-
sko oboljenje cija ta¢na ucestalost nije poznata. Pacijen-
ti sa anoreksijom nervozom mogu umreti od prirodnih
uzroka smrti, poput kardiovaskularnih bolesti, popusta-
nja organa, pothranjenosti, ili usled nasilnih uzroka smr-
ti, kao Sto je samoubistvo. U svakom sluc¢aju, mehanizam
umiranja kod anoreksije nervoze nije do kraja istrazen.

Prikaz slucaja: Opisujemo slucaj iznenadne smrti mla-
de Zene stare 22 godine koja je bolovala od anoreksije
nervoze. Na obdukciji je pokazana teska pothranjenost.
Neposredno po otvaranju trbusne duplje uoceno je da
je zeludac izrazito dilatiran (bez postojanja znakova ne-
kroze ili rupture). Biohemijskom analizom uzorka te¢no-
sti staklastog tela pokazano je da su vrednosti hlorida,
natrijuma i kalijuma izrazito niske, ukazujuci na znacajnu

antemortalnu hipokalijemiju. Biohemijski nisu pokazani
znaci ozbiljnije hipoglikemije i dehidratacije. Imajuci u
vidu da su kardiovaskularne bolesti znacajan uzrok smrti
kod osoba sa anoreksijom nervozom, pogorsanje kardi-
ovaskularne bolesti je moglo bitiizazvano poremecajem
elektrolita Sto se mora uzeti u razmatranje. Potencijalno
je moguc uticaj dilatacije zeluca na pogorsanje kardio-
vaskularne bolesti i smrtni ishod i kao takvog ga treba
uzeti u razmatranje, ali ovo ostaje nejasno.

Zakljucak: Mogudi mehanizam umiranja u ovom sluca-
ju bi mogao biti poremecaj sr¢anog ritma nastao usled
proaritmogenog stanja izazvanog poremecajem elek-
trolita ili usled vagalne aktivacije izazvane dilatiranim
Zelucem.

Kljucne reci: anoreksija nervoza, dilatacija zeluca, aritmija, iznenadna smrt, obdukcija
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