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Abstract: Cerebral venous sinus thrombosis (CVST) as a severe neurological emergency, is repre-
sented by variable conditions in its clinic presentation, onset, risk factors, neuroimagistic features
and outcome. The genetic polymorphism of the methylenetetrahydrofolate reductase (MTHFR)
gene C677Tand A1298Cwas associated with CVST. We aimed to characterize the prevalence of
MTHFR gene polymorphisms associated with cardiovascular risk factors in the group of patients
with CVST. Also, we studied additional causes associated with CVST including local infections,
general infections, obstetric causes (pregnancy, puerperium) and head injury. This is a retrospec-
tive study including 114 patients which referred to our hospital between February 2012—February
2020. The protocol included demographic (age, sex), clinical, neuroimagistic features, paraclinic
(genetic polymorphism of MTHFR, factor V G1691A—Leiden, prothrombin G20210A PAI-1 675
4G/5G Homocysteine level, the lipid pro le, blood glucose and Glycohemoglobin HbAlc, high-
sensitive C- reactive protein- hsCRP) data, as well as treatment and outcome. The mean age was
37.55 years with a female predominance (65.79%). In the rst group of patients with inherited
thrombophilia (60 cases; 52.63%) we found genetic mutation includes MTHFR C677T (38.59%) and
A1298C(14.03%), factor VG1691A Leiden (15.78%), prothrombin G20210A(2.63%), PAI-1675 4G/5G
(42.98%), and hyperhomocysteinemia (35.08%). At the second group with other etiology of CVST,
except thrombophilia, we included 54 patients (47.36%). The most common sites of thrombosis were
the superior sagittal sinus (52.63%). Headache was the most common symptom (91.22%) and seizures
were the main clinical presentation (54.38%). The MTHFR polymorphism was signi cantly correlated
with higher total cholesterol (TC) ( p = 0.023), low- density lipoprotein cholesterol (LDL) ( p =0.008),
homocysteine level (tHcy) (p < 0.001). Inside the rst group with  MTHFR polymorphism we have
found a signi cant difference between the levels of homocysteine at the patients with  MTHFR C677T
versus MTHFR A1298Cpolymorphism ( p < 0.001). The high-sensitive C-reactive protein (hsCRP) was
increased in both groups of patients, but the level was much higher in the second group ( p =0.046).
Mortality rate was of 2.63%. Demographic, clinical and neuroimagistic presentation of CVST in our
study was similar with other studies on the matter, with a high frequency of thrombophilia causes.
MTHFR gene polymorphisms (C677Tand A1298Q are increased in prevalence in CVST. PAI-1675
4G/5Ggene mutation seems to be involved in CVST etiology. Plasma C-reactive protein level and
hyperhomocysteinemia should be considered as a prognostic factor in CVST.
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1. Introduction

Cerebral venous sinus thrombosis (CVST) represents an infrequent disorder responsi-
ble for less than 1% of all strokes [1] that can lead to signi cant morbidity and mortality,
affecting young individuals. CVST, a severe neurological emergency is a variable condi-
tion in its clinical presentation, onset, risk factors, neuroimaging and outcome, making
the diagnosis challenging [1,2]. CVST was considered an infectious disease for a long
period but more recently its pathogenesis has been shown to be multifactorial with a key
role for thrombophilia [ 3]. In the International Study on Cerebral Vein and Dural Sinus
Thrombosis (ISCVT) genetic and acquired thrombophilia includes protein C, protein S and
antithrombin de ciency, factor V Leiden mutation, prothrombin gene mutation as well as
hyperhomocysteinemia [ 4]. Genetic polymorphism of methylenetetrahydrofolate reductase
(MTHFR) gene C677Tand A1298Cwas lately correlated with CVST. The aim of our study
was to investigate the prevalence of MTHFR gene polymorphisms, factor V. G1691ALeiden
mutation, prothrombin G20210Amutation, plasminogen- activator inhibitor PAI-1 675
4G/5Gmutation and hyperhomocysteinemia correlated with cardiovascular risk factors in
the group of patients with CVST. Hyperhomocysteinemia is considered an independent
risk factor, potentially modi able, for cardioembolic stroke but it is possible to exist the
link with CVST. Cytosine (C) to thymine (T) substitution at position 677 inthe MTHFR
gene represents the most studied genetic variant, revealing the strongest correlation with
elevated homocysteine (tHcy) values [4]. Apparently, the MTHFR gene could have a
role in lipid metabolism too [ 5]. Hermans et al. [6] suggest that the MTHFR C677T poly-
morphism confers a higher risk for stroke to both homozygous and heterozygous T allele
carriers. The impact of the MTHFR polymorphism on stroke may result from T allele-linked
deleterious effects or C allele-linked protection; however, the authors consider that more
studies are needed to support this hypothesis [ 6]. Also, we studied additional causes and
risk factors correlated with CVST including local infections, general infections, obstetric
causes (pregnancy, puerperium), head injury, direct injury after ethmoidal puncture for
frontal sinusitis.

2. Materials and Methods
2.1. Patient Population

This is a retrospective study including 114 patients (75 females and 39 males) referred
to the Neurology Department of Timisoara County Emergency Clinical Hospital between
February 2012—February 2020 among 12,840 stroke admission, which represent 0.88%. De-
mographic (sex, age), clinical, computed tomography, magnetic resonance imaging (MRI),
magnetic resonance venography (MRV), paraclinic (genetic polymorphism of MTHFR,
factor V G1691ALeiden, prothrombin G20210A, PAI-1 675 4G/5Ghomocysteine level, the
lipid pro le, blood glucose and glycohemoglobin —HbAlc, high- sensitive C-reactive pro-
tein —hsCRP) data as well as other cardiovascular risk factors such as hypertension, systolic
blood pressure, diastolic blood pressure, carotid atheromatosis detected with extracranial
Doppler ultrasound and measured by intima- media thickness (IMT), were all considered.

We classi ed patient population into two groups. In the rst group we included 60
patients with genetic thrombophilia, with MTHFR polymorphisms C677Tand A1298C
These patients had also other genetic mutation like factor V G1691A Leiden mutation (18
cases; 15.78%), prothrombinG20210Amutation (3 cases; 2.63%)PAl-1 675 4G/5Gmutation
(49 cases; 42.98%) without infectious causes. At the second group with other etiology
of CVST, except thrombophilia, we included 54 patients. Local infections such as otitis,
mastoiditis, maxilar sinusitis, dental abscess of the upper jaw and general infections like
meningoencephalitis with HZV were all considered. We included into the second group
patients with any condition that leads to a prothrombotic state such as pregnancy, puer-
perium, oral contraceptives use, complicated with septic conditions. In this second group
with septic intracranial venous and sinus thrombosis we identi ed patients with direct
head injury or after an ethmoidal puncture for frontal sinusitis. In the study were included
patients previously diagnosed with comorbidities such as hypertension, carotid athero-
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matosis, type Il diabetes mellitus (T2DM) and dyslipidemia. The exclusion criteria were:
diagnosis of brain tumors and other oncologic pathologies and also psychiatric. The study
was approved by Ethics Committee for Clinical Studies of the Timisoara County Emergency
Clinical Hospital (Registration number: 4/29.01.2019, conformed to the Declaration of
Helsinki). The written informed consent for study enroliment was obtained from every
patient which was part of the study.

2.2. Clinical and Biochemical Evaluation

The clinical evaluation included a physical neurological examination, evaluation of
neurological clinical condition and also the measurement of systolic and diastolic blood
pressure. Blood pressure was determined according with the European Guidelines on
Cardiovascular Disease Prevention in Clinical Practice [7]. An electrocardiogram was
performed at every patient on admission for excluded acute heart failure.

Depending on the period between the onset of the clinical symptoms and the time
of diagnosis, the disease stages were designed as acute (<48 h), subacute (between 48 h
and 30 days) and chronic (more than 30 days), as proposed by the International Study on
Cerebral Venous and Dural Sinuses Thrombosis [8].

The paraclinical blood related investigations were performed for each patient on
admission and the results were provided by Medical Laboratory of Timisoara County
Emergencies Clinical Hospital. The lipidogram, respectively total cholesterol (TC), low-
density lipoprotein cholesterol (LDL), high- density lipoprotein cholesterol (HDL), triglyc-
erides (TGL) was determined using photometric methods. Glycohemoglobin (HbAlc) was
determined with immunoturbidimetric assay and the results were interpreted according to
American Diabetes Association (ADA) recommendations: values between 4.8-5.6% as nor-
mal, 5.7-6.4% values representing a high risk for developing T2DM and values higher than
6.5% as T2DM P,10]. High- sensitive C- reactive protein (hsCRP) was determined using a
quantitative immunoturbidimetric assay, with a linearity method between  0.01-160 mg/L.
Reference interval 5mg/L was used for interpretation [ 10]. Because elevated plasma
homocysteine levels are considered a special risk factor for cardioembolic stroke in numer-
ous studies [11-13], we included in our study this variable, evaluated a possible link with
CVST. A normal level of homocysteine in the blood is less than 15 mol/L of the blood.
Higher levels of homocysteine are split into three main categories: moderate 15-30 mol/L;
intermediate 30—100 mol/L; severe- greater than 100 mol/L [ 14].

2.3. Genetic Testing

We made genetic testing of MTHFR (C677Tand A1298Q polymorphisms, factor V
G1691A Leiden mutation, prothrombin  G20210Agene mutation, plasminogen activator-
inhibitor PAI-1 675 4G/5Ggene mutation. The intervention was performed according to
the Institution's protocols, thereby, an amount of 3—6 mL of peripheral blood was collected
from each patient in EDTA vacutainers. Genetic testing was performed at Bioclinica
Laboratories (Timisoara, Romania). Genomic DNA was extracted using QlAamp DNA
mini blood kits (Qiagen, Hilden, Germany). PCR ampli cation was made using LightCycler
480 Instrument Il Platform according to the manufacturer's (Roche Diagnostics GmbH,
Mannheim, Germany) manual instructions.

2.4. Neuroimaging

A non-contrast computer tomography (CT) was performed at every patient on ad-
mission to the emergency room. The speed and accessibility with which this test can be
obtained make it the rst test that we used in the clinical evaluation of any patient who
presents with atypical headache, focal neurological de cit, seizures, altered mental status
or coma. A direct sign of cerebral venous thrombosis is the cord sign which is a curvilinear
hyperdensity within a cortical vein in the presence of thrombosis that can be seen for up
two weeks following thrombus formation [ 15,16]. Other direct signs include hyperdensity
with a triangular shape in the superior sagittal sinus, also known as the dense triangle sign.
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Intraparenchimal hemorrhages, subarachnoid hemorrhage or infarcts may be seen on non-
contrast cerebral CT [15,16], but in some cases the CT scan was normal.

The imagistic evaluation by magnetic resonance imaging (MRI) and magnetic reso-
nance venography (MRV) was performed for every patient between the rst 48 h of ad-
mission. MRI sequences were performed with a 1.5- T MR unit (Siemens Medical Systems,
Erlangen, Germany), including T1- and T2-weighted sequences, uid- attenuated inver-
sion recovery (FLAIR) imaging sequence, diffusion- weighted imaging (DWI) sequences
with apparent diffusion coef cient (ADC) calculations, and susceptibility- weighted imag-
ing (SWI). Neuroimaging MRIs were performed and interpreted by radiologists at the
Timisoara County Emergencies Clinical Hospital. MR-angiography (three- dimensional
time-of- ight 3D-TOF sequences) and MR-venography (2D-TOF) were obtained during
the same imaging session [L7]. Considered to be the gold standard in diagnosing cerebral
venous thrombosis as it has a higher sensitivity than computer tomography [ 17]. MRl is
superior to CT when evaluating for parenchymal edema as a result of cerebral venous
thrombosis. MRI ndings are dependent on age of the thrombus, as signal intensities
change depending thrombus age. Thus, MRI interpretation requires a detailed understand-
ing of the evolutionary changes that are seen radiographically. An acutely formed thrombus
(0-7 days) is harder to detect, but by week two abnormalities are easier to detect, with
both T1 and T2- weighted images showing a hyperdense signal [ 17]. The combination of
abnormal signal in a venous sinus combined with the absence of ow on MRV con rms the
diagnosis of CVST. The venogram in minimum two plans is useful (axial, coronal and/or
sagittal). The difference of the venous and sinus thrombosis from anatomical versions and
signal loss by ow artifacts ux is dif cult and may give positive results [ 18]. The false
negative in the case of the dural sinuses thrombosis may be given by a subacute thrombus
with strong T1 hypersignal. At MR venography the superior longitudinal sinus and the
right sinus are given with an accuracy of 100%; the transverse sinus with an accuracy of
95% and the inferior longitudinal sinus with 45% [ 18]. The parenchymatous lesions occurs
with hypersignal in T2 for localized or ischemic edema. In the hemorrhagic lesions T1 and
T2 hypersignals occur often surrounded by a hypersignal black ring [ 18].

2.5. Ultrasound Evaluation of Carotid Arteries

Extracranial Doppler ultrasound for carotid arteries was performed in all patients in-
cluded in the study using an Acuson SC2000 Prime ultrasound system (Siemens Healthcare
GmbH, Erlangen, Germany). In screening to investigate the presence of carotid athero-
matosis, we have identi ed intima- media thickness (IMT) measurements, as presenting
values of <0.9 mm considered as normal. The presence/absence of carotid plaques and
carotid stenosis were also considered.

2.6. Statistical Analyses

Statistical calculations were performed using the Microsoft Excel (version 2016, Mi-
crosoft Corp., Redmond, WA, USA). The presented dataset was hypothesis- driven research.

A Chi square test was the major method used to compare different variables of the
diagnosis and numerical information. The Chi Square Test is a test that involves the use
of parameters to test the statistical signi cance of the observations under study. Because
is a nonparametric test of the statistical signi cance of a relation between two nominal or
ordinal variables it was used to analyze grosser data than do parametric tests such as t tests
and analyses of variance. Considering this, the chi-square test reports whether groups are
signi cantly different in some measured attribute or behavior.

Fisher's exact test was used to determine nonrandom associations between two cate-
gorical variables.

Odds ratio (OR) is a measure of the strength of association with an exposure and an
outcome being used for the analysis of variables. The 95% con dence interval (Cl) was
considered to estimate the precision of OR. A large Cl indicates a low level of precision of
the OR, whereas a small Cl indicates a higher precision of the OR.
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Moreover, in this article P stands for probability and measures how likely it is that
any observed difference between groups is due to chance. Considering this, p-value < 0.05
was used for signi cant differences. Statistical software gave the exact p-value and allowed
appreciation of the range of values.

Outcome of the multiple diagnoses with were compared using the Wilcoxon-Mann-
Whitney two-sample rank-sum test. The difference was quanti ed using the Hodges-
Lehmann (HL) estimator ( p-value < 0.001). This estimator (HLD) was considered the
median of the all possible differences in outcomes.

The Mann—Whitney U-test is a distribution-free test used to determine whether two
independent groups have been drawn from the same population. Mann-Whitney U test
is used to test for differences in medians. For the current scope, the test statistic U is
calculated from comparing each pair of values, one from each group, scoring these pairs 1
or 0 depending on whether the rst group observation is higher or lower than that from
the second group and summing the resulting scores over all pairs. When the median is
0, the p < 0.0001. The calculated test statistic is then referred to the appropriate table of
critical values to decide whether the null hypothesis of no difference in the location of the
two data sets can be rejected.

3. Results
3.1. Patient Population
3.1.1. Demographic Characteristics

A total 114 patients with CVST were recruited for this study. There were 75 females
and 39 males (65.78% versus 34.21%). The mean age of the patients was 37.55 years
(standard deviation SD = 11.86; range = 18-70 years). In the age groups by decades, the
highest frequency was seen in the third decade (49 cases, 42.98%).

Patients' characteristics including demographic, clinical, neuroradiological and bio-
chemical data are summarized in Table 1.

3.1.2. Etiology of CVST

Many risk factors contribute to the development of CVST. We identi ed multiple risk
factors in more than 97% of patients and only one risk factor at 3% of patients with CVST.
Inherited thrombophilia includes factor V. = G1691ALeiden mutation (18 cases; 15.78%),
prothrombin G20210Agene mutation (three cases; 2.63%)MTHFR gene polymorphism
C677T (44 cases; 38.59%) an&1298C(16 cases; 14.03%RAl-1 675 4G/5Ggene mutation
(49 cases; 42.98%), as well as hyperhomocysteinemia (40 cases; 35.08%) was found at 60
patients (52.63%) from the rst group.

At the second group with other etiology of CVST, except thrombophilia, we included
54 patients (47.36%). Local infections such as otitis, mastoiditis, maxillary sinusitis, dental
abscesses of the upper jaw (27 cases; 23.68%) and meningoencephalitis with HZV (one case;
0.87%) has been identi ed. CVST was found in any condition that leads to a prothrombotic
state, including pregnancy (four cases; 3.5%), puerperium (four cases; 3.5%) or those on
oral contraceptives use (14 cases; 12.28%). CVST may also be seen in the patients with
head injury (four cases; 3.5%) and even after an ethmoidal puncture for frontal sinusitis
(one case; 0.87%). We mentioned that the patients from the second group do not presented
any genetic mutations (MTHFR, factor V-Leiden, prothrombin and PAI-1) but 24 patients
(21.05%) had hyperhomocysteinemia.
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Table 1. Variable comparisons for MTHFR (C677Tand A1298Q gene polymorphism ( n = 60) and other etiology of CVST
(n = 54) using the Mann- Whitney U Test and Chi Square Test.

Patients Total,

With MTHFR Polymorphism

Variable n=114 (n = 60) With Other Etiology ( n =54) p
Mean Std Meaq .Std Mean Mear? .Std Mean
Deviation Dewapon Rank Dewapon Rank
(Median) (Median)
Age, years 37.55 11.86 35.1 8.48 37.73 40.27 14.33 37.63 0.221
Male, n (%) 39 (34.21%) 22 (36.66%) 21.44 17 (31.48%) 17.54 0.167
Female, n (%) 75 (65.79%) 38 (63.34%) 39.07 37 (68.51%) 35.90 0.356
HTN 1, n (%) 24 (21.05%) 14 (23.33%) 13.42 10 (18.55%) 10.56 0.172
SPBZ, mmHg 126.53 23.39 128 22.45 131.70 124.9 24.50 121.13 0.091
DBP 3, mmHg 77.85 13.18 80.91 13.6 82.04 74.44 11.92 73.26 0.132
SSSYSSS +LS 60 (52.63%) 33 (55%) 32.56 27 (50%) 27.42 0.158
LS5/LS+SP 8/LS+SS 7, n (%) 37 (32.45%) 19 (31.66%) 19.40 18 (33.33%) 17.58 0.496
Cav8. S, n (%) 17 (14.91%) 8 (13.33%) 8.55 9 (16.66%) 8.44 0.585
Factor V 2, n (%) 18 (15.78%) 18 (30%) 13.81 NA NA NA
Factor I1 19, n (%) 3 (2.63%) 3 (5%) 2.30 NA NA NA
PAI-1 11 n (%) 49 (42.98%) 49 (81.66%) 37.61 NA NA NA
tHey 12, mol/L 241 27.25 34.79 34.02 29.98 12.23 4.72 17.02 p<0.001*
TC 13 mg/dL 195.48 37.36 201.48 38.54 205.22 188.81 35.16 184.96 0.023 *
LDLc 4, mg/dL 105.34 28.44 115.35 27.47 113.78 94.25 25.44 95.76 0.008 *
HDLc 15, mg/dL 51 12.64 51.35 12.77 52.97 50.61 12.6 48.96 0.287
TGL 16, mg/dL 140.75 77.29 138.56 75.97 144.70 143.18 79.37 136.96 0.071
Blood glucose, mg/dL 95.5 2941 100.8 39.33 101.37 89.61 7.41 88.98 0.061
HbAlc 17, % 532 1.13 551 1.52 5.59 5.1 0.27 5.01 0.699
hsCRP18 mg/L 10.58 11.75 7.12 2.88 9.33 14.44 16.02 12.22 0.046 *
IMT 19, mm 0.88 0.15 0.93 0.18 0.93 0.83 0.1 0.82 0.859

* Mann-Whitney U Test and Chi Square Test signi cant difference; n = absolute number of patients; % = relative number of patients;
1 HTN, hypertension; 2 SBP, systolic blood pressure;® DBP, diastolic blood pressure; 4 SSS, superior sagittal sinus; LS, lateral sinus; 8 PS,
petrosal sinus; 7 SS, sigmoid sinus;® Cav. S, cavernous sinus;? Factor V G1691A Leiden gene mutation (polymorphic variant); 10 Factor
I1, prothrombin  G20210Agene mutation (polymorphic variant); 1! PAI-1, plasminogen activator- inhibitor gene mutation (polymorphic
variant); 2 tHcy, homocysteine; 13 TC, total cholesterol; 14 LDLc, low- density lipoprotein cholesterol; 5 HDLc, high- density lipoprotein
cholesterol; 16 TGL, triglycerides; 17 HbA1c, glycohemoglobin; 8 hsCRP, high sensitive C- reactive protein; 1° IMT, intima- media thickness.

3.1.3. Clinical Findings

The mode of onset was acute (<48 hours) in 25 patients (21.92%), subacute (48 hours-
30 days) in 80 patients (70.17%) and chronic (more than 30 days) in nine patients (7.89%).

The symptomatology varied according to the disease etiology and the location of sinus
thrombosis. CVST can present with variable sign and symptoms that include headache
(104 cases; 91.22%), benign intracranial hypertension (74 cases; 64.91%), focal neurological
de cit like hemiparesis, ataxic tetraparesis (40 cases; 35.08%), focal and generalized seizures
(62 cases; 54.38%), unexplained altered sensorium at onset (34 cases; 29.82%), cranial nerve
palsies (30 cases; 26.31%), nausea and vomiting (94 cases; 82.45%), papilledema (24 cases;
21.08%), coma at onset (three cases; 2.63%).

Patients with a history of previously documented comorbidities such as hypertension,
carotid atheromatosis, type Il diabetes mellitus (T2DM) and dyslipidemia were included
in the study. We found 24 patients (21.05%) with hypertension. The mean value of the
systolic blood pressure was 126.53 mmHg (SD, 23.39) and the mean value of diastolic blood
pressure was 77.85 mmHg (SD, 13.18) at the entire study group f = 114).

3.2. Neuroradiological Findings

A non-contrast computed tomography (CT) scan was performed at every patient on
admission to the emergency room. The CT scan was normal in 56 patients (49.12%). A
direct sign of cerebral venous thrombosis, the corn sign, was found in 32 patients (28.07%)
and intraparenchimal hemorrhages in 28 patients (24.56%).
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All patients underwent imagistic evaluation by magnetic resonance imaging (MRI)
and magnetic resonance venography (MRV) during the rst 48 h after admission. The
most common sites of thrombosis were the superior sagittal sinus (60 cases; 52.63%), the
lateral sinus (37 cases; 32.45%) and cavernous sinus (17 cases; 14.91%). The sigmoid sinus
(four cases; 3.5%) and petrosal sinus (two cases; 1.75%) were also involved. More than one
sinus was involved in 75 cases (65.78%). Parenchymal lesions were observed in 68 patients
(59.64%) and most of them had hemorrhagic infarcts localized at the fronto-parietal lobe or
at the temporal lobe, related with the topography of the cerebral sinus thrombosis. Cerebral
edema was observed at 74 cases (64.91%) and subarachnoid hemorrhage at 11 patients
(9.64%).

We describe next the most special cases, having a various clinical symptomatology;,
correlated with neuroradiological ndings.

The rst case, was a female, 26 years old, with an etiology of left otomastoiditis, hospi-
talized in super cial coma, with meningeal symptoms and HIC, psychomotor agitation
and three generalized seizures. The Grisinger sign was present at local examination of
mastoiditis. After a period of six months, at the reevaluation, the same patient did not
present any residual symptomatology related to thrombophlebitis. The imagistic features
can be seen in Figuresl and 2.

(b)

Figure 1. MR-venography 2D-TOF (2D- time of ight) in the coronal ( a) and axial (b) plane noting the absence of the ow in
the left lateral sinus (thrombosis of the left LS at the onset).

(b)

Figure 2. MR- venography 2D-TOF (2D- time of ight) in the coronal ( a) and axial (b) plane reveals permeabilization of the
left lateral sinus after six months from the onset.
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The second case was a female, 31 years old, with an etiology of thrombophlebitis
accentuated by the presence of theMTHFR C677T gene polymorphism- homozygous
phenotype. The patient was hospitalized with super cial coma, generalized seizures and
left hemiparesis. In the course of evolution, subsequent to the cerebral post thrombotic
syndrome and edematous encephalopathy, the patient presented symptomatology char-
acterized by generalized seizures under anticonvulsivant treatment and also psychical
disturbances (irritability, aggressiveness). The patient was clinically and neuroimagistic
assessed after six month and six years from the onset of the disease. The image features
can be seen in Figures3-5.

Figure 3. MR- venography Maximum Intensity Projection (MIP) range reveals thrombosis of the
superior sagittal sinus and the right lateral sinus at the onset.

Figure 4. MR- venography 3D- TOF (time of ight) reveals subarachnoid hemorrhage which accom-
panies superior sagittal sinus and right lateral sinus thrombophlebitis.
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Figure 5. MR- venography 2D- TOF (time of ight) in the coronal plane reveals the permeabilization
of the superior sagittal sinus but in the right lateral sinus persist the absence of the ow after six
years from the onset of the disease.

Extracranial Doppler ultrasound was performed in all patients included in the study
in order to detect carotid atheromathosis with intima-media thickness measurements for
the evaluation of cardiovascular risk factors (mean IMT = 0.88 mm; SD, 0.15).

3.3. Biochemical Findings

Because theMTHFR gene seems to be involved in lipid metabolism, we considered
it important in our study to detect the total cholesterol (TC; mean value = 195.48 mg/dL;
SD, 37.36), low- density lipoprotein cholesterol (LDL; mean value = 105.34 mg/dL; SD,
28.44), high- density lipoprotein cholesterol (HDL; mean value = 51mg/dL; SD, 12.64) and
triglycerides (TGL; mean value = 140.75 mg/dL; SD, 77.29).

Blood glucose and glycohemoglobin (HbAlc) was determined at all patients and the
results were interpreted according to American Diabetes Association (ADA) recommen-
dations. We found at blood glucose the mean value 95.5 mg/dL, the standard deviation
(SD), 29.41 and at the glycohemoglobin (HbA1c) the mean value was 5.32, the standard
deviation (SD), 1.13.

High- sensitive C-reactive protein (hsCRP) was determined at 114 patients and the
mean value was 10.58 mg/L and standard deviation (SD), 11.75.

The elevated plasma homocysteine levels (tHcy) are considered a special risk factor
for cardioembolic stroke in many studies and for this reason we included this variable in
our study, evaluated a possible link with CVST. At our patients ( n = 114) the mean value
was 24.10 mol/L and standard deviation (SD), 27.25.

We studied two groups of patients. In the rst group we included 60 patients with
inherited thrombophilia; all of them had MTHFR gene polymorphism ( C677T and/or
A12980Q but some of them had other polymorphism besides MTHFR. We found 44 cases
(38.59%) with MTHFR gene polymorphism C677Tand 16 cases (14.03%) withMTHFR
gene polymorphism A1298C 52 cases (45.61%) presented the homozygous genotype. In
the group with  MTHFR gene polymorphism we also included patients with factor V
G1691A Leiden mutation (18 cases, 15.78%), prothrombin G20210Agene mutation (3 cases,
2.63%),PAl-1 675 4G/5Ggene mutation (49 cases, 42.98%) as well as hyperhomocysteinemia
(40 cases, 35.08%) without infectious causes of CVST.
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At the second group with other etiology of CVST, except thrombophilia, we included
54 patients (47.36%). We mention that the patients with septic CVST do not present any
genetic mutations but 24 patients (21.05%) had hyperhomocysteinemia.

By comparing patients with inherited thrombophilia ( n = 60) with MTHFR polymor-
phism versus patients with other etiology of CVST (' n = 54) significantly increased values for
TC(201.48 38.54mg/dLvs. 188.81 35.16 mg/dL; p=0.023), LDLc (115.35 27.47 mg/dL
vs. 94.25 25.44 mg/dL; p=0.008), tHcy (34.79 34.02 mol/Lvs. 12.23  4.72 mol/L;
p<0.001), hsCRP (7.12 2.88 mg/L vs. 14.44 16.02 mg/L; p = 0.046) were found in the
rst group. There were no signi cant differences between groups regarding age ( p =0.221),
male (p = 0.167), female p = 0.356), HTN (p = 0.172), SBP g = 0.091), DBP p = 0.132),
SSS/SSS+LS{{=0.158), LS/LS+PS/LS+SS (0.496), Cav.S(= 0.585), HDL (p = 0.287), TGL
(p=0.071), blood glucose ¢ = 0.061), HbAlc (p = 0.699), IMT (p = 0.859) (Tablel).

The comparison between patients with MTHFR C677T polymorphism (n = 44) and
patients with  MTHFR A1298C polymorphism ( n = 16) revealed a significant differences
between groups regarding gender, male (16 36.37% vs. 6 37.50%;p < 0.001), female
(28 63.63% vs. 10 62.50%;p < 0.001), HTN (10 22.72% vs. 4 25%;p = 0.002),
SSS/ SSS+ LS (25 56.81% vs. 7 43.75%;p < 0.001), LS/ LS+ SP/LS+ SS (15 34.09%
vs. 5 31.25%;p < 0.001), factor V- Leiden (16 36.36% vs. 2 12.50%;p < 0.001), PAI-1
(38 86.36%vs. 11 68.75%)p<0.001), tHcy (45.05 34.13 mol/Lvs. 17.19 34.31 moll/L;
p < 0.001). There were no signi cant difference between groups regarding age (p = 0.548),
SBP 0 =0.264), DBP p =0.326), Cav. S = 0.844), factor Il (p=0.082), TC =0.108), LDLc
(p=0.292), HDLc (0.385), TGL (0.149), blood glucosef{= 0.316), HbAlc (p = 0.817), hsCRP
(p=0.745), IMT (p = 0. 923) (Table2).

Table 2. Variable comparisons for MTHFR C677T gene polymorphism (n = 44) and MTHFR A1298Cgene polymorphism
(n = 16) using Mann- Whitney U Test, Chi Square Test and Fisher's Test.

With MTHFR C677T Polymorphism With MTHFR A1298C

Variable (n=44) Polymorphism ( n = 16) P
Mean +/  Std Mean Mean +/  Std Mean
Deviation (Median) Rank Deviation (Median) Rank
Age, years 35.3 8.47 35.89 34.36 85 33.76 0.548
Male, n (%) 16 (36.37%) 13.76 6 (37.50%) 8.23 p<0.001*
Female, n (%) 28 (63.63%) 23.95 10 (62.50%) 14.04  p<0.001*
HTN 1, n (%) 10 (22.72%) 8.66 4 (25.00%) 5.33 0.002 *
SPB2, mmHg 127.61 22.51 131.03 129.06 22.62 125.63 0.264
DBP 3, mmHg 79.88 13.55 82.80 83.75 13.44 80.82 0.326
SSSYSSS + LS® 25 (56.81%) 20.88 7 (43.75%) 11.11 p<0.001*
LS/LS + SP8/LS + SS 7, n (%) 15 (34.09%) 12.73 5 (31.25%) 7.26 p<0.010*
Cav. S8, n (%) 4 (9.09%) 4.09 4 (25.00%) 3.90 0.722"
Factor V 2, n (%) 16 (36.36%) 12.71 2 (12.50%) 5.28 p<0.001 *
Factor 11 19, n (%) 0 0.78 3 (18.75%) 2.21 0.076 "
PAI-1 11, n (%) 38 (86.36%) 31.83 11 (68.75%) 17.16 p<0.001*
tHey 12, mol/L 45.05 34.13 38.82 17.19 34.31 23.41 p<0.001 *
TC 13 mg/dL 198.45 38.36 206.16 209.81 38.17 202.09 0.108
LDLc 4, mg/dL 115.2 26.74 118.06 115.62 27.51 112.75 0.292
HDLc 15, mg/dL 50.36 12.97 52.53 54.06 12.74 51.88 0.385
TGL 16, mg/dL 135.81 75.56 141.75 146.12 75.95 140.17 0.149
Blood glucose 17 100.31 39.84 103.17 102.12 39.63 99.25 0.316
HbAlc 18, % 55 1.53 5.64 5.55 1.53 5.40 0.817
hsCRP1%, mg/L 7.25 2.93 7.28 6.74 2.85 6.70 0.745
IMT 20, mm 0.92 0.18 0.94 0.94 0.18 0.91 0.923

* Mann-Whitney U Test and Chi Square Test signi cant difference; ~ Fisher's test signi cant difference; n = absolute number of patients;
% = relative number of patients; 1 HTN, hypertension; 2 SBP, systolic blood pressure;® DBP, diastolic blood pressure; 4 SSS, superior sagittal
sinus; ® LS, lateral sinus; 6 PS, petrosal sinus;’ SS, sigmoid sinus;® Cav. S, cavernous sinus;? Factor V G1691A Leiden gene mutation
(polymorphic variant); 1° Factor I, prothrombin  G20210Agene mutation (polymorphic variant); 1! PAI-1, plasminogen activator- inhibitor
gene mutation (polymorphic variant); 12 tHcy, homocysteine; 13 TC, total cholesterol; 14 LDLc, low- density lipoprotein cholesterol; 1°HDLc,
high- density lipoprotein cholesterol; 16 TGL, triglycerides; 17 Blood glucose, mg/dL; 8 HbAlc, glycohemoglobin; 1° hsCRP, high sensitive
C- reactive protein; 20 IMT, intima- media thickness.
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Using the dates from Tables 1 and 2, we compared the group of patients with  MTHFR
C677Tgene polymorphism ( n = 44) with the group of patients with other CVST etiology
(n =54). We obtained statistically significant increased val ues for TC (198.45 38.36 mg/dL
vs.188.81 35.16 mg/dL; p<0.005), LDLc (115.2 26.76 mg/dL vs. 94.25 25.44 mg/dL;
p<0.005),tHcy (45.05 34.13 mol/Lvs. 12.23 4.72 mol/L; p<0.005), IMT (0.92 0.18 mm
vs. 0.83 0.1 mm;p < 0.005). Furthermore, in the group of patients with MTHFR C677T
gene polymorphism, the following was noted: the number of women and the measured
values of cavernous sinus were statistically signi cant lower compared with the group of
patients with other etiology of CVST (28 vs. 37; 4 vs.9; p < 0.005).

We obtained the following conclusions, by comparing the values obtained by the group
patients with MTHFR A1298Cgene polymorphism ( n = 16) with the values obtained by
the group of patients with other etiology of CVST ( n = 54): the results showed statistically
signi cant increased values for IMT (0.94 0.18 mm vs. 0.83 0.01 mm; p < 0.005).
Also, the results revealed statistically signi cant decreased values between the two groups
regarding the following variables: male (6 vs. 17; p < 0.005), female (10 vs. 37p < 0.005),
SSS/SSS+LS (7 vs. 27 < 0.005), LS/LS+SP/LS+SS (ve vs. 18;p < 0.005).

3.4. Treatment

Regarding treatment methods, all patients (n = 114) were treated with unfractionated
heparin, on average for 14 days, followed by an oral anticoagulation, with the international
normalized ratio maintained between 2 and 3. The oral anticoagulation decision and
duration of this treatment was individualized. Etiological treatment was performed for
septic CVST, wide range cephalosporins (54 cases, 47.36%). Symptomatic treatment was
administered to all patients with the anticonvulsivant therapy since hospitalization and
it has been continued for those with seizures episodes even in the present (levetiracetam,
valproic acid, diazepam, propofol). Therapy of depletion with mannitol was performed
for the patients with intracranial hypertension and in the presence of papillary edema
(74 cases, 64.91%) and steroids in 24 cases (21.08%).

3.5. Evolution

The number of hospitalization days ranged between 5-35, with an average of 16 days.
Three deaths (2.63%) occurred in the acute phase in cases of patients with septic CVST and
coma at onset. Generally, the evolution was favorable. Six-month follow-up was available
for 85 patients (74.56%). Of these, sixty patients (70.58%) displayed complete recovery,
fteen patients (17.64%) had partial recovery and seven cases (8.23%) were dependent. As
residual symptoms, we included focal motor de cits, epilepsy and cerebral post-thrombotic
syndrome, accompanied by psychic disorders. These last cases showed superior sagittal
sinus thrombosis, a possible explanation could be the involved of the frontal lobe.

4. Discussion

Cerebral venous sinus thrombosis is a rare disorder responsible for less than 1% from
the total of stroke, with a higher frequency among young adul ts, females during pregnancy;,
the puerperium or who take oral contraceptives, and patient s with thrombophilia[ 17-19].
CVST can present with variable sign and symptoms that include a headache, benign
intracranial hypertension, focal neurological de cits, seizures, unexplained altered senso-
rium, which are often misleading. Thus, having a high index of suspicion for this disease
is crucial to ensure timely diagnosis and treatment [ 20-22]. CVST is an uncommon cause
of stroke accounting 0.88% of all our hospitalized patients with stroke (114 cases among
12,840 cases).

In our study, we found a young female predominance (65.79% vs. 34.21%) and the
highest frequency of occurrence in the third decade (49 cases, 42.98%). The mean age of the
patients was 37.55 years (SD = 11.86, range 18-70 years).

The onset was subacute in most of cases (80 cases, 70.17%), depend on various factors,
especially on the site, extent and rate of progression of thrombosis. The symptomatology
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was complex, in relation with the etiology of disease and the location of sinus thrombosis.

Headache was the most common symptom (104 cases, 91.22%) and benign intracranial
hypertension was the main clinical presentation (74 cases, 64.91%), followed by focal or
generalized seizures (62 cases, 54.38%) and focal neurological de cit (40 cases, 35.08%).

The most common sites of CVST in our study were the superior sagittal sinus (60 cases,
52.63%), the lateral sinus (37cases, 32.45%) and cavernous sinus (17 cases, 14.91%). More
than one sinus was involved in 75 cases (65.78%). There were no signi cant differences
between group with inherited thrombophilia and group with septic CVST regarding loca-
tion of thrombosis: superior sagittal sinus 33 cases (55%) in the rst group versus 27 cases
(50%) in the second group (p = 0.158); lateral sinus 19 cases (31.66) vs. 18 cases (33.33%)
(p = 0.496); cavernous sinus eight cases (13.33%) versus nine cases (16.66%)(0.585). The
intracranial venous anatomy is complex, and anatomic variations of important intracranial
venous structures are common. Cerebral lesions and clinical syndromes resulting from
CVST occur in patterns directed related to the venous anatomy and infarctions usually
cross a particular arterial distribution, often with hemorrhagic transformation[ 18]. The
parenchymatous lesions are represented by venous infarctions, most often hemorrhagic,
involving the cortex and the white matter close to the thrombosed vein or sinus [ 23].

Many risk factors contribute to development of CVST. We identi ed multiple risk
factors in more than 97% of patients and only one risk factor at 3% of patients with CVST.
We studied two groups of patients. In the rst group we included 60 patients (52.63%) with
inherited thrombophilia; all of them had the MTHFR gene polymorphism ( C677Tand/or
A1298Q) but some of them had other polymorphisms besides MTHFR. We found 44 cases
(38.59%) with MTHFR gene polymorphism C677T and 16 cases (14.03%) withMTHFR gene
polymorphism A1298C 52 cases (45.61%) presented the homozygous genotype. In this rst
group we also included patients with factor V. G1691A Leiden mutation (18 cases, 15.78%),
prothrombin G20210Agene mutation (three cases, 2.63%)PAl-1 675 4G/5Ggene mutation
(49 cases, 42.98%) as well as patients with hyperhomocysteinemia (40 cases, 35.08%) without
infectious causes of CVST. The genetic variants of theMTHFR gene, respectively C677T and
A1298Cpolymorphisms, have been study by numerous authors over time. Although these
genetic polymorphisms have proven to be inherited and associated with several clinical
conditions, for example cardioembolic stroke [ 24].

Our study aimed to look for the associations between genetic variants of the MTHFR
gene in CVST, localization and clinical severity of disease and also additional cardiovas-
cular risk factors involved in CVST. In the second group with other etiology of CVST,
except thrombophilia, we included 54 patients (47.36%). Local and general infection has
been identi ed at 28 patients (24.56%). CVST was found in any condition that leads to
a prothrombotic state, including pregnancy (four cases, 3.5%), puerperium (four cases,
3.5%) or those on oral contraceptives use (14 cases, 12.28%). CVST may also be seen in
the patients with head injury (four cases, 3.5%) and even after an ethmoidal puncture for
frontal sinusitis (one case, 0.87%). Septic factors involved in etiology of CVST are in a large
percentage in our study. Puerperium and pregnancy, related to a transient prothrombotic
state, were not a major risk factor identi ed in our patients. In contrast to previous Western
reports and similarly to some Asian studies, oral contraceptives were not a major risk
factor for CVST in our patients (12.28%) [8,25,26]. A possible explanation would be that the
patients with oral contraceptives use did not have any genetic mutation ( MTHFR, factor
V-Leiden, factor Il, PAI-1).

By comparing patients with inherited thrombophilia (  n =60) with MTHFR polymor-
phism versus patients with other etiology of CVST ( n = 54) signi cantly increased values
for TC (p=0.023), LDLc (p = 0.008), tHcy (p < 0.001), hsCRP g = 0.046) were found in the

rst group. The MTHFR gene seems to be involved in lipid metabolism. Numerous studies
regarding in ammation in stroke have been conducted so far but Chen et al. managed to
nd the association between neuroin ammation due to overrated microglial activation,
augmented by elevated plasma level of tHcy in a rat model with ischemic stroke [ 26].
Hyperhomocysteinemia is considered an independent risk factor, conceivably adjustable,
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in relation with cardioembolic stroke but with the possibility of the presence of a connec-
tion with CVST. The hsCRP was increased in patients with MTHFR polymorphism (mean
value = 7.12 mg/L) but at the patients with septic CVST the level was much higher (mean
value = 14.44 mg/L) ( p= 0.046).

The variables' comparison between patients with MTHFR C677T polymorphism
(n = 44) and patients with MTHFR A1298C polymorphism ( n = 16) revealed a signi cant
differences between groups regarding gender, male (p < 0.001), female p < 0.001), HTN
(p=0.002), SSS/SSS+LP(< 0.001), LS/LS+SP/LS+SS p<0.001), factor V-Leiden (p< 0.001),
PAI-1 (p< 0.001), tHcy (p < 0.001). We also analyzed the connection between the presence of
the C677Tpolymorphism and CVST localization on the premise that the affected cerebral
area is important for the clinical severity. Superior sagittal sinus is involved more frequent
at patients with MTHFR C677T gene polymorphism. There was no signi cant difference
between group with C677Tand group with A1298Cregarding TC, LDLc, HDLc, TGL,
blood glucose, HbAlc, hsCRP and IMT.

By comparing the group of patients with MTHFR C677T gene polymorphism ( n = 44)
with the group patients with other etiology of CVST ( n = 54) we obtained statistically
signi cant increased values for TC, LDLc, tHcy, IMT.

We obtained the following conclusions, by comparing the values obtained by the
group patients with MTHFR A1298Cgene polymorphism ( n = 16) with the values obtained
by the group of patients with other etiology of CVST ( n =54): the results showed statistically
signi cant increased values for IMT.

All our patients were treated with unfractionated heparin. Mortality rate was of
2.63%. Three deaths occurred in the acute phase at patient with septic CVST and coma at
onset. The monitoring of patients’ evolution was possible for 85 patients and outcome was
bene cial for 60 patients which presented complete recovery.

The limitation of our study was its retrospective nature with the recruitment of all
patients from a single department. The relatively small number of patients and the high
rate of patient's evolution monitoring loss are other limitations of this study. In addition,
some pro-thrombotic conditions such as protein C, protein S, antithrombin de ciency have
not been investigated in our patients.

Our conclusions of the study are on the same line with the conclusions of other
studies from the literature, performed in various parts of the globe, as follows: the higher
levels than normal in plasma Hcy levels translates into hyperhomocysteinemia which
represents a risk factor the pathophysiology of cardiovascular and cerebrovascular diseases
and also in the recovery of the injuries located in the cerebral area as revealed in studies
from literature [ 27-29]. In a study by Tripathi et al., following a North Indian population,
MTHFR C677T polymorphism and higher plasma Hcy levels have also been related with
coronary artery diseases [30]. MTHFR polymorphism referring to C677Tand A1298C
has been implicated in hypercysteinemia revealing an increased occurrence of ischemic
and hemorrhagic stroke in the Chinese population [ 31,32]. The data from the study of
Kumar et al. has revealed the existence of a correlation between higher Hcy levels and
MTHFR C677T polymorphism in subarachnoid hemorrhage patients [ 33]. Studies from
literature [ 34-37] have emphasiezed the role of MTHFR C677T polymorphism in ischemic
stroke. MTHFR C677T polymorphism conducts to substitution of alanine to valine at
position 222 which encodes for a thermolabile enzyme with reduced activity. This decrease
in enzyme activity could be accountable for higher Hcy levels. In the study by Kumar et al.,
MTHFR A1298C polymorphism has also been found to be accountable for the elevated Hcy
levels in the Indian population [ 38].

5. Conclusions

Demographic, clinical and radiologic presentation of CVST in our study was similar
with the conclusions provided by other studies on the same matter, with an increased
frequency of causes which implied the presence of thrombophilia. MTHFR gene polymor-
phisms (C677Tand A1298Q have a high prevalence in CVST. The MTHFR polymorphism
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was correlated with higher low- density lipoprotein cholesterol (LDLc), high-sensitive C-
reactive protein (hsCRP), homocysteine level (tHcy). A correlation between MTHFR poly-
morphism and CVST severity was emphasized. PAI-1 675 4G/5Ggene mutation seems to be
involved in CVST etiology. In CVST caused by local infections or oral contraceptive drugs
we should be considered increased hsCRP and hyperhomocysteinemia as a prognostic
factor. Patients with septic CVST and altered consciousness from the beginning have bad
prognosis.
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Assessing the values of circulating immune
complexes in multiple sclerosis patients following
immunomodulator or corticosteroid treatment
ANY DOCU AXELERAD! $/,1%$ =25,1% 67BRCAELENAGOGY DQG '$1,(/ '2&8 $;(/(5%"
1‘HSDUWPHQW Rl ITHXURORJ\ )DFXOW\ RI *HQHUDO OHGLFLQH 9f2YLGLXYV

2'HSDUWPHQW RI ITHXURORJ\ )DFXOW\ RI *HQHUDO OHGLFLQH 9LFWRU %D
7LPLVRBSDUWPHQW RI 6SRUWYV )DFXOW\ RI 3K\VLFDO (GXFI

T2YLGLXV:- 8QLYHUVLW\ Rl &RQVWDQWD &RQVWDQWD
5HFHLYHG -DQXDU\ $FFHSWHG )HEUXDU\
‘2, HWP

Abstract. 0XOWLSOH VFOHURVLV LV GHARQtt@cBoi DQ LPPXQH PHGLDWHG
GLVHDVH WKDW DIIHFWV WKH FRQWUDO QHUYRXV VI\VWHP DQG DOVR L
FKDUDFWHUL]HG E\ WKH SUHVHQFHXOWPPEBH/FBEORVILY/GSRIHG/HQWYV D
WRUV ZKLFK FRQWULEXWH WR WKH\VXEMWLGQRBDP MHXRR\L G ADIPP DNV ZR QF K
DVVRFLDWHG ZLWK PXOWLSOH VFOIBWRVHY L QB WRRIX DXQEG QKK HRY R B XML
RI PXOWLSOH VFOHURVLV LW KDVFEBHQFREMHUNG E \W.KBW L BPHRWOWD WQ
LPPXQH FRPSOH[HV &,&V KDYH KIX\KHIG EY R PROHQYH LPGI GLRWWIE LQADPPD
SDWLHQWY HVSHFLDOO\ LQ WKH \URM\XE\IKIL\DH RDYRQD GLEBPUBH 7KXWKH HY
DLP RI WKH SUHVHQW VWXG\ ZDV VR AREBMVG BY H SLVRQ@HNFRWMH B WRCDRFIN F D
UHODSVLQJ UHPLWWLQJ PXOWIHOM RMFEERAN RDIQV BSHD W X A DRH/G V\G LE\ODSWW D JH |
YDOXHV RI &,&V DIWHU WUHDW P HQW7XHVKUHYDW HOQFMHURDY G VIWNH B Q LV PQ B C
‘H GLYLGHG SDWLHQWV ZLWK PNUWWULSD B NMAREGMHRY/ 2\ & IKWKXIOLW K SYDHD X/ F O H
Rl &,&V LQWR WZR WUHDWPHQW JUBXKNY R Q@HJWD & DWVDHGEG ZEMWKLIWODWLUDPH
&RSD[RQH LPPXQRPRGXODWRU\ WUHDXPWQW ODIQ G FIKH URWKHW ZNVWE H 1L Q
SUHGQLVRQH FRUWLFRVWHURLGI WU HD RVSPHIROFV W HSY W BbU OWRKSIKHRHF PR QW KR/D R
WUHDWPHQW ZH DVVHVVHG WKH OHWYHDOHRI RH&D \R IDW & H. W DFE FPRFOSDIRHG
VFOHURVLV JURXSVY DQG ZH REVIEODPBGHWKDW WKH SDWLHQWYV WKDW
IROORZHG WKH LPPXQRPRGXODWRU\ WHOHDSVE 8 Q WHRD & VOIRZH P XDV S W V FC
RI &,&V WKDQ WKH JURXS WKDW VR CSQRZHDE MM FRRUPWR F RAKWM H®IRVLHED B/HUHIDID G
PHQW ,Q DGGLWLRQ DQRWKHU RERW D¥RWHRQVWDWDE ORMKIHDGE DADNRIY RD \§
WKH JODWLUDPHU WUHDWPHQW JURX X KROUG OR.Q KHHW @ HW K R X \\R MKLHW DURHL\DH'Q F
LQ WKH VHUXP WKDQ WKH S U HGIQIRR/GW DIFINR KB RISBROMH S OMRVEHP LWV LRQ
SDWLHQWYV 7R FRQFOXGH EHWWHBU \WRRWFARP MU HDWP IR SR IQ W RRJ TWHFR V \A
RI WKH UHVXOWY REWDLQHG | WU R\PKR/BEM RFURP\S\D R D WD WH HD@QDD \UY RQ@JIL W L D
YDOXHV Rl &,&V DQG YLWDPLQ ' ZHUMHHEH MRDL/AWIU B WEIE LESOQROVRAHQRVLV ]
LPPXQRPRGXODWRU\ WUHDWPHQW V\PSWRPV LQFOXGH RSWLF QHXULWLYV
WKH OLPEV PRWRU LPSDLUPHQWNHRI FR
P\HOLWLYV VSKLQFWHU G\VIXQFWLRQ
LPSDLUPHQW HLWKHU VHSD 8 RBAHOTXRD |
WR UHODSVLQJ UHPLWWLQJ P XIOS\0L\S DHQWF
WUDYHUVH LQWR D VHFRQGDU\ SURJUH

corespndene 100 50100 <ruLgo swurt ILRUIATRILED R LPeDLUEROW

THXURORJ\ )DFXOW\ RI *HQHUDO DWG RAL AN %L 532 Y R WY Q

&RQVWDQWD $OHHD 8QLYHUVLW kLL PRGERLQWHKHIBREFY RY LPPXQBERGX!
W RI' WKH SURJUHVVLRQ RI UGHHWDRSWIL\D

R
( PDLO ]JRULQD VWURH#\DKRR FRP PHQ
DQG SUHYHQW UHODSVH E\ GLPLQLVKL!

Key words: PXOWLSOH VFOHURVLV FLUFXO®WMQIRUPEX QH PHR®ISQH[WKHVH FHQOV IU
FRUWLFRVWHURLG WUHDWPHQW LPPXQEPRGWAGIW EY /HFDMPWQRI WIKHDREQADPPD
7KH LPPXQRORJLFDO GHYHORSPHQW

RI PXOWLSOH VFOHURVLY KDV EH¥WQ GH
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RI H[SHULPHQWDO VWXGLHV HVW D PaieV goums a0 te@theRPQUW® H 5B BXBRWD VW X
WLRQV DQG VSHFLPHQV IURP PXOWIRSDWVWFUHWUKR YD CBOHW LRIQ&V & VL 5 Q HV K |
3ULPDULO\ LQ WKH SHULSKHUDO OWPOK URRVGNVS DWKIHH §W VPIX® DW XK RO BIW W\
DXWRUHDFWLYH 7 FHOOV DQG % GEQQW R FFXQW LVSIOUWHR X FIO B B WY Y B WZLLRAQK DK L
GLITHUHQWLDWLRQ WRZDUG HIIHFWRWHMHORHVQ W KI RX S ¥ L 2 Q HS BVUWMA D \§ HVGK
SDWKRJHQHVLV RI PXOWLSOH VFOHURNPEX QRPHR[G X ® I/\M B UR \ VAU IHHIFW/MRHIQ8N D Q G
7 FHOOV 7 KHOSHU DQG 7 KHOSHUFRBWQBRV W KK LG BHIUND R P WEWN ZI1$ 1 W H
PHQWLRQHG VXESRSXODWLRQV RIGHD K NHVHWB G QV WH HD IS YHIQ 8 KRH USD @ VEIOAR W K |
DQG FHQWUDO QHUYRXV V\VWH®D GPHITHF UDAR®S L. Q, OV R B GFLHNWLHREQU RAMS DV V H V
AXLG DQG WKH SHULYDVFXODU VSDHAH) ERWK RI WKH JURXSV WR REVHUYH I

$FWLYDWHG 7 DQG % FHOOV SURFHEH® ZWR! @/ K\HK B ORRYGI BV IRIQYE DB LU L C
WKH LQWHUUXSWLRQ RI ZKLFK L QG UFID/MDMAM @&/ KR LV I SELRI@M KSHKODOWHK RD QAGK F
GLVHDVH DQG WKHVH FHOOV HQWH WWIK H HGIQWDUD DPE M Q ¥ WX \D N YWD HRPIl B K H L
WKH\ DUH DGGLWLRQDOO\ VWL RXQJDMWGRHU B'O QRFMDHU B QW ILIH B XDWH\SKDGIW F O
FHOOV ,Q WKH FHQWUDO @HWGY RXKR/HWAKMEP SPIXMMLRESKWUBWHJI\ IRU HD
DFWLYDWP®@"'& FHOOV WDUJHW WEKHVRYH &/ UG FRIQVWERPWRU RQ WKH EL
HQWYV DQG JHQHUDWH F\WRNLQHVWREG IRUHRBRK GBW WHIQIW *0Q NDWIHF P H |
DGGLWLRQDO DXWRUHDFWLYHSRHOGYRWNLQ JZ B VF K RXPKD MWKHIVSPHHAHDILQ ED
EORRG 7KH PHQWLRQHG WHKOTNK 1D GV IR ODFOW W K IDW/H L% RFODVOWY QHU Y H /
GHYHORS LQWR DQWLERG\ JHQHHDYW SLQIMDFR DG HHXQV GDXN HX GRMIVRQV E
DQG UHVWLPXODHNOHOY' DQG JHQHUDWHCSOM XPAQP PDRHEKD QLVP ZKLFK LV

F\WRNLQHYV ~ ,Q JHQHUDO WK 3 UHGEDWRQH WU N SUDHWHI® \EW IRQH RI D J
LQFUHPHQW LQADPPDWLRQ SURGXHFH GWM B LHEXMQD WIRR Q HIDQ G YOH RRGODAD P P D W
GHVWUXFWLRQ ,Q WKH G HDAHHUPR @D V& RYUHV V. W\ W\ BRR MGKMH DALY KKIVW G L

WKH LQIODPPDWRU\ UHVSRQVH LDELBLYVWRWH® @ WKK B&DPWDR BIG LR R
DFWLYDWLRQ DQG FKURQLF QHXUR GIHYADMRDWILRQ ORFDWHG LQ WKH FHQW
,Q WKH PHGLFDO OLWHUDWXUH VWKRP SW KN HQUFHG R L & REW KDY HEDHAHRH Q W
UHSRUWHG LQ WKH VHUXP RI P X O3WLHGOH WEQH BSRIVLNLORWUDBIR \R V E\RLG) FZ
WKUHH PRQWKY 7KH SDWLHQWYV IURP W

UHFHLYHG WKUHH LQMHFWLRQV RI &F

Patients and methods IRU LOMHFWLRQ LQ SUH AOOHG V\ULQJ
PRQWKYV

Patients. &  LUFXODWLQJ LPPXQH FRPSOH[HV &,&V ZHUH DQDO\]JHG

IURP EORRG VDPSOHV RI P X O W ICEQRdtunviesOntetiddd KIHVY ED WX W @ R RGLMRKO O H

UHODSVLQJ UHPLWWLQJ IRUP GXUL®FWRHYQGQWQYJ ZWHR) MW KIHH BWRMWNRHFR OW RU WK |

WKH SHULRG RI -DQXDU\ R @\ RWIDXQMMNQW WKH (DW$SEGWHFKQLTXH ZLWK WK

&RXQW\ +RVSLWDO LQ 5RPDQLDRSLWREAND @ (RIW K P XSIDMLLSHOGIWV FOWHHIU X P ZH U F
SDWLHQWY SDUWLFLSDWHG LQ WIRLY & W XIGR P $WW R WP © URIS O DWXE WHF W U
ZHUH ZRPHQ DQG ZHUMQFHIQRI7 & HX PBDBDRPSOH[HV SHUR[LGD\
DJH RI WKH SDWLHQWV ZDV \HDQWLERG LW NHDRIH WIRIYQHWZDNUD P HW
\HDUV 7KH FXUUHQW VWXG\ ZDVWHSIZDRNGVG DECWMIGH TWHK IFFRORU LQW I
&RPPLWWHH RI WKH &RQVWDQWD SUCRSRIUFADICR @ B U SR WE H 5GRHPYCHDL BHl & T
"ULWWHQ LQIRUPHG FRQVHQW ZDV RERVDLIGQSIGDNIR P7 BID ¥ VQXEX\HEWRRG FRO (
,QFOXVLRQ FULWHULD ZHUH SDWWHRQWRKHGS D B@MRFHIR® \Z LRV KW KX O KRQBDLHN
VFOHURVLV UHODSVLQJ UHPLWWLIQYWRKIR LGPLIDXQRNKGPE\FD Q PHMBORG ZLWK
(IFOXVLRQ FULWHULD ZHUH L WKH SRIHOVRLFIHRFRQKH U, QPP & Q R\W R RIQF DWDR W
GLVHDVHV VXFK DV UKHXPDWLF GHFEDWHW DPWDHP LFY Q WDXP/LIQUAWBQG RWKHU K’
WRVXV PL[HG FRQQHFWLYH WLVVXRIGLLWHDPH) UKHXPDWRLG DUWKULWL
BMRHJUHQ V VIQGURPH QRGXODRPBHULDUWHULWLY )HOW\ V V\QG
SHLWHU V VIQGURPH %HFKWHUIRZ StaGticel lamaysis$ AQ WWKDHNV S UWY ARG HD Q D O\
QHRSODVWLF GLVHDVHV LQIQFMWRLRMROWOSH, %O F 6 X668 GIV DWID\OWLL F V L %
KHSDWLWLV % F\WRPHJDORY L DRXVM)KHHF V8 DRADL H DWWWH LZH Y BEUBRPSO UHG X
VFOHURVLQJ SDQHQFHSKDOLW EW LIREG EOQ FWHW RHO ¥ B HFMML\R Q8 YLIDOK H V
HQGRFDUGLWLY GLVVHPLQDWHR RRIFALEROMIH VWKW OVWLFWW NSWOLAFDQF!
DQG PHQLQJRFRFFDO LQIHFWLRQ DQG SDUDVLWRVLV PDODULD
VFKLVWRVRPLDVLV WU\SDQRVIRRLDR#Mts WR[RSODVPRVLYV DQG
SUHVHQFH RI RWKHU FKURQLF SDWKRORJLHV LQFOXGLQJ JORPHUXORQH
SKULWLV XOFHUDWLYH FROLQWWU&WRAQ@QGIK/IHDPH\ LG VRISDWKZIBL. UXQ W
SQHXPRQLD F\WWLF AEURVLV P X6 WLKSHOUH VAOHU BV LNH DIQGF WK WLRPERW UH\
SXUSXUD WKURPERF\WRSHQLF KHSDWHWWVSHUIRUPHG RQ WKH PXOWLSO
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7TDEOH , 5HVXOWYV RI WKH &,& VHUXPDEBWW, LQ6W R W [PAXVOMFLDSD B @ B O YMULR/V RV

SDWLHQWV 1 PXOWLSOH VFOHURVLY SDWLHQWV 1
OHDQ 6XPBWDWLVWLFDO YDULDEOHV &,&B,(
*URXSB7UHDWPHQW 1XPEHU UDOQN UDQNV
0ODQQ :KLWQH\ 8
&,&B,QLWLDO :LOFR[RQ :
*ODWLUDPHU DFHWDWH ] YDOXH
SUHGQLVRQH $V\PS 6LJ WDLOHG
7RWDO
Dx *
&,&B)LQDO Fggggh?\] YDULDEOH URXSB7UHDWPHQW

*ODWLUDPHU DFHWDWH
3UHGQLVRQH
7RWDO

7DEOH ,,, OHGLDQ UHVXOWYV RI WKH L
EHWZHHQ WKH WZR WUHDWPHQW JURXS
1

ZLWK JODWLUDPHU DFHWDWH YV WKH SDWLHQWV WUHPWHG LWK SUH
QLVRQH 'LVWULEXWLRQV RIJWRNSWHVXOWV IRU ERWK RI' WKH
RI SDWLHQWV ZHUH VLPLODU DV DVVHVVHG DW D AUVWQHDPRQFH &R RI

GRVLQJ UHVXOWV ZHUH QRW VWB WIy\RW 5BWQP D WIPHD VA FD QW EFFEWMIHHQ W
JODWLUDPHU DFHWDWH WUHDWPHQW JURXS PHDQ UDQN —  DQOG
WKH SUHGQLVRQH WUHDWPHQW MRBS WL PXFOMNWLBOHWIVOHURVLY SDWLHQV
PHDQ UDQN 8 ] 3 SUHEGLYRWYXYOWYV
DUH SURYLGHG LQ 7DEOHV , DQG ,, 7JRWDO

$ ODQQ :KLWQH\ 8 WHVW ZDV UXQ WR _GHWHUPI QH ZKHWKHU
WKHUH ZHUH GLIIHUHQFHV LQ WKH UHVXOWVY Rl WKH AQDO &,& VHUXP
WHVW PRQWKYV IROORZLQJ WKH LQLWLDO WHVW SHUIRUPHG RQ WKH
PXOWLSOH VFOHURVLYVY SDWLHQWYGWOEDOWHSE& ZBIWDWIY YW ED O PUIHIV X OAWY D RVH
RQ WKH PXOWLSOH VFOHURVLRGHDEHWZOW R WK BWER &V 2 HWW PHIRMG HUR/X S
'LVWULEXWLRQV RI WKH UHVX®MWL HOWERWK RI WKH JURXSV RI
ZHUH QRW VLPLODU DV DVVHVVHR bW D AUVW JODOFH 7KH UHVXOWY IUR
WKH &,& VHUXP WHVW LQ WKH JODWMWDHWHLERWDWHLREABWPHQW JURXS
PHDQ UDQN ZHUH VWDWLVWLFDOOY VLJQLAFDQWOV ORZHU ZKHQ
FRPSDUHG WR WKH UHVXOWYV IURP &R QY uklPMREVYW LQ WKH SUHGQLVRQH
WUHDWPHQW JURXS RI PXOWLSOH VHAHRRRRV: SDWLHQWY PHDQ UDQN

8 3 7KH UHVXOWY DUH SURYD®X® LQ 7DEOHV , DQG ,

$ ODQQ :KLWQH\ 8 WHVW ZDV UX®VWF GBHW HW PR OMD IZ&HGY K H U
WKHUH ZHUH GLIIHUHQFHV LQ WKHUYHVXOWVvR+WKH-YEWDBPtO——VHUXP
WHVW SHUIRUPHG RQ WKH PXOWLSGHRXSORURIYNVDEBRY 'Y BWMAB WU RWRHR |
JODWLUDPHU DFHWDWH DQG RQ WKH PXOWLSOH VFOHURVLV SDWLHQ\
WUHDWHG ZLWK SUHGQLVRQHU'IERWKLEXWLRQV RI WKH UHVXOWV IR
Rl WKH JURXSV Rl SDWLHQWY ZHUH QRW VLPLODU DV DVVHVVHG E\ DW
D AUVW JODQFH 7KH UHVXOWYV |URR RKSHRY LS/DDVR.IH® W V FAUOPV WZHDWWWHUQ D W
WKH JODWLUDPHU DFHWDWH WUHDWPXWW SKRKS PHDQ UDQN ZHUH
VWDWLVWLFDOO\ VLIQLAFDQW OV XQWKVS Q B WHG B RPPE\DHIB GDZAN. MRKQWRKIHRIXHJ VW |
IURP WKH YLWDPLQ ' VHUXP WHVWYILLQ DVKLHY S UZHQIL V V@RV MVINHLDAVD B YO WK L J
JURXS RI PXOWLSOH VFOHURVLV SDWLWUWHDWH®HEZDWK DPRXQRBRGXODWRUV V
3 7KH UHVXOWYV DUH SURYLGHGNUQ DWEGHXLWKDFRRGA WLFRVWHURLGV

,Q RXU VWXG\ SHUIRUPHG RQ SDWLHQWYV ZLWK PXOWLSOH VFOH
URVLV UHODSVLQJ UHPLWWL &JGIRUHDIA@SWKH SHULRG RI DFWLY
ZLWK SDWLHQWY WUHDWHG ZLWK JODWLUDPHU DFHWDWH LPPXQRPRG
ODWRU &RSD[RQH DQG SDWLHQ W\ WWKHIDSWUHHG/ QW KV B/ XIEG QAH/ R B B HRIQMW H
LQ WKH DFWLYH SKDVH RI WKH GLVREVH 3B WENQW Y HG WK B WOWK S G &N O
ZHUH UHODWLYHO\ WKH VDPH DW WKUFRPDWWY I JSKPRMQR | FR R SOG [NV D&, & V
EHIRUH LQLWLDWLRQ RI WKH PHGLFDWWR® KLJK YDOXHV RI &,&V ZHUH LQA;

JROORZLQJ WKUHH PRQWKV RI W U MIXWMPW QMD \ZAHEN FKRNE QVKDW WKH
LPPXQRPRGXODWRU WUHDWHG JURXS ,RIPR X6 WIRFPCH I [F (RFRUPFDWY VR ®DIW/L B & D O
REWDLQHG VWDWLVWLFDOO\ ORZHD Q® ®XMAR LR B X\ K HG& AISHNCHPNUY HWE FOKDDHWD




4 DOCU AXELERADetal 9$/8( 2) &,5&8/$7,1* ,0081( &203/(;(6 ,1 08/7,3/( 6&/(526,6

RI PXOWLSOH VFOHURVLY SDWLBOMRP SPW KRG&YLIWEGKB Q OW K\QERQWKWKRO V |
FHOO DQWLERGLHY DQG UHYHDOHG XDPKHNPW KW WHR/I RIUD,G VWV KROMKBD O/FHLU M B
RI SDWLHQWYV ZLWK PXOWLSOH YE@HKHURKHY HHV 8N KIOD/OD \SW RF 1S® M LHHYQVEWH Q
DFWLYH GLVHDVH WKH WUHDWPHQW HOHFWHG IRU PXC

,Q D SUHYLRXV VWXG\ &,&V ZHUHF P R UHH QMATRUHDD/DO \ DG IHHVF MF W KIS FOM LY YHHD
LQ SDWLHQWYV ZLWK DFWLYH GLYVMINHD WRKHDQW LEH lSIWELG Q RVPVX QVRKFERVG XZCHDL
UHFRYHULQJ IURP DQ H[DFHUEDWLRQORQIBRYBW L WEKWY YWRGHN RBGEHWHWDYHG K
VKRZHG QR SURJUHVVLRQ LQ WKH ODFRQHWKWH PXOWLSOH VFOHURVLV SDW

7KH LQIOXHQFH RI LPPXQH FRP SOMHAREXKIDDWRHMHW UGHHDRRRHQW FRPSDU
VWUDWHG UHODWHG WR WKH LPSDLEPWQWYWVK\WDKWD&/, & R CH) B A G HHFRALH/RIQE R K
EORRG EUDLQ EDUULHU DQG WKLY WKM/RIUVKXHUW SHFLD B DX LLUAHER WMR D Q WPIX
PXOWLSOH VFOHURVLYV

,Q WKH HYROXWLRQ RI PXOWLAKbWeugeroehtd) RVLY SDWKRORJLFDO
GLVUXSWLRQ RI WKH EORRG EUDLQ EDUULHU ZDV LGHQWLILHG
WKURXJKnViVEXXG/LHMM FRQWUDVW LQGXRWGD&B WIFBPIERH WKH
OHVLRQV LQ PXOWLSOH VFOHURVLV

'DVIX&SWWNHSRUWHG WKH SUHYDOH@&HINR! &,&V LQ WKH VHUXP
RI PXOWLSOH VFOHURVLY SDWLHQWY VKRZLQJ D SRVLWLYLW\
RI &,&V LQ PXOWLSOH VFOHURVLYV 7RHIXQELGBZPY RIHEHRIWHG DFXWH
UHODSVH SURJUHVVLYH UHPLWWOHRQ DQG VWDEOH VWDWH RI PXOWL
VFOHURVLV ZDV DQG G Aliihnilgy-bFdsth drid hatefadsP SD U H
ZLWK DQG DPRQJ QRUPDORIYG QHXURORJLF FRQWU

,Q DQRWKHU VWAGYWREBILXSWWKH FSUHYGDWOQNMH WY XVHG DQG RU DQDO\]F
P\HOLQ EDVLF SURWHLQ ZKLFK LV D@ DRWLIHNIQQB FRI®P SR@IPQWKRI BRUALCH SR
LQ SDWLHQWY ZLWK PXOWLSOH OEQHHTRWMWHWW GHPRQVWUDWLQJ WKDW P\H
EDVLF SURWHLQ ZDV IRXQG WR EH DQ DQWLJHQLF FRPSRQHQW LQ VRPH
&,&V LVRODWHG IURP WKH VHUD R ARl coRtbWicnSOH VFOHURVLY SDWLHQWYV
JURP WKH VDPSOHV RI PXOWLSOH VFOHURVLYVY SDWLHQWYV ZHUH
&,& SRVLWLYH DQG RI VDPSOHV I¥Y'BP SOWRLEGWHN-6QFERGBEEYH® @R G GF
RI WKH &,& SRVLWLYH VHUXP VDPS® HS\H DHR B PDHGGY RV R RVOQWWYHHU DRWUX UH U
P\HOLQ EDVLF SURWHLQ DQG '"'$ ZHUH LQYROYHG LQ WKH LQWHF

O\HOLQ EDVLF SURWHLQ ZDV GLVFR$HU HIZ *D GG 6 BPRHEG 'LE) AMHKUHHH FIHHROYHG L
EURVSLQDO AXLG RI SDWLHQW VGLQ\W KDH W DYQHK GFHIPL IS @/L GBIDVOL B R WIKRFRJIO/X KD Y
PXOWLSOH VFOHURVLYV , QLDPO®IMWMVEQLPWHOLQ EDVLF SURWH
DQWLERGLHYV KDYH EHHQ GLVFRYHUHG LQ WKH FHUHEURVSLQDO AXLG RI
SDWLHQWY ZLWK PXOWLSOH VFOHU EMicd/approval and consent to participate

,Q D VWXG\ E\et7dd FK,RWVERNUH GHWHUPLQHG LQ

RI VHUXP IURP SDWLHQWYV ZLWK7RKORXUSIHQ WFOWMXRKRWVEDV EDXS/E UNRKH G E\
DVVRFLDWLRQ EHWZHHQ WKH SUHVRMXHH &RQY/, WD @WEB &XKH) VHNYE UWRV\SRWD O
WKH GLVHDVH ZDV QRW HVWDEOLVKHGG DOO WKH SDWLHQWY JDYHDLQIR

,Q D VWXG\ &al3RVWWRZBUH GHWHFWWOWRBPWRMW WHRUB KDW HIIHFW

RI RI PXOWLSOH VFOHGBRVLVY SDWLHQWYV LQYHVWLJDWH
,Q FHUHEURVSLQDO AXLG LPPXQH PatRftSahdefitior pdoticdtian IRXQ G L Q

RI WKH VDPSOHV RI PXOWULSOH VFOHURVLY SDWLHQWYV WKD
ZHUH WHVWHG 1RW DSSOLFDEOH

,Q D VWX0GaME\LPPXQH FRPSOH[HV ZHUH IRXQG
LQ VHUXP IURP RI WKH P X O W LCO@petingFrieiéstsR VLY SDWLHQWV ZLWK
SURJUHVVLYH IRUP DQG LQ &6) IURP RI PXOWLSOH VFOHURVLV
SDWLHQWYV LQ SURJUHVVLYH IRUP 7KH DXWKRUV GHFODUH WKDW WKH\ KD
,Q D VWXG\etel :WMBWOHYHOV RI &,&V LQ PXOWLSOH
VFOHURVLYV SDWLHQWY ZHUH KLJK HReferenseBQ WKDW LQ WKH FRQWURO JUR}
DQG IROORZLQJ SUHGQLVRQH WKHUDS\ D VLJQLILFDQW GHFUHDYV

LQ &,& OHYHO ZDV IRXQG LQ WKH &6 HIQIGWR<>1-|&I$X0)>W{U$@H B/r® HWLRHW|HYO S | F
SDWLHQWYV XOWLSOH VFOHURVLV 1DW 5HY ,PPXQRO

7KH LQVXIAFLHQF\ RI YLWDPLQ UH@#U—H\%I%QW/ 1Y>bﬁ'§/d§lgff§f <5)L(JQ|35U 6 (St
WKH GHYHORSPHQW RI PXOWLSOWHG OHKERVY RV)D G6LIQW CQN&IG&W}RHIQQ%UI&IXW'
GLVHDVH DFWLYLW\ LQ SDWLHQWM DU<BP—|~°D/8Q QIQ?R’ @;"@.Q/EKW)@@/@Z'SOO
VEOHURVLV LQJ K F \Q FDO FRXUVH BEHPKOWIL
5HVHDUFK KDV UHYHDOHG WKDW SngFm? (g 5QD@< QWbEOHs VERUWRYbOM

SUHVHQW D ORZHU ULVH LQ VHUXP K\GUR[\YLWDPLQ ' OHYHOV ZKHQ
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Abstract. Human helminth zoonosis is one of the most. Introduction
encountered helminthiases worldwide. Representdiseases
include Toxocara caniandToxocara catiwhich are common The incidence of parasitic infections remain prevsl
QHPDWRGHV SUHYDOHQW LQ GRJW H @segaibnwg\the7adhancenem W difarehtRoQu ey K H
roundworms in the human body through contaminated br increased incidence is generated partially by a rising number
nematode eggs could lead to central nervous sysferng as the of travelers abroad and pet owners (1). In some countries, the
roundworms can cross the blood-brain barrier lgathmeure  food habits and preferences are varied and thimifazan
toxocariasis. Among the neurological and neuropaipgfical make humans in these countries more prone to this disease ().
disturbances produced by Toxocara infection, in &nsnthe Forms of toxocariasis in literature have been deedrafter
most representative are meningitis, encephalitiglitic and the ingestion of meat from chickens, cows and quails in Japan
cerebral vasculitis, but asymptomatic central nesveystem in adult patients with pulmonary and liver affections ().
infection is probably the most prevalent. The presewiew At the time of intrusion in the host gastro-intestinal system
examines the clinical symptomatology of neurotoxiasis in - the progression continues through the portal vein to the liver,
case reports in the literature in the last 7 decé®0-2020). where it can be cantonated, but also, with the ipditg of
The available evidence was retrieved from PubMed arby-passing the liver and continuing to migrate tigio the
Medline electronic databases. The present revieartgphe circulation in systemic organs, causing the manifi@sn of
most prevalent clinical symptomatology in the cafafetected the disease depending on the concerned organ (1).
and diagnosed Toxocara infection with neuroinvasidnis, the A categorical diagnosis dbxocara cator Toxocara canis
present review aims to raise the awareness of loglizal cases infection can be established after the discovertheflarvae
of Toxocara infection with the potential to at leastablish and eggs originating from the patient, but thisiaiion is
differential diagnosis of neurotoxocariasis. infrequent. Broadly, the diagnosis is determined in the hospital
using the anamnesis of a history of eating uncoakedt,
paraclinical laboratory exams hypereosinophilicdriypme

Contents with the existence of specific antibodies. The sityeof

this disease may be directly proportionate to tbeedof
1. Introduction inoculation (2). Glickmaret al raised the concern about a
2. Neuroinvasion in animals high risk of potential infections with parasites fr@anisand
3. Neuroinvasion in humans Felidsin the situations of hunting and possessing hunting dogs
4. Case reports from the literature inside human establishments (2).
5. Conclusions Toxocara cati(T. cat) andToxocara canis (T. canigre

the etiological factors of human toxocariasis. tdidion,
these ubiquitary zoonotic nematodes belong to émeilfy
Ascaridae (2). The adult parasites fr@mcatiandT. canis

. . are located in the first part of the small intestiof the
Correspondence toDr Alina Zorina Stroe, Department oft inal hostT. catiandT . be hosted i .
Neurology, Faculty of General Medicine, ‘Ovidius’ University of erminal host.l. catiand . caniscan be hosted In various

&RQVWDQWD $OHHD 8QLYHUVLW kLL WPes °£R@QFVW6WBSU§VRQ§|BME‘BS' mammals, birds and

E-mail: zorina.stroe@yahoo.com rodents (3). The natural evolution of the presence of the larva
in these organisms involves migration to certassues and

Key words: Toxocara canis Toxocara catis neuroinvasion, organs of the hosts and long-term survival (3). Tad has

neurotoxocariasis, nervous system been demonstrated by experimental studies on various animals
such as chickens or mice, which have shown the migration of
the pathogen in certain parts of the organism of the host (3).
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2. Neuroinvasion in animals Toxocariasis in humans is produced by the presence in the
digestive system of eggs in the embryonate stage or the tissues
Studies and experimental studies on animals have reportedah@osts that contain the infective larvae. Humans develop the
presence of. canislarvae in the brain, liver and other organsnfectious disease after consumption of embryonaiggs
RI WKH KRVWYV FRQAUPLQJ PLJUDPW canhgRiorVaoiH(gedphagid) pic) oniK tHe RaBddiadt V
of the host (3,4). Fenost al presented the theory that larvaewith dirty hands, raw vegetables, or larvae from undercooked
are not always prevalent in histopathological lesibacause or raw meat consumption (9-11). Present in the hubwaly,
of the motility of the larvae (5). Studies with ardls have WKH ODUYDH EHJLQ WKHLU H[RGXV XVL
demonstrated that the most prevalent organ predebse to various organs in the body.
larvae in migration is the liver of the host, espéy in the Toxocariasis can be categorized into four main esag
case of the chicken as the paratenic host (6,7). Asymptomatic-the most prevalent phase, visceral,ascamhd
Azizietal GHPRQVWUDWHG IRU W K HhedxdioXodarisgis. FFite fadtrOtat ¢aiObDtR Ddtige) of
experimental infection with embryonated eggs in chicken witthe disease include: The quantity and quality of the infection,
T. cati the larvae had the capacity to migrate to other tissut® patient's immune response and the concerned organs (9-11).
and organs in the host besides the gastrointedtiael. In Toxocariasis that is located in the nervous sysi®m@
this study, the migration of the larvae to the brain and liver chronic disease that may recur for a considerabieuant
the hosts was reported along with the presence of mild-infeaf time and may interfere with the functions of thervous
tion. In addition, the research team recovered larvae from thgstem, characterized by a decrease in cognitipaaty,
brain and the liver of two chickens that were inge The neuropsychological impairment, depression, behalior
authors concluded by projecting an awareness ofmaat alteration and neurodegenerative diseases (11-13).
consumption, especially raw chicken brain and liver (8). As a consequence of this localization, the treatnoén
Studies involving mice infected with. canis reported QHXURWR[RFDULDVLV LV GLIAFXJHW DQC
fFRQJHVWLRQ WKLFNHQLQJ RI DU WsidiugR Gestivied RaR@at thiD tisade Qave v RdietisR U
LQAOWUDWH DQG VHYHUH PQORWVL V H dad@iol, @ffexm/etteatmEmust kake into sideration
related to the morphological aspects in toxocasiagtre WKH GLIAFXOW\ Rl SHQHW U D WIQE) RVX }
reported by Oryamt alin studies with chickens infected with the other hand, the treatment can sometimes cause more detri
T. cati(9). mental effects than the disease itself due to allergic responses
In a study by Oryapt alwith chicken infected witfi. cati  that may occur during treatment (11). Another challenge in the
the authors discovered, after 240 days after tbedlation treatment of neurotoxocariasis is the fact thatttbatment
of the larvae eggs, larvae recovery in 3 chickeainwand FRPELQHV DQWL LQADPPDWRU\ GUXJV
DOVR PRGLAFDWLRQV DV KHPRUUKDQADNPPQ® R QAOMIFIMWYLRRQ Z K PRRHE OV R
lymphocytic, less eosinophilic) located in the mmeggs and of treatment on the pathogenic larvae, especialyng into
also in the vessels in cerebral parenchyma anbemndgion consideration the fact that the immune reactioriom the
of the cerebellum. The brain infection was mild, withoutanEUDLQ WKXV LW LV GLIAFXOW WR HUD

impairment of behavioral pattern observed in thiedted The cells mainly involved in the defense processira)
chickens. Furthermore, histopathological changes were foutite penetration of pathogens and parasites intdbthen
in the organs of all the infected chickens (9). are astrocytes, which also modulate neuroinflamomati

In addition, Janeceét al reported similar structural brain Through these processes, astrocytes maintain homeostasis in
damage in the cerebrum ®f canisinfected mice with the the brain (11). Taking into consideration the dions that
presence of activated microglia and focal accunmadbf occur in the neurotoxocariasis pathology, it is assumed that the
phagocytic cells (10). Similarly, Othmaet al reported many function of astrocytes is impaired (11).

T. canidarvae scattered in brain tissues of the infected group of
PLFH LQGXFLQJ YDVFXODU FRQJHV W.ICRSR r&pXrw fram iekikestWe LQ ADPPDWR U\
LQAOWUDWH

,Q D VWXG\ E\ 3HJJ FRPPRQ ALHV ZhtUlidichlghtensitWaHd3yFeloiranHedthtiorkR In newmto
T.canisDQG DIWHUZDUGV %HDJOH S X SS8riakid/ai2 relatdd il tGe Auawity ofikeHardee khdt penetrate
after being treated with antihelminthics. From the puppies the blood-brain barrier and also are related to évergty of
the group, 80% became infected withcanisafter ingestion WKH GHVWUXFWLRQ DQG L QA DIP®IDRDROU
of the flies. Larvae and eggs were collected fromows manifestations of neurotoxocariasis are distributed on a broad
tissues of the dogs. This study has enormous irapoetin extent, generating varied syndromes: Encephasiigures,
FRQVLGHULQJ ALHV DV VR&abishbtvniR | hr&n veEaMiti| extramsdidlary space-occupyirsioe and

for dogs, but as well as humans (12). meningitis (9-12).
7KH AUVW FDVH Rl QHXURWR[RFDULD\
3. Neuroinvasion in humans Beautyman and Woolf (13), in the case of a child with clinical

DQG SDWKRORJLFDO AQGLQJV RI D QHXlI
Neurotoxocariasis is a severe disease that has been assoceteencapsulated larva recovered from serial sectdrihe
with a decrease in mental activity, social changesrseure  brain at autopsy (the child's death was due toopolelitis)
degenerative diseases. The importance of the dismsas WKDW ZDV AUVWO\ ZUMR@IKumbriédsice® HG W
determined by its ubiquitous spread as a zoonosisrgeed In 1956, Nichols (14) described the morphological features of
by T. canisor T. cati(9-11). Toxocara and Beautyman and Woolf (13) concluded itha
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their case report the child presented Witltanis rather than PDQLIHVWDWLRQV UHAHFW LQ DQ LQV
the initial larvae believed. As the response of the infection withf the lesions located in the central nervous systenthe
these zoonotic agents, at the molecular level, thppears a literature, a prevalence of male gender has beparted
GHP\HOLQDWLRQ RI WKH QHUYH AE Hb¥g ca@eRdE Wetldty D dariaRiQ With Q5% bfRddesl W
was demonstrated th#t canishas a higher prevalent inclina cited with a mean age of 42.5+15.5 (52); compared with cases
tion of migration in the central motor system tiawcatis(10). of visceral larvae migrans that are more prevaiénbng
7KH WHUPLQRORJ\ RI QHXURWR|[RF RHil®Revil(58). ZDV AUVW LQWURGXFHG L
the literature in 2007 (15). The cerebral localization was most prevalent indper
In a case report by Mar&t al (16), a 2-year-old girl and subsequently America with reference to the geographical
presented with impairment of gait and ataxic gait, dysarthiéE ODVVLAFDWLRQ $ IHZ FDVHV RI HQF
Q\WWDJPXV K\SHUUHAH[LD RI WK HJ Qépartet) irDAsR,EVcompasyD e Rryevhusnbeda®es/ @i
UHAH[ LQ H[WHQVLRQ ELODW H U D/O\@gpin@l XdFKIGxalization re@itedl in Di@ @ed 84X G L Q
VLIJQ &HUHEURVSLQDO AXLG &6) D Qle@ostleNcovriteRed FoBn & OcHR iR NAl RIS
with the predominance of lymphocytes. Magnetic reaora is the isolated myelitis that is prevalent in appnoately
was suggestive for acute disseminated encephaldmyblit 70% of the cases (52,54,55). The symptoms are fepre
the laboratory analysis tests of the blood and O8fved sented by sensory and motor impairments, mostiyndei
the presence of antibodies agaifistanis This case report located in the lower limbs and usually being folexivby
ZDV WKH AUVW FDVH UHSRUWHG \L Qutbriomi dyafunetdmd IiRd s@idi oy IR¥ARIRIaeats D V L
with acute disseminated encephalomyelitis patteragies in  that presented with atopic myelitis were positioe the
magnetic resonance imaging (MRI). Toxocara excretory-secretory antigens in immunaladi
The systemic symptomatology may be absent in nassts; tests, developing a new branch of research aneréiftial
but regarding the neurological symptomatology,niost preva  diagnosis for the patients that present with unusases of
lent are: Deterioration in the motor area, seizoféise epileptic myelitis (56). In a study by Leet alin 2010, the authors
type and impairments in the neuropsychological ééa investigated retrospectively the MRI findings okeeéral
The eating patterns of individuals are particulamypor larva migrans of neurotoxocariasis located in thanal
tant because of the prevalence of human ingesti@miofal cord of 8 patients, and the authors found only pagent
raw organs, especially the liver and brain, a situation reportttat presented a migration of lesion (56). Furtheammin
by Morimatsuet al in a familial case of ingestion of raw a study by Jabbouwst al that contained the examination of
chicken liver that presented visceral larva migrans caused B¥ patients with myelitis due @ canisinfection, only one
T. canislarvae. Both patients in this family presentedhwit lesion in the spinal cord revealed characteristiRIMpinal
mainly systemic and pulmonary signs and symptorogiol cord imaging (42). These three studies on myetiissed by
but one of the patients also presented neurological symptofixocara infection represent a number of 56 cagesjt half
in anamnesis, before admission to the hospital which includetiall cases of neurotoxocariasis reported in ftexdture.
posterior headache and neurologic abnormality of the front Bforeover, most cases of myelitis due to Toxocafadtion
the right arm of 3-week duration (18). were diagnosed in Korea and Japan and several vases
In a case report by Goffetet al a woman presented reported in Western countries (52,54,55).
ZLWK WKH IROORZLQJ QHXURORJIF D Ohk @& ébpal VocaiXaiDrF of WkoZaH D iNfedtiah is
located in the right leg and dysesthesia locatethénright revealed through presentation of meningitis, enaéph,
Th8-Th10 dermatomes; the cerebrospinal fluid fimgdin meningoencephalitis, encephalomyelitis, and mengmgo
showed eosinophilic pleocytosis and also the levels ohnis  cephalomyelitis, but cerebral abscesses have been reported in
ZHUH PRUH VLIJQLAFDQW LQ WKH &6 jeWrdiRa3es (56,B7K EndedhRiR &hd meningeataniasis
Mikhael et al presented a case of an 18-month-old malenplication is correlated with a large area of clinical symptoms
ZKR ZDV DGPLWWHG WZLFH WR WX HFRKRRIWSD WPLAY JAKIN/MMGD FALHN K/ HL IQ] KRIGIFZDWR F
VLYH GLDJQRVLV DQG ODERUDW RWH\ akd@ahigvé Vmp&itkineQ,}ths presE & @ Fever ity
of visceral larva migrans. At the second admissiba,child mandatory (56,57).
presented with ataxia and went into status epileptiepeat Another important factor to be taken into consitieraas
edly and became comatose. The patient's exitus edtee a symptom of neurotoxocariasis is the presenceitémic
GD\V 7KH SDWKRORJLUF@Osld@&ih Qskizukés R deGonstrated in a study by Lenal (57).
WKH EUDLQ DQG RWKHU RUJDQV -1XMnbtheR ¥¥oryUdges Qe RIDPNCRDION df @l Raji
matory regions located both in the white and gray matter wedlésorders that are evolving in a paraclinical fraofienigh
found in both cerebral hemispheres, cerebellumlaaih Toxocara seropositivity (58,59). Depressive symptom
stem and also, observed parts of the larvae were found in thesental confusion, cognitive impairment and evenizzh
regions (20). Table | summarizes the results from the literatysbrenia have been reported to be prevalent amotignps
regarding the cases of cerebral toxocariasis ioralogical with neurotoxocariasis (60,61). Furthermore, intwdg by

order (13,16-19,20-51). +RWH] WKH VLIQLAFDQFH RI LQUHFW
that causes lower academic achievement betweewrstaid
5. Conclusions that come from rural areas, due to the presencthef

effects that infections have on the human braii (®2light
The specificity of the clinical manifestations oéuro-  of all of the cases presented, awareness must beaired
toxocariasis has not been clearly determined, tutlkimical concerning the implications of Toxocara infection the
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whole organism, but especially in the nervous systi¢ is
extremely important to consistently consider inif@ctwith
Toxocara as a differential diagnosis.
Neurotoxocariasis represents a rare diagnosiss It i
possible to be underdiagnosed especially due tosdigeie
and wide-ranging characteristics of the symptonuajyl
aggravated by an insufficiency of supporting diagtim o
investigations. This is also the reason why MRI investigation

1

AXELERAD etat CLINICAL SPECTRUM OF SYMPTOMS IN CEREBRAL TOXOCARIASIS
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Abstract: Respiratory dysfunctions have been associated with Parkinson's disease since the rst
observations of the disease in 1817. Patients with Parkinson's disease frequently present respiratory
disorders with obstructive ventilatory patterns and restrictive modi cations, as well as limitations

in respiratory volumes. In addition, respiratory impairments are observed due to the rigidity and
kyphosis that Parkinson's disease patients experience. Subsidiary pulmonary complications can also
appear as side effects of medication. Silent aspiration can be the cause of pneumonia in Parkinson's
disease. Pulmonary dysfunction is one of the main factors that leads to the morbidity and mortality
of patients with Parkinson's disease. Here, we performed a narrative review of the literature and
reviewed studies on dyspnea, lung volumes, respiratory muscle function, sleep breathing disorders,
and subsidiary speech and swallow impairments related to pulmonary dysfunction in patients with
Parkinson's disease.

Keywords: Parkinson's disease; respiratory dysfunction; pulmonary complications

1. Introduction

Parkinson's disease is de ned as a progressive neurodegenerative disorder caused by
the depletion of dopamine in the basal ganglia, which is primarily involved in motor control.
Parkinson's disease is viewed as a multisystem disease that affects systemic dopaminergic
neurons. The motor symptoms include rigidity, tremor, bradykinesia, akinesia, postural
instability, and gait disturbances [ 1].

The cardinal symptoms of the disease consist of the triad of tremor, rigidity, and
bradykinesia, with bradykinesia being the primary symptom that has an impact on the
daily activity of patients. Additionally, subsidiary dysfunctions include the following:
dysfunctions in the musculoskeletal system such as exed positions and contractures as
well as dysfunctions in the cardiopulmonary system which can aggravate the primary
symptoms [2].

Studies have reported a possible etiology of Parkinson's disease to be the primary
anatomical neurodegenerative involvement of structures in the medulla oblongata known
to control respiratory depth and rate [ 3,4].

This could also be the etiology of the respiratory dysfunctions in the initial stages of
the disease related to lung volumes and ventilatory capacity.

The risk for Parkinson's disease patients is often an increased risk of morbidity and
mortality due to dysfunctions in the respiratory system including obstructive and restrictive
ventilatory defect patterns and upper airway and intercostal muscle problems, which cause
a reduction in quality of life [ 5]. Furthermore, a signi cant number of Parkinson's disease
patients die due to pneumonia as compared with the general population [ 6].
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In his 1817 essay “An Essay on the Shaking Palsy”, James Parkinson made the rst
observation, “he fetched his breath rather hard,” related to the respiratory problems
involved in the systemic symptoms of Parkinson's disease [ 7]. Although there were
early observations regarding the pulmonary aspects associated with Parkinson's disease,
actually, the scienti ¢ world still is uncertain about all the aspects of the disease. The
patterns of ventilatory dysfunction associated with the disease are still unclear and the
obstructive patterns, restrictive patterns, respiratory muscle weakness, and sleep breathing
disorders (all observed symptoms) also have not had, until now, any certain de nition or
physiopathological correlations [ 8].

Regarding the semiology and symptomatology of pulmonary dysfunction, the fol-
lowing symptoms associated with parts of the respiratory system have been observed:
coughing or the impairment of coughing, dyspnea, pneumonia, aspiration, exercise intoler-
ance, speech modi cations, hypophonia, atelectasis, hypoxia, hypercapnia, sleep apnea
and subsequent excessive diurnal somnolence, acute respiratory failure, and dif culty ex-
tubating. The medication-induced pulmonary dysfunction can be temporary or permanent.
Respiratory problems have been observed and reported later in disease progression related
to the fact that patients decrease their level of activity and have a sedentary lifestyle and
therefore rarely encounter any respiratory distress [ 9].

Lower airway obstruction is the main characteristic of obstructive lung diseases and a
reduction in lung volume is the main characteristic of restrictive lung diseases, with both
pulmonary and extrapulmonary etiologies. Extrapulmonary disease usually involves a
decrease in lung volume and expansion [5].

Related to speaking and swallowing impairments encountered in Parkinson's disease,
the complex actions of normal speaking and swallowing imply precise synchronization
with certain upper airway movements. In the case of upper airway obstruction, speaking
and swallowing dif culties follow as a consequence and also present various related
modi cations such as hypophonia, sleep disordered breathing with increased somnolence
during the day, acute respiratory failure, and dif culty extubating. In some cases, if the
upper airway musculature is affected, there is also an impairment of the air ow, which can
be objectively revealed through obstructive spirometry [ 10]. The relationships between the
symptoms are complex, as can be observed in Figure 1.

In a study by Lee et al. on the clinical pulmonary symptomatology of Parkinson's
disease patients, they reported that 35.8% of patients experienced shortness of breath on
exertion, 17.9% reported a cough, and 13% reported production of sputum [ 11].

Our study selected articles from PubMed and Google Scholar using appropriate search
terms. Relevant publications in English from 1950 to 2021 were found by searching using
the terms “Parkinson's disease”, “Parkinson”, and “Parkinson disease” combined with
“respiratory”, “pulmonary”, “lungs”, “pulmonary dysfunction”, “respiratory dysfunction”,
and “ventilatory dysfunction”. Another search combined the terms “Parkinson's disease”,
“Parkinson”, and “Parkinson disease” and the terms “sleep”, “sleep apnea”, “speech”,
“dyspnea”, “swallowing”, and “levodopa respiratory”. Exclusion criteria included animal
studies and other neurological disorders different from Parkinson's disease. The articles
obtained from the search were studied, and the relevant matter was analyzed and is
described in this paper in the form of a narrative review.
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Figure 1. The most signi cant characteristics in Parkinson's disease respiratory impairments and the relationships

between them.

Parkinson's Disease

2. Neuroanatomy and Pathophysiology of Respiratory Dysfunction in

The depletion of dopaminergic neurons located in the substantia nigra is the hallmark
of Parkinson's disease and is also followed by considerable destruction of neurons in other
locations in the brain such as the brainstem nuclei that control sleep and respiration [ 12].
Considering the evolution of the morphology of this neurodegenerative disease, the accu-
mulation of alpha-synuclein rstly includes the medulla oblongata in the caudal part and
also the respiratory centers which participate in respiratory coordination and the identi ca-
tion of peripheral hypoxemia or hypercapnia [ 3,13-16]. The two main characteristics of the
disease are dopaminergic depletion and a loss of astrocytic cells which cause impairments
in respiratory physiology or at least abnormal awareness of breathing or dyspnea due to a

decrease in the production of ATP in key areas of the respiratory centers [ 17-19)].

The results of studies in the literature are often contradictory. For example, in a
study by Onodera et al. [ 20], the authors observed that even from the early stages of
the disease, patients presented a decreased central vascular response with an insuf cient
concentration of oxygen and hypercapnia, whereas in a study by Seccombe et al. [21],
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the authors observed that patients had abnormal respiratory responses to carbon dioxide
rather than mild hypoxia and did not present abnormal lung volumes and ows.

3. Chest Wall Volume and Asynchrony

Expansion of the rib cage and abdomen involves a synchronized contraction of the
diaphragm and the abdominal and intercostal muscles. The prevalence of restrictive
respiratory disease in Parkinson's disease patients causing unsynchronized contraction
of the respiratory muscles affecting breathing pattern and chest wall volumes has been
found to vary between 28 and 94%, not taking into account the patients' pulmonary
symptoms [9,22-24]. The restrictive respiratory pattern in Parkinson's disease is yet to
be entirely understood considering the association with abnormal action regarding the
accessory respiratory muscles, abnormal ventilatory control, increased chest wall rigidity,
and decreased lung volume due to kyphoscoliosis that are encountered in Parkinson's
disease R5]. In addition, the adverse effects of ergot-derived therapy have been discovered
to be at least a risk factor, if not a causative factor, for the restrictive pattern of respiratory
function in Parkinson's disease [22,23].

Flor{ncio et al. compared 27 Parkinson's disease patients with healthy subjects and
con rmed the presence of restrictive respiratory disease with reduction in the volume of
the pulmonary rib cage compartment, as well as observed that half of the Parkinson's
disease patients exhibited paradoxical breathing [26]. Furthermore, different levels of
respiratory muscle dysfunction have been observed in patients with Parkinson's disease.
In the same study by Flor fincio et al., the Parkinson's disease patients obtained signi -
cantly lower absolute values for FVC and FEV1 as compared with the healthy controls.
Regarding respiratory muscle strength, the Parkinson's disease patients obtained lower
scores for maximal inspiratory pressure and maximal expiratory pressure than the control
group [ 26,27]. Nonetheless, an improvement regarding the rigidity of the thoracic wall
signi cantly improved kinesics and coordination at a precise level. A meta-analysis of
the literature demonstrated that non-medical treatment methods in Parkinson's disease
provide statistically signi cant amelioration in respiratory strength measures and peak ex-
piratory ow rates [ 28]. In a systematic review, Rodriguez et al. concluded that respiratory
muscle training might be helpful for enhancing the strength of the respiratory musculature,
swallowing, and phonation capacity [ 29].

4. Obstruction

Several studies have reported the preponderance of upper airway obstruction among
Parkinson's disease patients to be between 6.7 and 67%32,23], resulting in chronic air ow
limitation and, consequently, weakness, bradykinesia, or dysfunctional contraction of the
striated musculature in the region of the upper airway [ 30], which have been considered to
be major factors contributing to the development of secretion retention, atelectasis, and
aspiration pneumonia. Several studies involving investigative instruments and methods,
including spirometry and optic endoscopy, have con rmed the presence of upper airway
obstruction [ 22,23,30,31] and have reported the following two primary changes in the respi-
ratory pattern: respiratory utter and sudden changes in air ow with an irregular pattern
dependent on the glottic and supraglottic structures. Reports from beroptic endoscopic
examinations have indicated that dysfunctional movements are also present in the regions
of the glottis and above the glottis level, which affect the opening and closing of the air-
way [ 37]. Furthermore, the tonic activation of vocal fold adductors has been observed and
is believed to be connected to a decrease in laryngeal diameter [33]. Changes in the phona-
tory morphologic components were found to be electromyographically similar to changes
experienced in the motor system, including tremor, bradykinesia, and rigidity [ 34,35]. Cor-
relations between upper airway obstruction and the cardinal characteristics of Parkinson's
disease, i.e., tremor [36], bradykinesia [ 23], and dystonia [ 1] have been reported in several
studies, raising the possibility of a connection between upper airway obstruction and
peripheral motor dysfunctions primarily caused by the effect on the basal ganglia. As a



Brain Sci.2021, 11, 595

50f11

result of the stated dysfunctionalities, respiratory function tests related to upper airway
obstruction have revealed a decreased peak expiratory ow rate and maximal ow at
50% of the forced vital capacity, with an increased ratio of forced expiratory volume in
one second to the peak expiratory ow rate [ 37]. Dyspnea, but also hypophonia, pitch
changes in the voice, stridor, and wheeze are symptoms that directly follow the upper
airway obstruction present in Parkinson's disease patients [ 38]. Lower airway obstruction
has been reported and associated with rigidity, resistance to passive mobilization, and
arthrosis of the cervical spine, which are consistently prevalent in Parkinson's disease
patients, especially in the later stages of the disease P3].

5. Dyspnea

Dyspnea has been de ned by the American Thoracic Society as “a subjective expe-
rience of breathing discomfort that consists of qualitatively distinct sensations that vary
in intensity [it] derives from interactions among multiple physiological, psychological,
social, and environmental factors, and may induce secondary physiological and behavioral
responses” [37].

Dyspnea represents a prevalent symptom in the evolution of Parkinson's disease, with
approximately 40% prevalence in the symptomatology of patients as reported in a study
by Baille et al. [39]. The presence of dyspnea correlates with the severity of the disease,
decreased ventilatory function, motor uctuations, dysphagia[ 39] and even neuropsycho-
logical symptoms such as anxiety and depression. The actual mechanism that determines
the presence of dyspnea in Parkinson's disease patients has not yet been discovered but
has been associated with the following factors: upper airway obstruction, restrictive res-
piratory change, levodopa-induced dyskinesia, and hyperventilation. Moreover, studies
have reported different data related to the frequency of dyspnea in Parkinson's disease.
Witjas et al. analyzed 50 Parkinson's disease patients and reported 40% prevalence of
dyspnea [40], while the PRIAMO study with a cohort of 1072 patients reported only 1.5%
prevalence of dyspnea [41]].

Since dyspnea can decrease the quality of patients' lives and is also identi ed with
a reduction in autonomy in ambulatory elderly patients, more studies on dyspnea in
Parkinson's disease patients are required to reach a clearer conclusion.

Dyspnea and the subsequent ventilatory dysfunctions are considered to be symptoms
of autonomic dysfunction. The obstructive and restrictive aspects, the potential drug
effects (levodopa can determine diaphragmatic dyskinesias), and an abnormal central
control of ventilation are partly responsible for the ventilatory dysfunction in Parkinson's
disease patients.

6. Implications of Respiratory Characteristics in the Speech of Parkinson's
Disease Patients

The characteristics of Parkinson's disease patients' voices and respiration can have an
important impact on the quality of life of these patients. Voice impairments are prevalent in
60-80% of Parkinson's disease patients and include a monopitched voice, monoloudness,
a decrease in the intensity of the voice, a decrease in the pitch of the voice, and a harsh,
breathy voice. Patients with Parkinson's disease present two models of respiratory patterns.
The rst model is represented by higher lung volumes at the onset and end of speaking
as compared with normal lung volumes [ 42] and the second model is represented by
lower lung volumes at the onset and end of speaking as compared with normal lung
volumes [43]. The patterns described amplify the requirement of using active muscle forces.
The higher lung volumes at the onset and end of speaking as compared with normal lung
volumes heighten the necessity of using active inspiratory muscle forces to moderate the
descent of the rib cage when encountering high passive recoil forces. The lower lung
volumes at the onset and end of speaking as compared with normal lung volumes almost
completely depend on active expiratory muscle forces due to the fact that the expiratory
muscles represent the main origin of pressure production for speech at low lung volumes.
Too much dependence on active muscle forces for speech is unhelpful for Parkinson's
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disease patients, not exclusively because it advances the activity of speech breathing, but
also because decrements in respiratory muscle strength and control as a consequence of
Parkinson's disease might lead to complications in maintaining and adjusting pressure
during speech.

A study by Stegemodller et al. [ 44] compared the effects of high- and low-dose singing
interventions in Parkinson's disease patients. The results surprisingly showed signi cant
improvements in respiratory outcome measures rather than in all vocal outcome measures.

A previous study by Di Benedetto et al. also showed signi cant improvements in
respiratory measures for Parkinson's disease patients who participated in singing therapy.
These ndings are important due to the fact that increased respiratory control may enable
more forceful elimination of external material located in the lungs in the case of aspiration
pneumonia which represents one of the main causes of death in patients with Parkinson's
disease K9]

Furthermore, impairments in speaking and breathing can lead directly to several
of the main characteristics of speech disorder in Parkinson's disease patients, including
decreased vocal intensity and brief utterances. The investigative evidence has shown
that ongoing intervention procedures that are concentrated on enhancing certain speech
inadequacies enhance both speech and breathing. Actually, concentrating on particular
speech impairments without precisely impacting speech and breathing might lead to
dysfunctional respiratory management and performance [ 46].

Enhancing the function of expiratory muscles represents an objective for respiratory
rehabilitation as it forms a foundation for the thorax and the diaphragm conferring toler-
ance to sudden powerful contractions at the time of inspiration and aiding in adjusting
the pressure for speech. Enhancing expiratory muscle strength in Parkinson's disease
patients can bene t speech breathing and functional speech results by enhancing pressure
generation and control. Expiratory muscle strength rehabilitation has been demonstrated to
help in cough generation [ 47] and swallowing capacity in Parkinson's disease patients [ 48].

7. Implications of Respiratory Characteristics in Swallowing and Aspiration of
Parkinson's Disease Patients

Dysphagia was rst reported by James Parkinson as associated with sialorrhea. Dys-
phagia is frequently correlated with signi cant clinical problems that are speci cally related
to a decrease in quality of life, which include inadequate medication consumption, mal-
nutrition, dehydration, aspiration, and, consequently, pneumonia, factors that lead to
mortality in patients with Parkinson's disease.

Parkinson's disease-related dysphagia may be caused by a decrease in basal ganglia
dopamine activity or other neurotransmitters, but the peripheral mechanisms of the disease
are caused by neuromuscular impairments that also subsequently include alterations in
pharyngeal muscles related to atrophic myo bers [ 49].

Studies have reported that 80% of patients with Parkinson's disease develop dyspha-
gia [49]. Usually, swallowing impairment appears at least one year after disease onset,
while patients realize the symptoms of dysphagia after approximately ten years; the typical
survival period after the presentation of subjective dysphagia is 1-2 years [ 49,50]. Marano
et al. observed that dysphagia is prevalent in approximatively 10% of patients in the

rst year after diagnosis and that this prevalence doubles in the rst three years after the
diagnosis; these patients are also more inclined to present non-motor symptomatology
(sleep—wake cycle impairments and excessive daytime sleepiness p0]) as compared with
Parkinson's disease patients who do not present this impairment [ 51]. Parkinson's dis-
ease patients with dysphagia exhibit dysfunctions in all stages of swallowing. In the oral
stage, swallowing impairments are de ned by drooling, piecemeal deglutition, inadequate
mastication, and defective bolus and lingual action management [ 52]. Impairments in
the pharyngeal stage are represented by a lag and a reduction in the hyolaryngeal excur-
sion, a decrease in pharyngeal peristalsis, a lag in the initiation of the swallowing re ex,
pharyngeal residue, and aspiration [ 49,53]. Aspiration is present in approximately half
of Parkinson's disease patients. Studies have described silent penetration and aspira-
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tion in Parkinson's disease patients [54]. Essentially, aspiration leads to an elevated risk
of aspiration pneumonia, which is a principal cause of mortality in Parkinson's disease
patients [55].

Gaeckle et al. demonstrated a lag in the beginning of the pharyngeal stage of swallow-
ing and also a decrease in hyolaryngeal elevation, which are both predictors of penetration
aspiration in Parkinson's disease patients. The study also revealed that the frequency of
penetration and aspiration was directly proportional to the volume of the liquid bolus and
the number of times swallowing was performed [ 56].

8. Sleep Disorder Breathing and Daytime Somnolence for Parkinson's
Disease Patients

Non-motor symptoms are prevalent in Parkinson's disease patients and it has also
been recognized that non-motor symptoms play an important negative role in the overall
functioning and quality of life of Parkinson's disease patients. The most representative
symptoms for this category are sleep disturbances, daytime sleepiness, cognitive dysfunc-
tion, and mood disturbances [ 12].

Sleep disturbances are non-motor symptoms of patients with Parkinson's disease and
include sleep fragmentation, insomnia, restless legs syndrome, acute respiratory failure,
and REM sleep behavior disorder.

Recent studies have indicated that obstructive sleep is a potentially important comor-
bidity in Parkinson's disease. One study reported that its prevalence is variable and could
not conclude that its prevalence was higher than in the general population [ 57]. A couple
of physiopathological processes, i.e., oxidative stress and in ammation, are common in the
development of both sleep apnea and Parkinson's disease; therefore, it is possible that there
is a connection between the diseases $8,59. The most plausible reason for sleep apnea
in Parkinson's disease is the central dysfunction of the respiratory structures from the
brainstem in addition to a peripheral airway implication. Furthermore, the data from these

ndings support the possibility that upper airway motor dysfunction may also be involved,

but the most enlightening information comes from the discovery that obstructive sleep
apnea could become an aggravating factor for the non-motor symptoms of Parkinson's
disease, especially considering that in the general population, obstructive sleep apnea has
been correlated with sleepiness, cognitive and psychomotor dysfunctions [ 60]. Sleep apnea
has been categorized into three types which include central sleep apnea with inadequate
activation of the respiratory muscles, obstructive sleep apnea which involves obstruction
of air ow despite accurate activation and effort of the respiratory muscles, and a mixed
type of sleep apnea representing a combination of the other two types [ 61].

The main treatment for preventing all the abovementioned symptoms is standard
positive airway pressure therapy; however, it results in a variable and incomplete response
in obstructive sleep apnea patients [62]. In addition, it has been reported in the literature
that Parkinson's disease is correlated with obstructive sleep apnea, increased sleepiness,
and decreased global cognitive function [ 63]. In a 12-month study by Kaminska et al.,
standard positive airway pressure therapy in Parkinson's disease patients with obstructive
sleep apnea showed bene cial results in non-motor symptoms globally, subjective sleep
quality, cognitive function, and anxiety [ 64].

9. The Effects of Treatment of Parkinson's Disease on Respiratory Function

An effective antiparkinsonian treatment for the respiratory system has not yet been
entirely elucidated. Levodopa treatment is able to moderately enhance the quality of
breathing by ameliorating the obstructive and restrictive pulmonary impairments, but
without impact or even a negative consequence for ventilatory capacity due to generating
diaphragmatic dyskinesias. Tambasco et al. demonstrated that levodopa treatment en-
hanced the respiratory function of patients and, subsequently, respiratory discomfort was
decreased B5]. There were no associations between levodopa and respiratory improve-
ments found in the primary stages of the disease, but in the evolutive stages, medication
could account for sustaining the maximum inspiratory oral pressure and sniff nasal in-
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spiratory pressure [ 66] and could have a bene cial effect on the restrictive pattern of the
respiratory impairments by aiding the coordination rather than improving the strength[  66].
Paradoxically, antiparkinsonian treatment might produce dyspnea. Dyspnea might appear
as a subsequent symptom of the antiparkinsonian treatment, but the underlying cause
could be represented by the pleuropulmonary brosis caused by treatment with bromocrip-
tine [67] or by diaphragmatic dyskinesias as adverse effects induced by treatment with
levodopa [68-70]. Improvements in upper airway obstruction due to dopamine treatment
have been further highlighted by the acute respiratory events that tend to happen when
the therapy is stopped [ 71,72], for example, neuroleptic malignant-like syndrome, and also
sustained by the bene cial response to apomorphine [ 73,74).

10. Conclusions

Parkinson's disease is commonly correlated with pulmonary impairments. From the
initial stages of the disease, respiratory characteristics are considered to be and have been
investigated as representing components of the main neurodegenerative disease instead
of a distinct disorder. Accordingly, the existence of respiratory symptomatology should
be considered by physicians as representing Parkinson's disease in progress or not well-
controlled. Although the role of antiparkinsonian treatment in the respiratory function of
these patients is still questionable, the treatment should be considered to present a possible
role for improving pulmonary activity, including a possible detrimental contribution to
muscle incoordination and exacerbation of shortness of breath in patients with dyskinesias.

Although the relationships involving the etiology, functionality, physiopathology,
and treatment regarding respiratory problems and Parkinson's disease are not entirely
elucidated, the impact on patient's lives is signi cant. Consequently, the recognition and
prevention of respiratory impairments are clinically valuable.
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&/,33(56 FKURQLF O\PSKRF\WLF LQADPP
perivascular enhancement responsive to steroids: A challenge
LQ QHXURORJLFDO SUDFWLFH FOLQLF

ANY DOCU AXELERAD'?  $/,1$ =25,1% 675285,67,1%$ 0+ $&25,1% )5(¥86
'5$%26 &$7%$/,1 -,$1BANIEL DOCUAXELERAD® DQG $1&$ (/(1$°*2*8

1'HSDUWPHQW RI ITHXURORJ\ )DFXOW\ RI *HQHUDO OHGLFLQH 9f2YLGLXV
21JHXURORJ\ '"HSDUWPHQW &RXQW\ (PHUJHQF\ &0OLQLFDO +RVSLWDO 1
3'HSDUWPHQW RI 3BHGLDWULFV )DFXOW\ RI *HQHUDO OHGLFLQH 9f2YLGL
43HGLDWSEJIZD.“EJWPHQW &RXQW\ (PHUJHQF\ &OLQLFDO +RVSLWDO 61 $S
5'HSDUWPHQW Rl 1THXURORJ\ Y9LFWRU %DEHV:- 8QLYHUVLW\ RI OHGLFLQH

6'HSDUWPHQW RI LQHWRWKHUDS\ f%UDLQD[\ &OLQLF- &1
S5HFHLYHG -XQH $FFHSWHG -XO\
‘2, HW P

Abstract. & KURQLF O\PSKRF\WLF LQADRP IWKLR FRQWKWERQWLVQBRW | XODY HO X
SHULYDVFXODU HQKDQFHPHQW UHVERBOWKWH S8 R33/(W6HIRDGM VENYB(56 LWV RZ
LV D UHODWLYHO\ QHZO\ GLVFRY® URIBWLRG RK D/AHXFHW B OL PHOGJ FR GG N\VQ R Q
DITHFWLQJ WKH FHQWUDO QHU YR XVUD\WMRKR J& ¥ 8 VWAKKORX Q. @ YSFOO YFHOWR WA BLW \
EUDLQVWHP DOPRVW XELTXLWRXEOU @BV KD HOAK VMR B/WIHDDAU DQTGRS D W
WKH SRQV &KDUDFWHULVWLFDOO\ LQMWIBREX W ERE VRHQWEGVD FIRIPFEKL FDQ S|
QDWLRQ RI FOLQLFDO V\PSWRPV UWG®GDWXIK VOR QWKW HSJIPWLKPRPORQIR VRSB H V-
EUDLQVWHP LQ SDUWLFXODU DQG KBV HYERR®V LFHERUWMWLE WK S HOLUBHIUBBIWRX
PDJQHWLF UHVRQDQFH LPDJLQJ 05, RDWHKVSYXBDERDWHGCDRE &XBY(56 WKLV
OLQHDU JDGROLQLXP HQKDQFHPHGWLDEABOHHDYXUWYKHDRREQI/D RIVAHYLRIL F
OHVLRQV FDQ EH YLHZHG YLD QHXURDRBIM GHZEWILKE B G U8 GRPH @R QMU D W X L
LQ WKH SRQV DQG DGMDFHQW UKRPEHQFHSKDOLF VWUXFWXUHV VXFK DV
WKH FHUHEHOODU SHGXQFOHV FHUHEHOOXP PHGXOOD DQG PLGGOH
EUDLQ 7KHVH OHVLRQV PD\ DOVR VGdhtdisG DQG DSSHDU LQ RWKHU DUHDV
RI WKH EUDLQ VXFK DV WKH WKDODPXV RU ZKLWH PDWWHU $V WKH QDPH
VXJIJHVWY WKLV FOLQLFDO V\QGURPH ,QMMBREDGWWRQLPPXQRVXSS

VLYH WUHDWPHQW EDVHG RQ JOXMHRGFR 0W LG RAKDHIDEMGW *& BN\ F \H [FSIU&/V3 3 (56
DV ERWK FOLQLFDO DQG UDGLRRERJLFOIVHNSURPHRKID\® VW EIXDINRUIM |
WKLV WUHDWPHQW LV UHTXLUHG IRU $06 GRWQURSIDWL RG| RWIP@FHL RIQD FH U E D
WLRQV PD\ RFFXU ZLWKRXW 7KXV WRKRRQFONLROW RI &/,33(56

KDV JDUQHUHG LQFUHDVHG DWWMBWLRQ IURP FOLQLFLDQV DQG WKH DFWL
H[FOXVLRQ RI GLIITHUHQWLDO DOWHUQDWLYH GLDJQRVHV LV QHHGHG $
VSHFLAF ELRPDUNHU RI VHUXP RU EMuddEWHRYSLQDO AXLG &6) IRU

WKLV FRQGLWLRQ KDV QRW EHHQ GLVFRYHUHG 7KH SDWKRSK\VLRORJ\
&KURQLF O\PSKRF\WLF LQADPPDWLRQ Z
YDVFXODU HQKDQFHPHQW UHVSRQVLYH
NQRZQ E\ LWV DFURQ\P 9&/,33(56- DQ

Correspondence to:'U $0OLQD =RULQD 6WURWKH VFLH WLAF ZRUOG LQ W
1HXURORJ\ )DFXOW\ Rl *HQHUDO DWG %(Y}g LV']'_Q DQG VV\L/L(Ry\FXH 'c‘;
&RQVWDQWD $OHHD 8QLYHUVLW kLD 6% W PRy Q
( PDLO JRULQD VWURH#\DKRR FRP K'H 'XQGDP PHFKDQLVPV XQGH

RI &/,33(56 KDYH QRW EHHQ FRPSOHMW
Key words: &/,33(56 FKURQLF O\PSKRF\WQH XUP 0P WWDHRIVLERG\ WD UJHW @DV C
SRQWLQH SHULYDVFXODU HQKD Q FHRMQERUKH FRRIOVLFRWRHVREGRLIGW HIARDFLR X
QHUYRXV VA\VWHP VHIPHQW RI WKH GLVHDVH EXW SHU'

PHQW RI &/,33(56 XVLQJ VWHURLGV LV I

XQZDQWHG VHFRQGDU\ HIIHFWYV
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2. Main characteristics of CLIPPERS NH\ ZRUGV XVHG IRU WKH VHDUFK ZHU
DQG YFKURQLF O\PSKRF\WLF LQADPPD
&/,33(56 VIQGURPH LV LGHQWLAHG FEXOD UHHA QFRODL@AHFPHQ WVBHY¥®R/QVLYH WR
DQG D SDUWLFXODU W\SLFDO QHXU RWUPWDUAMHVIHQ WXWHV VEX®\L VBNV H@F O
VLIQV DQG VI\PSWRPV WKH PRVW HRFMRRI BU,B3Y5F6S YHMHAURPHG DEFQG WKH |
DWD[LD GLSORSLD IDFLDOLRNODWHHVWEKHWMKDY HWKEW D& H 3BRPHEO VIQGURPH 2
FRUWLFRVWHURLGY DQG KDYH DLYRORUWSEH®HWQRVLV ZKHQ WUHDWPHQW
LOWHUUXSWHG 05, LPDJHV RI WKH SRK\H WKRZAD ORI EDRQ PHIDPADXIBINY GHVFL
ZLWK fVDOW DQG SHSSHU:- DVSHFW\WWEH VXEYHXYWHWK RROMAYVLYW DBNR UG |
WLRQ %LRSVLHV RI WKHO3HRQ DHODWXH W\WH DXIGHDEKY FWHEHDB DV IRBORZYV
LQAOWUDWLRQ RI WKH SHUL WD WHSRIHUQRSXFOHOW EN QKPHFQQ J VOKHD/LRQV LQ
VHQWYV ZK\ WKLV VIQGURPH KDV EHHIDWE&8 HED @ RO R/IKIHWHRDWY KRR QMOHP L G (
LQADPPDWRU\ GLVHDVHY ORFDWHG ERUMEM EORRQD/MRHP] ZLWK RWKHW VLC
SBDWLHQWV ZLWK &/,33(56 VIQGURPBDHN KB YSKYKWREZIR FKRWDWVPDOOUGE WIWR
WHULVWLF EXW QRQVSHFLAF SBW HYRDQAFX DW XYW AIDALRUH 3 IFHHSORQ GEAO@W OF
WKDW VHUYHV DW WKH AUVW REVFBDOYHEGERWYL DO@NVEROD V VK H COHQW REDW KIRQ FEJ
SURRI RI RWKHU UHFRJQL]JHG LQIHFRRLRXY JD@QADPPDWRB UFHRMWEGBP\ ZKNLWH |
HOLQDWLQJ GLVHDVHYV ZLWK JURZLQJ GLVWDQFH IURP WKWRRC
+RZHYHU WKH WKUHH PHQWLR QAR® VDLIVFRH/FMWHW RLGHWD G B WPBIWW&NWQUD S
GLVWLQJXLVKDEOH LQ GLDJQRVHYVERWKKRXMQ MWFH OWH RIDELRO®RUHNFDW RU |
HI[FOXGH DOWHUQDWLYH GLVHDMWKDWDIRIKF DIALWGEGY/ R Q@ DWKKHR @ B DIL D DOWIHHFD W X L
GHPDQG GLIIHUHQWLDO GLDJQRUNSHUQFOXGEX@D BXOW ISKQRHK MWWFU HRRYW L F
QHXURP\HOLWLY RSWLFD OQHXURVDWARLGKRWVDVW HWHKHABWLWR G LVHDVH7K
%LFNHUVWDII V HQFHSKDOLWLY SSUROGRPLOQPOMWRRIBR DARGPSURFDWHNY 1R\
YDVFXOLWLY RU LQIHFWLRXV Y\D/V\FEKRY KW L MR RIOWR K H QFIH K WMD) B SO MIKYRRXR/ IV F D (
&16- DQG SDUDQHRSODVWLF VQUIGEHRRED ® RHIODW\GAGD/Q DONPRRRF\WH SF
WKH LPSURYHPHQW ZLWK WUHDWW HQ WD>XQUKLMR PORVRVPLIFR VRVH UIRD. QG W IFH@LO-\D
WKDW WKH SUHVHQWO\ XQLGHQWLAWGBVRXOLW)L VV ZIKQ AKP PXGRL P ER U DEWY &/ L
VRXUFH QRVHYV 7KH GLIITHUHQWLDOQ&MDJQ
,Q WKH OLWHUDWXUH LW KDV BHKQ BWHKMRIWLL]@ BWMKDIWG LQND/HIDG RI16 GAPSKR
VHQWLQJ D GLVHDVH &/,33(56 PD\ UGISWHNWRA W JID VREP®U RPHLPIDNKR & 16 YDV
YDULRXV FDXVHV ,Q VFLHQRMQAVF\QESRPMW VVDIQFBLIGREVW.VW OXWY LQ WKI
&OLSSHUV VI\QGURPH KDV SURJUHV\GHE MDR/ b FHCEH OFX®OKRRARY DOQ@ KLVWLR
KDV EHHQ K\SRWKHVL]J]HG WR EH DQ ZRHUPAHRXGE DNH- DXV RQRIHWDEX QDWDU YV
LQIDUFWYV DQG SUHYDOHQW VWXGLHV |URPPDKH O
1XPHURXV FDVHV LQ WKH OLWHUDVUXSR QIGJHRWPDIKHK MWMWWKHDFREVWDWKR RI
WLYH HOHPHQWY RI WKH V\QG UR RH: VWGHDAM UAISGV DRQV ZIRWHD R R FKRIRIQAFWF R U W |
KDYH GHPRQVWUDWHG DQG SRVWXODWHIUWKDMW HGRUH QW VP RX BR\WKGHIDE G
VXSSUHVVLRQ WKH GLVHDVH ZRUW\LI®Q U DY GQW KBIWLWWHQOD EFREXBQW HYHQ,Q
Rl D PLQLPXP GRVH RI PJ RI SUHBRRXRK HF CLMLED DVDWHF RPAXUROIRIKLFD C
PHQGHG LQ RUGHU WR SUHYHQW WKERVZHRRWRHECRQWLFRVWHURLGY ZB®VWRQ)
&/,33(56 LV SRVVLEO\ XQGHUGLDJPRVHGVBQ® 3DWMK. HRSDWL IPHFHQW V. FFRD VL \
EH GLDJQRVHG DQG WUHDWHG IRU WORWRHARQGLWRH GBHQGRWDY R P W KN P SIL Q
EHIRUH UH GLDJQRVLV ,Q RUGHUWHG W KRV EDFIHWG EBIFORVHW | VDK MDERDRO C
XQGHUVWDQGLQJ RI WKLYV FOLQLDFODOUDBERRRRIFIDAD OHVXG®GDR ZH ULHV D\
SDUWLFXODUO\ VLIQLAFDQW QR WHR @/@&\DGK H MRHVWKHHY EIGIHR EL X Q W H M 8 RVQHVG
WR FRUWLFRVWHURLGY EXW DOVR RWMXKH ZH B XKEW LRKP L QVIWRKEG BIXIKEM D YR
GLDJQRVWLF LQYHVWLJDWLRR\S UHVIPHO@W EAKHHL QFEHRIWMNARZ IOLFG PHGLFDO ZF
KLJK ULVNV EXW DUH UHFRPPHQGHGEYHHMHO®WILVR W VHRP WKH FDVH UHBRUW
DV RIWHQ RUDW DOO LQ FDVHV LRHZKDFK F|
3. Cases from the literature ZDV PDQDJHG H[FHHGLQJ PJ SHU GD\
,Q WKH FDVHV SUHVHQWHG LQ 7DEO}
‘H SHUIRUPHG D QDUUDWLYH UHYLHZH R HWKH Q E WG WLDRMDX & H IBQ &6 UH\WPLISHEZ R BV
VWXGLHV DERXW &/,33(56 VIQGUR-PHZWR @&HWF A UFKN WKP SWRPWRHPY FUEEHG E
DWRORJ\ DQG WKH SUHYDOHQW F D WXWW Wwee &WOKH 0DQ.GV R Q BIVWSXDWH. HOQW , R({ WKH
DQG 6FLHQFH'LUHFW ZHUH VHDUFRHRRGRU RGHYHQROHDGUKWHIDFGODHRK HDVQ BV V
UHYLHZ RI OLWHUDWXUH SXEOLVKIHOGCEHWZHHQ -DQXDU\ DQG
JHEU XD U\ GHVFULELQJ VWXGLHYV 3X®EW LRYFBROYH A @ MWKIHH®YWRO R\Y GR Q
UHVXOWYVY REVHUYHG RQ WKH &/,3BSHBUVHQGEGHRPHHRRRPIWRPHY VXFK DV
DWRORJ\ LPDJLVWLF AQGLQJV DIEKEBXMWEREGYOQWFZRAVSRJIHWVKH WIHVGIW X ED F >
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ULJKW FHUHEHOODU ZKLWH PDWW®& B\MRXRBEBW®GE H/GK HE \F D LA)D. & DHD S/H P S YWRREP V
HGHPD ZLWK D PLQLPDO LQFUHDINVNGQIQPYHQ W U LLFXSODLUUUWPIH 8 WG GRWERQ U WR
LQ WKH FDVH UHSRUW e84 HVH QM HGS RWHOOGREMIFRUWLFRVWHURLBD/SSHDW MR-
UHVSRQGHG WR VWHURLG WUHDWP HQW ODSV W K-SR & VGV B SIDVOD OF RUW L 6 R IAC
KHPRUUKDJH ,PPXQRSDWKRORJLFDO LQYHVWLJI
/JHVLRQV PD\ EH VLWXDWHG LQ W KH, ¥XI56 D/ORFRDE H EKODACHO WHDYHIDAQ BG D ¢
RU FHUHEUDO ZKLWH PDWWHU WRAHJ LSFW B M D V ¥ DX\OFXD DIWD G RFGI DQ@QRWPH G R
HQKDQFHPHQW SDWWHUQ DQG VW HUWRILDGU USDAVS RR® RY HRB® VS ¥ R RIHNRW BQ \
DXWRLPPXQH LQADPPDWRU\ QDWXUIRWKMKVWRRBQBGWIHROHOLQDWLQMWRU L
$ GLVWLQFW FDSWLYDWLQJ DQRWKBRGWMQIKRIX\H R FEDUDF WD CR /W E
LQFOXGHYV SHULYDVFXODU LQADP PQRM RD YWHKDMF DV VH W\R \D &M H USHROQWL IY € HG
DQG SHULSRQWLQH DUHDV ZKKBK DRB®OLHMN WYX ZW RVER GRWHBWHIVHQW FC
VSHFLAF WHUULWRULDO LPPXQRORFFWDRY DR IFQWHAQILGLFDH OP PR DBVDRIP D W
ORJLFDO DQG KLVWRORJLFDO VWKW D HWVHUK RUI® E P HRRD G K BN HRGR WAR LW R
WKLV IDF\Wal.DVWHYSHDOHG WKH S UHAKRXOHS REHHBRRQWIFGIHBUHG IRU DQ DOWH L
,J( OHYHOV LQ WZR RI WKHLU SDPWLHQ® W K I ®LFDNMUIDN XWKID \E UDK ) [EQ RS VL
PDWRU\ PHFKDQLVP LQ &/,33(56 VIQRQRWHK HFOKVEH XHVWRSWLRQ LV SU
DQ DOOHUJLF SURFHVV &/,33(56 V\PDRQRPG HWHSWIHR/G QVKD IV QWKYHH @/, 33 (56
GLVHDVH LQYROYLQJ WKH &16 IRU RXQBK MK KN LHQ@MWX B B'Q W DEWBID\HQV D U H
EHHQ FOHDUO\ GHAQHG SHGXQFOHV DQG VSLQDO FRUG ZLW
.DVWdi &S UHSRUWHG WKDW ERPSOLWDWQRQN DWD[LD DQG
SHULRUDO SDUHVWKHVLD DSSHDU W R B HRKYOHULD FIVHW K RW LK R/IKW KSHD W R B C
WRPDWRORJ\ DQG KLVWRORJLFIHO WVRDB I VGH G @ B\ WILHYQWDD ZHWL K HG F3 3 (5
RI GHP\HOLQDWLRQ 1HXURSDW KR O R DUFERY GRY HW WIOILCRPIDR @\Q ® KIRPI$S KR P D
VLIQLAFDQW DQJLRFHQWULF ETOVWH @ WH GQOVGK I S KWYXHG L QG ONVWDLW D RVQ R/GIV V|
RI WKH &16 SDUHQFK\PD LQ VPDOO PRWKRE RIOLPPKRRSMHWKRRRILFDO UD
SDWLHQWYV LQ WKLV FDVH VKRZHGEG IBQWL EHQ WARLVD G LV WP SQUIRA WK DKWV V\
DQG UDGLRORJLFDO UHDFWLRQ WRU\ &16 GLVRUGHUV &\WRNLQH DQG
7KH QDPH &/,33(56 VXJJHVWV D SUDQELEBOBESRQSWEMHOOMNVILE FDQ GURYL
DQG HQKDQFHPHQW SDWWHUQ OQRQMKHK B FKIVQ LM PAU RE RQADLRAD WRB-Q &/, °
WLRQV FDQ DOVR EH SUHVHQWHG LPRKQRIUGUVYRURIHE/,33(56 KDV
\HW WR EH GLVFRYHUHG 6FLHQWLAF,BRXBBRORKHENOK P WK &XH YHR WWHHEU B P
SUHFLVH LQADPPDWRU\ SURFHV\- RD WHQ LIGAHPIX HR W HFORDQWH. G HSUHLLQLYY D VYU R D G
FXODU YDVFXODU LQADPPDWRU\ UHWSRWQIMHWLQJ WKH SHULYDVFXODU UHJL
6HYHUDO FOLQLFDO IHDWXUHV DRI RRXVE HHORLPBGLQW HG HORHH/QWQ V
VKRXOG EH WDNHQ LQWR FRQVLGHUDW®QR QVWIRRILHQHUIDMAHWY RRILDUIWH BW, 3G [ D6
QRVLV VLJQV DQG V\PSWRPV UHODWHI®& W B LKW\ EW B PQ ¥ WEH.R/ HDRPHP\R QUOXAF K [
DWD[LD G\WDUWKULD DQG GLSORIKNWHURPHOHRYIWILRQ/MVLEXWWQR GD
WUHDWPHQW DQG GHJUDGDWLRQ ZSWKWEEQOHWXHQW RI ZLWKGUDZDO RI
WUHDWPHQW 05, VKRZLQJ SXQFWDW H. /L RSB U @/RFXP B QW HIXQISOSIN B B/HHG: V H
SUHGRPLQDQWO\ ORFDWHG LQ WKW ZRRRIW KHQ\G KFJRIGIVWSUDIWL\M QHAQVK DLOAFKH & /
PHQW LQFUHDVH LQ ,J( DV DQ YDOOHUJIOF WU
7KH QHXURSDWKRORJLF FKDUDEQYM WRVMOLEYARPPOMWRY(5EDVFXADU S
LQFOXGH SHULYDVFXODU DQG SDHMRFKR\PBO(HEPS KR F\DWLFKHUAOWDBW X W L (
FRUUHODWHG ZLWK PDFURSKBDHWEPLEHWWR LD WUMHVBQBQIF®I URMTXLQJ WR DVYV
SODVPD FHOOV RU QHXWURSKLOW PDLQUHPREOL @MW LR\ H.G/ TRAMMH QD GROL Q
& SRVLWLYH FHOOV DUH PRUH | U$OVKKROW K \WHK BB R XOQW HL W B8 QMQUNH E C
FRPSDULVRQ ZLWK &' SRVLWLYH YHPSKEBDWLHWQRWY &ZLWEBRMLML56 WKHUH L

% FHOOV WKH SUHVHQFH RI HGHPD 6RPH UHVH!
UHVXOWY RI PDIJQHWLF UHVRQDQFH \
4., Additional information ZHLIJKWHG LPDJLQJ EXW DJDLQ QR VS
IRXQG JXWXUH VWXGLHV PW® PR

7KLV LPPXQRWKHUDS\ UHVSRQVLE\H NG\ VIRQURPDWD LM VFRDWREWBUVRUG AKX VL
WKH SXQFWDWH FXUYLOLQHDU HSHM ¥PYERVIDI WKFHROGIQDIPAFE AFREWQ B VW
PHQW SHSSHULQJ WKH SRQV ZLWK WK®& WX HDIGNRIUWW X UH VB 3RN \RIBCHD U +
ORFDWHG LQ WKH FHUHEHOODU SHGX,@BO036VKDYCGEKHPLVSKHUIHWH G D %G D 0K
LQWR WKH VSLQDO FRUG DQG URWWHILLO@/\L E XW\RW\R @ R JE PIVO OH DEVQDOWE R
SUHVHQW VIQGURPH WUDQVPXUDO O\PSKRF\WLF

6\PSWRPDWRORJ\ LV PLUURUHG VER UN K H VRKIDU R FRDXY L R QY IKDW HREHHQ V
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5. Conclusions
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Abstract: Cerebral venous thrombosis accounts for 0.5-1% of all cerebrovascular events and is one
type of stroke that affects the veins and cerebral sinuses. Females are more affected than males,
as they may have risk factors, such as pregnancy, rst period after pregnancy, treatment with oral
contraceptives treatment with hormonal replacement, or hereditary thrombophilia. This neurological
pathology may endanger a patient's life. However, it must be suspected in its acute phase, when it
presents with variable clinical characteristics, so that special treatment can be initiated to achieve a
favorable outcome with partial or complete functional recovery. The case study describes the data and
the treatment of two patients with con rmed cerebral venous thrombosis with various localizations
and associated risk factors, who were admitted to the neurology department of the Sf. Apostol
Andrei Emergency Hospital in Constanta. The rst patient was 40 years old and affected by sigmoid
sinus and right lateral sinus thrombosis, inferior sagittal sinus, and right sinus thrombosis, associated
with right temporal subacute cortical and subcortical hemorrhage, which appeared following a
voluntary abortion. The second case was a patient aged 25 who was affected by left parietal cortical
vein thrombosis, associated with ipsilateral superior parietal subcortical venous infarction, which
appeared following labor. The data are strictly observational and offer a perspective on clinical
manifestations and clinical and paraclinical investigations, including the treatment of young patients
who had been diagnosed with cerebral venous thrombosis and admitted to the neurology department.

Keywords: cerebral venous thrombosis; pregnancy; puerperium; voluntary abortion

1. Introduction

Cerebral venous thrombosis (CVT) is an uncommon type of neurological pathology. It
is an embedded cerebrovascular disease, may appear regardless of age, and corresponds to
0.5-1% of all cerebral and vascular strokes [L]. It presents a remarkable range of symptoms
and signs, the most frequent being cephalalgia, convulsions, focal neurological de cits,
papillary edema, and alternating general health status and consciousness [2].

Around 20% of CVST-related strokes have been documented in young Asian fe-
males [3]. Bano et al. found that, in 68.8% of patients, the gender-speci ¢ pathogenesis of
CVST was related to pregnancy and the postpartum [ 4]. CVT occurs in 2-57% of pregnancy-
related strokes, with the majority of instances occurring during the postpartum period [ 5].
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In Bajko et al.'s [6] research, females comprised around 60% of the study group, and a
signi cant proportion of the female patient population was in the puerperium (17.2%).

Modi cations of the cerebral parenchyma appear in cerebral venous thrombosis due
to an obstruction in the venous system and intracranial sinuses. The primary locations of
ow blockages appear to be at the intersections of cerebral veins and major cerebral sinuses,
with a preference for the superior sagittal and transverse sinuses [ 7,8].

In patients with this neurological pathology, extremely diverse symptomatology may
be encountered, both at the beginning and during its evolution, and younger patients can
suffer from it. Female patients are particularly affected when they have risk factors such
as pregnancy, puerperium, use of oral contraceptives or hormonal replacement therapy;
patients with hereditary thrombophilia may also be affected [ 9].

Pregnancy-related stroke develops in 30.0 out of every 100,000 pregnancies; hemor-
rhagic and ischemic strokes happen in two thirds of cases, and CVST occurs in one third [ 10].
The rst postpartum month, the perinatal period and the third trimester of pregnancy are
the most strongly associated with the etiology of CVST, although just a few instances of
CVST have been documented in early pregnancy. Our patients had pregnancy-related
situations: the rst patient had an abortion via curettage and the second patient was in the
sixth day of puerperium after a caesarian delivery.

As a rare high-risk disease, cerebral venous thrombosis must be suspected in cases
accompanied by cephalalgia and other focal neurological de cits, altered consciousness,
and convulsions, even in the acute phase when the disease has variable symptoms [L1].

The diagnosis of CVST should be con rmed by clinical and paraclinical manifestations,
the associated risk factors, and a neurological examination. The imaging investigations are
extremely important for con rming the diagnosis and the most reliable imaging type is
nuclear magnetic resonance (NMR).

The most useful methods for establishing a diagnosis of CVT are imaging investiga-
tions, and the most precise method involves a combination of magnetic resonance imaging
and angiography. All patients suspected of having CVT should undergo screening for
prothrombotic states, along with an evaluation of the levels of antithrombin 1lI, levels
of S and C proteins, homocysteine levels, mutations of prothrombin levels, and levels of
antiphospholipid antibodies [ 12].

The thrombophilia test is useful for people with CVST-associated risk factors who
have a history of thromboembolism. In particular, it is bene cial and essential for pregnant
women with another associated risk factor.

Treatment aims to halt the progression of a thrombus through the elimination of
obstacles in the sinus lumen and the affected veins, thereby improving the prothrombotic
status with the purpose of preventing venous thrombotic events, and at the same time,
preventing the occurrence of relapses. Moreover, treatment also aims to optimize functional
recovery. Drug treatments may consist of blood thinners or thrombolytic medications;
the latter are suggested for destroying the blood clots that have formed if the thrombosis
is serious.

In this article, we present the cases of two patients with neurological pathology who
were admitted to the neurology department of Sf. Apostol Andrei Emergency Hospital of
Constanta and who progressed favorably under special treatment. The Ethics Committee
for Clinical Studies at the Constanta County Emergency Clinical Hospital (registration
number 30/1.11.2021) approved the study, which was conducted in accordance with
the Declaration of Helsinki. All subjects gave written informed permission before of
the enrolment.

The rst patient presented with sigmoid sinus and right lateral sinus thrombosis
and inferior sagittal sinus, and right sinus thrombosis, associated with right temporal
subacute cortical and subcortical hemorrhage, a pathology that appeared following a
voluntary abortion. The second patient was affected by left parietal cortical vein thrombosis
associated with an ipsilateral superior parietal subcortical venous infarction that appeared
following labor and delivery by a caesarian operation.
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2. Results
2.1. Case 1l

The rst case was a female patient aged 40, known to be affected by laparoscopic
cholecystectomy and abortion by curettage in ambulatory surgery. The patient was ad-
mitted to the neurology department for a period of 11 days due to a decrease in muscular
strength in the right hemibody and a speech disorder that onset during the same day.

At the emergency ward, the patient underwent a native and contrast-enhanced CT
scan, which highlighted the following: the right temporal surface was most probably
compatible, in terms of imaging, with encephalitis; a cranial cerebral MRI examination
and a pulmonary radiography (X-ray), which did not reveal pleuro-pulmonary evolutive
lesions, were recommended.

When admitted to the neurology department, during the neurological objective ex-
amination, the patient was conscious, barely cooperative, had expressive aphasia, had no
stiffness in the back of the head, had normal ocular motricity, and had no nystagmus; fur-
ther, the patient presented with right hemiparesis 3/5 equally distributed, and a cutaneous
plantar re ex with bilateral exion.

Onthe rst day of hospitalization, the patient underwent a cerebral native and contrast-
enhanced MRI and angiography, and a CT venography, which highlighted sigmoid sinus
and right lateral sinus thrombosis, and inferior sagittal sinus and right sinus thrombosis,
associated with right temporal cortical and subcortical subacute hemorrhage, supratentorial
recent subacute synchronous lacunar infarct, (cytotoxic and vasogenic) thalamic—lenticular—
caudal oedema, and supratentorial non-speci ¢ demyelinating lesions.

On the rst day of hospitalization, biological material was collected in order to create
the hereditary thrombosis pro le, which was transmitted to the Clinical Service of Patho-
logical Anatomy and tested to identify the mutations associated with cardiovascular disease
and thrombophilia.

The following genotypes were identi ed: heterozygous for V factor mutation H1299R
(R2) and heterozygous for mutation 4G of PAI-1. Moreover, the A1/Al haplotype of EPCR
was identi ed.

On the second day of admission, the patient underwent native thoracic CT and angiogra-
phy for pulmonary arteries, without any images suggesting p ulmonary thromboembolism.

On the same day (the second day of admission), the patient underwent a gynecological
exam. The diagnosis of incomplete abortion was con rmed, and the patient was recom-
mended to perform beta-human chorionic gonadotropin (hCG) after 48 h. The patient
was recommended to take antibiotics (2 g intravenous ampicillin every 12 h and 80 g
intravenous gentamicin every 12 h), and a nonsteroidal anti-in ammatory drug (75 mg
diclofenac, one 0.2 mg tablet every 12 h) and to undergo reevaluation according to the
results of the tests. Uterine curettage was recommended to be performed after neurological
rebalancing of the patient.

During admission, on the fth day of hospitalization, the patient underwent a cardiac
assessment. She also had a blood pressure of 105/60 mmHg, a heart rate of 64 beats per
minute, a normal electrocardiogram (ECG) with sinus rhythm, and angiography of the
pulmonary arteries that in rmed pulmonary thromboembolism.

On the seventh day of admission, a gynecological reassessment was requested for the
result of beta-hCG testing, and the investigation indicated a decrease in its value. Following
a consultation, the patient was advised to continue therapy with antibiotics and to repeat
the beta-hCG test after 7 days for a reassessment of the results.

On the ninth day, the gynecological reassessment indicated a paraclinical decrease
in beta-hCG and the patient was recommended to repeat this test on a weekly basis until
negative results were obtained and to have a gynecological assessment in ambulatory after
1 week. A hematological assessment was also requested on the ninth day of admission,
which con rmed that the mutations detected in the hereditary thrombophilia pro le fell
into the low-risk class. It was recommended that the screening test for thrombophilia be
intensi ed for C and S proteins, AT Ill, the dosage of serum homocysteine, and lupus
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Figure 1. Event ow chart case 1.

During her admission, the patient received brain depletive medication (20% mannitol,
250 mL every 12 h, for 5 days), hydro-electrolytic rebalancing (500 mL of normal saline so-
lution every 12 h), heparin with a small molecular weight (0.4 mL enoxaparin sodium, one
ampoule per day during the entire period of admission), cortico-steroid anti-in ammatory
drugs (one ampoule of intravenous dexamethasone every 12 h for the rst 2 days of admis-
sion), benzodiazepine (one ampoule of diazepam in 10 mL of a normal intravenous saline
solution, given slowly in case of convulsive spasm), antibiotics (2 g intravenous ampicillin
every 12 h, 80 mg intravenous gentamicin every 12 h), a non-steroidal anti-in ammatory
(one ampoule of ketoprofen per day), a gastric protector (one 40 mg pantoprazole tablet per
day), a probiotic enhancer (one 250 mg enterolum tablet twice a day, 2 h after the antibiotic),
and an oral anticoagulant (4 mg acenocoumarol) as follows: 1/4 tablet on the seventh day
of admission; 1/2 tablet per day on days 8 and 9; 3/4 tablet per day on days 10 and 11,
with international normalized ratio (INR) control performed on a daily basis, in order to
adjust the dose according to the INR. The patient recovered well.

At discharge, the patient continued the treatment with the oral anticoagulant (4 mg
acenocoumarol as follows: 3/4 tablet alternating with 1 tablet per day, according to the INR
dosage every 7, 14, and 21 days, then, on a monthly basis), to which a pain-killer was added
(one tablet metamizole, if necessary), along with a brain trophic (one 400 mg Actovegin
tablet, three times per day) and a dietary supplement with alpha-lipoic acid and a complex
of vitamins.
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Upon discharge, the neurological examination indicated that the patient was conscious,
cooperative, oriented in time and space, without stiffness in the back of the head, no
nystagmus, with normal ocular motricity, denial of diplopia, possible deglutition for
liquid and solid food, normal speech, no movement de cits, no sensitivity or coordination
disorders, and a cutaneous plantar re ex with bilateral exion. The images of the MRI can
be seen below in Figure 2.

Figure 2. Cont.
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Figure 2. Cont.
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Figure 2. Cerebral native and contrast-enhanced MRI and angiography, and CT cerebral venog-
raphy highlighting the sigmoid sinus and right lateral sinus thrombosis and the inferior sagittal
sinus and right sinus thrombosis, associated with right temporal cortical and subcortical subacute
hemorrhage, supratentorial recent subacute synchronous lacunar infarct, (cytotoxic and vasogenic)
thalamic—lenticular—caudal edema, and supratentorial non-speci ¢ demyelinating lesions. Magnetic
resonance imaging shows cortico-subcortical subacute hemorrhage in the right temporal lobe ( a,b)
T1 and T2 hyperintensities. (c) methemoglobin signal. (d) heterogeneous contrast enhancement.
(e) supratentorial recent subacute lacunar infarction in a millimeter lesion in hypersignal FLAIR,
restrictive in diffusion coef cient. ( f,g) supratentorial recent subacute lacunar infarction located in
the corpus callosum. (h,i,j,k) cytotoxic and vasogenic edema in diffuse T2 and FLAIR high signal and
moderate restriction in diffusion coef cient in the left thalamus. ( 1,m,n,0) cytotoxic and vasogenic
edema in left lenticular-caudate nucleus. (p) right sigmoid and lateral sinuses thrombosis—T1 and
T2 hyperintense material, without contrast enhancement. The intravenous post-contrast and native
cranio-cerebral MRI examination highlights are as follows: oval globular formations with a non-
homogeneous central portion and a periphery with a methemoglobin signal, hyper-intense T1-T2,
axial dimensions of 11/10 mm maximally and heterogeneous contrast outlet, along with right tem-
poral cortical and subcortical conglomerates, with extended moderate perilesional oedema; FLAIR
hyper-intense millimeter lesions, intense and homogeneous restriction in diffusion and no-contrast
outlets in the semioval centers, in the corpus callosum and in the middle temporal gyrus; diffuse
signal T2—FLAIR increased in the left and left lenticular—c audal thalamus,
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with minimum diffusion restriction and no detectable contrast outlets; a few T2—FLAIR hyper-
signal millimeter outbreaks, with no diffusion restriction and no corresponding T1, located in
the white matter in the periventricular hemisphere and bilateral frontal—-parietal subcortical area;
normal supra- and infratentorial pericerebral liquid spaces; a symmetric ventricular system, with
normal dimensions; structures of the median line in normal position; orbits and orbital content
without anomalies; and paranasal sinuses with normal development and pneumatization. Magnetic
resonance (MR) cerebral arteriography and venography indicated the following: internal carotid
arteries symmetrically disposed, with a normal trajectory and caliber; anterior cerebral arteries
and normal average bilaterally detached from the internal carotid, with no areas of stenosis or
circumscribed dilation, with a homogeneous intralumenal signal; vertebral arteries, basilar artery,
upper cerebral arteries and communicating arteries with a normal trajectory and caliber; hyper-
intense T1-T2 material, with a no-contrast outlet, which transversely occupied the sinuses and
sigmoid on the right side; and a lesion with the same signal characteristics situated along the right
sinus and extended towards the inferior sagittal sinus; the rest of the dural sinuses had no detectable
lesions in the sequences observed.

2.2. Case 2

The second case we present was a 25-year-old female patient, with no pathological
personal history, in the sixth day of puerperium after caesarian delivery, who came to the
Emergency Unit of the Sf. Apostol Andrei Clinical Hospital in Constanta. The patient
presented with cephalalgia, paresthesia of the right hemibody, a decrease in muscular
strength in the right upper limb, and tonic—clonic convulsive spasms.

Following medical history, clinical examination and clinical and paraclinical investiga-
tions, it was decided that the patient should be admitted to the obstetrics and gynecology
department, with the following diagnostics: 6-day puerperium after caesarian delivery,

a mild form of secondary anemia and convulsion spasms to be investigated. She was
oriented in time and space, was afebrile, had normally colored skin, had post-caesarian

operation soft plaque in the process of healing (sutures removed), had a weak muscular

system, was hypokinetic in the right upper and lower limbs, had a soft abdomen, and had

a contracted uterus, had serosanguinous leaking, had supple breasts, was lactating, had a
movement de cit in the right upper limb, with a lingual trauma mark.

The native cerebral CT scan highlighted a normality, with no detectable cranio-cerebral
pathological modi cations. The patient also underwent a native thorax CT and angiogra-
phy for the pulmonary arteries, which did not indicate images suggestive of pulmonary
thromboembolism.

A neurological consultation was requested when she was admitted to the gynecology
department. When consulted, the patient was conscious, cooperative, oriented in time
and space, had symmetrical pupils, was reactive on the median line, with a bitten tongue,
showed right hemiparesis (upper limb 3/5 and lower limb 4/5) and had a bilaterally traced
plantar cutaneous re ex. The diagnosis of tonic—clonic generalized convulsive spasm with
tongue biting, and a post-critical status was given.

A cerebral and angiography MRI with venous time and reevaluation of the result
was recommended, along with treatment with antiepileptic drugs (200 mg carbamazepine,
1/2 tablet per day; one intravenous ampoule of phenytoin 250 mg/5 mL, diluted in case of
convulsive spasm), and a platelet antiaggregatory agent (one 75 mg aspenter tablet per day).
Another neurological examination was requested on the same day, as the patient presented
involuntary movements of the right lower limb. She received treatment with antiepileptic
drugs (the dose was increased to one 200 mg carbamazepine tablet three times per day, plus
one ampoule of intravenous phenytoin 250 mg/5 mL in 20 mL of normal saline solution),

a cerebral depletive (20% mannitol, one 250 mL ampoule twice a day), a corticosteroid
anti-in ammatory (one dexamethasone ampoule twice a day), a gastric protector (one
40 mg pantoprazole tablet per day), and heparin with a small molecular weight (one 0.6 mL
enoxaparin sodium ampoule per day). The use of the steroid anti-in ammatory drugs in
cerebral venous thrombosis was the choice of the treating physician.



Life2022 12, 90

90f 14

EVENT ALOW CHART CASE &

=

wlx s ol
puerpecium afler
caesarian delivery

On the second day of hospitalization, the patient underwent a native and contrast-
enhanced cerebral MRI and angiography with arterial and venous sequence. The exami-
nation was suggestive of the left parietal cortical vein associated with ipsilateral superior
parietal subcortical venous infarction and demyelinating lesions organized in the crown
radiated and parietal on the right side, most probably with an ischemic vascular sublayer.
This was the reason why the patient was transferred to the neurology department on the
same day.

When admitted to the neurology department, on the second day of hospitalization,
the patient was objectively examined and presented a good general health: a Glasgow
Coma Scale (GCS) of 15 points, afebrile, conscious, cooperative, oriented in time and
space, no de cit of the cranial nerves, a tongue with a traumatic trace, right hemiparesis
4/5 (predominantly brachial), right tactile hypesthesia; she denied any lost pregnancies,
thrombophilia, or eclampsia.

On the third day of admission, biological material was drawn for the purpose of
examining the hereditary thromboliphilia pro le and was sent to the Clinical Service of
Pathological Anatomy to be tested to identify mutations associated with cardiovascular
disease and thrombophilia.

The test indicated the following genetic variants: heterozygous double genotype for
the C677Tand A1298Calleles in the MTHFR gene, mutant homozygous for the V34L
allele in the factor XIlIl gene, wild type homozygous genotype 5G/5Gof the PAI-1 gene and
haplotype A2/A2 (H2/H2) of EPCR.The ndings about and treatment of the patient can be
seen in Figure 3.
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Figure 3. Event ow chart: Case 2.

During admission to the neurology department, the patient was treated with a cerebral
depletive (20% mannitol, 250 mL every 12 h for 5 days), hydro-electrolytic rebalancing
(500 mL normal saline solution two times a day), heparin with low molecular weight (one
0.6 mL enoxaparin sodium ampoule every 12 h), painkillers (one metamizole ampoule every
12 h), antiepileptic medicines (one 200 mg carbamazepine tablet three times a day), a corti-
costeroid anti-in ammatory (dexamethasone, 1/2 ampoule every 12 h), benzodiazepine
(one ampoule of intravenous diazepam slowly in 10 mL of normal saline solution, in case
of convulsive spasm), a gastric protector (one 40 mg pantoprazole tablet per day), an oral
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anticoagulant (4 mg acenocoumarol, 1/2 tablet, according to the INR dosage; the patient
was administered this medicine on the seventh day of admission). She recovered well.

When discharged, the patient continued to take oral anticoagulants (4 mg aceno-
coumarol, 1/2 tablet per day, according to the INR dosage on days 7 and 14, and on a
monthly basis thereafter), antiepileptic medicines (200 mg carbamazepine, 1/2 tablet three
times a day), and painkillers (one metamizole tablet if necessary).

When discharged, the patient was conscious, cooperative, oriented in time and space,
without stiffness in the back of the head, had no nystagmus, showed normal ocular motric-
ity, denied diplopia, had possible deglutition for liquid and solid food, displayed symmetric
facies, had no movement de cits, had no super cial tactile sensitivity or coordination dis-
orders and showed a cutaneous plantar re ex with bilateral exion. The images of the MRI
can be seen below in Figure4.

Figure 4. Cont.
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Figure 4. Native and contrast-enhanced cerebral MRI and angiography with arterial and venous
sequencing, performed on the second day of hospitalization. The scan indicates thrombosis of the left
parietal cortical vein associated with ipsilateral superior parietal subcortical venous infarction—( a)
band in T2 and FLAIR hypersignal. ( b) band in T2 and FLAIR hypersignal. ( ¢) T1 hyposignal.
(d) restrictive in diffusion coef cient. ( €) restrictive in diffusion coef cient. ( f) restrictive in diffusion
coef cient with weak contrast enhancement. Demyelinating lesions are organized in the crown,
radiated and parietal on the right side, most probably with an ischemic vascular sublayer. The
native cranio-cerebral and post-contrast MRI examination with arterial and venous angiographic
sequencing highlighted the following: normal pericerebral liquid spaces; a symmetric ventricular
system, with normal dimensions; an area in the hypersignal band T2, and a FLAIR/iso-hypo signal
T1, with restricted diffusion weighing, weak gadolinophilia, axial dimensions of about 9/16 mm,
located subcortically and parietally on the upper left side; two millimeter focal points of the T2 and
FLAIR hypersignal, with no diffusion restrictions or detectable contrast outlet organized in the crown,
radiated and parietal subcortical on the right side, in the area adjacent to the dorsal horn of the VL;
structures of the median line in the right position; orbits and orbital content without anomalies;
paranasal sinuses with normal development and pneumatization; the absence of images evoking
hemorrhagic accumulations or masses with a tumor sublayer; symmetrically disposed internal carotid
arteries with normal trajectories and caliber; a normal bilateral carotid siphon with no position or
extrinsic compression anomalies, with homogeneous intensity of the intralumenal signal; anterior
and middle cerebral arteries that were normally detached from the internal carotid on both sides,
without any areas of inferior longitudinal stenosis with an aspect within the normal limits; transverse
and symmetric sigmoid sinuses, without lesions; the rest of the patient's evaluable venous segments
did not present any defect in the lumen signal.

3. Discussion

The diagnoses of the cases presented herein were based on the clinical manifestations,
neurological objective examinations, imaging investigations, and biological pro les.

The rst case described was a 40-year-old female patient, who had and a voluntary
abortion. Following the imaging investigations, the diagnosis of sigmoid sinus and right
lateral sinus thrombosis of the lower sagittal sinus and right sinus was con rmed, associated
with right temporal cortical-subcortical subacute hemorrhage. The following genotypes
were identi ed for the identi cation of the hereditary thrombophilia pro le: heterozygous
for V factor mutation H1299R(R2), heterozygous for mutation 4G of PAI-1, and haplotype
A1/A2 of EPCR

The second case was a young female patient, on day 6 of the puerperium after cae-
sarian delivery. As the diagnosis was con rmed after the imaging investigations, namely,
thrombosis of the left parietal cortical vein associated with ipsilateral superior parietal
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subcortical venous infarction. The hereditary thrombophilia test indicated the following
genetic variants: heterozygous double genotype for the C677Tand A1298Calleles in the
MTHFR gene, mutant homozygous for the V34L allele in factor XlII gene, wild type ho-
mozygous genotype 5G/5Gof PAI-1, and haplotype A2/A2 (H2/H2) of EPCR According to
the literature, CVST appeared 13 times more often during the puerperium than throughout
pregnancy [12].

The patient also had generalized tonic—clonic convulsions. This case demonstrates
the critical nature of a wide differential diagnosis in women with postpartum seizures.
While eclampsia is the most frequent source of these instances, additional uncommon
illnesses can develop throughout the puerperium which necessitate markedly different
care strategies. MRI has considerable sensitivity for detecting the existence of cerebral
venous thrombosis; therefore, it should be used, if feasible, to aid in diagnosis. In summary,
women's healthcare practitioners can enhance postpartum patient care by evaluating
etiologies other than eclampsia and seeking diagnostics that can differentiate them.

During admission, the progression of the two patients presented herein rapidly became
favorable, even though both of them presented with intracerebral hemorrhage.

The uniqueness of our cases consisted rst of the neurological symptomatology of the
patient in the rst case, which was signi cant, as she presented with motor de cits and
aphasia. The rst patient also presented with subacute cerebral hemorrhage and throm-
bosis of several sinus areas. In this patient, we also observed mutations associated with
cardiovascular disease and thrombophilia. Furthermore, the second patient presented with
sensory and motor impairments, and tonic—clonic convulsive spasms and mutations associ-
ated with cardiovascular disease and thrombophilia. Imaging showed that the left parietal
cortical vein was associated with ipsilateral superior parietal subcortical venous infarction.

Although both patients had procoagulant changes due to gene tic mutations in their co-
agulation gene profiles, neither patient had a pathologica | episode until the hospitalizations
reported on, which shows the extreme importance of pregnanc y in the development of cere-
bral venous thrombosis, and in the case of the first patient, the even greater importance of
genital infection and incomplete abortion in the developme nt of cerebral venous thrombosis.

In these two cases, pregnancy-related cerebral venous thrombosis increased the risk of
stroke and led to cerebral hemorrhage. Hemorrhagic infarctions are independent indicators
of poor prognosis; therefore, early detection and treatment are critical. As the postpartum
and post-abortion situations have distinct hemodynamic properties, we hypothesized that
cerebral venous thrombosis would appear differently in these phases, as it did in our
patients, but the prognosis and outcome were both favorable.

The prognosis of the two patients was favorable, with complete functional recovery.
Even though venous cerebral thrombosis has a severe clinical presentation that may endan-
ger the patient's life, the application of adequate therapeutic measures in due time leads
to recovery.

Physiological changes occur throughout pregnancy that encourage the appearance
of venous thromboembolism. Increased coagulation factor production and decreased b-
rinolytic activity lead to a physiological hypercoagulant state. Additionally, the pressure
exerted by the larger uterus decreases blood ow and may potentially induce stasis. Ad-
ditionally, acute blood loss after childbirth, postpartum infection and extended bed rest
all signi cantly enhance the risk of venous thromboembolism, especially in patients with
mutations associated with cardiovascular disease and thrombophilia. In our rst patient,
another CVT risk factor besides the pregnancy interruption and mutations was the infection
for which the patient received treatment with antibiotics.

A solitary prothrombotic factor might not have been a substantial risk factor for CVT
in our patients and may not be common. In physiological conditions associated with
increased sensitivity to thrombosis, such as pregnancy, puerperium, and abortion, the
occurrence of numerous prothrombotic states can turn the situation in favor of thrombosis.
The identi cation of intrinsic prothrombotic conditions can have a considerable in uence
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on the long-term treatment of puerperal CVT, particularly in terms of oral anticoagulant
duration, future pregnancies, and the use of estrogen-containing oral contraceptives.

Cerebral venous thrombosis is a very uncommon disorder that may result in cerebral
infarction by raising venous and capillary pressure, thereby impairing cerebral perfu-
sion [13]. The condition is caused by a mismatch between the coagulation and anticoagula-
tion systems, which results in venous out ow obstruction and metabolic disorders in brain
cells. Increased capillary pressure facilitates hemorrhagic transition, which happens more
often in this condition than in other ischemic states.

In the article of Piazza, a case of cerebral venous thrombosis is described, and it
resembles the cases presented in this study. The patient was young and came to the hospital
for severe headaches on the left side, nausea, photophobia, and phonophobia. Symptoms
were reduced by the treatment; thus, the patient was discharged. However, after 12 h, she
came back, reporting recurrent severe headaches. The venogram by magnetic resonance
revealed thrombosis of the transverse sinus, left sigmoid and internal proximal jugular
vein. The patient started the treatment with heparin of low molecular weight; then she took
an oral anticoagulant, warfarin. For the hereditary thrombophilia pro le, the test described
heterozygosity for the mutation of the V Leiden factor [ 14].

4. Conclusions

The coexistence of risk factors in young patients increases the risk of developing
cerebral venous thrombosis. Early diagnosis and treatment of cerebral venous thrombosis
are critical for a positive outcome with no neurological de cits.

Maternal stroke, characterized as a stroke that occurs during pregnancy or the post-
partum period, is becoming a more acknowledged cause of maternal death and disability.
Individuals suffering cerebral venous thrombosis must be hospitalized in a stroke unit
or neurology clinic, where they should receive triple therapy—antithrombotic therapy;
symptomatic therapy; and when necessary, etiologic therapy. These therapies are used
identically in young women with sex-speci c risk factors and in all other patients with
cerebral venous thrombosis.

Despite cerebral venous thrombosis being an uncommon complication of pregnancy,
it must be evaluated in differential diagnoses, particularly when a pregnant woman or a
woman who has had an abortion presents with an abrupt neurological impairment that
raises suspicion of ischemic disease. Delayed diagnosis can be explained by a number
of factors, including the disease's rareness, the disease's late presentation, the vague
symptoms that are typically attributed to pregnancy, the multiple restrictions associated
with examining a pregnant woman, avoidance of imaging examinations and the presumably
reduced speci city of imaging studies.

While early detection and effective treatment are strongly related to a favorable out-
come, the incidence and diversity of pregnancy-related CVT imply that clinicians seem
to have little knowledge of its course and that diagnosis is often incorrect or delayed.
The features of CVT vary according to the physiological characteristics of pregnant and
postpartum women; a signi cant rate of cerebral infarction is seen in pregnant CVT pa-
tients. Neurological symptoms, including headaches and vision loss, along with motor and
sensory impairments and seizures, during pregnancy, must alert clinicians to the possibility
of CVT.

In summary, oral contraceptive use and pregnancy or puerperium coincide with a
signi cant number of cerebral venous thrombosis cases in young women, often in con-
junction with other prothrombotic risk factors, most notably congenital thrombophilia.
Although the clinical manifestations, diagnostic testing, and treatment of these cerebral
venous thrombosis cases are non-speci ¢, the overall prognosis is favorable, with full
recovery occurring in the majority of patients. Future pregnancies are not contraindicated,;
however, all estrogen-based contraception is permanently contraindicated.
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Abstract: Cat-scratch disease is an illness caused byBartonella henselathat occurs as a result of
contact with an infected kitten or dog, such as a bite or scratch. It is more prevalent in children and
young adults, as well as immunocompromised individuals. There are limited publications examining
the features of CSD in patients. As such, the purpose of this research was to assess the clinical
neuro-ophthalmological consequences of CSD reported in the literature. Among the ophthalmologic
disorders caused by cat-scratch disease in humans, Parinaud oculoglandular syndrome, uveitis,
vitritis, retinitis, retinochoroiditis and optic neuritis are the most prevalent. The neurological disorders
caused by cat-scratch disease in humans include encephalopathy, transverse myelitis, radiculitis, and
cerebellar ataxia. The current review addresses the neuro-ophthalmological clinical manifestations of
cat-scratch disease, as described in papers published over the last four decades (1980-2022). All the
data gathered were obtained from PubMed, Medline and Google Scholar. The current descriptive
review summarizes the most-often-encountered clinical symptomatology in instances of cat-scratch
disease with neurological and ocular invasion. Thus, the purpose of this review is to increase
knowledge of cat-scratch disease's neuro-ophthalmological manifestations.

Keywords: cat scratch diseaseBartonella henselaaeuro-ophthalmology; ocular; neurological

1. Introduction

Cat-scratch disease (CSD), caused byBartonella henselaes a global anthropozoonosis
that causes major public health issues. As CSD is not a reportable illness in many countries,
determining the actual incidence is challenging. B. henselaand CSD infections may occur
everywhere. The prevalence of infection, according to the literature, is much higher than
clinically acknowledged, as shown by serological tests.

Using appropriate search criteria, our investigation retrieved papers from the PubMed
and Medline databases. Relevant English-language articles from 1980 to 2022 were identi-
ed via a search using the phrases “cat scratch disease” and “ Bartonella henseldefection”
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combined with “neurologic symptoms”, “ophthalmologic symptoms”, “neurology”, or
“ophthalmology”. Another search combined the terms “cat scratch disease” and “ Bartonella

henselainfection” and the terms “Parinaud oculoglandular syndrome”, “uveitis”, "vitritis”,
"retinitis”, “retinochoroiditis”, “optic neuritis”, “encephalopathy”, “myelitis”, and “radi-

culitis”. One hundred articles were selected from the databases. The inclusion criteria were
articles from the scienti c literature related to the cat-scratch disease, especially related to
the subjects of neurology and ophthalmology. The exclusion criteria were animal research
and illnesses other than cat-scratch disease. The papers retrieved via the search were

examined, and the pertinent information is presented in this work as a narrative review.

2. Transmission Agent

The causative agent of cat-scratch disease is represented by the genu8artonellaGram-
negative bacilli [ 1-4]. The principal species involved in cat-scratch disease is Bartonella
henselagpreviously referred to as Rochalimaea hensel&eit in the literature, it has also been
described asBartonella clarridgeigeas an etiologic agent (Table1) [5]. Cats, particularly
younger and stray ones, represent the elemental reservoir of each Bartonellaspecies []. The
vector involved in the cat-to-cat transmission of the disease is Ctenocephalides felis

Table 1. Possible diseases triggered byBartonellaspp.

Disease Possible Mechanism Source
B henslagapidly infects human
Cat-scratch erythrocytes and can be found in Bartonella henselaeansmitted by cats
disease lymph nodes or affect any cell or or dogs

organ in the body.
The bacterium adheres to erythrocyte
surfaces. Through bacterial invasion
Carrion's and reproduction, many erythrocytes
disease in the bloodstream are destroyed
prematurely, leading to
hemolytic anemia.

Bartonella bacilliformigransmitted by
the night-biting sand y known as
Lutzomyia (formerly Phlebotomus).

Fever is the predominant symptom, Bartonella quintanas transmitted by
with isolated febrile episodes or contamination of a skin abrasion or
Trench fever four-to- ve-day feverish episodes or louse-bite wound with the feces of an
two-to-six-week persistent infected body louse (Pediculus
febrile episodes. humanus corporis).

Transmission to humans happens mainly through a cat's scratch or bite, and less
ordinarily, through contact with the mucous membrane. Outdoor cats and ea-infected
cats have the greatest infection rates. Compared to adult cats, kittens have greater levels
of bacteremia, making them more effective carriers. The bacterium has also been found
in dogs, but the clinical relevance of dogs carrying the bacterium in human infections
is unknown.

Cats and dogs are usually asymptomatic carriers. Diseases of cats infected with
B. henselaean include anemia and diaphragmatic myositis, and markers and manifestations
of infection/in ammation, including eosinophilia, fever, hyperglobulinemia, lethargy, and
lymphadenomegaly, are also present. In addition, mild neurological signs may be present,
as well as cardiac manifestations such as pyogranulomatous myocarditis, endocarditis,
endomyocarditis, and endocardial brosis complex. Ocular manifestations include uveitis,
conjunctivitis, keratitis, and corneal ulcers [ 7].

The manifestations of the infection of B. hensela@ dogs include lymphadenomegaly,
endocarditis, eosinophilia, epistaxis, fever, and granulomatous in ammation [ 6,7]. Glucidic
metabolism can be affected by hyperinsulinemic and hypoglycemia syndrome. The hepatic
manifestations include granulomatous hepatitis and peliosis hepatis [ 6,7]. Additionally,
vasoproliferative lesions can be present.
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The primary approach to prevention would be to avoid contact with cats. However,
cat owners can adopt the following highly effective preventative techniques for ea man-
agement in cats: washing hands thoroughly after interaction with a cat; avoiding contact
with stray cats—especially kittens; avoiding cat licks, particularly in the mouth, nose, and
ophthalmic region; and generally maintaining a pleasant relationship with the cat, without
scratching or biting.

A key strategy for preventing B. henselamfection in cats is to manage eas and other
ectoparasites. Additionally, keeping cats' claws short is bene cial. With regard to the
surroundings, owners should maintain cleanliness and be vigilant about pest management.
Additionally, minimizing a cat's interaction with other or stray cats and potentially infected
animals may be bene cial. Owners should also schedule routine veterinarian health
examinations. There is currently no vaccine available to prevent infection with Bartonella

Ectoparasites such as eas, ticks, and mites are often discovered on cats and dogs and
are capable of harboring Bartonellaspp. Lice, eas, and sand ies have been identi ed as
vectors of ve Bartonellaspecies including Bartonella hensela&lumerous mites, keds, and
biting ies, as well as, probably, ticks, are now considered possible or potential vectors
of Bartonellatransmission [7]. Flea excrement is infectious for a long time and has been
linked to B. henselamfection through the direct inoculation of exposed wounds or mucous
membranes such as the conjunctiva [7].

One means for the infection of the conjunctival uid is through a lick around the eye.
Additional routes of infection involve wiping an eye following petting an infected cat,
and other instances have been reported in which the penetrating agent was a thorn prick
already licked by an infected cat. As a result, at least 25% of patients do not remember
having been scratched or bitten by a cat prior to developing symptoms, despite the fact
that more than 90% of patients describe encounters with new cats [8].

Bartonella henselds a Gram-negative bacterium that can be included in the differential
diagnosis of immunocompetent host-localized lymphadenitis. It is often acquired via
scratching, biting, or close contact with cats, particularly kittens, but one instance following
a dog scratch has been reported. CSD is a zoonotic illness that has no preference for race or
sex. While it may affect people of any age, the overwhelming majority of documented cases
involve children and teenagers. Remarkably, 90-95% of patients with CSD report having
cat interactions. Nevertheless, ocular CSD has been observed in individuals without a
history of cat interaction [ 9].

Infection with B. henselais more frequent in cats in warmer climates or places with
greater yearly rainfall. The occurrence peaks between October and January. Prior studies
have shown that the greatest incidence of cat-scratch disease occurs in the late summer and
autumn, with a second peak frequently observed in January [ 10,11]. Among specimens
collected at Mayo Clinic Laboratories over a 10-year period, one study concluded that the
prevalence of B. henselaseropositivity was the greatest between the months of September
and January, with the highest yearly incidence in January [ 1].

In serology, seasonality seems to play a role. The explanation for the seasonal serology
is due to both cat behavior and the C. felislife cycle [1]. Adult cat eas feed on the blood
of the host cat and spread B. henselaeFleas have a four-stage life span. Humidity and
temperature are key factors in ea reproduction, development, and lifespan. The seropos-
itivity of B. henselais signi cantly greater in cats in warm, humid areas compared with
cold, dry climates, owing to the higher prevalence of C. felis eas in warmer areas [10,11].
As a consequence, cats have a greater number of eas throughout the summer and fall
months than they do in the spring and winter. Sexual behavior in cats can potentially have
an effect on the seasonality of CSD [L0,11]. Cat reproduction is more common in spring and
summer, and kittens remain with their mothers until the age of 3—4 months. Additionally,
during the fall, people are more inclined to adopt kittens. B. henselaafection seems to be
more prevalent in young cats, and the infection rates tend to fall with the duration of cat
ownership [ 12]. Additionally, cats encounter more eas throughout the summer and fall,
which facilitates the transmission of B. henselafom cat to cat.



Brain Sci.2022 12, 217

4 of 28

Furthermore, in [ 12], it was found that atypical cat-scratch illness was more prevalent
in the months of August—October and January—March. The exact cause is unknown, al-
though it may be related to delays in diagnosing atypical cat-scratch illness. For instance,
individuals who acquire cat-scratch illness and experience complications in January may
not receive an unusual cat-scratch disease diagnosis at that moment if they do not exhibit
conventional symptoms or if their symptoms progress slowly and they do not seek treat-
ment right away. The prevalence of B. henselawas found to be 8.3% in urban regions, 11.9%
in semi-rural areas, and 0% in rural areas [12].

3. Presentation in Clinical Practice

CSD is the primary and most common clinical manifestation of B. henselamfection,
usually manifesting as subacute localized lymphadenopathy following a cat scratch or
bite [13]. Reports indicate that CSD appears more frequently in children and adolescents
but less often in elderly adults and immunocompromised patients [ 14]. B. henselamfection,
on the other hand, can be especially severe in immunocompromised individuals, including
those with AIDS, who may develop vascular proliferative lesions [ 15].

Only a few investigations have been performed to examine the total mortality associ-
ated with CSD, which is usually regarded as a benign iliness. Individuals with endocarditis
and cerebral involvement may die due to diagnostic latency [ 11].

Around 95% of patients report prior cat interaction, and approximately 73% report
having been scratched by a cat [L6,17]. The cat ea (Ctenocephalides féliwas previously dis-
covered as a disease vector arthropod [L8,19]. Ctenocephalides febpreads Bartonella henselae
between cats and frequently between cats and humans through infected ea excrement,
resulting in an initial inoculation lesion and lymphadenopathy resulting from the incorpo-
ration of ea excrement from Ctenocephalides felis skin abrasions caused by cat scratches
or bites [18,19]. Numerous Bartonellasubspecies have been linked to human ilinesses, but
Bartonella henselamems to be the most often involved with ophthalmic in ammations.

Between 1.5% and 20% of patients with CSD develop nonspeci ¢ symptoms such
as retinitis/neuroretinitis, conjunctivitis, neuritis, encephalitis, hepatosplenic illness, os-
teomyelitis, erythema nodosum, and endocarditis [ 20].

The most frequently observed symptom of lymphoid CSD is lymphoid CSD. The
infection is often caused by a scratch or bite from a cat and is proceeded by the formation of
nontender erythematous pustules or papules at the location of initial cutaneous inoculation.
Individuals have u-like systemic symptoms during the following one to two weeks,
along with localized lymphadenopathy. This subtype of CSD is self-limiting and often
disappears after several weeks. LAP (peripheral lymphadenopathy) is usually unilateral,
involving a solitary lymph node (50%) or a group of lymph nodes (20%), sometimes
many lymph-node areas (30%). LAP may be painful and suppurative in certain instances.
Headaches, nausea, vomiting, anorexia, and sore throat have all been reported as symptoms
(Table 2). Furthermore, some people develop a generalized maculopapular rash or erythema
nodosum [21].

Table 2. Symptoms and signs of CSD.

Symptoms Signs

Regional pain or body aches Primary skin lesion that starts as a vesicle
Lymph nodes near the original scratch or bite

can become swollen, tender, or painful Regional unilateral lymphadenopathy

Prolonged fever Rash
Fatigue Lack of energy and tiredness
Loss of appetite Weight loss
Sore throat Regional signs of in ammation
Abdominal pain Hepatomegaly and splenomegaly
Headaches Encephalopathy

Joint pain Unusual gait
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CSD may develop as a generalized illness in a small percentage of patients, about
5-14%][22]. The eye is the organ most frequently implicated in the widespread progression
of CSD. Ocular bartonellosis occurs in around 5-10% of individuals with CSD [ 23]. Parinaud
oculoglandular syndrome, anterior uveitis, intermediate uveitis, choroiditis, choroidal
mass, retinal in Itration, neuroretinitis, branch retinal artery occlusion, serous retinal
detachment, and acute endophthalmitis are all clinical manifestations of eye injury [ 24].
With the exception of ocular involvement, hepatosplenic illness (granuloma-tumor hepatitis,
splenomegaly, or splenic abscess), pneumonia, endocarditis, encephalitis, osteomyelitis,
and paronychia have all been reported [ 25].

Symptoms after infection are uncommon, occurring more frequently in individuals
with decreased immunity. The rst and most common symptom (affecting 0.3-2% of pa-
tients) is encephalopathy, which manifests in coma, convulsions, and peripheral and cortical
nerve abnormalities. Additionally, it may culminate in in ammation of the retina and optic
nerve, leading to unilateral visual impairment. All the symptoms should disappear within
1-3 months. Additionally, erythema nodosum, infective endocarditis, musculoskeletal pain,
hepatomegaly, pneumonia, and osteomyelitis are uncommon consequences [26].

In the case of fever of unknown etiology or prolonged fever and lymphadenopathy, pa-
tients should be asked whether they have been in contact with a cat or dog, including if they
have been scratched or bitten, and if they have acquired a primary skin lesion that started
as a vesicle at the inoculation site. While prior exposure to cats is helpful for diagnosis, it is
not required to establish a diagnosis. Additionally, in the case of manifestations such as
pain, malaise, and anorexia, as well as a low-grade fever, musculoskeletal manifestations,
and hepatosplenomegaly, cat-scratch disease might be suspected.

BartonellaPCR typically returns negative results for the blood. Regrettably, no gold
standard for conclusive CSD diagnosis has been developed. Considering the technical
dif culties associated with isolating B. hensela&om patient specimens, serology seems
to have become the gold standard for diagnosing CSD. This is typically accomplished
using available indirect immuno uorescence assays (IFAs) capable of detecting IgM and
IgG antibodies to B. henselaf24-26]. Due to its high sensitivity and speci city, real-time
polymerase chain reaction (PCR) on lymph nodes or other clinical samples has been
recommended as a viable approach for detecting B. hensela®NA in suspected cases of
CSD [24-26]. However, this approach is restricted by the necessity for surgical collection by
lymphadenectomy or biopsy, which could be addressed by conducting real-time PCR on
DNA samples obtained from extracted pus or blood. Even so, this method might not be
indicated in patients lacking bacterial DNAemia.

The direct identi cation of B. henselaasing microbiological cultures is dif cult owing
to the bacterium'’s slow growth rate. Although more sensitive than microbiological culture,
serological analysis for anti- B. henselaggM and IgG antibodies using IFA, the rst-line
diagnostic test for CSD, lacks speci city because of the seropositivity of many asymptomatic
people due to past animal exposure [24-26]. Additionally, the discovery of anti- B. henselae
IgM antibodies is a marker of acute illness that persists in the blood only for about three
months after exposure. B. henselalG antibodies may be identi ed in the blood for up to
5—-7 months after exposure, with only 25% of individuals maintaining IgG seropositivity
after one year [24-26]. A lymph-node biopsy usually con rms it, although it is invasive.
Serological testing for B. henselaantibodies is a commonly recognized method for the
laboratory con rmation of CSD. IgM antibodies indicate acute infection. By the time a
patient seeks medical care, IgM antibodies against B. henselamay have diminished and
can occasionally be negative. In a quarter of patients, IgG titers last for a year [2€]. In
patients with a comparable clinical condition, elevated 1gG titers are suf cient for making
a diagnosis.

4. Immunopathology

Every Bartonellaspecies seems to be specialized to mammalian natural hosts, and
Bartonellainfection is characterized by persistent intraerythrocytic bacteremia [ 27]. As a
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consequence of intraerythrocytic parasitism, the germs may remain in the host's circulation.
The principal intracellular habitat used by Bartonellaspp. remains unknown.

The illness manifests clinically in a variety of ways that are strongly linked to the
patient's immunological state. Cat-scratch iliness often manifests as mild lymphadenopathy
and fever or unspeci ed symptoms in immunocompetent individuals, but more severe
symptoms such as hepatosplenomegaly or meningoencephalitis are seen in immunocom-
promised individuals [ 2§].

No particular variables affecting the transmission of infection have yet been identi-
ed [ 29. At rst, the disease is asymptomatic or presents with super cial evidence of
infection including a lump, lesion, or blister. By around Day 14, a severe fever and local
lymphadenopathy develop. Lymph nodes become in amed and begin to suppurate. Bacte-
rial proliferation results in the release of proin ammatory chemicals and growth regulators
and the cessation of apoptosis, which manifests as new lumps inside the vascular system.
The signs can mimic cancer in half of cases, and in a minority of instances, they are con-
nected with the musculoskeletal system, including osteitis, arthritis, and myositis [ 30,31].
In usually healthy subjects, the disease progresses slowly and may self-regulate. However,
in several instances, antibiotic treatment is required.

The prospect for full recovery is good in immunocompetent individuals with CSD.
Considerable morbidity occurs, in 5-10% of cases, often as a result of the involvement
of the central or peripheral nervous systems or as a result of multisystemic, widespread
illness. A single bout of cat-scratch illness immunizes all patients for life [ 32].

Ninety percent of the time, CSD manifests as subacute, localized, self-limiting lym-
phadenitis, followed by a regional cutaneous response at the scratch site. The symptoms
often resolve after 2—-4 weeks. Lymphadenopathy is often self-limiting and does not need
antibiotic treatment.

Around 10% of patients with CSD present with unusual symptoms such as protracted
fever (longer than two weeks), erythema nodosum, and hepatic and splenic granulo-
mas [33,34]. Skeletal involvement throughout CSD is an uncommon occurrence in the
literature, presenting in 0.17—0.27% of all CSD cases.

The immune system of the infected person greatly in uences the development of
B. hensela#diness. Infections from B. henselaare swiftly removed from the circulation and
con ned inside the lymphatics in people with good immune function. The immunological
response can persist for 2—4 months, and this immunopathogenesis is assumed to be the
fundamental mechanism implicated in the clinical condition known as CSD. Long-term
systemic infections are common and may be fatal in those who are immunocompromised
due to HIV or other factors. The pathogens' intracellular survival strategies and the
host's defensive systems determine the result of intracellular bacterial infection [ 35]. An
ef cient immune response requires both humoral and cellular immunity. The host uses
cell-mediated immunity to defend itself from numerous intracellular infections, but this
response may cause cell death and tissue damage. Inadvertently blocking or subverting
normal host cellular defense systems contributes to the etiology and illness outcome [ 36].

Numerous cellular mechanisms contribute to the sequence of events leading to
delayed-type hypersensitivity throughout B. henselaafection (Table 3). CD4 Thl lym-
phocytes are extremely prone to developing into effector cells and have a direct role in
the control of delayed-type hypersensitivity during CSD [ 37]. It is well documented that
macrophage mobilization and stimulation is a critical component of delayed-type hyper-
sensitivity and is directly reliant on Thl- and NK-derived IFN-gamma induction|[ 38]. As a
component of the immune system's innate arm, macrophage-derived cytokines serve as
the rst line of defense, initiating and controlling numerous in ammatory cell actions[  38].
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Table 3. Causes of manifestations of Bartonella henselaefection.

In ammatory

Vascular

Neurogenic

Endothelial cells and CD-34
hematopoietic progenitors
Bartonellaadhesin A facilitates
attachment to extracellular
matrix and mammalian
host cells
The type IV secretion system

VirB/VirD4 is a critical
virulence factor
Trw-system, extra adhesins,
and maybe lamentous
hemagglutinins of alpha-,
beta-, and
gamma-proteobacteria are
virulence factors

Arterial infections and
vasoproliferative lesions
B. henselais quickly absorbed
by endothelial cells in vitro, a
mechanism mediated by actin
B. henselais quickly absorbed
by endothelial cells in vitro, a
mechanism mediated by actin
B. henselastimulates
endothelial cell growth
through VEGF release
Bacterial proliferation results
in the release of
proin ammatory chemicals
and growth regulators, and
the cessation of apoptosis,

Circulating antibodies may
induce an immune response
by speci cally damaging the

blood-brain barrier
Circulating pathogenic
antibodies could enter the
nervous system through the
blood-brain barrier

B. henselamay invade human

brain vascular pericytes

which manifests as new lumps
inside the vascular system

Aukxiliary effector cells, on the other hand, are often attracted in reaction to cytokines
produced by activated cells nearby. Bacterial uptake by phagocytes has been proposed as a
rst mechanism regulating progression and preventing B. henselaéduced bacteremia [39)].
Indeed, a small number of in vitro investigations have implicated professional phagocytes
such as macrophages as possible effector cells capable of regulating disease development
or secreting angiogenic cytokines during B. henselamfection [ 40].

B. henselabas been shown to be intraerythrocytic in cat erythrocytes. Endothelial
cells are a preferred host for Bartonellaspp., and intracellular B. henselamay be detected in
contaminated endothelial cells in vitro [ 41].

In their native hosts, Bartonellaspecies are intimately connected with erythrocytes.
While there is proof that B. henselamay in Itrate endothelium cells, epithelial cells, mono-
cytes, or macrophages, there is debate regarding its potential to infect red blood cells [ 42].
B. henseladas been demonstrated to infect freshly obtained human CD34 hematopoi-
etic progenitor cells. Humans are a reservoir for Bartonellaspp., and the possibility of
transmission through blood should be recognized.

Human-infected Bartonellaspp. may increase endothelial cell growth. Encouraging
endothelial cell proliferation, limiting endothelial cell death, or infecting macrophages gen-
erating VEGF (vascular endothelial growth factor) induces angiogenesis [ 43]. Endocrine
system activation, monocyte/macrophage activation, and the development and mainte-
nance of a paracrine angiogenic loop appear to be dependent on NF-kB activation [ 44].
Bartonella henselaw Bartonella quintananfections may induce endocarditis and systemic
vasoproliferative lesions affecting the brain, bone, bone marrow, lymph node, skeletal mus-
cle, and mucosa [45]. Histologically, B. henselamfection causes endothelial proliferations
with neutrophil accumulation in the interstitial space, cat-scratch lymphadenopathy, and
hepatosplenic granulomas [46].

Bacillary angiomatosis or bacillary peliosis affects immunocompromised patients with
severe HIV infection or organ-transplant recipients [ 47]. Granulomatous reactions are
more common in immunocompetent people. Diabetes mellitus small vascular disease
causes distal sensomotor polyneuropathy with autonomic nervous system involvement. It
is unclear how B. henselamfection causes sensomotor polyneuropathy [ 48]. Bartonellas
vasculopathic activity may affect the vasa nervorum. This may be triggered directly by
Bartonellainfection or indirectly by soluble chemicals such as VEGF generated when the
bacteria touch their host [49].
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Endothelial cells and CD-34 hematopoietic progenitors are particularly linked to
B. henselaelt is widely established that Bartonellamay produce arterial infections and
vasoproliferative lesions. Microorganisms of this family are quickly absorbed by endothe-
lium cells in vitro , a mechanism mediated by actin [50]. B. henselamfection was already
demonstrated to stimulate endothelial cell growth through paracrine vascular endothelial
growth factor (VEGF) release [51]. The immunological response to B. henselaanfection
varies according to the immune status of the host. A granulomatous and suppurative
response is evoked in immunocompetent people, while a vascular proliferative response is
elicited in immunocompromised individuals [  2].

Bartonellaadhesin A facilitates attachment to the extracellular matrix and mammalian
host cells, and another pathogenicity element is the VirB/VirD4 type IV secretion system.

The type IV secretion system VirB/VirD4 is a critical virulence factor for endothelial
cell function subversion. The Trw-system was demonstrated to be the molecular deter-
minant of host-speci ¢ erythrocyte infection [ 52]. A Trw-system, extra adhesins, and
lamentous hemagglutinins may further contribute to  B. henselds pathogenicity [ 7]. Im-
munocompromised persons (e.g., AIDS patients) who contract B. henselamight develop
bacillary angiomatosis. The pathogen is obvious in these lesions, and its clearance by
antibiotics caused the remission of angiomatous tumors [ 8,9]. The bacterium B. henselae
may cause bacteremia in immunocompetent humans [10].

Adherence to the host is crucial in bacterial infection. In B. henselgdartonellaadhesin
A mediates the initial and nal adhesion[ 11]. Trimeric autotransporter adhesins are present
in several alpha-, beta-, and gamma-proteobacteria and are implicated in pathogenicity [ 15].
This lollipop-like surface has a modular architecture consisting of several domains|[ 15]. The
C-terminal membrane anchor is required for trimer assembly and autotransport function in
all trimeric adhesins. Throughout formation, trimeric autotransporter adhesins are secreted
into the periplasm. The Bartonellaadhesin A protein is also required for the binding of
extracellular matrix components to host cells, and the formation of proangiogenic host cell
reactions via the modulation of hypoxia inducible factor (HIF)-1, an important transcription
element involved in angiogenesis, following the secretion of angiogenic cytokines [ 11].

Nuclear factor- B (NF- B) promotes the expression of a variety of pro-in ammatory
genes, as well as those encoding cytokines and chemokines, and is also involved in the
control of the proin ammatory mediators [ 53]. Additionally, NF- B is required for the
viability, activation, and development of natural killer cells and in ammatory T cells.
B. henselag@romotes vasoproliferation. In fact, the vitro infection of endothelial cells
with B. henselaeauses ve unique cellular changes: invasome-mediated large bacterial
aggregation formation and uptake, NF- B-dependent pro-in ammatory activation, the
suppression of programmed cell death, and direct mitogenic stimulation [ 54]. By infecting
leukocytes with B. henseladeukocytes are activated and produce proangiogenic factors that
stimulate endothelial cells' growth. These actions probably contribute to vasoproliferation
in lesions. With the exception of the production of Bartonellacontaining vacuoles, these
activities have been connected to the Bh VirB type IV secretion system (VirB T4SS), which
is a critical virulence factor that is involved in intracellular survival and the manipulation
of the host immune response to infection, and its translocated effector proteins [ 54].

5. Neurotropism

The process by which B. henselaexpresses its neurotropism is currently unexplained;
however, an immune-mediated vasculitis has been exposed as a possible causative fac-
tor [ 55], owing the irregular structure of the cerebral vessels, which was consistent with
cerebral autoimmune arteritis in certain patients following ischemic strokes due to CSD[ 5€).

Circulating antibodies may induce an immune response by speci cally damaging
the blood-brain barrier and may engage with synaptic receptors that resemble bacterial
periplasmic amino-acid-binding proteins in architecture [ 56]. The in Itration described
may well allow circulating pathogenic antibodies to enter the nervous system, allowing
for interaction with brain antigens [ 57]. As a consequence of the resulting brain injury,
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convulsions could be triggered. Several clinical and experimental investigations [ 58,59]
have revealed that focal seizures lead to a temporary increase in the blood—brain barrier's
(BBB) permeability, triggering a cascade of pathologic events that ultimately leads to the
chronic activation of the epileptic focus.

Numerous experimental and clinical studies [ 58,59 have demonstrated that focal
seizures cause an additional transitory elevation in the BBB's permeability, initiating a
sequence of pathologic processes that nally results in the persistent activation of the
epileptic focus. Given that encephalitis is an uncommon and infrequent consequence of
CSD, it is reasonable to hypothesize that the condition may elicit a unique immunological
response in certain people. Itis possible that this mechanism might be activated against
certain receptor sectors in a manner prepared as described in synapses in the pathogenesis
of other cases of epileptogenic encephalitis [60], and that, based on the particular reactivity,
this may play a signi cant role in epileptogenic induction.

Although the mechanism by which B. henselademonstrates its neurotropism remains
unknown, immune-mediated vasculitis has been suggested as a potential causal agent,
mainly due to the irregular shape of the cerebral vessels, which displayed characteristics
consistent with cerebral autoimmune arteritis in some patients who presented ischemic
strokes caused by CSD p5].

Bartonellaspp.'s capacity to penetrate a range of cell types, particularly microglia, and
change surface molecules probably leads to immune evasion [61]. Therefore, Bartonella
spp. bloodstream infections may not always result in neutrophilia, increased erythrocyte
sedimentation rates, and CRP or CSF pleocytosis. Additionally, in certain cases, B. henselae
seems to decrease immunoglobulin synthesis and natural-killer-cell activity [ 62].

It was discovered that B. henselagnay invade human brain vascular pericytes
in vitro [ 63-66]. Bartonellaenters host cells by two means: endocytosis, which forms a
Bartonellacontaining vesicle (BCV), and invasome-mediated absorption, which results in
the incorporation of huge groups of germs [ 64-66]. These ndings indicate that endocytosis
is the primary mode of entry for Bartonellainto human brain vascular pericytes. Small
colonies of bacteria were discovered to be connected to and absorbed by pericyte membrane
infoldings. In endothelial cells, Bartonellaexerts a clear mitogenic effect [67]. Researchers
examined the impact of B. henselaeontamination on pericyte multiplication and discovered
that B. henselaacted as a suppressor.

Decreased pericyte multiplication was obviously not attributable to apoptosis acti-
vation, as Bartonellainfection had no major in uence on the apoptosis of human brain
vascular pericytes compared to uninfected controls. Cell death by necrosis is, indeed, an
improbable process, given that the cells produced greater amounts of VEGF 72 h after
contamination; however, because large MOIs were utilized and necrosis was not explicitly
examined, cell damage or death cannot be ruled out molecularly.

Due to Bartonella henselaepreference for endothelial cells and their closeness to the
circulation, endothelial cells seem to be a critical component of the main environment.
The endothelial space enables the bacteria to sporadically populate the circulation with
organisms, possibly infecting CD34+ precursor cells in the bone marrow and also circulatory
erythrocytes and monocytes [68]. This could be a secondary explanation for the results of
the brain MRI scans. Nevertheless, the process by which Bartonellainduces CNS infection
is unknown.

Angiogenesis starts with the detachment of pericytes from endothelial cells, which
promotes endothelial cellular growth, resulting in neovascularization[ 69]. The number of
pericytes surrounding the parental arteries decreases during this phase [69]. The newly
established vasculature is maintained by pericyte induction [ 70]. Although the process
by which B. henselamhibits pericyte growth is unknown, in the context of angiogenesis,
inhibiting pericyte development in freshly emerging arteries could result in decreased
pericyte coverage and increased vascular growth.

VEGF and angiopoietin-2 (Ang-2) are critical variables in the separation of endothelial
cells and pericytes [71,72]. Pericytes generate VEGF in hypoxic conditions, enabling their
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separation from endothelial cells and serving as a paracrine endothelial cell mitogen [ 72].
VEGF may also function as a stimulator for pericytes' multiplication in hypoxic settings[ 73]
The inoculation of human brain vascular pericytes with B. henselaacreased VEGF in a
dose-dependent manner [74]. The involvement of VEGF in Bartonellainduced vasopro-
liferation is well established [ 74]. Vascular endothelial cells generate insuf cient VEGF
in relation to Bartonellainfection. Bartonellainfectious disease stimulates the NF-kB path-
way [46], resulting in the recruitment of in ammatory cells, including macrophages, while
macrophage colonization with Bartonellaresults in the stimulation of hypoxia inducible
factor-l and the secretion of VEGF, which can then act in a paracrine fashion on endothelial
cells, promoting their expansion [ 74].

Infection with B. bacilliformisstimulates the synthesis of Ang-2 by endothelial cells [ 47].
Ang-2 competes for binding to Tie-2 receptors with Ang-1 (which is crucial for creating
pericyte—endothelial cell contacts, resulting in the suppression of endothelial development
and vascular stability). Bartonellaspp. may promote both VEGF and Ang-2 produc-
tion [47,74], and their combined effect may result in decreased pericyte coverage, encour-
aging angiogenesis in a manner analogous to oxygen-deprivation tumor angiogenesis.
IL-8 is also a cytokine that stimulates angiogenesis, which promotes vasoproliferation in
response toBartonellainfection [ 43]. IL-8 stimulates angiogenesis by increasing endothelial
cell survival and proliferation, and the synthesis of matrix metalloproteinases, which aid in
the initiation of angiogenesis through the breakdown of the basement membrane [ 75].

In the work of Varanat et al. [ 7€], Bartonellainfection had no impact on pericyte-derived
IL-8 secretion. Gram-negative bacteria's lipopolysaccharides are a recognized inducer of
IL-8 [77]. Bartonellaspp. have been shown to increase the production of IL-8 throughout the
human bloodstream [ 78], macrophages, the hepatocellular area, and endothelial cells [79],
and IL-8 has been shown to enhance angiogenesis by preventing endothelial cell death.
The ndings of Varanat et al. [ 76] suggest that pericytes are unlikely to be a major producer
of IL-8 during Bartonellainduced vasoproliferation. There may be a link between the
production of IL-12 and the avoidance of pathologic angiogenesis in immunocompetent
patients in B. henselamfection [ 80]. Given that B. henselakargely elicits a Thl response,
future research should examine the involvement of IL-23 and IL-27 in the immune reaction
to B. henselae

Munana et al. [63] found that B. henselaeould invade and persist intracellularly,
lasting up to 30 days after implantation without causing host cell ultrastructural injury,
indicating that chronic infection of the central nervous system could occur. In certain
parts, a bilayer membrane around the bacteria was observed, as were vacuoles inside a
few of the organisms. Infected cells exhibited no morphologic alterations, unlike those
in noninoculated conditions. Such ndings could contribute to our knowledge of the
neuropathogenesis of B. henselaénfection and indicate the possibility of chronic CNS
infection with B. henseladnfection with B. henselabas been associated with neurological
impairment in humans, most often in individuals with cat-scratch illness [ 63].

Manana et al.'s ndings on felines demonstrate that B. henselapreferentially affects
the glial central nervous system. Microglia are produced from stem cells of the bone's
precursor cells and function as the brain system's resident tissue macrophages. Prior studies
have established that macrophages might also be infected by B. henselgehe pathogen was
shown to invade murine macrophage-like cell cultures [ 81], and the Warthin—Starry silver
staining of lymph-node samples from humans with cat-scratch disease has distinguished a
variety of organisms inside tissue macrophages [82].

Additionally, research employing a mouse model of the immune response to B. henselae
infection reveals that macrophages play a pathogenic role in infection. The spread of the
organism through macrophages would allow it to penetrate the CNS, since peripheral
blood phagocytes are able to traverse the blood—brain barrier. Once within the brain, the
infection of local microglia can aid in the establishment of chronic infections.
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The infection of microglial cells can occur as a consequence of the organism's trophism
towards microglial cells or as a consequence of host-cell-mediated phagocytosis. The
in vitro in ltration of endothelial cells by  B. henselawas demonstrated [50].

Given the considerable number of publications indicating CNS illness caused by
B. henselgeno evidence of the infection of the brain parenchyma in immunocompetent
human or feline hosts has been established. The eeting and severe character of the
clinical symptoms in people with cat-scratch-disease-related encephalopathy has prompted
researchers to speculate about an alternative pathophysiologic process.B. henselamight
elicit an immunological response or result in the release of a neurotoxin [ 83).

The absence of any detectable cytotoxic action in infected cells indicates an intermedi-
ate disease process. Microglia are a plausible target for these processes. The cells are critical
for maintaining homeostasis inside the CNS and for the local modulation of immunological
and in ammatory responses. Interleukin-1 (IL-1) and tumor necrosis factor alpha (TNF- )
are in ammatory cytokines produced by activated microglia[ 84].

The production of IL-1 and TNF- by microglia has been demonstrated to recruit
immune cytokines into the CNS and to encourage the proliferation and production of other
soluble factors by endothelial cells and astrocytes [85]. Increased local cytokine generation
may be detrimental for CNS cellular components, as evidenced by TNF- 's effects on
myelin and myelin-forming cells [ 86]. Together, IL-1 and TNF- produce fever, promote
in ammation and acute-phase effects, and are cytotoxic to some brain cell lines in vitro ,
which may even suggest the induction of encephalopathy [ 84].

Additionally, infection could affect the normal structural relationships among brain
cellsin vivo . Microglia generate signi cant branching of cellular functions surrounding
neurons, and their physical closeness implies that this relationship has a functional impor-
tance [85]. By altering the usual microglial-neuronal connections, changes in contaminated
microglia could have severe functional repercussions on neurons.

6. Neurologic Manifestations

Neurologic complications from B. henselamfection are infrequent, occurring in around
2—7% of infected persons. Neurological symptoms often manifest two weeks after the
onset of fever and lymphadenopathy [ 87,88]. Recently, Bartonellainfections have been
related to a broader range of neurological symptoms, including hallucinations, loss of
weight, muscular exhaustion, partial paralysis, and pediatric acute-onset neuropsychiatric
syndrome (PANS) [89].

The ndings imply that this species of bacteria may be capable of causing a spectral
range of neurological symptoms, varied clinical features, and multi-organ system pathology
that differs in intensity and screening dif culty across an extended time period, varying
from weeks to years [52,54].

The majority of individuals with CSD who have central nervous system damage
are children under the age of 18. One of the most common symptoms is encephalitis,
although radiculitis, polyneuritis, myelitis, and cranial nerve involvement have all been
described [90,91]. Neurologic alterations often occur about two weeks after the start of
fever and signi cant lymphadenopathy, which are frequent in these patients. Seizures are
the most frequent rst symptom, but headaches, alterations in mental state, delirium, and
coma are all possible [91]. Most individuals recover completely without complications in
under a year [92]. Computed tomographic imaging revealed no abnormalities or localized
low-density lesions; an electroencephalogram demonstrated generic, widespread slow-
ness P1]. The pathologic characteristics of CSD in the brain are unknown, as these tissues
are rarely biopsied.

However, granulomatous in ammation of the brain tissue involving meningitis has
been demonstrated, and special stains and molecular testing have shown that organisms
recover from such lesions [93]. Usually, the diagnosis is established based on the ndings
of a lymph-node biopsy or other supportive laboratory tests.
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Except for the detection of B. henselaafection, the laboratory examination of in-
fected individuals with encephalopathy usually produces inconsistent ndings and is thus
ineffective for diagnosis.

Electroencephalography conducted during the acute period of illness shows a widespread
slowness in about 80% of patients, which resolves completely upon follow-up [ 33]. Ap-
proximately 19% of patients show abnormal results on a CT scan or magnetic resonance
imaging (MRI) of the brain, which would include anomalies in the brain's white matter,
striatum, thalamus, and gray matter [ 94]. The outcome for individuals with encephalopathy
is usually good, with 90% of patients recovering completely and spontaneously with no
complications [ 88]. Just one case of fatal meningitis and encephalitis in an immunocom-
petent infant has been reported in the scienti ¢ literature as a consequence of B. henselae
disease P9)].

Examination of the cerebrospinal uid may reveal moderate pleocytosis and increased
protein content [ 91] but, frequently, CSF study ndings are benign or suggest relatively
moderate in ammation. Examination of the cerebrospinal uid may reveal moderate
pleocytosis and an increased protein content [91]. The human illness has some features
in common with experimental cat-brain disease, including the temporary nature of the
disruption, the existence of behavioral changes, a decline in alertness or convulsions, and
the absence of major CSF irregularities. It is possible that B. henselamfects both species
through comparable pathophysiologic processes.

With the development of increasingly accurate and precise screening procedures, re-
cent microbiological studies have con rmed blood and cerebrospinal uid (CSF) infections
with one or more Bartonellaspecies in patients with neurological, neuropsychological, and
psychiatric manifestations [ 89]. Pediatric acute-onset neuropsychiatric syndrome (PANS)
is a medical illness in children and adolescents marked by the abrupt development of
neuropsychiatric symptoms such as obsessions or compulsions or dietary restriction [ 96].
Depression, anger, anxiousness, and academic deterioration are frequently associated with
PANS manifestations. PANS may be induced by infection, electrolyte imbalances, and other
in ammatory responses [ 96]. After failing to react to psychiatric combination therapy and
an immunomodulatory operator for suspected immune-driven encephalitis, Breitschwerdt
and colleagues reported a case ofBartonella henseldmcteremia in a child with schizophrenia
who had symptom remission after antibiotic treatment [ 89].

Furthermore, individuals with bartonellosis with neurological symptoms may acquire
autoantibodies, lacking normal clinical, pathological, and immunologic markers of bac-
teremia, and may be immunocompromised as a result of medication therapy or lengthy
Bartonellaspp. infection. When autoantibodies are documented in combination with neg-
ative indicators for in ammation, the clinical presumption of an infectious etiology in
individuals with neuropsychiatric symptoms is reduced [ 61].

6.1. Encephalopathy

The most typical feature is encephalopathy, which presents in 90% of cases involving
the neurological system. The neurological symptoms often manifest themselves two to
three weeks following the start of ymphadenopathy. Headaches and an altered mental state
are common symptoms. Seizures occur in 46—80% of individuals infected with Bartonella
encephalopathy, with some individuals diagnosed with status epilepticus [ 88,97].

However, as many as 40% of individuals with Bartonellaencephalopathy have been ob-
served to exhibit aggressive behavior [98]. Along with an altered mental state, individuals
with encephalopathy can exhibit a range of neurologic ndings, such as weakness, muscle-
tone changes, nuchal stiffness, extensor plantar re exes, and hypo- or hyperre exia [ 83).

Cat-scratch disease encephalopathy exhibits several features, including a prolonged
time interval between infection and the progression of CNS symptoms, an accelerated
initiation of signi cant brain impairment, and a potential and, at times, extremely rapid
resolution of symptoms without residual neurologic de cits. Compartmental disorders,
mental decline, and convulsions are all frequent signs of illness [ 33].
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The link between CSD and encephalopathy remains largely unknown. Encephalopa-
thy was initially de ned as having neurological involvement in CSD 70 years ago [ 99
and is often associated with a favorable long-term result [ 33]. Numerous instances of en-
cephalopathy have been documented in recent times. Such encephalopathies may involve
the brainstem [99] or striatum [ 10(], and may result in infarction because of a vasculitic
complication [ 107] or status epilepticus in children [ 102. Numerous hypotheses regarding
the etiology of CSD encephalopathy exist, including direct penetration, neurotoxins, and
vasculitis due to an immunological response [ 103.

6.2. Encephalitis

Encephalitis was the most frequently encountered neurologic symptom in the popula-
tion studied by Nawrocki et al., which was in line with the observations of Reynolds et al.,
who found that the majority of children hospitalized for the neurologic complications of cat-
scratch disease were diagnosed with encephalitis or encephalopathy [93]. Hence, doctors
must investigate cat-scratch disease in individuals with encephalitis or newly diagnosed
hepatosplenic disorders, particularly in children.

Considering the nature and infrequency of encephalitis as a result of CSD, it is fair to
postulate that the disease might evoke a distinct immune response in some individuals.
It is conceivable that this process could be enabled against speci c receptor sectors in
a way outlined in synapses in the pathogenesis of other epileptogenic encephalitis, and
that, depending on the speci c reactivity, this could contribute to the formation of the
epileptogenic process [60].

When evaluating all the etiologies of juvenile viral encephalitis, focal neurologic
symptoms are prevalent [ 104]. In a massive study by Kolski et al. [ 104], around 60% of
juvenile encephalitis cases were preceded by partial epilepsy, and 50%, by other focused
neurologic symptoms. Encephalopathy, convulsions, status epilepticus, retinitis, transverse
myelitis, and cerebral vasculitis are among the presentations recorded in individuals with
cat-scratch illness who have neurological signs [105-107]. Encephalopathy has been the
most prevalent neurologic symptom of cat-scratch illness and may occur many weeks after
the rst contact with a cat[ 10§.

Cathiers et al. [33] examined the prevalence of bartonellosis' various neurological
symptoms, with encephalitis being the most common. The age range of the encephalopathy
patients was 10.6 years. Convulsions happened in 46%, whereas confrontational behavior
occurred in 40%. Without neurologic sequelae, all the patients (n = 76) recovered within
12 months, and 78% in 1-12 weeks. However, there have been reports of neurological
symptoms persisting for more than a year [ 101].

According to Fouch et al., a six-year-old boy arrived with a lymphatic axillar nodule,
and his condition deteriorated over the following few days, with headaches, seizures, and
mental state abnormalities, which culminated in a vegetative state and the patient's death.
A postmortem examination revealed widespread and severe perivascular lymphocytic
in ltrates with microglial nodules across the frontal, parietal, and occipital lobes, as well as
the pons. Bartonella henselagas identi ed as the causal agent [ 109.

A recent study has shown a variety of antineuronal autoantibodies in the circulation
and CSF of certain patients with status epilepticus and encephalopathy of unclear cause,
indicating that autoimmunity may play a role in these instances [ 110. These autoantibodies
may be oriented against a range of different cell-surface antigens, and several have been
linked to particular seizure conditions, including limbic encephalitis. If autoantibodies are
detected in cat-scratch disease encephalopathy, immunotherapy in the acute stage, such as
injectable immunoglobulins or systemic steroids, may be tried.

6.3. Other Neurological Manifestations

Less-frequent neurologic consequences include meningomyeloradiculopathy, which
manifests as paresthesias, paralysis, and sphincter dysfunction in the lower extremities,
facial nerve palsy, Guillain—Barr 2 Syndrome [110,111], continuous partial epilepsy [ 112113,
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acute hemiplegia, transverse myelitis [ 114], and cerebral arteritis [ 56]. In research by Easley
et al., two children were reported who rst presented with status epilepticus and normal
CSF uid tests [ 115.

Multiple-sclerosis-related demyelinating illness [ 116, acute stroke-related CNS dis-
ease [L03, transverse myelitis [ 117], psychiatric conditions [ 118, and persistent intellectual
and locomotor impairments [ 89 are further types of central nervous system dysfunction.

Facial nerve invasion is quite uncommon in Bartonellainfection. Walter et al. [ 110
described the rstinstance of acute facial nerve paralysis in a cat-scratch disease patient
with characteristic lymphadenitis who was immunologically con rmed.

According to Nakamura et al. [ 119, a seven-year-old child presented with fever,
cervical lymphadenopathy, and peripheral facial nerve palsy, all of which were serologically
con rmed to be due to cat-scratch illness. On the left, the stapedius muscle re ex was
missing, and magnetic resonance imaging of the brain showed a mass lesion in the left
internal auditory meatus. Mutucumarana et al. [ 120 described a ve-year-old girl who
had a nearly three-week-long fever, along with exhaustion, headaches, a six-pound weight
loss, and late-onset left-sided facial palsy.

Premachandra et al. [121] documented a case of a child who had a parotid lump and a
lower motor neurone facial paralysis affecting the marginal mandibular branch of the facial
nerve, suggesting a malignant parotid tumor. Additionally, Ganesan etal. [ 111] described a
novel etiology of parotid edema, brief facial paralysis, and mild ptosis. Chiu etal. [ 127
documented the case of a 10-year-old child who had two weeks of left facial paralysis. The
patient presented with left-eye conjunctivitis, facial edema, and weakness, and also had a
severe left neck mass. Unilateral facial nerve branch paralysis was discovered during the
test. Thompson et al. [123 documented an adult with peripheral facial nerve palsy caused
by cat-scratch illness; the patient also had neuroretinitis.

In the report of Rocha et al. [114], a child presented with left hemiplegia and a right
frontoparietal lesion on head neuroimaging due to cat-scratch illness. Another report
by Cerpa et al. [124] was regarding a child who had transitory right hemiparesis during
cat-scratch disease with status epilepticus, a nding consistent with Todd's paralysis.
Furthermore, two cases of cat-scratch-disease-associated vasculitis as the cause of stroke
and subsequent hemiparesis have been reported [L25. Vermeulen et al. performed a
retrospective analysis and identi ed 20 instances of cat-scratch disease-related spinal
osteomyelitis, one of which had severe transitory paresis [ 12€]. From these ndings, it can
be concluded that the accid paralysis associated with cat-scratch-illness encephalitis may
be triggered by a speci c contamination of the right hemisphere, postictal Todd's paralysis,
or spinal-cord invasion.

Yep et al. [127] reported on the case of a young woman presenting with meningitis and
neuroretinitis who had fever, sweating, a left frontal headache, hazy vision, and painful left-
eye movements for ve days. A central scotoma decreased color vision, and enlargement
of the optic disc and macula were seen in the left eye. The patient reported cat contact a
few months prior to the beginning of the symptomatology. A thorough examination of the
fundus with a tropicamide-dilated pupil revealed a severely enlarged macula in addition
to optic nerve damage.

Anabu et al. described a seven-year-old boy who acquired choreoathetosis after CSD
encephalopathy and showed abnormal basal ganglion alterations on an MRI scan. He
also developed convulsions with a uctuating level of consciousness; initially he was still
unable to walk or talk, though after several weeks, his condition improved—but without a
complete recovery [10(0.

7. Ocular Manifestations

B. henselagvas discovered to be the causal agent of this disease in only the past
decade [12§. The infection is believed to be spread through direct conjunctival inocula-
tion. Common symptoms include a foreign-body sensation, unilateral eye redness, serous
discharge, and increased tear secretion. Patients usually present necrotic granuloma with
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conjunctival epithelium ulceration, and also local lymphadenopathy involving the preauric-
ular, submandibular, or cervical lymphatic system [ 129. After many weeks, the granuloma
often resolves without scarring.

Ocular involvement develops in 5-10% of people with CSD [ 33]. The eye could serve
as the major infection site, resulting in Parinaud oculoglandular syndrome, which is de ned
by the infection of the conjunctiva and eyelids, as well as local lymphadenopathy (Figure 1).
Within 2—3 weeks of the onset of systemic iliness, various ocular symptoms might arise.
Neuroretinitis, optic neuropathy, and a variety of other kinds of intraocular in ammation
are among these symptoms. Regarding the annexal manifestation, Parinaud Syndrome
would be representative. Considering vitreous changes, intermediate uveitis and vitreous
hemorrhage can be present. Inner retinitis and chorioretinitis can also be included in the
retinal and/or choroidal manifestations. The retinal vascular manifestations are retinal
vasculitis, angiomatous-like proliferation, retinal arteriolar branch occlusion and retinal
vein branch occlusion. The macular complications include serous macular detachment,
macular stars (stellar maculopathy), macular edema, and macular hole. The optic-nerve
manifestations are considered to be neuroretinitis, optic-disc edema, and optic-nerve

head mass.
retinal . .
manifeststions - inner retinitis
/i\? Gt - chorioretinitis
PR Parinaud oculoglandular = - retlpal vasculitis
Syndrome - angiomatous-like
annexal proliferation
manifestation - retinal arteriolar branch
occlusion
-retinal vein branch
occlusion
i_-; |
P
) Intermedlate uveitis = - = neumretinitisi
- vitregus hemorrhage - optic disc edema
optic nerve - optic nerve head mass
manifestations

Figure 1. Ophthalmological features of cat scratch disease.

The most frequent clinical observations in previous investigations have been neurore-
tinitis associated with macular stars [ 24] and/or isolated foci of retinitis or choroiditis[  130.
Macular stars can become visible in a few days as vision loss begins and become increas-
ingly apparent over the following two to three weeks. Isolated ocular neuritis was also
reported before [131], highlighting the necessity of eliminating infectious agents such as
Bartonella henselg®ior to initiating therapy with pulse methylprednisolone, particularly
in children.

The authors of a Turkish study of 13 eyes of 10 patients with ocular bartonellosis
highlighted the variety of ocular symptoms, including an acute endophthalmitis case [ 131].
Nine patients had a history of cat interaction and systemic symptoms for up to three
months before presenting with ocular symptoms, and three had them earlier, but they had
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initially been misinterpreted as noninfectious intraocular in ammation [ 131]. The lack
of vitreous cells helped to distinguish these lesions from the retinitis/retinal in Itrates
observed in Behcet disease or toxoplasmosis, the investigators reported. They advised the
careful monitoring of retinal in Itrates simulating cotton-wool patches, since these may
progress to a branch retinal artery occlusion [ 131].

Ocular CSD may potentially manifest as occlusion of the retinal artery, retinal in I-
trates resembling cotton-wool exudates, or endophthalmitis [ 137]. The pathogenesis of
retinal in Itrates is most likely related to ischemia caused by the occlusion of the retinal
arterioles [19]. It is essential for the ophthalmologist to distinguish the super cial reti-
nal in Itrates in ocular CSD from retinitis or retinal in ltrates seen in individuals with
sarcoidosis, Adamantiades-Behcet's disease, toxoplasmosis or rickettsia infection [L31].

Previously, Eiger-Moscovich et al. [ 133 described the clinical course of BRAO (Branch
Retinal Artery Occlusion) in six individuals (seven eyes). One suffered numerous arterial
occlusions. BRAO was found in three eyes. In one patient with unilateral BRAO, the
other eye had neuroretinitis and, in two cases, both appeared in the ipsilateral eye. BRAO
developed focal retinal in Itrates in both eyes or in one eye. A central scotoma left just one
eye with low visual acuity (1/60). However, BRAO caused persistent visual eld reduction
in both eyes [133. The authors recommended careful history-taking and serologic testing
for Bartonellainfection, particularly in children with BRAO.

Numerous case reports and series on ophthalmic vascular occlusions as a result of
CSD have been published [133-136. Surprisingly, the changes and distortions in visual
acuity are location-dependent. In some instances of secondary epiretinal membranes, the
epiretinal membrane (ERM) spontaneously releases. The therapy, it has been claimed, may
promote this occurrence [137-139. The release of the ERM (epiretinal membrane) results in
a reduction or elimination of the macula's tractional pressures, thus allowing the macular
hole to close.

When a persistent tractional epiretinal membrane develops (as a consequence of
uveitis), even without the formation of a macular hole, pars plana vitrectomy and ERM
peeling are the recommended treatment options. In immunocompromised or immunosup-
pressed individuals, CSD is anticipated to present a more severe systemic effect. It has been
observed that, in HIV-positive individuals, it causes bacillary angiomatosis [ 140.

Best et al. [L41] reported a case in which a patient came to the emergency department
with a unilateral central scotoma and no prodromal symptoms, a rare presentation for this
illness. The patient was afebrile and had no visible skin lesions associated with a cat scratch
or bite, nor did she have lymphadenopathy. An ophthalmologic examination revealed
ndings suggestive of retinal edema.

Suhler et al. [147 discovered that B. henselamfection was the most frequently observed
etiology of neuroretinitis in their clinic in the northwestern USA. The degree to which these
results apply to certain other areas is unclear.

Tey et al. [143 found that 10 out of 13 patients (76.9%) exhibited posterior segment
symptoms, whereas three (23.1%) had Parinaud's oculoglandular syndrome, lacking the
participation of the posterior segment. Eighty-two percent of the eyes had small foci of
retinal white lesions. Subretinal uid (SRF) beneath the fovea was visible on SD-OCT in
eight eyes (34.8%), and Parinaud's oculoglandular syndrome, in four eyes (17.4%).

In the case described by Annoura et al. [144], Parinaud oculoglandular syndrome,
anterior uveitis, neuroretinitis, a serous retinal detachment, and a ame-like retinal hemor-
rhage suggesting retinal vein blockage were all identi ed. Additionally, the frequency of
concurrent eye disorders in the anterior and posterior chambers is notable. Additionally,
the present instance was noteworthy in that ocular involvement occurred in the absence of
systemic diseases, and neither lymphatic nor systemic disease emerged.

Neuroretinitis

Neuroretinitis is characterized by unilateral vision loss, optic-disc edema, and macular
star formation. Given the appearance of the macular star, it was rst believed to be a
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macular disease and was labeled as such [45. Soon afterwards, according to Gass et al.,
it was revealed that the macular star was caused by leakage resulting from the optic-disc
edema, not by a retinal process in itself, so the optic-nerve edema preceded the macular
star [14€]. The causes of neuroretinitis are diverse, and the typical components of the triad
do not usually manifest simultaneously, especially in the early stages of the illness.

Neuroretinitis is described as in ammation of the optic nerve and peripapillary retina,
marked by edema of the optic disc and the eventual development of a macular star. Neu-
roretinitis is often unilateral and might be bilateral in immunocompetent as well as im-
munocompromised people [ 147]. Ocular symptoms often manifest 2—3 weeks following
the onset of systemic symptoms. The most prevalent ocular symptom is eyesight loss [ 14§].
A subjective afferent pupillary de ciency, a visual eld defect, and dyschromatopsia are
often present [148. On occasion, cells and ares are visible in the anterior chamber, and
moderate vitritis is prevalent. The fundoscopic observations often include edema of the
optic disc and lipid exudation in the macula in the form of a whole or partial star[ 149. A
half star shape is most often found in the nasal macula.

In neuroretinitis, the optic disc is the major site of in ammation [ 14€]. At rst glance,
the macroscopic star could be missing. It typically resolves 1-12 weeks following the
beginning of optic-disc edema. The disc edema starts to subside after two weeks and often
resolves completely after 8—12 weeks. The key role of nicotinamide adenine dinucleotide
(NAD+) in retinal cells' metabolism might in uence the recovery potential of the retina, as
already revealed by research regarding degenerative retinal conditions [ 150. The macular
star disappears after four weeks but could remain for almost a year [ 151]. The extreme
sensitivity of macular cells has to be considered as an important factor in the recovery of
the macula [152,153.

Neuroretinitis usually follows a feverish illness with lymphadenopathy, rashes, arthral-
gia, and headache. The ophthalmologic ndings include reduced visual acuity, dyschro-
matopsia, a relative afferent pupillary de cit, and visual eld abnormalities including a
cecocentral/central scotoma. However, 2—6 weeks after the onset of symptoms, stellate
macula exudates (the "‘macular star") form. Due to the slow development of this nding,
the maculopathy is frequently missed at rst presentation [ 151]. Weeks later, individuals
may develop multifocal deep-white retinal lesions and vitreous irritation. Anterior cham-
ber response is uncommon [154]. The macular star may last for months and impede the
recovery of visual acuity.

In two previous studies, retinal or choroidal white lesions predominated. According
to Solley et al. [13(, they were found in the super cial retina (30%), deep retina (49%),
full-thickness retina (14%), and choroid (7%). Neovessels were discovered during an OCT
angiography of a Bartonellafocal chorioretinitis. It may assist in differentiating Bartonella
lesions from other noninfectious or infectious fundus lesions because Bartonellaspp. have a
unique vascular proliferative characteristic [ 50].

In neuroretinitis, optic-disc edema causes serous retinal detachment, resulting in imme-
diate unilateral vision loss, followed by macular exudates organized in a partial or full star
pattern around the fovea [ 155156. OCT showed subretinal uid in all eyes with  Bartonella
neuroretinitis, while ophthalmoscopy or uorescein angiography did not. According to
Parikh et al. [157, OCT may be helpful in detecting intraretinal edema associated with
optic-disc in ammation preceding serous retinal detachment and subsequent macular-star
formation. In 53 patients (62 eyes) with Bartonellaoptic neuropathy, the authors found that
the frequency of optic neuropathy surpassed that of neuroretinitis, and that the lack of a
macular star did not rule out optic neuropathy [ 15§. The majority of patients had unilat-
eral involvement, 58% had prodromal systemic symptoms, and 26% had a history of cat
encounters (53%). An exposure history was not required to diagnose ocular bartonellosis,
even in areas abounding with cats.

Optic-nerve involvement such as a peripapillary angioma or disc granuloma is un-
common. Ocular granuloma with pineal-gland enlargement, indicating pineoblastoma, has
recently been described by Aziz et al. [159. In this case, enucleation of the globe revealed
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suppurative granulomatous in ammation surrounded by vascular growth, indicative of
Bartonellagranuloma [ 159. The authors summarized 15 reported instances of optic-disc
granulomas associated with CSD [159. Moreover, Freitas-Neto et al. [ 160 showed that
multimodal fundus imaging assisted in diagnosing CSD in a patient with a peripapillary
angiomatous lesion.

8. Therapy

Fundus imaging, optical coherence tomography (OCT), and uorescence angiography
can aid in the diagnosis and treatment of CSD [16]]. Late leakage from the optic disc is
the most frequently observed nding in FA. Peripapillary angiomatosis and peripapillary
serous retinal detachment are additional FA observations [ 129162. Although neuroretini-
tis is a well-described complication of B. henselaafection, angiomatous lesions remain
uncommon.

Habot-Wilner et al. [ 163164 have shown the use of retinal OCT in evaluating macular
alterations in CSD. The research discovered a lowering of the foveal contour, hypertro-
phy of the neurosensory retina, and production of subretinal uid in each of the tested
eyes. In the outer plexiform layer, the retinal exudates looked hyperre ective. Follow-up
examinations revealed that the macula was normal. The authors also recommended the
use of OCT in conjunction with other imaging modalities to monitor patients with CSD
neuroretinitis [ 163164].

B. henselaenduced ocular in ammation is often benign and self-limiting, with good
visual outcomes. However, signi cant, irreversible visual loss is possible. The indication
for therapy varies according to the severity of the condition (Table 4). In vitro , Bartonella
henselaés sensitive to a variety of antibiotics [ 165. There is no conclusive randomized
clinical research demonstrating the effectiveness of antibiotic or corticosteroid therapy for
B. henselaanfection, but an uncontrolled study indicated the effectiveness of antibiotic
therapy [ 165.

While B. henselaseems to be the most frequently observed infectious cause of neu-
roretinitis, treatment persists due to the disease's self-limiting nature. Thus, according
to two specialists, the rarity of Bartonellaneuroretinitis complicates treatment [ 166]. Lee
et al. believe that antimicrobial treatment reduces the duration of the disease symptoms
and that, therefore, it should be treated with antibiotics until the laboratory testing is
completed [167].

On the other hand, Bhatti asserts that therapy has no effect on the cure rate [16€]. Given
the rarity of Bartonellaneuroretinitis, recruiting participants for a randomized clinical study
would be very challenging and would require multicenter research [ 168. Reed et al. [4]
found that antibiotics resulted in a faster visual recovery and a shorter duration of illness.
Chiu et al. [ 127 found no difference in visual results between treated and untreated patients
(antibiotics, CS, or both). Rostad et al. cured an eight-year-old child of B. henselawith oral
doxycycline (60 mg) every 12 h [169.

Chiu et al. found no link between systemic corticosteroid usage and visual results [ 127.
Meanwhile, Habot-Wilner et al. [ 163164 found, in a multicenter retrospective cohort
analysis, that a combination antibacterial and systemic corticosteroid regimen was related to
a better visual result than an antibiotic-only regimen in patients with BCVA worse than 6/9
at presentation. Kodoma et al. described a case study of 14 patients in Japan, 13 of whom
received systemic steroids and two of whom received 1000 mg of methylprednisolone pulse
treatment [170.

In Garcia's case report, oral doxycycline and rifampicin were effectively used to treat
an elderly patient with a parotid abscess and aseptic meningitis [ 13]. The majority of
the complications resolve spontaneously, while recovery from central nervous system
symptoms might take up to a year [ 4]. There is insuf cient evidence to support the ad-
vantages of particular antibiotic treatment in immunocompetent individuals with uncom-
mon CSD manifestations [171]. Numerous antibiotic treatments, particularly gentamicin,
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trimethoprim/sulfamethoxazole, azithromycin, cipro oxacin, erythromycin, doxycycline,
and rifampin, were utilized in atypical CSD, alone or in various combinations.

Bejarano et al. reported a case in which a child presenting fever and tonic—clonic
seizures was effectively treated with an approximately four-month course of azithromycin
and rifampin [ 177.

Taking into consideration the available research, status epilepticus caused by this
illness is often resistant to anticonvulsant medication. Even with the prompt initiation of
treatment and the usage of various anticonvulsants, seizure management might not be
achieved for several hours [173.

Due to their deep penetration of the central nervous system, the majority of researchers
and doctors strongly advise a protocol of doxycycline and rifampin for 10-14 days [ 107,
with a treatment course of 2—4 weeks in immunocompetent individuals and four months in
immunosuppressed patients, but the antibiotic treatments used may vary in terms of the
drug category and length of time. Antiepileptics usually cure the majority of patients within
three days to two years [177. Bogue et al. revealed that clinical signs of systemic CSD
rapidly resolved in three critically sick patients following intravenous gentamicin-sulfate
therapy [174.

The course of therapy would be determined by the responsiven ess and the awareness
that, in the normal course of the iliness, recuperation from CSDE is typically quick ( 4-14 days.
Collipp [ 179 noted an outstanding recovery due to trimethoprim—sulfam ethoxazole in 11 CSD
cases. Along with seizure management and respiratory assistance, the most critical part of
treating individuals with encephalopathy is establishing a diagnosis as soon as possible.
This may minimize lengthy and unsatisfying investigations that may cause the patient
distress. During a coma, supporting measures such as adequate nursing care and constant
monitoring of the patient are suggested.

Balakrishnan et al. [101] reported on an 11-year-old girl who suffered from a variety
of neurological symptoms, which included migraines, multisensory hallucinations, ner-
vousness, visual impairment affecting both eyes, episodes of generalized paralysis, VlI-th
nerve palsy, severe sleeping problems, convulsions, extreme fatigue, cognitive de cits, and
memory problems. Physiopathologically, originally, B. henselagenerated vasculitis, which
resulted in subsequent cerebral ischemia, tissue destruction, and surgical excision.

Rosas et al. [L76 described a case of cat-scratch-iliness encephalitis associated with
left-arm accid paralysis. The patient manifested an altered mental state and a probable
seizure during the acute phase. Initially, hemiparesis was thought to be a sign of Todd's
paralysis. Clinically, the patient recovered on the fth day of hospitalization, regaining
use of her left arm, and recovered completely a week afterwards with doxycycline and
levetiracetam treatment.

Raihan et al. reported four instances in which patients had a background of interaction
with cats, had a fever prior to developing ocular symptoms, had optic-disc enlargement
and macular edema, and tested positive for B. henselaglL77).

Zakhour et al. [178 described a 10-year-old girl who had transverse myelitis and
Guillain—Barr 2 syndrome as a consequence of cat-scratch illness. Lower-extremity weakness
and sensory loss, as well as lower-extremity discomfort, were all associated with the
symptomatology. The treatment consisted of doxycycline for 14 days and ve days of
rifampin and intravenous immunoglobulin, and the case evolution was positive; at the end
of the treatment, the patient only presented mild sensory de cits.

In the study conducted by Bilavsky et al. [ 179, over a period of 11 years, of cat-
scratch disease in eight pregnant women, it was found that ve of the eight had classic
cat-scratch illness, including regional lymphadenitis; two experienced local lymphadenitis
accompanied by arthralgia, myalgia, and erythema nodosum; and one had neuroretinitis.
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Table 4. Treatment of cat-scratch disease with neuro-ophthalmologic features.
Author Site of Lesion Treatment Dosage Time
Antibiotics Corticoids
Topical gentamicin
Lee etal. [167] Nodule Of. the and systemic - N/A N/A
upper lid .
erythromycin
14 patients:
Antibiotics: 14 patients:
Kodoma et al o cipro oxapin, prednisolone,
’ Neuroretinitis doxycycline, betamethasone, N/A N/A
(179
sulfamethoxazole, methylpred-
erythromycin or nisolone
cephems
Parotid gland
Garcia Garcia et al. abscess_ and Dox_ycycll_n(_e and i N/A Two weeks
[13] aseptic rifampicin
meningitis
31 patients . .
Thirty-nine (8 patients with ’ Eztlljir)lltsgvi\gth
Cannetietal. [171] . neurologic . . N/A N/A
CSD patients . . manifestations
manifestations of CSD
of CSD)
Clarithromycin
(5 days), Clarithromycin
cefotaxime 15 mg/kg/day;,
(3 days), cefotaxime
Meropenem 90 mg/kg/4 h,
(2 days), meropenem
. Vancomycin 40 mg/kg/8 h,
Bejarano et al. .
[177 encephalopathy _(2 day_s), - vancomycin NA
Piperacillin- 10 mg/kg/6 h,
tazobactam piperacillin-
(5 days), tazobactam 80
Azithromycin mg-10 mg/kg/6 h,
(134 days), azithromycin
rifampin 10 mg/kg/day
(134 days)
Arme?g%l etal. encephalopathy Erythromycin - NA 5 days
Fouch et al. [109 encephalitis Cephalexin - NA 7 days
. Vasculitis . . . . Azithromycin
Balakrishnan et al. ’ Azithromycin Azithromycin 500 mg 8 weeks
cerebral ) ) :
[107] . : Ceftriaxone Ceftriaxone 2 g Ceftriaxone
infarction
8 weeks
Cipro oxacin
Cipro oxacin 300 mg two weeks
Encephalitis Cipro oxacin 3/day Cotrimoxazole
Cerpa etal. [124] with _ Cot_rimoxgz_ole Cotrimoxazole 110 mg tv\_/o We_el_<s
' convulsive Rifampicin 3/day Rifampicin
status Azithromycin Rifampicin 450 mg 4 weeks
Azithromycin 350 mg Azithromycin
4 weeks
Neurologic .
Schuster et al. csD Wi%h Do>_<ycyc|_|ne NA 2 weeks
[102 S Rifampin
hyperactivity
encephalitis
Rosas etal. [L76 associated with Doxycycline 100 mg 2/zi 2 weeks

left arm accid
paralysis
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Table 4. Cont

Author Site of Lesion Treatment Dosage Time

Antibiotics Corticoids

Bilawsky et al. Neuroretinitis

[179 in pregnant None
woman
Neuroretinitis
Celiker et al. [147] in three Doxycycline NA NA
patients
Azithromycin Azithromycin
. Neuroretinitis (3 cases) Azithromycin 250 mg 4-6 weeks
Raihan etal. [177 in four patients Doxycycline Doxycycline 200 mg Doxycycline
(1 case) 4 weeks
Mutucumarana VII-th nerve Azithromycin and
. . NA 2 weeks
etal. [12q palsy rifampin
Ceftriaxone and
Transverse . :
o Ceftriaxone, vancomycin a
Zakhour et al. myelitis and vancomvein few davs:
[179 Guillain-Barr 2 yein, yS:
doxycycline Doxycycline
syndrome 2 weeks
Disseminated
Fouch et al. [109 Bartonella Cephalexin NA
henselae
Persistent focal
Farooque et al. seizures and NA 4 weeks
[107 encephalopa-
thy
aseptic Azythromicin, Azythromicin 500 mg; AZ);SLO(T;C!? a
Pinto et al. [18() meningitis and Doxycicline, Doxycicline 100 mg; Dox ciclin)é énd
neuroretinitis Rifampin Rifampin 300 mg y

Rifampin a month

This disease is especially concerning when it occurs in pregnancy because the course
of cat-scratch disease is longer and frequently febrile, lasting weeks or months. B. henselae
DNA was found in postmortem cells of a neonate delivered by a mother who had been
diagnosed with B. henselamfection; the baby died nine days after birth. These ndings
indicate that B. henselamfection could be detrimental to the fetus, explicitly or implicitly,
and might even present a danger of horizontal transmission [ 89)].

9. Conclusions

By and large, medical information concerning neurobartonellosis is restricted to case
reports and case series, and a clear molecular mechanism behind the emergence of symp-
toms and pathogenesis of the lesions has not been discovered.

Neurological and ophthalmological symptoms and syndromes can develop at the same
time. The period between the beginning of CSD and the commencement of encephalopathy
is between days and two months. Encephalopathy is often signaled by disorientation,
which might be followed by a decreased state of awareness, varying from sleepiness to
a comatose state. Around 50% of individuals have seizures, which vary from localized,
self-limited clonic convulsions to status epilepticus. Aphasia, hemiparesis, cranial nerve
palsy, and ataxia are all examples of focal neurological symptoms that occur in a minority
of individuals. Despite Bartonella henseldafrequently generating encephalopathy and
meningitis, a favorable prognosis following antibiotic therapy requires clinicians to consider
them in routine practice.

Infected individuals may have a variety of visual symptoms of Bartonellainfections.
Neuroretinitis, optic neuritis, focal retinitis, choroiditis, chorioretinitis, exudative maculopa-
thy, serous retinal detachment, and vitritis have all been described in the literature. Other
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ocular issues, such as branch retinal artery blockage, macular holes, and peripapillary an-
giomatosis, have also been reported. There have also been reports of conjunctival symptoms
such as Parinaud's oculoglandular syndrome and nonspeci c follicular conjunctivitis.

B. henselats the most often identi ed cause of neuroretinitis, with about two-thirds of
patients exhibiting serologic evidence of prior B. henselafection. Patients with ocular
bartonellosis may also present with a variety of posterior segment symptoms, such as
posterior uveitis, neuroretinitis, optic neuritis/papillitis, optic disc granuloma, retinal
vasculitis, retinal venous or arteriolar occlusions, angiomatosis, acute multifocal inner
retinitis or retinal white-dot syndrome and/or retinal in Itrates.

Whenever a patient presents with injected conjunctivae and granulomatous follicular
conjunctivitis, the possibility of Parinaud's oculoglandular syndrome must be considered,
especially if the patient has indicated interaction with cats or kittens.

Author Contributions:  Conceptualization, S.J., G.M., M.B.P., A.D.A. and A.Z.S.; methodology, A.Z.S.,
S.J., G.M., M.B.P. and A.D.A.; software, A.Z.S., S.J., G.M., M.B.P. and A.D.A,; validation, A.Z.S., S.J.,
G.M., M.B.P. and A.D.A.; formal analysis, A.Z.S. and A.D.A.; investigation, A.Z.S.; resources, A.Z.S.
and A.D.A.; data curation, A.Z.S.; writing—original draft preparation, A.Z.S., A.O., S.D.A., A.O.M.

and R.P.; writing—review and editing, A.Z.S.; visualization, A.Z.S.; supervision, A.Z.S. and A.D.A.;
project administration, A.Z.S.; funding acquisition, S.J., G.M., M.B.P.,, AD.A.and A.Z.S., S.J., G.M.
and M.B.P. made the same contribution. All authors have read and agreed to the published version

of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement:  Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study.

Conicts of Interest: The authors declare no con ict of interest.

References

1. Theel, E.S.; Ross, T. Seasonality of Bartonella henselae IgM and 1gG antibody positivity rates.J. Clin. Microbiol.2019 57, e01263-19.
[CrossRef [PubMed]

2. Klotz, S.A.; lanas, V.; Elliott, S.P. Cat-scratch diseaseAm. Fam. Physiciar2011, 83, 152—-155. PubMed]

3. Biancardi, A.L.; Curi, A.L.L. Cat-scratch disease. Ocul. Immunol. In amm. 2014 22, 148-154. CrossRef [PubMed]

4.  Florin, T.A.; Zaoutis, T.E.; Zaoutis, L.B. Beyond cat scratch disease: Widening spectrum of Bartonella henselae infection. Pediatrics
2008 121, e1413-e1425.GrossRel

5. Kordick, D.L.; Hilyard, E.J.; Had eld, T.L.; Wilson, K.H.; Steigerwalt, A.G.; Brenner, D.J.; Breitschwerdt, E.B. Bartonella
clarridgeiae, a newly recognized zoonotic pathogen causing inoculation papules, fever, and lymphadenopathy (cat scratch
disease).J. Clin. Microbiol.1997, 35, 1813-1818. CrossRel

6.  Zangwill, K.M. Cat scratch disease and other Bartonella infections. Adv. Exp. Med. Biol.2013 764, 159-166. CrossRef

7. Foil, L.; Andress, E.; Freeland, R.L.; Roy, A.F.; Rutledge, R.; Triche, P.C.; O'Reilly, K.L. Experimental infection of domestic cats with
Bartonella henselae by inoculation of Ctenocephalides felis (Siphonaptera: Pulicidae) feces.J. Med. Entomol1998 35, 625-628.
[CrossRef

8. Lamps, L.W.; Scott, M.A. Cat-scratch disease: Historic, clinical, and pathologic perspectives. Am. J. Clin. Pathol2004 121, S71-S80.
[CrossRef

9.  Zangwill, K.M.; Hamilton, D.H.; Perkins, B.A.; Regnery, R.L.; Plikaytis, B.D.; Hadler, J.L.; Cartter, M.L.; Wenger, J.D. Cat scratch
disease in Connecticut. Epidemiology, risk factors, and evaluation of a new diagnostic test. N. Engl. J. Med.1993 329, 8-13.
[CrossRef

10. Jackson, L.A.; Perkins, B.A.; Wenger, J.D. Cat scratch disease in the United States: An analysis of three national database#&\m. J.
Public Health1993 83, 1707-1711. CrossRel

11. Nelson, C.A.; Saha, S.; Mead, P.S. Cat-scratch disease in the United States, 2005-20Bnerg. Infect. Dis2016 22, 1741-1746.
[CrossRel [PubMed]

12. Pons, |.; Sanfeliu, I.; Cardefiosa, N.; Nogueras, M.M.; Font, B.; Segura, F. Serological evidence of Bartonella henselae infection in
healthy people in Catalonia, Spain. Epidemiol. Infect2008 136, 1712-1716. CrossRef [PubMed]

13. Garcla, J.C.; Nbiiez, M.J.; Castro, B.; Ferandez, J.M.; Portillo, A.; Oteo, J.A. Hepatosplenic cat scratch disease in immunocompetent

adults: Report of 3 cases and review of the literature. Medicine2014 93, 267—-279. CrossRef [PubMed]


http://doi.org/10.1128/JCM.01263-19
http://www.ncbi.nlm.nih.gov/pubmed/31533982
http://www.ncbi.nlm.nih.gov/pubmed/21243990
http://doi.org/10.3109/09273948.2013.833631
http://www.ncbi.nlm.nih.gov/pubmed/24107122
http://doi.org/10.1542/peds.2007-1897
http://doi.org/10.1128/jcm.35.7.1813-1818.1997
http://doi.org/10.1007/978-1-4614-4726-9_13
http://doi.org/10.1093/jmedent/35.5.625
http://doi.org/10.1309/JC8YM53L4E0L6PT5
http://doi.org/10.1056/NEJM199307013290102
http://doi.org/10.2105/AJPH.83.12.1707
http://doi.org/10.3201/eid2210.160115
http://www.ncbi.nlm.nih.gov/pubmed/27648778
http://doi.org/10.1017/S0950268808000368
http://www.ncbi.nlm.nih.gov/pubmed/18294428
http://doi.org/10.1097/MD.0000000000000089
http://www.ncbi.nlm.nih.gov/pubmed/25398062

Brain Sci.2022 12, 217 23 of 28

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.
24.
25.
26.
27.
28.
29.
30.

31.

32.

33.

34.
35.

36.

37.
38.

39.

40.

41.

42.

43.

Gai, M.; d'Onofrio, G.; di Vico, M.C.; Ranghino, A.; Nappo, A.; Diena, D.; Novero, D.; Limerutti, G.; Messina, M.; Biancone, L.
Cat-scratch disease: Case report and review of the literature. Transplant. Proc2015 47, 2245-2247. CrossRel

Regnery, R.L.; Childs, J.E.; Koehler, J.E. Infections associated with Bartonella species in persons infected with human immunode -
ciency virus. Clin. Infect. Dis. 1995 21 (Suppl. 1), S94-S98.(rossRel

Kurbasic, M.; Jones, V.F.; Max eld, C.M. Radiological case of the month. Atypical cat-scratch disease. Arch. Pediatr. Adolesc. Med.
1999 153 761-762. CrossRef

Anderson, B.; Lu, E.; Jones, D.; Regnery, R. Characterization of a 17-kilodalton antigen of Bartonella henselae reactive with sera
from patients with cat scratch disease. J. Clin. Microbiol.1995 33, 2358-2365. CrossRef

Kohler, J.E. Rochalzmaea henselae infection: A new zoonosis of the domestic cat as a reservoirPediatr. Infect. Dis. J1994 13, 673.
[CrossRef

Chomel, B.B.; Kasten, R.W.; Floyd-Hawkins, K.; Chi, B.; Yamamoto, K.; Roberts-Wilson, J.; Gur eld, A.N.; Abbott, R.C.;
Pedersen, N.C; Koehler, J.E. Experimental transmission of Bartonella henselae by the cat ea. J. Clin. Microbiol. 1996 34,
1952-1956. CrossRef

Nawrocki, C.C.; Max, R.J.; Marzec, N.S.; Nelson, C.A. Atypical manifestations of cat-scratch disease, United States, 2005-2014.
Emerg. Infect. Dis202Q 26, 1438—-1446. CrossRef]

Spach, D.H.; Koehler, J.E. Bartonella-associated infectionslnfect. Dis. Clin. N. Am. 1998 12, 137-155. CrossRef

Angelakis, E.; Raoult, D. Pathogenicity and treatment of Bartonella infections. Int. J. Antimicrob. Agent2014 44, 16-25. CrossRef
[PubMed]

Johnson, A. Ocular complications of cat scratch disease Br. J. Ophthalmol202Q 104, 1640-1646. CrossRel [PubMed]

Ormerod, L.D.; Dailey, J.P. Ocular manifestations of cat-scratch disease Curr. Opin. Ophthalmol.1999 10, 209-216. CrossRef
Windsor, J.J. Cat-scratch disease: Epidemiology, aetiology and treatment.Br. J. Biomed. ScR001, 58, 101-110.

Metzkor-Cotter, E.; Kletter, Y.; Avidor, B.; Varon, M.; Golan, Y.; Ephros, M.; Giladi, M. Long-term serological analysis and clinical
follow-up of patients with cat scratch disease. Clin. Infect. Dis. 2003 37, 1149-1154. CrossRef

Jacomo, V,; Kelly, P.J.; Raoult, D. Natural History of Bartonella Infections (an Exception to Koch's Postulate). Clin. Vaccine Immunol.
2002 9, 8-18. [CrossRef [PubMed]

Massei, F.; Gori, L.; Macchia, P.; Maggiore, G. The expanded spectrum of bartonellosis in children. Infect. Dis. Clin. N. Am. 2005
19, 691-711. CrossRe]

Hajjaji, N.; Hocqueloux, L.; Kerdraon, R.; Bret, L. Bone infection in cat-scratch disease: A review of the literature. J. Infect.2007,
54, 417-421. CrossRel

Spinella, A.; Lumetti, F.; Sandri, G.; Cestelli, V.; Mascia, M.T. Beyond cat scratch disease: A case report of bartonella infection
mimicking vasculitic disorder. Case Rep. Infect. Di2012 2012 354625. CrossRef

Herremans, M.; Vermeulen, M.J.; Van de Kassteele, J.; Bakker, J.; Schellekens, J.F.P.; Koopmans, M.P.G. The use of Bartonella
henselae-speci c age dependent IgG and IgM in diagnostic models to discriminate diseased from non-diseased in Cat Scratch
Disease serology.J. Microbiol. Method2007, 71, 107-113. CrossRef [PubMed]

Mazur-Melewska, K.; Mania, A.; Kemnitz, P.; Figlerowicz, M.; S u zewski, W. Cat-scratch disease: A wide spectrum of clinical
pictures. Postepy Dermatol. AlergoR015 32, 216-220. CrossRef [PubMed]

Carithers, H.A. Cat-scratch disease: An overview based on a study of 1200 patients. Am. J. Dis. Child.1985 139, 1124. [CrossRel
[PubMed]

Margileth, A.M. Cat scratch disease. Adv. Pediatr. Infect. Dis1993 8, 1-21.

Schaible, U.E.; Collins, H.L.; Kaufmann, S.H. Confrontation between intracellular bacteria and the immune system. Adv. Immunol.
1999 71, 267-377. PubMed]

Knodler, L.A.; Celli, J.; Finlay, B.B. Pathogenic trickery: Deception of host cell processes. Nat. Rev. Mol. Cell Biol 2001, 2, 578-588.
[CrossRef [PubMed]

Karem, K.L. Immune aspects of Bartonella. Crit. Rev. Microbiol.200Q 26, 133-145. CrossRef

Kobayashi, K.; Kaneda, K.; Kasama, T. Immunopathogenesis of delayed-type hypersensitivity. Microsc. Res. Tech2001, 53,
241-245. CrossRef]

Karem, K.L.; Dubois, K.A.; McGill, S.L.; Regnery, R.L. Characterization of Bartonella henselae-speci ¢ immunity in BALB/c mice.
Immunology1999 97, 352—-358. CrossRel

Hong, J.; Li, Y.; Hua, X.; Bai, Y.; Wang, C.; Zhu, C.; Du, Y.; Yang, Z.; Yuan, C. Lymphatic Circulation Disseminates Bartonella
Infection into Bloodstream. J. Infect. Dis.2017, 215 303-311. CrossRef

O'Rourke, F.; Schmidgen, T.; Kaiser, P.O.; Linke, D.; Kempf, V.A.J. Adhesins of Bartonellaspp. Adv. Exp. Med. Biol.2011, 715
51-70. CrossRef [PubMed]

Riess, T.; Andersson, S.G.E.; Lupas, A.; Schaller, M.; Schéfer, A.; Kyme, P.; Martin, J.; Walzlein, J.-H.; Ehehalt, U.; Lindroos, H.;
et al. Bartonella adhesin a mediates a proangiogenic host cell response.J. Exp. Med2004 200, 1267-1278. CrossRef

McCord, A.M.; Burgess, A.W.O.; Whaley, M.J.; Anderson, B.E. Interaction of Bartonella henselae with endothelial cells promotes
monocyte/macrophage chemoattractant protein 1 gene expression and protein production and triggers monocyte migration.
Infect. Immun.2005 73, 5735-5742. CrossRel [PubMed]


http://doi.org/10.1016/j.transproceed.2015.07.014
http://doi.org/10.1093/clinids/21.Supplement_1.S94
http://doi.org/10.1001/archpedi.153.7.761
http://doi.org/10.1128/jcm.33.9.2358-2365.1995
http://doi.org/10.1097/00006454-199407000-00025
http://doi.org/10.1128/jcm.34.8.1952-1956.1996
http://doi.org/10.3201/eid2607.200034
http://doi.org/10.1016/S0891-5520(05)70414-1
http://doi.org/10.1016/j.ijantimicag.2014.04.006
http://www.ncbi.nlm.nih.gov/pubmed/24933445
http://doi.org/10.1136/bjophthalmol-2019-315239
http://www.ncbi.nlm.nih.gov/pubmed/32122915
http://doi.org/10.1097/00055735-199906000-00010
http://doi.org/10.1086/378738
http://doi.org/10.1128/CDLI.9.1.8-18.2002
http://www.ncbi.nlm.nih.gov/pubmed/11777823
http://doi.org/10.1016/j.idc.2005.06.001
http://doi.org/10.1016/j.jinf.2006.10.045
http://doi.org/10.1155/2012/354625
http://doi.org/10.1016/j.mimet.2007.09.004
http://www.ncbi.nlm.nih.gov/pubmed/17916395
http://doi.org/10.5114/pdia.2014.44014
http://www.ncbi.nlm.nih.gov/pubmed/26161064
http://doi.org/10.1001/archpedi.1985.02140130062031
http://www.ncbi.nlm.nih.gov/pubmed/4061408
http://www.ncbi.nlm.nih.gov/pubmed/9917916
http://doi.org/10.1038/35085062
http://www.ncbi.nlm.nih.gov/pubmed/11483991
http://doi.org/10.1080/10408410008984173
http://doi.org/10.1002/jemt.1090
http://doi.org/10.1046/j.1365-2567.1999.00750.x
http://doi.org/10.1093/infdis/jiw526
http://doi.org/10.1007/978-94-007-0940-9_4
http://www.ncbi.nlm.nih.gov/pubmed/21557057
http://doi.org/10.1084/jem.20040500
http://doi.org/10.1128/IAI.73.9.5735-5742.2005
http://www.ncbi.nlm.nih.gov/pubmed/16113290

Brain Sci.2022 12, 217 24 of 28

44. Varney, M.L.; Olsen, K.J.; Mosley, R.L.; Bucana, C.D.; Talmadge, J.E.; Singh, R.K. Monocyte/macrophage recruitment, activation
and differentiation modulate interleukin-8 production: A paracrine role of tumor-associated macrophages in tumor angiogenesis.
In Vivo 2002 16, 471-477. PubMed]

45. Mosepele, M.; Mazo, D.; Cohn, J. Bartonella infection in immunocompromised hosts: Immunology of vascular infection and
vasoproliferation. Clin. Dev. Immunol.2012 2012 612809. CrossRef

46. Fuhrmann, O.; Arvand, M.; Gohler, A.; Schmid, M.; Krill, M.; Hippenstiel, S.; Seybold, J.; Dehio, C.; Suttorp, N. Bartonella
henselae induces NF-kappaB-dependent upregulation of adhesion molecules in cultured human endothelial cells: Possible role of
outer membrane proteins as pathogenic factors. Infect. Immun.2001, 69, 5088-5097. CrossRef

47. Cerimele, F.; Brown, L.F.; Bravo, F.; lhler, G.M.; Kouadio, P.; Arbiser, J.L. Infectious angiogenesis: Bartonella bacilliformis infection
results in endothelial production of angiopoetin-2 and epidermal production of vascular endothelial growth factor. Am. J. Pathol.
2003 163 1321-1327.CrossRel

48. Reed, J.B.; Scales, D.K.; Wong, M.T.; Lattuada, C.P., Jr.; Dolan, M.J.; Schwab, |.R. Bartonella henselae neuroretinitis in cat scratch
disease. Diagnosis, management, and sequelaeOphthalmologyl998 105 459-466. CrossRef

49. Brouqui, P.; Raoult, D. Bartonella quintana invades and multiplies within endothelial cells invitro and invivo and forms
intracellular blebs. Res. Microbiol1996 147, 719-731. CrossRef

50. Dehio, C. Bartonella-host-cell interactions and vascular tumour formation. Nat. Rev. Microbiol.2005 3, 621-631. CrossRef

51. Resto-Ruiz, S.1.; Schmiederer, M.; Sweger, D.; Newton, C.; Klein, T.W.; Friedman, H.; Anderson, B.E. Induction of a potential
paracrine angiogenic loop between human THP-1 macrophages and human microvascular endothelial cells during Bartonella
henselae infection. Infect. Immun.2002 70, 4564—4570. CrossRel [PubMed]

52. Vayssier-Taussat, M.; Le Rhun, D.; Deng, H.K.; Biville, F.; Cescau, S.; Danchin, A.; Marignac, G.; Lenaour, E.; Boulouis, H.J.;
Mauvris, M.; et al. The Trw type IV secretion system of Bartonella mediates host-speci ¢ adhesion to erythrocytes. PL0S Pathog.
201Q 6, €1000946. CrossRel [PubMed]

53. Liu, T.; Zhang, L.; Joo, D.; Sun, S.-C. NF-B signaling in in ammation. Signal Transduct. Target. The2017, 2. [CrossRef

54. Pulliainen, A.T.; Dehio, C. Bartonella henselae: Subversion of vascular endothelial cell functions by translocated bacterial effector
proteins. Int. J. Biochem. Cell BioR009 41, 507-510. CrossRef

55. Adal, K.A.; Cockerell, C.J.; Petri, W.A., Jr. Cat scratch disease, bacillary angiomatosis, and other infections due to Rochalimaea.N.
Engl. J. Med.1994 330, 1509-1515. CrossRef

56. Selby, G.; Walker, G.L. Cerebral arteritis in cat-scratch diseaseNeurology1979 29, 1413-1418. CrossRef

57. O'Hara, P.J.; Sheppard, P.O.; Thggersen, H.; Venezia, D.; Haldeman, B.A.; McGrane, V.; Houamed, K.M.; Thomsen, C.; Gilbert,
T.L.; Mulvihill, E.R. The ligand-binding domain in metabotropic glutamate receptors is related to bacterial periplasmic binding
proteins. Neuron1993 11, 41-52. CrossRef

58. Nitsch, C.; Hubauer, H. Distant blood-brain barrier opening in sub elds of the rat hippocampus after intrastriatal injections of
kainic acid but not ibotenic acid. Neurosci. Lett.1986 64, 53-58. CrossRef

59. Bangash, I.H.; Kandt, R.S.; D'Souza, B.J.; Heinz, R. Hyperdensity on CT after seizure: A pitfall. J. Child Neurol.1987, 2, 276-278.
[CrossRef

60. Andrews, P.I.; McNamara, J.0. Rasmussen's encephalitis: An autoimmune disorder? Curr. Opin. Neurol. 1996 9, 141-145.
[CrossRef

61. Harms, A.; Dehio, C. Intruders below the radar: Molecular pathogenesis of Bartonellaspp. Clin. Microbiol. Rev.2012 25, 42—-78.
[CrossRef [PubMed]

62. Kaufman, D.L.; Kogelnik, A.M.; Mozayeni, R.B.; Cherry, N.A.; Breitschwerdt, E.B. Neurological and immunological dysfunction
in two patients with Bartonella henselae bacteremia. Clin. Case Rep2017, 5, 931-935. CrossRef [PubMed]

63. Mufana, K.R.; Vitek, S.M.; Hegarty, B.C.; Kordick, D.L.; Breitschwerdt, E.B. Infection of fetal feline brain cells in culture with
Bartonella henselae.Infect. Immun.2001, 69, 564-569. CrossRel [PubMed]

64. Dehio, C.; Meyer, M.; Berger, J.; Schwarz, H.; Lanz, C. Interaction of Bartonella henselae with endothelial cells results in bacterial
aggregation on the cell surface and the subsequent engulfment and internalisation of the bacterial aggregate by a unique structure,
the invasome. J. Cell Sci1997 110 Pt 18 2141-2154. CrossRef

65. Rhomberg, T.A.; Truttmann, M.C.; Guye, P.; Eliner, Y.; Dehio, C. A translocated protein of Bartonella henselae interferes with
endocytic uptake of individual bacteria and triggers uptake of large bacterial aggregates via the invasome. Cell. Microbiol.2009
11, 927-945. CrossRe]

66. Kyme, P.A.; Haas, A.; Schaller, M.; Peschel, A.; Iredell, J.; Kempf, V.A.J. Unusual traf cking pattern of Bartonella henselae
-containing vacuoles in macrophages and endothelial cells: Traf cking of B. henselae-containing vacuoles. Cell. Microbiol.2005 7,
1019-1034. CrossRef

67. Maeno, N.; Oda, H.; Yoshiie, K.; Wahid, M.R.; Fujimura, T.; Matayoshi, S. Live Bartonella henselae enhances endothelial cell
proliferation without direct contact. Microb. Pathog1999 27, 419-427. CrossRel

68. -« Ivarez-Fernjndez, A.; Breitschwerdt, E.B.; Solano-Gallego, L. Bartonella infections in cats and dogs including zoonotic aspects.
Parasit. Vector2018 11, 624. [CrossRef]

69. Daz-Flores, L.; Guti2rrez, R.; Madrid, J.F.; Varela, H.; Valladares, F.; Acosta, E.; Marth-Vasallo, P.; D‘4z-Flores, L., Jr. Pericytes.
Morphofunction, interactions and pathology in a quiescent and activated mesenchymal cell niche. Histol. Histopathol.2009 24,
909-969. CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/12494891
http://doi.org/10.1155/2012/612809
http://doi.org/10.1128/IAI.69.8.5088-5097.2001
http://doi.org/10.1016/S0002-9440(10)63491-8
http://doi.org/10.1016/S0161-6420(98)93028-7
http://doi.org/10.1016/S0923-2508(97)85119-4
http://doi.org/10.1038/nrmicro1209
http://doi.org/10.1128/IAI.70.8.4564-4570.2002
http://www.ncbi.nlm.nih.gov/pubmed/12117969
http://doi.org/10.1371/journal.ppat.1000946
http://www.ncbi.nlm.nih.gov/pubmed/20548954
http://doi.org/10.1038/sigtrans.2017.23
http://doi.org/10.1016/j.biocel.2008.10.018
http://doi.org/10.1056/NEJM199405263302108
http://doi.org/10.1212/WNL.29.10.1413
http://doi.org/10.1016/0896-6273(93)90269-W
http://doi.org/10.1016/0304-3940(86)90662-2
http://doi.org/10.1177/088307388700200408
http://doi.org/10.1097/00019052-199604000-00015
http://doi.org/10.1128/CMR.05009-11
http://www.ncbi.nlm.nih.gov/pubmed/22232371
http://doi.org/10.1002/ccr3.977
http://www.ncbi.nlm.nih.gov/pubmed/28588842
http://doi.org/10.1128/IAI.69.1.564-569.2001
http://www.ncbi.nlm.nih.gov/pubmed/11119554
http://doi.org/10.1242/jcs.110.18.2141
http://doi.org/10.1111/j.1462-5822.2009.01302.x
http://doi.org/10.1111/j.1462-5822.2005.00531.x
http://doi.org/10.1006/mpat.1999.0315
http://doi.org/10.1186/s13071-018-3152-6
http://doi.org/10.14670/HH-24.909

Brain Sci.2022 12, 217 25 of 28

70. Benjamin, L.E.; Hemo, I.; Keshet, E. A plasticity window for blood vessel remodelling is de ned by pericyte coverage of the
preformed endothelial network and is regulated by PDGF-B and VEGF. Developmeni998 125 1591-1598. CrossRel

71. Greenberg, J.l.; Shields, D.J.; Barillas, S.G.; Acevedo, L.M.; Murphy, E.; Huang, J.; Scheppke, L.; Stockmann, C.; Johnson, R.S,;
Angle, N.; et al. A role for VEGF as a negative regulator of pericyte function and vessel maturation. Nature 2008 456, 809—813.
[CrossRef

72. Aiello, L.P.; Northrup, J.M.; Keyt, B.A.; Takagi, H.; lwamoto, M.A. Hypoxic regulation of vascular endothelial growth factor in
retinal cells. Arch. Ophthalmol.1995 113 1538-1544. CrossRef]

73. Yamagishi, S.; Yonekura, H.; Yamamoto, Y.; Fujimori, H.; Sakurai, S.; Tanaka, N.; Yamamoto, H. Vascular endothelial growth
factor acts as a pericyte mitogen under hypoxic conditions. Lab. Investig.1999 79, 501-509.

74. Kempf, V.A.; Volkmann, B.; Schaller, M.; Sander, C.A.; Alitalo, K.; Riess, T.; Autenrieth, |.B. Evidence of a leading role for VEGF in
Bartonella henselae-induced endothelial cell proliferations. Cell. Microbiol.2001, 3, 623-632. CrossRef [PubMed]

75. Li, A.; Dubey, S.; Varney, M.L.; Dave, B.J.; Singh, R.K. IL-8 directly enhanced endothelial cell survival, proliferation, and matrix
metalloproteinases production and regulated angiogenesis. J. Immunol.2003 170, 3369-3376. CrossRel [PubMed]

76. Varanat, M.; Maggi, R.G.; Linder, K.E.; Breitschwerdt, E.B. Infection of human brain vascular pericytes (HBVPs) by Bartonella
henselae.Med. Microbiol. Immunol.2013 202 143-151. CrossRel [PubMed]

77. Johnson, G.K.; Guthmiller, J.M.; Joly, S.; Organ, C.C.; Dawson, D.V. Interleukin-1 and interleukin-8 in nicotine- and
lipopolysaccharide-exposed gingival keratinocyte cultures. J. Periodontal Re201Q 45, 583-588. CrossRef

78. Matera, G.; Liberto, M.C.; Quirino, A.; Barreca, G.S.; Lamberti, A.G.; lannone, M.; Mancuso, E.; Palma, E.; Cufari, F.A.;
Rotiroti, D.; et al. Bartonella quintana lipopolysaccharide effects on leukocytes, CXC chemokines and apoptosis: A study on the
human whole blood and a rat model. Int. Inmunopharmacol2003 3, 853-864. CrossRel

79. McCord, A.M.; Resto-Ruiz, S.1.; Anderson, B.E. Autocrine role for interleukin-8 in Bartonella henselae-induced angiogenesis.
Infect. Immun.2006 74, 5185-5190. CrossRel

80. Trinchieri, G.; Scott, P. Interleukin-12: A proin ammatory cytokine with immunoregulatory functions. Res. Immunol1995 146
423-431. CrossRel

81. Musso, D.; Drancourt, M.; Raoult, D. Lack of bactericidal effect of antibiotics except aminoglycosides on Bartonella (Rochalimaea)
henselae.J. Antimicrob. Chemothefl995 36, 101-108. CrossRel [PubMed]

82. Wear, D.J.; Margileth, A.M.; Had eld, T.L.; Fischer, G.W.; Schlagel, C.J.; King, F.M. Cat scratch disease: A bacterial infection.
Sciencel983 221, 1403-1405. CrossRef [PubMed]

83. Wheeler, S.W.; Wolf, S.M.; Steinberg, E.A. Cat-scratch encephalopathyNeurology1997, 49, 876—878. CrossRef [PubMed]

84. Dickson, D.W.; Mattiace, L.A.; Kure, K.; Hutchins, K.; Lyman, W.D.; Brosnan, C.F. Microglia in human disease, with an emphasis
on acquired immune de ciency syndrome. Lab. Investig.1991 64, 135-156.

85. Tyor, W.R.; Glass, J.D.; Grif n, J.W.; Becker, P.S.; McArthur, J.C.; Bezman, L.; Grif n, D.E. Cytokine expression in the brain during
the acquired immunode ciency syndrome. Ann. Neurol. 1992 31, 349-360. CrossRef

86. Selmaj, K.W.; Raine, C.S. Tumor necrosis factor mediates myelin and oligodendrocyte damagein vitro . Ann. Neurol. 1988 23,
339-346. CrossRef]

87. Opavsky, M.A. Cat scratch disease: The story continues.Can. J. Infect. Dis1997, 8, 43—49. CrossRef

88. Seals, J.E.; Oken, H.A. Cat Scratch Encephalopathyd Med. J.1999 48, 176-178.

89. Breitschwerdt, E.B.; Mascarelli, P.E.; Schweickert, L.A.; Maggi, R.G.; Hegarty, B.C.; Bradley, J.M.; Woods, C.W. Hallucinations,
sensory neuropathy, and peripheral visual de cits in a young woman infected with Bartonella koehlerae.  J. Clin. Microbiol.2011,
49, 3415-3417.CrossRel

90. Klein, J.D. Cat scratch diseasePediatr. Rev1994 15, 348—-353. CrossRel

91. Lyon, L.W. Neurologic manifestations of cat-scratch disease. Report of a case and review of the literature. Arch. Neurol. 1971, 25,
23-27. [crossRel [PubMed]

92. Shinall, E.A. Cat-scratch disease: A review of the literature. Pediatr. Dermatol199Q 7, 11-18. CrossRef

93. Reynolds, M.G.; Holman, R.C.; Curns, A.T.; O'Reilly, M.; McQuiston, J.H.; Steiner, C.A. Epidemiology of cat-scratch disease
hospitalizations among children in the United States. Pediatr. Infect. Dis. 2005 24, 700-704. CrossRef [PubMed]

94. Seah, A.B.H.; Azran, M.S.; Rucker, J.C.; Biousse, V.; Martin, D.F.; Newman, N.J. Magnetic resonance imaging abnormalities in
cat-scratch disease encephalopathyJ. NeuroophthalmoR003 23, 16—-21. CrossRef [PubMed]

95. Gerber, J.E.; Johnson, J.E.; Scott, M.A.; Madhusudhan, K.T. Fatal meningitis and encephalitis due to Bartonella henselae bacterial.
Forensic Sci2002 47, 640—644. CrossRef

96. Swedo, S.E.; Seidlitz, J.; Kovacevic, M.; Latimer, M.E.; Hommer, R.; Lougee, L.; Grant, P. Clinical presentation of pediatric
autoimmune neuropsychiatric disorders associated with streptococcal infections in research and community settings. J. Child
Adolesc. Psychopharmaca015 25, 26-30. CrossRef [PubMed]

97. Armengol, C.E.; Hendley, J.0O. Cat-scratch disease encephalopathy: A cause of status epilepticus in school-aged children.J. Pediatr.
1999 134, 635—-638. CrossRel

98. Stevens, H. Cat-scratch fever encephalitis AMA Am. J. Dis. Child. 1952 84, 218-222. CrossRef

99. Genizi, J.; Kasis, |.; Schif, A.; Shahar, E. Effect of high-dose methyl-prednisolone on brainstem encephalopathy and basal ganglia
impairment complicating cat scratch disease. Brain Dev. 2007, 29, 377-379. CrossRel


http://doi.org/10.1242/dev.125.9.1591
http://doi.org/10.1038/nature07424
http://doi.org/10.1001/archopht.1995.01100120068012
http://doi.org/10.1046/j.1462-5822.2001.00144.x
http://www.ncbi.nlm.nih.gov/pubmed/11553014
http://doi.org/10.4049/jimmunol.170.6.3369
http://www.ncbi.nlm.nih.gov/pubmed/12626597
http://doi.org/10.1007/s00430-012-0279-5
http://www.ncbi.nlm.nih.gov/pubmed/23184416
http://doi.org/10.1111/j.1600-0765.2009.01262.x
http://doi.org/10.1016/S1567-5769(03)00059-6
http://doi.org/10.1128/IAI.00622-06
http://doi.org/10.1016/0923-2494(96)83011-2
http://doi.org/10.1093/jac/36.1.101
http://www.ncbi.nlm.nih.gov/pubmed/8537257
http://doi.org/10.1126/science.6612349
http://www.ncbi.nlm.nih.gov/pubmed/6612349
http://doi.org/10.1212/WNL.49.3.876
http://www.ncbi.nlm.nih.gov/pubmed/9305359
http://doi.org/10.1002/ana.410310402
http://doi.org/10.1002/ana.410230405
http://doi.org/10.1155/1997/982908
http://doi.org/10.1128/JCM.00833-11
http://doi.org/10.1542/pir.15.9.348
http://doi.org/10.1001/archneur.1971.00490010033004
http://www.ncbi.nlm.nih.gov/pubmed/5146407
http://doi.org/10.1111/j.1525-1470.1990.tb01066.x
http://doi.org/10.1097/01.inf.0000172185.01939.fc
http://www.ncbi.nlm.nih.gov/pubmed/16094224
http://doi.org/10.1097/00041327-200303000-00004
http://www.ncbi.nlm.nih.gov/pubmed/12616083
http://doi.org/10.1520/JFS15307J
http://doi.org/10.1089/cap.2014.0073
http://www.ncbi.nlm.nih.gov/pubmed/25695941
http://doi.org/10.1016/S0022-3476(99)70252-0
http://doi.org/10.1001/archpedi.1952.02050020082009
http://doi.org/10.1016/j.braindev.2006.11.001

Brain Sci.2022 12, 217 26 of 28

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.
111.

112.

113.

114.

115.

116.
117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Anbu, A.T.; Foulerton, M.; McMaster, P.; Bakalinova, D. Basal ganglia involvement in a child with cat-scratch disease. Pediatr.
Infect. Dis. J2003 22, 931-932. CrossRef]

Balakrishnan, N.; Ericson, M.; Maggi, R.; Breitschwerdt, E.B. Vasculitis, cerebral infarction and persistent Bartonella henselae
infection in a child. Parasit. Vector016 9, 254. [CrossRef [PubMed]

Schuster, A.L.; Honeycutt, T.C.B.; Hamrick, H.J. Status epilepticus due to cat scratch disease: Recognition, diagnosis, and thoughts
on pathogenesis. Pediatr. Emerg. Car2016 32, 789-791. CrossRef [PubMed]

Marienfeld, C.B.; Dicapua, D.B.; Sze, G.K.; Goldstein, J.M. Expressive aphasia as a presentation of encephalitis with Bartonella
henselae infection in an immunocompetent adult. Yale J. Biol. Med201Q 83, 67-71. PubMed]

Kolski, H.; Ford-Jones, E.L.; Richardson, S.; Petric, M.; Nelson, S.; Jamieson, F.; Blaser, S.; Gold, R.; Otsubo, H.; Heurter, H.; et al.
Etiology of acute childhood encephalitis at The Hospital for Sick Children, Toronto, 1994-1995. Clin. Infect. Dis. 1998 26, 398—409.
[CrossRef [PubMed]

Marra, M. Neurologic complications of Bartonella henselae infection Christina. Curr. Opin. Neurol. 1995 8, 164-169. CrossRef
[PubMed]

Baylor, P.; Garou , A.; Karpathios, T.; Lutz, J.; Mogelof, J.; Moseley, D. Transverse myelitis in 2 patients with Bartonella henselae
infection (cat scratch disease).Clin. Infect. Dis. 2007, 45, e42—e45. CrossRel [PubMed]

Farooque, P.; Khurana, D.S.; Melvin, J.J. Persistent focal seizures after cat scratch encephalopathyPediatr. Neurol.201Q 42,
215-218. CrossRef [PubMed]

Cherinet, Y.; Tomlinson, R. Cat scratch disease presenting as acute encephalopathyEmerg. Med. J2008 25, 703—704. CrossRel
[PubMed]

Fouch, B.; Coventry, S. A case of fatal disseminated Bartonella henselae infection (cat-scratch disease) with encephalitisArch.
Pathol. Lab. Med2007, 131, 1591-1594. CrossRef

Walter, R.S.; Eppes, S.C. Cat scratch disease presenting with peripheral facial nerve paralysis.Pediatrics1998 101, E13. [CrossRel
Ganesan, K.; Mizen, K. Cat scratch disease: An unusual cause of facial palsy and partial ptosis: Case report.J. Oral Maxillofac.
Surg. 2005 63, 869—-872. CrossRef [PubMed]

Nowakowski, G.S.; Katz, A. Epilepsia partialis continua as an atypical presentation of cat scratch disease in a young adult.
Neurology2002 59, 1815-1816. CrossRef

Puligheddu, M.; Giagheddu, A.; Genugu, F.; Giagheddu, M.; Marrosu, F. Epilepsia partialis continua in cat scratch disease. Seizure
2004 13, 191-195. CrossRef

Rocha, J.L.; Pellegrino, L.N.; Riella, L.V.; Martins, L.T. Acute hemiplegia associated with cat-scratch disease.Braz. J. Infect. Dis.
2004 8, 263—-266. CrossRef

Easley, R.B.; Cooperstock, M.S.; Tobias, J.D. Cat-scratch disease causing status epilepticus in childrerSouth. Med. J1999 92,
73-76. [CrossRel [PubMed]

Brinar, V.V.; Habek, M. Rare infections mimicking MS. Clin. Neurol. Neurosurg.201Q 112 625-628. CrossRef

Salgado, C.D.; Weisse, M.E. Transverse myelitis associated with probable cat-scratch disease in a previously healthy pediatric
patient. Clin. Infect. Dis.200Q 31, 609-611. CrossRef

Schaller, J.L.; Burkland, G.A.; Langhoff, P.J. Do bartonella infections cause agitation, panic disorder, and treatment-resistant
depression? MedGenMed2007, 9, 54.

Nakamura, C.; Inaba, Y.; Tsukahara, K.; Mochizuki, M.; Sawanobori, E.; Nakazawa, Y.; Aoyama, K. A pediatric case with
peripheral facial nerve palsy caused by a granulomatous lesion associated with cat scratch disease.Brain Dev.2018 40, 159-162.
[CrossRef

Mutucumarana, C.P.; Kumar, R.D.; Foradori, D.M.; Ramgopal, V.; Demmler, G.J. Facial nerve palsy in a child with fever of
unknown origin. Clin. Pediatr.202Q 59, 516-518. CrossRef

Premachandra, D.J.; Milton, C.M. Cat scratch disease in the parotid gland presenting with facial paralysis. Br. J. Oral Maxillofac.
Surg. 199Q 28, 413-415. CrossRel

Chiu, A.G.; Hecht, D.A.; Prendiville, S.A.; Mesick, C.; Mikula, S.; Deeb, Z.E. Atypical presentations of cat scratch disease in the
head and neck. Otolaryngol. Head Neck Sur@001, 125 414-416. CrossRef [PubMed]

Thompson, P.K.; Vaphiades, M.S.; Saccente, M. Cat-scratch disease presenting as neuroretinitis and peripheral facial palsy.J.
Neuroophthalmol1999 19, 240-241. CrossRef [PubMed]

Cerpa Polar, R.; Orellana, G.; Silva Caso, W.; $nchez Carbonel, J.; Santisteban, J.; Del Valle Mendoza, J.; Santisteban, J. Encephalitis
with convulsive status in an immunocompetent pediatric patient caused by Bartonella henselae. Asian Pac. J. Trop. Me®016 9,
610-613. CrossRef

Lewis, D.W.; Tucker, S.H. Central nervous system involvement in cat scratch disease. Pediatrics1986 77, 714—721. CrossRel]
[PubMed]

Vermeulen, M.J.; Rutten, G.J.; Verhagen, |.; Peeters, M.F.; van Dijken, P.J. Transient paresis associated with cat-scratch disease:
Case report and literature review of vertebral osteomyelitis caused by Bartonella henselae: Case report and literature review of
vertebral osteomyelitis caused by Bartonella henselae. Pediatr. Infect. Dis. 2006 25, 1177-1181. CrossRel [PubMed]

Yap, S.M.; Saeed, M.; Logan, P.; Healy, D.G. Bartonella neuroretinitis (cat-scratch disease).Pract. Neurol. 202Q 20, 505-506.
[CrossRef [PubMed]


http://doi.org/10.1097/01.inf.0000091384.09278.7d
http://doi.org/10.1186/s13071-016-1547-9
http://www.ncbi.nlm.nih.gov/pubmed/27161220
http://doi.org/10.1097/PEC.0000000000000367
http://www.ncbi.nlm.nih.gov/pubmed/25853722
http://www.ncbi.nlm.nih.gov/pubmed/20589186
http://doi.org/10.1086/516301
http://www.ncbi.nlm.nih.gov/pubmed/9502462
http://doi.org/10.1097/00019052-199506000-00002
http://www.ncbi.nlm.nih.gov/pubmed/7551113
http://doi.org/10.1086/519998
http://www.ncbi.nlm.nih.gov/pubmed/17638185
http://doi.org/10.1016/j.pediatrneurol.2009.11.004
http://www.ncbi.nlm.nih.gov/pubmed/20159433
http://doi.org/10.1136/emj.2008.060616
http://www.ncbi.nlm.nih.gov/pubmed/18843081
http://doi.org/10.5858/2007-131-1591-ACOFDB
http://doi.org/10.1542/peds.101.5.e13
http://doi.org/10.1016/j.joms.2004.05.222
http://www.ncbi.nlm.nih.gov/pubmed/15944991
http://doi.org/10.1212/01.WNL.0000036620.27344.E9
http://doi.org/10.1016/S1059-1311(03)00159-6
http://doi.org/10.1590/S1413-86702004000300012
http://doi.org/10.1097/00007611-199901000-00015
http://www.ncbi.nlm.nih.gov/pubmed/9932833
http://doi.org/10.1016/j.clineuro.2010.04.011
http://doi.org/10.1086/313986
http://doi.org/10.1016/j.braindev.2017.09.001
http://doi.org/10.1177/0009922819900967
http://doi.org/10.1016/0266-4356(90)90042-J
http://doi.org/10.1067/mhn.2001.116792
http://www.ncbi.nlm.nih.gov/pubmed/11593185
http://doi.org/10.1097/00041327-199912000-00007
http://www.ncbi.nlm.nih.gov/pubmed/10608676
http://doi.org/10.1016/j.apjtm.2016.03.030
http://doi.org/10.1542/peds.77.5.714
http://www.ncbi.nlm.nih.gov/pubmed/3703639
http://doi.org/10.1097/01.inf.0000246807.14916.d3
http://www.ncbi.nlm.nih.gov/pubmed/17133166
http://doi.org/10.1136/practneurol-2020-002586
http://www.ncbi.nlm.nih.gov/pubmed/32546517

Brain Sci.2022 12, 217 27 of 28

128.

129.
130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.
152.

153.
154.
155.
156.
157.

158.

Grando, D.; Sullivan, L.J.; Flexman, J.P.; Watson, M.W.; Andrew, J.H. Bartonella henselae associated with Parinaud's oculoglandu-
lar syndrome. Clin. Infect. Dis. 1999 28, 1156-1158. CrossRelf

Cunningham, E.T.; Koehler, J.E. Ocular bartonellosis.Am. J. Ophthalmol200Q 130 340-349. CrossRel

Solley, W.A.; Martin, D.F.; Newman, N.J.; King, R.; Callanan, D.G.; Zacchei, T.; Wallace, R.T.; Parks, D.J.; Bridges, W.,;
Sternberg, P., Jr. Cat scratch disease: Posterior segment manifestation€phthalmologyl999 106, 1546-1553. CrossRef

Oray, M.; Onal, S.; Kog Akbay, A.; Tugal Tutkun, |. Diverse clinical signs of ocular involvement in cat scratch disease. Turk. J.
Ophthalmol.2017, 47, 9-17. CrossRel [PubMed]

Amer, R.; Tugal-Tutkun, I. Ophthalmic manifestations of bartonella infection.  Curr. Opin. Ophthalmol.2017, 28, 607-612. CrossRel
[PubMed]

Eiger-Moscovich, M.; Amer, R.; Oray, M.; Tabbara, K.F.; Tugal-Tutkun, I.; Kramer, M. Retinal artery occlusion due to Bartonella
henselae infection: A case seriesActa Ophthalmol.2016 94, e367—e370.CrossRef [PubMed]

Cohen, S.M.; Davis, J.L.; Gass, D.M. Branch retinal arterial occlusions in multifocal retinitis with optic nerve edema. Arch.
Ophthalmol.1995 113 1271-1276. CrossRef

Batsos, G.; Kabanarou, S.A.; Fotiou, P.; Rouvas, A.; Xirou, T. Retinal arterial occlusive disease in a young patient with cat scratch
disease.Case Rep. Ophthalmd013 4, 87-92. CrossRef [PubMed]

Gray, A.V.; Michels, K.S.; Lauer, A.K.; Samples, J.R. Bartonella henselae infection associated with neuroretinitis, central retinal
artery and vein occlusion, neovascular glaucoma, and severe vision loss. Am. J. Ophthalmol2004 137, 187-189. CrossRef
Schadlu, R.; Apte, R.S. Spontaneous resolution of an in ammation-associated epiretinal membrane with previously documented
posterior vitreous detachment. Br. J. Ophthalmol2007, 91, 1252-1253. CrossRef [PubMed]

Andreev, A.N.; Bushuey, A.V.; Svetozarskiy, S.N. A case of secondary epiretinal membrane spontaneous release. Case Rep.
Ophthalmol. Med2016 2016 4925763. CrossRef]

Ozgonul, C.; Besirli, C.G. Macular hole closure following spontaneous release of vitreomacular traction. BMJ Case ReR017,
2017 bcr2016218547.CrossRel

Warren, K.; Goldstein, E.; Hung, V.S.; Koehler, J.E.; Richardson, W. Use of retinal biopsy to diagnose Bartonella (formerly
Rochalimaea) henselae retinitis in an HIV-infected patient. Arch. Ophthalmol.1998 116, 937-940. CrossRef

Best, J.A.; Price, B. Central scotoma without prodromal illness caused by Bartonella henselae neuroretinitis. Am. J. Emerg. Med.
2013 31, 887.e1-887.e2.(rossRef [PubMed]

Suhler, E.B.; Lauer, A.K.; Rosenbaum, J.T. Prevalence of serologic evidence of cat scratch disease in patients with neuroretini-
tis11The authors have no proprietary interest in the products mentioned herein. Ophthalmology200Q 107, 871-876. CrossRel
Tey, M.S.-Y.; Govindasamy, G.; Vendargon, F.M. The clinical spectrum of ocular bartonellosis: A retrospective study at a tertiary
centre in Malaysia. J. Ophthalmic In amm. Infect202Q 10, 31. [CrossRef [PubMed]

Annoura, K.; Sano, |.; Makino, S.; Kawashima, H. Multiple ocular manifestations in a case of cat scratch disease without systemic
signs. GMS Ophthalmol. Case®02Q 10, Doc45. [CrossRef

Rodriguez-Castelblanco,e .; Cordero-Coma, M. Leber's idiopathic stellate neuroretinitis: Diagnostic and therapeutic con icts.
Arch. Soc. Esp. Oftalmol. (Engl. Ed2019 94, 413-416. CrossRef

Gass, J.D. Diseases of the optic nerve that may simulate macular disease.Trans. Sect. Ophthalmol. Am. Acad. Ophthalmol.
Otolaryngol. 1977, 83, 763-770.

Celiker, H.; Kazokoglu, H.; Eraslan, M.; Cerman, E.; Karabas, L. Bartonella henselae Neuroretinitis in Patients without Cat Scratch.
Jpn. J. Infect. Dis2018 71, 397-401. CrossRef

Rabina, G.; Goldstein, M. Cat scratch disease, ocular manifestations. InEncyclopedia of Ophthalmolog$pringer: Berlin/Heidelberg,
Germany, 2015; pp. 1-3. ISBN 9783642359514.

Williams, D.M.; Schachter, J. Role of cell-mediated immunity in chlamydial infection: Implications for ocular immunity. Rev.
Infect. Dis.1985 7, 754—759. CrossRel

Pirvu, A.S.; Andrei, A.M.; St «nciulescu, E.C.; Bant«, I.M.; Pisoschi, C.G.; Jurja, S.; Ciuluvica, R. NAD+ metabolism and retinal
degeneration (Review). Exp. Ther. Med2021, 22, 670. [CrossRef

Ray, S.; Gragoudas, E. Neuroretinitis.Int. Ophthalmol. Clin.2001, 41, 83—102. CrossRef

Jurja, S.; Hincu, M.; Dobrescu, M.A.; Golu, A.E.; B«l«soiu, A.T.; Coman, M. Ocular cells and light: Harmony or con ict? Rom. J.
Morphol. Embryol.2014 55, 257-261.

Jurja, S.; Coman, M.; Hincu, M.C. The ultraviolet in uence upon soft eye tissues. Rom. J. Morphol. EmbryoR017, 58, 45-52.
Maitland, C.G.; Miller, N.R. Neuroretinitis. Arch. Ophthalmol.1984 102 1146-1150. CrossRef [PubMed]

Purvin, V.; Sundaram, S.; Kawasaki, A. Neuroretinitis: Review of the literature and new observations. J. NeuroophthalmoR011, 31,
58-68. [CrossRef [PubMed]

Kahloun, R.; Khairallah-Ksiaa, I.; Abroug, N.; Mahmoud, A.; Ben Yahia, S.; Zaouali, S.; Jelliti, B.; Khairallah, M. Final diagnosis in
patients referred with a diagnosis of neuroretinitis. Neuroophthalmolog015 39, 266—270. CrossRef [PubMed]

Parikh, P.C.; Brucker, A.J.; Tamhankar, M.A. An atypical presentation of Bartonella neuroretinitis. Retina2016 36, e18—e19.
[CrossRel [PubMed]

Chi, S.L.; Stinnett, S.; Eggenberger, E.; Foroozan, R.; Golnik, K.; Lee, M.S.; Bhatti, M.T. Clinical characteristics in 53 patients with
cat scratch optic neuropathy. Ophthalmology2012 119, 183-187. CrossRef [PubMed]


http://doi.org/10.1086/514756
http://doi.org/10.1016/S0002-9394(00)00573-0
http://doi.org/10.1016/S0161-6420(99)90452-9
http://doi.org/10.4274/tjo.28009
http://www.ncbi.nlm.nih.gov/pubmed/28182175
http://doi.org/10.1097/ICU.0000000000000419
http://www.ncbi.nlm.nih.gov/pubmed/28984726
http://doi.org/10.1111/aos.12932
http://www.ncbi.nlm.nih.gov/pubmed/26748767
http://doi.org/10.1001/archopht.1995.01100100059029
http://doi.org/10.1159/000354137
http://www.ncbi.nlm.nih.gov/pubmed/24019792
http://doi.org/10.1016/S0002-9394(03)00784-0
http://doi.org/10.1136/bjo.2006.113597
http://www.ncbi.nlm.nih.gov/pubmed/17709592
http://doi.org/10.1155/2016/4925763
http://doi.org/10.1136/bcr-2016-218547
http://doi.org/10.1001/archopht.116.7.937
http://doi.org/10.1016/j.ajem.2012.12.018
http://www.ncbi.nlm.nih.gov/pubmed/23481153
http://doi.org/10.1016/S0161-6420(00)00002-6
http://doi.org/10.1186/s12348-020-00224-0
http://www.ncbi.nlm.nih.gov/pubmed/33191467
http://doi.org/10.3205/oc000172
http://doi.org/10.1016/j.oftal.2019.02.003
http://doi.org/10.7883/yoken.JJID.2017.518
http://doi.org/10.1093/clinids/7.6.754
http://doi.org/10.3892/etm.2021.10102
http://doi.org/10.1097/00004397-200101000-00009
http://doi.org/10.1001/archopht.1984.01040030924014
http://www.ncbi.nlm.nih.gov/pubmed/6466175
http://doi.org/10.1097/WNO.0b013e31820cf78a
http://www.ncbi.nlm.nih.gov/pubmed/21317731
http://doi.org/10.3109/01658107.2015.1092561
http://www.ncbi.nlm.nih.gov/pubmed/27928367
http://doi.org/10.1097/IAE.0000000000000793
http://www.ncbi.nlm.nih.gov/pubmed/26447400
http://doi.org/10.1016/j.ophtha.2011.06.042
http://www.ncbi.nlm.nih.gov/pubmed/21959368

Brain Sci.2022 12, 217 28 of 28

159.

160.

161.

162.

163.

164.

165.
166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

Aziz, H.A.; Plesec, T.P.; Sabella, C.; Udayasankar, U.K.; Singh, A.D. Cat scratch disease: Expanded spectrumOcul. Oncol. Pathol.
2016 2, 246-250. CrossRel [PubMed]

Freitas-Neto, C.A.; Or2 ce, F.; Costa, R.A.; Or2 ce, J.L.; Dhanireddy, S.; Maghsoudlou, A.; Foster, C.S. Multimodal imaging
assisting the early diagnosis of cat-scratch neuroretinitis. Semin. Ophthalmol2016 31, 495-498. CrossRef

McClintic, J.; Srivastava, S.K. Imaging in the diagnosis and management of ocular cat scratch disease.Int. Ophthalmol. Clin.2012
52, 155-161. CrossRef

Fish, R.H.; Hogan, R.N.; Nightingale, S.D.; Anand, R. Peripapillary angiomatosis associated with cat-scratch neuroretinitis. Arch.
Ophthalmol.1992 110, 323. [CrossRef [PubMed]

Habot-Wilner, Z.; Tiosano, L.; Sanchez, J.M.; Shulman, S.; Barequet, D.; Rahat, O.; Amarilyo, G.; Amer, R. Demographic and
clinical features of pediatric uveitis in Israel. Ocul. Immunol. In amm. 202Q 28, 43-53. CrossRef [PubMed]

Habot-Wilner, Z.; Zur, D.; Goldstein, M.; Goldenberg, D.; Shulman, S.; Kesler, A.; Giladi, M.; Neudorfer, M. Macular ndings on
optical coherence tomography in cat-scratch disease neuroretinitis. Eye2011, 25, 1064-1068. CrossRef [PubMed]

Conrad, D.A. Treatment of cat-scratch disease.Curr. Opin. Pediatr.2001, 13, 56-59. CrossRef [PubMed]

Bhatti, M.T.; Lee, M.S. Should patients with bartonella neuroretinitis receive treatment? J. NeuroophthalmoR014 34, 412-416.
[CrossRef

Lee, W.R.; Chawla, J.C.; Reid, R. Bacillary angiomatosis of the conjunctivaAm. J. Ophthalmol1994 118 152-157. CrossRef
Prutsky, G.; Domecq, J.P.; Mori, L.; Bebko, S.; Matzumura, M.; Sabouni, A.; Shahrour, A.; Erwin, P.J.; Boyce, T.G.; Montori, V.M.;
et al. Treatment outcomes of human bartonellosis: A systematic review and meta-analysis. Int. J. Infect. Dis.2013 17, e811-e819.
[CrossRef

Rostad, C.A.; McElroy, A.K.; Hilinski, J.A.; Thompson, M.P.; Drew, C.P.; Denison, A.M.; Zaki, S.R.; Mahle, W.T.; Rogers, J.;
Abramowsky, C.R.; et al. Bartonella henselae-mediated disease in solid organ transplant recipients: Two pediatric cases and a
literature review. Transpl. Infect. Dis.2012 14, E71-E81. CrossRel

Kodama, T.; Masuda, H.; Ohira, A. Neuroretinitis associated with cat-scratch disease in Japanese patients: Acta Ophthalmologica
Scandinavica 2003.Acta Ophthalmol. Scand2003 81, 653—-657. CrossRef

Canneti, B.; Cabo-Lapez, |.; Puy-No6fiez, A.; Garcta Garca, J.C.; Cores, F.J.; Trigo, M.; Suez-Gil, A.P.; Rodriguez-Regal, A.
Neurological presentations of Bartonella henselae infection. Neurol. Sci.2019 40, 261-268. CrossRefi

Peli ez Bejarano, A.; §nchez Del Moral, R.; Guisado-Gil, A.B. Bartonella henselae encephalopathy in a paediatric patient: A case
report and treatment review. J. Clin. Pharm. Ther202Q 45, 840-844. CrossRel [PubMed]

Atc, S.; Kaday fc, E.K.; Karaaslan, A.; Toper, M.H.; Celikel, C.A.; Soysal, A.; Bak r, M. Atypical presentation of cat-scratch disease
in an immunocompetent child with serological and pathological evidence. Case Rep. Pediatt014 2014 397437. CrossRef
[PubMed]

Bogue, C.W. Antibiotic therapy for cat-scratch disease?Pediatr. Infect. Dis. J199Q 9, 69. [CrossRel

Collipp, P.J. Cat-scratch disease therapyArch. Pediatr. Adolesc. Med 989 143 1261. [CrossRef [PubMed]

Rosas, L.; Rao, K.; McGough, C.; Becker, A. A rare case of Bartonella encephalitis with hemiplegia.Child Neurol. Oper2019 6.
[CrossRef [PubMed]

Raihan, A.-R.; Zunaina, E.; Wan-Hazabbah, W.-H.; Adil, H.; Lakana-Kumar, T. Neuroretinitis in ocular bartonellosis: A case series.
Clin. Ophthalmol.2014 8, 1459-1466. CrossRef [PubMed]

Zakhour, R.; Mancias, P.; Heresi, G.; Prez, N. Transverse myelitis and Guillain-Barr 2 syndrome associated with cat-scratch
disease, Texas, USA, 2011Emerg. Infect. Dis2018 24, 1754-1755. CrossRef [PubMed]

Bilavsky, E.; Amit, S.; Avidor, B.; Ephros, M.; Giladi, M. Cat scratch disease during pregnancy. Obstet. Gynecol2012 119, 640—644.
[CrossRef

Pinto, V.L., Jr.; Curi, A.L.; Pinto, A.D.S.; Nunes, E.P.; Teixeira, M.D.L.B.; Rozental, T.; Favacho, A.R.; de Lemos, E.R.S.;&a, M.N.
Cat scratch disease complicated with aseptic meningitis and neuroretinitis. Braz. J. Infect. Dis2008 12, 158-160. CrossRef


http://doi.org/10.1159/000447063
http://www.ncbi.nlm.nih.gov/pubmed/27843905
http://doi.org/10.3109/08820538.2014.962178
http://doi.org/10.1097/IIO.0b013e3182670608
http://doi.org/10.1001/archopht.1992.01080150021012
http://www.ncbi.nlm.nih.gov/pubmed/1543446
http://doi.org/10.1080/09273948.2018.1535079
http://www.ncbi.nlm.nih.gov/pubmed/30332547
http://doi.org/10.1038/eye.2011.125
http://www.ncbi.nlm.nih.gov/pubmed/21660065
http://doi.org/10.1097/00008480-200102000-00010
http://www.ncbi.nlm.nih.gov/pubmed/11176245
http://doi.org/10.1097/WNO.0000000000000166
http://doi.org/10.1016/S0002-9394(14)72894-6
http://doi.org/10.1016/j.ijid.2013.02.016
http://doi.org/10.1111/j.1399-3062.2012.00774.x
http://doi.org/10.1046/j.1395-3907.2003.0080.x
http://doi.org/10.1007/s10072-018-3618-5
http://doi.org/10.1111/jcpt.13178
http://www.ncbi.nlm.nih.gov/pubmed/32419222
http://doi.org/10.1155/2014/397437
http://www.ncbi.nlm.nih.gov/pubmed/25610689
http://doi.org/10.1097/00006454-199001000-00023
http://doi.org/10.1001/archpedi.1989.02150230019008
http://www.ncbi.nlm.nih.gov/pubmed/2816850
http://doi.org/10.1177/2329048X19826480
http://www.ncbi.nlm.nih.gov/pubmed/30746387
http://doi.org/10.2147/OPTH.S63667
http://www.ncbi.nlm.nih.gov/pubmed/25120352
http://doi.org/10.3201/eid2409.180008
http://www.ncbi.nlm.nih.gov/pubmed/30124417
http://doi.org/10.1097/AOG.0b013e3182479387
http://doi.org/10.1590/S1413-86702008000200013

el diagnostic:

Article

Impact of SARS-CoV-2 Infection in Patients with
Neurological Pathology

Any Docu Axelerad 1T, Lavinia Florenta Muja 1T, Alina Zorina Stroe 1*, Lavinia Alexandra Zlotea 2,
Carmen Adella Sirbu 3, Silviu Docu Axelerad 4, Dragos Catalin Jianu °, Corina Elena Frecus ©

and Cristina Maria Mihai

Citation: Axelerad, A.D.; Muja, L.F.;
Stroe, A.Z.; Zlotea, L.A.; Sirbu, C.A.;
Docu Axelerad, S.; Jianu, D.C.;
Frecus, C.E.; Mihai, C.M. Impact of
SARS-CoV-2 Infection in Patients
with Neurological Pathology.
Diagnostics2022 12, 473. https://
doi.org/10.3390/diagnostics12020473

Academic Editor: Anna Baraniak

Received: 13 January 2022
Accepted: 10 February 2022
Published: 12 February 2022

Publisher's Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional af I-
iations.

(OO

© 2022 by the authors.
Licensee MDPI, Basel, Switzerland.

Copyright:

This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).

Department of Neurology, General Medicine Faculty, Ovidius University, 900470 Constanta, Romania;

axelerad.docu@365.univ-ovidius.ro (A.D.A.); lavinia.muja@365.univ-ovidius.ro (L.F.M.)

2 Radiology-Medical Imaging, Sf. Apostol Andrei Emergency County Clinical Hospital Constanta,

900591 Constanta, Romania; laviniazlotea23@gmail.com

Department of Neurology, Titu Maiorescu University, 040441 Bucharest, Romania; carmen.sirbu@prof.utm.ro

Faculty of General Medicine, "Vasile Goldis' University, 317046 Arad, Romania;

docu-axelerad.silviu@student.uvvg.ro

5 Department of Neurology, Victor Babes University of Medicine and Pharmacy, 300041 Timisoara, Romania;
jilanu.dragos@umft.ro

6 Department of Pediatrics, General Medicine Faculty, Ovidius University, 900470 Constanta, Romania;
corina.frecus@365.univ-ovidius.ro (C.E.F.); cristina_mihai@365.univ-ovidius.ro (C.M.M.)

*  Correspondence: alina.stroe@365.univ-ovidius.ro; Tel.: +40-727987950

T These authors contributed equally to this work.

Abstract: The COVID-19 disease, caused by infection with SARS-CoV-2, rapidly transformed into a
pandemic following its emergence, and it continues to affect the population at a global level. This
disease is associated with high mortality rates and mainly affects the pulmonary spectrum, with
signs of interstitial pneumonia or other pathological modi cations. Signs indicative of SARS-CoV-2
infection can be observed using pulmonary radiography or computed tomography scans and are
closely linked to acute respiratory distress; however, there is accumulating evidence that the virus
affects the central nervous system. Several symptoms, such as headaches, cough, fatigue, myalgia,
ageusia, and anosmia, have also been reported along with neurological syndromes such as stroke,
encephalopathy, Guillain—Barre syndrome, convulsions, and coma; the most frequent associated
complication is ischemic stroke. Diagnosis of infection with SARS-CoV-2 virus is based on a positive
RT-PCR test. Imaging investigations, such as thoracic computed tomography scans, are not used
to diagnose COVID-19, monitor for pulmonary disease, or follow dynamic disease evolution, but
they may be used in the case of a negative RT-PCR test. This paper presents the research performed
on a group of 150 cases of patients affected by neurological disorders and that were subsequently
con rmed to be infected with SARS-CoV-2, which was carried out over a period of 10 months
within the Neurology Department and Laboratory of Magnetic Resonance Imaging of “Sf. Andrei”
Emergency Hospital in Constanta. The collected data are observational and provide perspectives on
the neurological pathology associated with the SARS-CoV-2 virus, and on the frequently associated
risk factors, associated comorbidities, and the ages of patients who were affected by the virus,
as well as the clinical and paraclinical manifestations of the patients admitted to the hospital's
neurology department.

Keywords: COVID-19; SARS-CoV-2 infection; neurological pathology; imaging investigations

1. Introduction

The source of COVID-19, of cially designated by the World Health Organization, is
infection with the SARS-CoV-2 virus (severe acute respiratory syndrome coronavirus 2) [ 1].

Infection with the SARS-CoV-2 virus can result in a respiratory disease that mainly
attacks the lungs, provoking symptoms ranging in severity from slight or moderate to
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severe, including fever, headaches, fatigue, dry cough, myalgia, and diarrhea. However,
recent clinical studies have indicated that this type of pathogen has a vast infectious capacity
to spread into the extrapulmonary tissues, provoking multi-organ insuf ciency in patients
with severe impairment. The capacity of the SARS-CoV-2 infection to invade the central
nervous system and the peripheral nervous system currently represents a major concern [ 2].

Recent studies have reported certain neurological pathologies associated with SARS-
CoV-2 virus infection. These studies have classi ed certain manifestations connected to the
central nervous system, such as headaches, vertigo, impaired consciousness, acute cere-
brovascular disease, and epilepsy, in addition to other symptoms related to the peripheral
nervous system, such as hyposmia, anosmia, hypogeusia, ageusia, myalgia, and Guillain-
Barre syndrome [3]. The most frequent neurological complication that has appeared in the
SARS-CoV-2 infection is ischemic stroke [4].

A thoracic computed tomography (CT) scan is recommended for cases of suspected or
con rmed SARS-CoV-2 infection, due to its association with major lung disease, with the
aim of evaluating and following its progression. Compared to the thoracic CT-scanning,
thoracic radiography (X-rays) is not as reliable, and cannot be used to identify disease
symptoms in the early stages, but in moderate to advanced phases, it may indicate the
evolution of acute respiratory distress. Moreover, real-time polymerase chain reaction
(RT-PCR) tests are used to diagnose infection with the SARS-CoV-2 virus. Imaging investi-
gations based on CT-scanning have proven useful for diagnosis, even if an initial RT-PCR
test was falsely negative [5].

The study was performed within a 10-month period, between 1 October 2020, and
31 August 2021, within the Neurology Department and Laboratory of Magnetic Reso-
nance Imaging of “Sf. Andrei” Emergency Hospital in Constanta. The Constanta County
Emergency Clinical Hospital's Ethics Committee for Clinical Studies (registration number
34/26.11.2021) authorized this study, which followed the guidelines of the Declaration of
Helsinki. Prior to enrollment, all individuals provided written informed consent.

Following subjective and objective clinical examinations, and based on paraclinical
investigations, the study group consisted of 150 cases of patients admitted to the neurology
department of the hospital with various neurological diseases and who were declared to
be positively infected with the virus according to the presence of ribonucleic acid (RNA)
SARS-CoV-2, as determined by RT-PCR test.

2. Results

The study was performed over a period of 10 months, between 1 October 2020, and
31 August 2021 The total number of cases studied was 150. In terms of the patients' sex,
the number of cases was almost equal, with 76 cases of men and 74 cases of women.

2.1. Type of Neurological Disease

Table 1 shows the types and number of cases of neurological diseases presented by
patients admitted to the neurology department.

2.2. Submission of Clinical and Imaging Analysis of Representative Cases of the Studied Group
2.21. Casel

A 49-year-old patient presented herself to the emergency room for ascending lower-
limb paresthesia and lower-limb motor de cit, with denial of any infectious episode. Upon
neurological assessment at admission, the patient was conscious, cooperative, temporo-
spatially oriented, presented no rolling of the neck, normal oculomotor coordination, no
nystagmus, paraparesis 3—4/5, had lively osteotendinous re exes, no bilateral strength
de cit in dorsal and plantar exion, normal deep myo-arthro-kinetic sensitivity, tactile
sensitivity with T9 sensitivity level, bilateral plantar skin re ex in exion, bilateral postural
tremor in the upper limbs, and was in a state of intermittent urine retention. CT images of
the brain upon admission revealed an age-appropriate appearance.
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Table 1. Type of neurological disease presented by patients, number of cases, and patient age.

Type of Neurological Disease lc\)lfucr:nat;e;rs Males Females 30-50 Years 50-70Years 70-100 Years
Acute ischemic stroke 44 20 24 - 14 33
Subacute ischemic stroke 36 20 16 - 14 19
Acute hemorrhagic stroke 20 9 11 - 9 11
Hemorrha_lglc trar_lsformatlon 6 3 3 i 2 4
after ischemic stroke
Transient ischemic attack 5 2 3 - 2 3
Vertebrobasilar syndrome 1 - 1 - - 1
Cerebrovascular disease 6 2 4 - 3 3
Venous thrombosis 2 1 1 1 1 -
Demyelinating lesions 4 2 2 - 1 3
Sequelae lesions 3 2 1 - - 3
Secondary determinations 5 4 1 - 2 3
Tumor formation 3 2 1 1 1 1
Myelitis 1 - 1 1 - -
Convulsive seizures 3 2 1 - 1 2
Guillain—Barre syndrome 1 - 1 - 1 -
Paresthesia syndrome 1 - 1 1 - -
Paraparesis 1 - 1 - 1 -
Myasthenia gravis 1 - 1 1 - -
Multiple sclerosis 1 1 - 1 - -
Rasmussen's encephalitis 1 1 - 1 - -
Motor lacunar stroke 2 1 1 - - 2
Amnestic stroke 2 1 1 1 - 1
Disc protrusion 1 1 - - 1 -

On the rst day of hospitalization, when tested for SARS-CoV-2 RNA by RT-PCR, the
result was positive. On the same day of hospitalization, the patient underwent a lumbar
puncture (element count 155/mm 3, albumin 310 mg/L, chlorine 128 mmol/L, and glucose
70 mg/dL) and a thoracolumbar spine MRI, which revealed thoracic intramedullary lesions
suggestive of an in ammatory-infectious substrate (Figure 1).

The patient was admitted for 1 day to the neurology ward. Being a patient with
con rmed SARS-CoV-2 infection, she would ordinarily be transferred to a COVID-19-
supported hospital, but she refused, and contrary to medical advice, was discharged
on request. During hospitalization, the patient received hydroelectrolytic rebalancing
treatment, vitamin therapy, cortico-therapy, and gastric protection.

The neurological assessment at discharge found the patient to be conscious and coop-
erative, with no neck roll, no nystagmus, paraparesis 3/5, live osteotendinous re exes, to
have anesthesia with T9 sensitivity level, a vibratory disorder in the lower limbs, abolished
sphincteric content, and afebrile SaO,= 94% in atmospheric air. The patient was discharged
with a permeable urinary catheter and home treatment with cortico-therapy and vitamin
B1 complex in combination with vitamin B6 and B12.
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Figure 1. MRI images of the Case 1 patient show inaccurate delimited discrete hyperintense fore-
shores T2-STIR 4,b), hypointense T1 (c), disposed at the level of lateral coordinates of the marrow
corresponding to T6—T10 myeloma; thoracic intramedullary lesions with suggestive characters for an

in ammatory-infectious sublayer.
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2.2.2. Case 2

A 78-year-old patient with known paroxysmal atrial brillation in treatment, hy-
pertension, and gout was admitted to the neurology department for a crisis of loss of
consciousness at home, a language disorder, and a right-limb motor de cit with an un-
speci ed onset. Upon objective neurological examination on admission, the patient was
conscious, cooperative, with head and eyeballs deviated to the left, global aphasia, right
hemiplegia, and right Babinski.

On admission, the patient had a brain CT scan, which showed acute ischemic stroke
in the left MCA with an ASPECTS score of 9 points. On day 2 of hospitalization, the
patient underwent a brain MRI, which showed acute ischemic stroke in the super cial
and deep left Sylvian territories, in the super cial border territories of the middle cerebral
artery/posterior cerebral artery, and in the middle cerebral artery/left anterior cerebral
artery, with a small area of hemorrhagic transformation in the lenticular nucleus (Figure  2).
On day 7 of hospitalization, the patient developed a cough with mucopurulent sputum,
became trachea—bronchial loaded, and was tested by RT-PCR for SARS-CoV-2, with the
result being positive. The patient was transferred to a hospital for supporting COVID-19.

Figure 2. Cont
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Figure 2. MRI images of the Case 2 patient shows extended foreshores, irregularly delimited, T2-
FLAIR hyperintense (a,b), with restriction of marked diffusion ( c,d), con rmed by a hypointense
signal on the map of apparent diffusion ( d), situated in the cortical-subcortical frontal—parietal—
occipital and left insular part, with capsular and lenticular extension. Centimetric intralesional focal
signal point SWAN sequence was associated in the left lenticular nucleus (€). These characteristics
are suggestive of acute ischemic stroke on the left super cial and profound Sylvian territory, and on
the super cial territories of the border between the median cerebral artery/posterior cerebral artery
and medium cerebral artery/left anterior cerebral artery ( a—d), with a small area of hemorrhagic
transformation in the lenticular nucleus ( e).

2.2.3. Case 3

A 57-year-old patient with a known operated colon neoplasm, essential hypertension,
and congestive heart failure was admitted for confusion syndrome and involuntary right-
upper-limb movements. Objective neurological examination showed the patient to be
conscious, less cooperative, and temporospatially disoriented, with apparently normal
oculomotor coordination and no motor de cits; no issues were revealed with coordination
and sensitivity tests.

At the time of admission to the emergency care unit, he underwent a native brain
CT scan, which showed calci ed atheromatous plaques located at the level of the intra-
and supracavernous segments of both internal carotid arteries as well as at the level of the
intracranial segment of the left vertebral artery and the right maxillary mucoceles, and a
deviation of the nasal speculum with an “S” appearance, and leukoaraiosis.

On day 6, the patient underwent a native brain MRI showing multiple infra- and juxta-
centimetric lesions in hyper seminal T2/FLAIR, without diffusion restriction, bilaterally
arranged in the hemispheric white matter subcortical frontal-temporal—parietal, as well as
in the right cerebellar hemisphere and supratentorial demyelinating lesions, most likely
with ischemic vascular substrate and linear and curvilinear tracts in a SWAN (susceptibility-
weighted angiography)-like manner, and left-frontal and left-parietal cortical hemosiderosis
(Figure 3).

On day 10 of hospitalization, the patient underwent EEG (no epileptiform graph
elements during recording; involuntary movement in the right-upper limb during inves-
tigation without electrical correspondent) and brain MRI angiography with venous time
determined to be within the normal limits.
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Figure 3. MRI images of the Case 3 patient reveal multiple centimetric lesions in T2/FLAIR hyper-
signal (a,b), with no diffusion restriction, disposed in a white hemispheric substance in the bilateral
subcortical frontal-temporal—parietal area, as well as in the right cerebellar hemisphere, and supraten-
torial demyelinating lesions most probably with an ischemic vascular sublayer. Additionally, linear
and curvilinear traces in SWAN signal ( c,d), disposed in the left cortical parietal, frontal area—frontal
cortical and left parietal hemosiderosis.

Onday 11, he was tested by RT-PCR, having been in contact with a positive COVID-19
case 7 days prior and testing positive himself. During hospitalization, he received hydro-
electrolytic rebalancing, and hypotensive, antiepileptic, antibiotic, analgesic, and antiemetic
treatment. The patient was transferred to a COVID-19 support hospital after testing positive
for SARS-CoV-2 infection.

2.2.4. Case 4

A 69-year-old patient with known type |l diabetes, chronic kidney disease grade 3B,
hypertension, diabetic nephropathy, and a left-thigh amputation, presented to the emer-
gency care unit for right-limb motor de cit and speech impairment with onset occurring
during the previous day.
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Neurological objective assessment on admission showed the patient to be conscious,
the head and eyeballs to be deviated to the left, with mixed aphasia, right hemiplegia,
and predominantly brachial SM = 1/5 and IM = 4/5. Brain CT at the time of presentation
showed supratentorial sequelae. On day 6 of hospitalization, the patient underwent a brain
CT which showed an unchanged CT appearance compared to the previous examination.
On day 8, he had an EEG, which showed a left frontal-temporal—occipital injury with
frontal-temporal-left temporal attening and left temporo—occipital theta waves (Figure  4).

E 1

Figure 4. T1 and T2 MRI sequences in the Case 4 patient reveal left porencephalic—gliotic cortical—
subcortical parietal-occipital, with a minor retractile effect on the left lateral ventricle; ischemic
chronic softening on the left Sylvian territory and on the super cial territory at the border of the
median cerebral artery—left posterior cerebral artery (a,b). The T2 MRI sequence shows the left
internal carotid artery without a signal of circulatory ow in the intracranial segments ( c); the rest of
the big arteries located at the bases of the brain with no modi cations of intraluminal signal that can

be observed on the parenchymal sequences; occlusion of the left internal carotid artery (c).
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On day 12 of hospitalization, he underwent brain MRI scanning, which revealed left
frontal—parietal and left parieto—occipital cortico—subcortical porencephalic—gliotic lesions
with dilatation of the adjacent interdigital spaces and a slight retractile effect on the left
LV and chronic ischemic ramolitic lesions in the left super cial Sylvian territory and in
the super cial border territory of the left middle cerebral artery—left posterior cerebral
artery, in the left internal carotid artery with absent circulating ow signal in intracranial
segments (the remaining large basal brain arteries were without detectable intralumenal
signal changes on parenchymal sequences), and left internal carotid artery occlusion. On
day 17 of admission, the patient was tested by RT-PCR, which showed a positive result,
resulting in the patient being transferred to a COVID-19 support hospital.

2.25. Case 5

A 68-year-old female patient, known to have stroke sequelae and Alzheimer's disease
in the dementia stage, was brought in for subtended tonic—clonic seizures. Neurological
assessment on admission showed the patient to be conscious, uncooperative, to have
reactive intermediate pupils, present bilateral corneal re ex, left-limb spasticity, apparent
upper and lower limbs falling equally to the bed plane, showing right hemicorporeal motor
Jacksonisms during consultation, and possessing sacral region decubitus scars. At the time
of presentation in the emergency department, the patient presented a positive result for
SARS-CoV-2 RNA as tested by RT-PCR.

Chest CT angiography and PET were carried out for the pulmonary arteries and the
native brain CT showed cerebellar abiotrophy. On day 5 of hospitalization, the brain CT
was repeated, which showed an unchanged appearance from the previous CT examination
(cerebellar abiotrophy; in observation, corpus callosum dysgenesis). On day 10 of hospi-
talization, a brain MRI was performed, which showed an imprecisely delimited area of
intense T2/FLAIR signal, slightly restrictive in diffusion, located cortico-subcortically at
the level of the left tonsil, late subacute infarction in the territory of the anterior choroidal
artery (Figure 5).

Neurological examination at discharge showed the patient to be cachectic, conscious,
cooperative, to sporadically execute simple orders and only partially respond to simple
guestions, with the right hemiparesis 3/5 equally distributed, left hemiparesis spastic
sequelae; swallowing was possible, and sacral scars were present. Laboratory tests changed
during hospitalization, showing increased D-dimers, thrombocytopenia, increased CK-MB,
increased alkaline reserve, increased urea, and hypokalemia. The patient was discharged
with home treatment.

2.2.6. Case 6

This patient, aged 66 years, presented to the emergency department for language
disorders with uctuating evolution. Neurological objective examination on admission
showed the patient to be conscious, cooperative, with no motor de cits, lower limb ataxia,
and bilateral plantar—indifferent cutaneous re ex. During hospitalization, he underwent a
diabetes consultation, after which insulin therapy was initiated, a carotid Doppler echo,
showing bilateral carotid atheromatosis, an EMG, which showed predominantly sensory
axonal polyneuropathy, a cervical-thoracic spine MRI which showed T7-T9-T10 intraspon-
gious herniation and a C5-C6 disc overhang; there was also a C6—C7 protrusion with left
C7 radicular con ict, and a brain MRI evidencing T1-T2 nonhomogeneous hyperintense
material partially occupying the transverse sinus and left—sided sigmoid sinus, with ex-
tension to the jugular bulb—left transverse—sigmoid—jugular venous subacute thrombosis
(Figure 6).
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Figure 5. Cerebral MRI examination of the Case 5 patient highlights inaccurately delimited area of
intense T2 and FLAIR signal (a,b), slightly restrictive in diffusion ( c,d), situated in the cortical and
subcortical area of the left tonsil. These images are conclusive for subacute tardive infarction on the
territory of the anterior choroidal artery.

On admission, the patient had a negative RT-PCR test, but on day 16 of admission, the
patient tested positive for SARS-CoV-2 RNA by RT-PCR, so the patient was transferred to
the hospital providing COVID-19 support.
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Figure 6. Hyperintense and nonhomogeneous T1 and T2 material, in the Case 6 patient, which
partially occupies the transverse sinus (a,b) and left sigmoid sinus ( c,d) towards the jugular bulb
(e,f)—left venous transverse—sigmoid—jugular subacute thrombosis.

2.2.7. Case 7

A 71-year-old patient, known to have arterial hypertension grade Ill basal cell epithe-
lioma, presented with two generalized tonic—clonic seizures, without sphincter relaxation,
without biting the tongue, for which he was admitted for further investigations and special-
ist diagnosis. Neurological objective examination on admission showed the patient to be
conscious, postcritical, noncooperative, with no neck roll, normal oculomotricity, preserved
re exes, equal intermediate pupils reactive to light stimuli, and no apparent motor de cits.

At the time of presentation, an RT-PCR test for SARS-CoV-2 was positive, a cord—
pulmonary X-ray showed bilateral apical sequelae, bilateral interstitial brotic changes,
normal sized cord and calci cations in the aortic button; a brain CT showed a left-frontal
space-replacement formation, and a secondary lesion was observed.

During hospitalization, the patient underwent native and contrast-enhanced abdomi-
nal MRI, which revealed a pancreatic cephalic expansive—in ltrative formation with gastro-
duodenal in Itration and locoregional adenopathy and a simple LDH cyst, and a contrast
brain MRI showed a cystic solid mass with peripheral annular gadophilia, axial dimensions
of 23/20 mm, extensive perilesional oedema, and a left midfrontal subcortical-left-frontal
expansive lesion, most likely of secondary determination signi cance (Figure 7).

Biological results revealed altered tumor markers (CA 19-9 =78.9, CEA=9.9NSE =40.)),
corrected hypokalemia, corrected hyponatremia, altered urinalysis, elevated cardiac en-
zymes, biological in ammatory syndrome, and elevated blood glucose. During hospitaliza-
tion, he received treatment with cerebral antiedematous, corticosteroid, antiplatelet, statin,
gastric protector, analgesic, antiemetic, antiepileptic, myorelaxant, hypotensive, diuretic,
beta blocker, and antiviral. Neurological objective assessment at discharge showed the
patient to be conscious, partially temporospatially oriented, and with no motor de cit. He
was discharged with antiplatelet, statin, and antiepileptic medications to be taken at home.



Diagnostics2022 12, 473

13 of 28

E= 1

Figure 7. MRI T1 (a), T2 (b), and T1 sequence with contrast injection in the Case 7 patient (c) show
solid-cyst mass (a,b) with ring-shaped peripheral gadophilia ( ¢) and extended perilesional edema (b),
disposed in the middle-left subcortical area. These pathological images are suggestive of a left-frontal

expansive lesion, most likely meaning a secondary determination.

2.2.8. Case 8

A 79-year-old female patient, known to have hypertension and insulin-dependent
type Il diabetes mellitus, presented to the emergency care unit initially with hypoglycemia
(blood glucose = 50 mg/dL) and subsequently presented with a right-limb motor de cit,
which was predominantly brachial. Neurological objective examination on admission
showed the patient to be conscious, cooperative, partially temporospatially oriented, with
symmetrical facies, and predominant brachial right hemiparesis. At the time of presentation,
she had a brain CT scan showing a CT appearance within age limits, a cord—pulmonary
X-ray showing no evolving pleuropulmonary lesions, and a negative RT-PCR test.
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During hospitalization, she underwent a carotid Doppler echo, which evidenced
bilateral carotid atheromatosis, and a brain MRI, which evidenced an intraventricular
FLAIR intense signal beach, moderately restrictive in diffusion, located in the cortical—
subcortical left superior occipital subacute infarction (Figure 8). Chest CT was performed
to monitor the lung lesions and speci ¢ in ammatory samples were collected on the
recommendation of the infection specialist, with whom repeated consultations were carried
out to establish therapeutic management.

E= 1

Figure 8. MRI sequences for the Case 8 patient indicate infra-centimetric foreshore of intense FLAIR
signal (a), moderately restrictive in diffusion ( b,c), situated on the left superior occipital lobe revealing
subacute left superior occipital infarction.
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A chest CT showed alveolo-interstitial in Itrates with a tendency to con uence in
bilateral lungs, compatible with COVID-19 pneumonia image-wise, CO-RADS 6-score
severity (4/25p), slight pulmonary micronodules with sequelae appearance, and vesicular
lithiasis. Seven days later, the repetition of chest CT showed pleurisy in the small right
pleura, bilateral dorso-basal pulmonary condensation processes compatible with atelectatic
processes, alveolo-interstitial in Itrates with a tendency to consolidation compatible with
COVID-19 pneumonia, CO-RADS 6 image-frameable dimensional progression from a
previous CT scan, a moderate severity score (11/25p), bilateral pulmonary micronodules
with sequelae, and gallbladder lithiasis. An RT-PCR test was conducted, and the result was
positive. A biological assessment revealed mild corrected hypokalemia, UTI with treated
proteus mirabilis, hyperglycemia, and cardiac enzymes slightly altered.

During hospitalization, the patient received treatment with cerebral depletive, an-
tiplatelet, then double antiplatelet, statin, hypotensive, diuretic, beta-blocker, antibiotic
therapy, EU biotic, insulin, antialgesic, gastric protector, hydration solutions, antiviral
treatment, corticotherapy, anticoagulant, initially HGMM, then NOAC, under which the
evolution of the patient was favorable. Neurological objective examination at extenuation
showed the patient to be conscious, cooperative, partially temporo-spatially oriented, with
an MMSE test score = 20 points, no neck rolling, normal oculomotricity, no motor de cits,
no coordination or sensitivity disorders, afebrile, no cough, and no dyspnea.

2.2.9. Case 9

A 41-year-old patient, who was a smoker and recently discharged from a medical clinic
with a diagnosis of unknown substance intoxication and metabolic acidosis, presented to
the emergency care unit due to seizures. The patient also presented himself 3 days prior
with headaches, whereby he experienced a seizure during his admission.

Neurological objective examination on admission showed the patient to be conscious,
cooperative, with no neck rolling, biting tongue, nystagmus was exhaustible on right lateral
gaze, normal oculomotor coordination, left hemiparetic whip 4/5, osteotendinous re exes
were present, symmetrical, ataxia on left heel-knee test. During hospitalization, native
and contrast-enhanced brain CTs were performed, showing right area, parietal encephalo-
malacia area, and old consolidated bilateral parietal fractures. Brain MRI showed an oval
mass with dimensions of about 45/24/46 mm, isointense uid content with cerebrospinal

uid, normal water diffusion, and negative gadophilia, located subcortically in the right
parietal; the lesion was circumscribed and crossed by several very ne vascular tracts,
did not communicate with the ventricles or the subarachnoid space, associated with the
perilesional plaques of the intense FLAIR signal, and exerted a slight mass effect on the
right lateral ventricle in the right parietal cystic expansive process (Figure 9).

On day 10 of hospitalization, the RT-PCR test was positive. Biological changes showed
discrete mixed hyperlipidemia. During hospitalization, antiepileptic and antiedema cere-
bral treatment was administered. Neurological objective examination at discharge showed
the patient to be conscious, cooperative, and temporospatially oriented, with no neck
rolling, normal oculomotor function, no motor de cit, and no sensitivity or coordination
disorders, and walking without support was possible.
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Figure 9. MRI images of the Case 9 patient show oval mass with liquid content ( a,b) and normal
diffusion of water ( c,d), located in the right parietal subcortical area; the lesion described is circum-
scribed and crossed by very thin vascular lines (e), and does not communicate with the ventricles nor
with the subarachnoid space, associates with the perilesional foreshores of the intense FLAIR signal
(f), and has a slight mass effect on the right lateral ventricle (€). In conclusion, the ndings revealed a
right parietal cystic expansive process.

2.2.10. Case 10

A recently infected 72-year-old elderly patient with a severe form of COVID-19 was
transferred from the Cardiology department with acute bro utter, and a recent brain CT
(admission from Infectious Diseases Hospital) showed left ischemic PCA stroke appearance,
with a brain MRI describing a left ischemic ACP stroke that transformed into hemorrhagic
stroke, present during acute COVID-19 infection and post-hospitalization at home with
bilateral lower limb plegic motor de cit.

Neurological objective assessment on admission showed the patient to be conscious,
partially cooperative, and partially temporospatially oriented, with a right-upper-limb
motor de cit, accid paraplegia, abolished osteotendinous re exes in the lower limbs,
and no tactile surface sensitivity disorders. During hospitalization, she underwent na-
tive and contrast-enhanced chest CT scanning, which showed alveolo-interstitial changes
suggestive of post-COVID-19 status, lumbar puncture (CSF macro- and microscopically
normal appearance), and a thoracolumbar spine MRI showing a left minor split disc L5-S1
with a subligamentary nonmigrated pulposus nuclear fragment. Biological tests revealed
liver cytolysis, hypokalemia, and corrected hyperglycemia. During hospitalization, she
was treated with statin, antiplatelet, and hydration infusion solutions, with unfavorable
evolution. The patient suffered cardio-respiratory arrest (Figures 10-14).
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Figure 10. Pulmonary CT images of the Case 10 patient show lesions with a polymorphic aspect,
some under the form of inaccurately delimited areas of matt-glass clouding ( a,b), and others with
increased densities and associated interlobular septal thickness @), randomly disposed at the level
of both pulmonary elds. The tendency was to condensate some lesions from the level of the right
anterior basal segment (@). Linear brosis outlines with retractile effect on the parietal pleura and on
some subsegmental bronchial outlines, which could be highlighted especially at the inferior lingual
level and at the level of the basal pyramid, bilaterally ( a,b). In conclusion, ber—alveolar—interstitial
modi cations are compatible with lesions of SARS-CoV-2 type in various phases of evolution, with a
severity score of 13 (8 right lung, 5 left lung), determinable in moderate impairment.

Figure 11. In evolution, CT images of the Case 10 patient show important numerical and dimensional
progression of pulmonary lesions randomly distributed on more than 70% of the entire surface of
both pulmonary elds. In conclusion, bilateral pulmonary condensations of SARS-CoV-2 type were
in progress, with a severity score of 20 (13 at previous examination) and were determined to exhibit a
severe degree of disorder.
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Figure 12. Four days later, pulmonary CT in the Case 10 patient showed dimensional extension of
the previously described lesions, with a tendency of small-holding. In conclusion, pulmonary lesions
of SARS-CoV-2 type (with the tendency of consolidation) in dimensional progression, with a severity
score = 22 (20 for the previous examination), which corresponds to a severe disorder.

Figure 13. After 10 days, the thoraco-pulmonary CT of the Case 10 patient revealed that the previously
described lesions are numerically and dimensionally stationary, at times reduced in intensity. In
conclusion, pulmonary lesions of SARS-CoV-2 type in discrete remission, and were severely impaired.
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Figure 14. After 11 days from the rst pulmonary CT, the cranio-cerebral MRl inthe  Case 10 patient
showed foreshadowing of intense T2 signal (a), with deposits of predominantly peripheral methe-
moglobin (b), de cient restriction of diffusion ( ¢,d) and gyriform gadolinium I ( e), developed in the
cortical-subcortical-occipital left median side with extension in the thalamic nucleus on the same
part. In conclusion, infarction hemorrhagically transformed into super cial and profound territories

of the left posterior cerebral artery.
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2.3. Neurological Features of Patients

Table 2 describes the baseline and clinical characteristics of COVID-19 patients with
neurological features.

Table 2. Baseline and clinical characteristics of COVID-19 patients with neurological features.

CaseID Age

Neurological Features

Other Diagnostics

Neurological-COVID-19- Other neurological Neurological
related diagnostic diagnoses symptoms
Ascending lower Biological in ammatory
1 49 Myelitis; paraparesis limb paresthe5|a syndrome; .acute urinary
and lower limb retention; con rmed
motor de cit infection with SARS-CoV-2.
Acute ischemic stroke in the
super cial and deep-left
Sylvian territory and in the - Permanent atrial brillation;
. o A crisis of loss of .
super cial border territories, . hypertension; gout;
. consciousness, . o
middle cerebral . biological in ammatory
2 7 . language disorder, » I
artery/posterior cerebral ; : syndrome; interstitial
. and right limb L
artery, and middle cerebral motor de cit pneumonia; con rmed
artery/left anterior cerebral infection with SARS-CoV-2.
artery by cardioembolic
mechanism; right hemiplegia
Dilated cardiomyopathy
with left ventricular
dysfunction; congestive
. heart failure class Il (New
Confusion N
. . York Heart Association
Cerebrovascular disease; syndrome and o .
) ) Cerebral . - (NYHA)); mild mitral
3 57 involuntary right upper . involuntary right Lo .
. atherosclerosis ? regurgitation; acute chronic
limb movements upper limb - : )
kidney disease; upper rectal
movements
neoplasm operated and
radio chemically treated;
hypertension; con rmed
infection with SARS-CoV-2.
Left internal carotid artery
occlusion; hypertension;
Sequelae of stroke: nght limb motor t_ype _II dla_betes mellitus
. - de cit and speech with diabetic nephropathy.
4 69 Cerebrovascular disease right sequelae : . s :
hemioaresis impairment Chronic kidney disease
P with onset grade 3B; left-thigh
amputation; con rmed
infection with SARS-CoV-2.
Sequelae of stroke; left
Subacute ischemic stroke in hemlpar.e5|s sp_astlc'
. . sequelae; Alzheimer's
the territory of the anterior . i . \
; disease; Alzheimer's Subtended . . .
5 68 choroidal artery by the most dementia: tonic—clonic Con rmed infection with
likely atherothrombotic ' . SARS-CoV-2.
cerebrovascular seizures

mechanism; sub intending

. . . disease; agenesis of the
tonic—clonic seizures

corpus callosum;
cerebellar abiotrophy
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Table 2. Cont.
CaselD  Age Neurological Features Other Diagnostics
Cerebrovascular
disease;
predominantly
sensory axonal Language
L_eft S polyneuropathy; disorders with Con rmed infection with
6 66 transverse—sigmoid—jugular newly discovered type uctuatin SARS-COV-2
venous subacute thrombosis Il diabetes; C6-C7 g
. . evolution
protrusion with left C7
radicular con ict;
neurocognitive
disorder
Pulmonary secondary
. determinations; pancreatic
Two generalized .
. . head tumor; sequelae of
tonic—clonic . )
. . ischemic stroke left
Secondary Secondary cerebral seizures, without . .
7 71 . . . 7 . posterior cerebral artery;
epilepsy-generalized seizures determinations sphincter . e
. : essential hypertension;
relaxation, without )
biting tongue temporospatial
disorientation; con rmed
infection with SARS-CoV-2
Bilateral carotid
Right limb motor atheromatosis;
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3. Discussion

The COVID-19 patients in our 10 case reports presented with a complex panel of
neurological diagnostics, including myelitis with paraparesis, acute ischemic stroke in
various territories with hemiplegia, cerebrovascular disease with involuntary movements,
seizures, and left transverse—sigmoid—jugular venous subacute thrombosis.

Cerebrovascular disease, in addition to certain other neurological features, has often

been associated with acute SARS-CoV-2 infection. Numerous pathophysiological mecha-
nisms have been postulated to explain the SARS-CoV-2-related prothrombotic condition,
as both direct and indirect consequences of the viral infection. Aside from hypercoagulable
characteristics, it is hypothesized that SARS-CoV-2-related endothelitis and microangiopa-
thy lead to hemorrhagic stroke. Consequently, intracranial hemorrhage in COVID-19
patients could be the result of hemorrhagic transformation of ischemic stroke, original
hemorrhagic stroke, or traumatic intracranial hemorrhage.

The processes underlying the apparition of these neurological symptoms remain
unknown. Numerous ideas have been advanced since SARS-CoV-2 was rst detected,
such as that the neuroinvasion of the virus comes from its ability to enter via the olfactory
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groove or directly into the nervous system via circulation [ 6,7]. However, these results
might be the result of secondary immunological processes and a severe in ammatory state
induced by infection, or of signi cant hypoxia caused by critical illness and concomitant
disorders [6,7].

We have identi ed various neurological pathologies which can be correlated to the
positive diagnosis of the RNA SARS-CoV-2 testing by RT-PCR tests or which represent
only incidental ndings following a clinical or paraclinical examination by magnetic
resonance imaging.

The types of disorders encountered during the study are acute stroke, subacute stroke,
hemorrhagic stroke, ischemic stroke that then becomes hemorrhagic, carotid transitory
ischemic stroke, vertebrobasilar insuf ciency, cerebrovascular disease, venous thrombo-
sis, demyelinating lesions, sequela lesions, secondary determinations, tumoral formation,
myelitis, seizures, Guillain—Barre syndrome, paraesthetica syndrome, paraparesis, myasthe-
nia gravis, multiple sclerosis, Rasmussen's encephalitis, movement lacunar stroke, amnestic
syndrome, and disk protrusion.

The most frequent pathology was ischemia, which is strongly connected to a diagnosis
of COVID-19 and is represented by cerebral strokes with various ages and types of evolu-
tion, with a total number of 85 cases of cerebral strokes, 44 cases of acute cerebral strokes,
36 cases of subacute cerebral strokes, and 5 cases of carotid transitory ischemic stroke. This
classi cation might also include four cases of ischemic ictus, two cases of movement lacunar
stroke, two cases of amnestic syndrome, three cases of stroke sequela, and two cases of
sequela lesions. Among the patients who had been diagnosed only with the cerebrovascular
disorder, we found six cases and four cases of demyelinating lesions, which might have
had a vascular-ischemic sublayer. We also encountered a case of vertebrobasilar syndrome.

The hemorrhagic stroke associated with the SARS-CoV-2 virus occupied a signi cant
place in a group of 26 cases, of which 20 patients presented with a hemorrhagic acute
stroke and another 6 patients presented with a hemorrhagic stroke transformed from an
ischemic stroke.

Moreover, the neoplasia pathology associated with COVID-19 had substantial rep-
resentation, as we found three cases with tumoral formations and ve cases with sec-
ondary determinations. We found two cases of venous cerebral thrombosis associated with
SARS-CoV-2 infection and three cases of convulsive crisis.

The range of neurological pathologies associated with the infection of SARS-CoV-2
is vast, and we might include other pathologies here, such as myelitis, Guillain—Barre
syndrome, paresthesia, paraparesis, myasthenia gravis, multiple sclerosis, Rasmussen's
encephalitis, and disk protrusion.

Ghannam et al. indicated that infection with the SARS-CoV-2 virus results not only
in respiratory disease, and that neurological complications are frequently experienced.
Associated neurological pathologies are often encountered, including ischemic and hem-
orrhagic strokes, Guillain—Barre syndrome, encephalitis, and convulsions. In a studio
located in Wuhan, China, out of 214 cases with SARS-CoV-2 infection, 78 had neurological
complications. Patients with severe SARS-CoV-2 infection have a higher risk of developing
neurological complications. The manifestations point to the central nervous system and
peripheral nervous system, and symptoms such as headaches, vertigo, muscular weakness,
sensory alteration, and impaired consciousness may also appear [8].

As part of the classi cation according to age groups, it was noticed that the greatest
number of cases were of patients aged 70-80 years, representing 58 out of the 150 cases that
were evaluated.

This age group was followed by 60-70-year-olds, with 40 cases, followed by the
80-90-year-old age group, in which we found 26 cases. In these rst three groups, is-
chemic vascular pathology was most frequently presented. Next, we found the group of
50-60-year-olds with 17 cases, where in ammatory pathologies and venous thrombosis
were the most frequently presented.



Diagnostics2022 12, 473

24 of 28

For the other age intervals, the number of cases decreased dramatically, with one case
for the group of 30-40 years, seven cases for 40-50 years, and one case for 90—-100 years.

Sullivan et al. evaluated neurological pathologies according to patient age, individual
age, or the age interval of the group, with the aim of classifying the frequency of neuro-
logical complications associated with SARS-CoV-2 and that affect children (under the age
of 19 years), young adults (between 19 and 50 years), and adults (over the age of 50). The
patients with an average age between 60 and 69 years presented the greatest number of
associated neurological disorders, and the patients aged equal to or under 9 years presented
the lowest association. Patients over the age of 50 years presented the greatest number
of cerebrovascular disorders. The most frequent associated neurological pathology was
observed in over half of the patients in this group [ 9].

Patients with COVID-19 displayed a predominance of respiratory and nervous system
symptoms. Among several patients of the latter, there were complaints of loss of smell
and taste, ataxia, and impairment to peripheral nervous system, which might re ect the
SARS-CoV-2 virus presenting with neurotoxicity.

Six key clock genes, including CLOCK, BMAL1, PER] PER2 CRY1,and CRY2, control
circadian rhythm. Clock genes are involved in the regulation of metabolic and immunolog-
ical responses, including the release of pro-in ammatory interleukins. As a result, lifestyle
modi cations, including adjustments in the light regime, a reduction in the amplitude of
room temperature, a change in the timing of eating, and the allocation of a food according to
its calori ¢ value throughout the day, contribute to metabolic abnormalities and the appari-
tion of a low-intensity systemic in ammatory process [ 10]. Additionally, the circadian clock
governs fundamental bodily processes, including lung capacity and sleeping as well as
activities in the neural tissue that contribute to neurological and psychiatric illnesses, such
as auto-aggression and neuropathic pain. Additionally, several studies have discovered a
link between the development of certain symptoms and particular circadian chronotypes
that might aid in the creation of chronotherapy and enhance therapy by administering
medication in line with the patient's circadian rhythm [ 11,17].

Sleep phase abnormalities were the most prevalent circadian rhythm abnormalities.
Boiko et al. [11] discovered that COVID-19 infection in antecedents increased patients'
susceptibility to developing circadian rhythm abnormalities, including delayed sleep phase
disorder. Additionally, it was shown that individuals with COVID-19 exhibit elevated
levels of trait and state anxiety. The high incidence of delayed sleep phase disorder might
be a result of both the neurotropic properties of SARS-CoV-2 and isolation linked with
the COVID-19 outbreak. Therefore, the impact of a modi cation in light exposure on
everyday activities was detected under lockdown settings, meaning a change of the rhythm
by three or more hours. This has resulted in decreased exposure to natural light, which
has a detrimental effect on the main circadian oscillator, as well as physical and nutritional
activities. Amongst circadian rhythm abnormalities, delayed sleep phase disturbance is
most prevalent in the post-COVID-19 era and is related to an increased degree of anxiety in
these individuals.

Global Impact of the COVID-19 Pandemic on Different Areas in Low- and
Middle-Income Countries

Formerly, it was thought that the SARS-CoV-2 virus was limited to the respiratory
system, mostly impacting the lungs; nevertheless, new investigations have demonstrated
the virus's multisystem impact, most notably impacting brain tissue. COVID-19 iliness may
indeed be associated with a variety of mental disorders, including post-traumatic stress
disorder, obsessive—compulsive disorder, anxiety, delirium, and depression, either directly
or indirectly. It has the potential to exacerbate pre-existing mental health problems or to
precipitate the genesis of new psychiatric diseases [L3]. Increasing COVID-19 instances,
elevated illness burden, and a lack of social support may all contribute to short-term mental
health concerns, while economic losses also present because mandated lockdowns could
have a long-term effect on people's mental health [ 14].
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Due to a global scarcity of frontline staff dedicated to containing the epidemic, several
governments have reassigned psychiatrists to critical care settings to handle COVID-19
patients. As a result, mental hospital outpatient departments were closed, resulting in a
massive increase in mental health dif culties in some countries. In these cases, imposed
lockdowns and restrictive restrictions regarding physical isolation have robbed many
patients of access to essential mental health treatment [L5].

The COVID-19 pandemic has highlighted underdeveloped health systems in low- and
middle-income countries (LMICs) and signi cant treatment disparities, at least in the area
of mental health. As a result of these issues, individuals with severe mental iliness die
earlier, have more physical ailments, and receive less medical treatment than the general
population [ 16].

Additionally, it is vital to educate the public in low- and middle-income countries on
the acknowledgment of mental health problems as diseases, the importance of social and
familial assistance, and the importance of avoiding social stigma of those who suffer from
mental health disorders.

Most neurological symptoms have been shown to develop early throughout the course
of the disease (in some studies, the median time to hospital admission was 1-2 days) [15,16].
Several individuals lacking classic COVID-19 manifestations (fever, coughing, anorexia,
and diarrhea) presented to the hospital with solely neurological manifestations, as in our
study. As a result of the impact of SARS-CoV-2 infection on neurological diseases, we must
closely monitor patients with COVID-19 for neurological symptoms, particularly those
with serious infections that could have led to their mortality. Additionally, during the
COVID-19 epidemic era, clinicians must include SARS-CoV-2 infection as a differential
diagnosis whenever meeting patients with these neurological signs to minimize late or
incorrect diagnosis and to limit the spread.

The purpose of this research was to provide a complete assessnent of neurologi-
cal symptoms related with SARS-CoV-2 infection and to detai | the course of disease
and outcomes of COVID-19 individuals who developed neurolo gical symptoms in
10 representative patients from Constanta Clinical County Hospital, which is situated
in a low—middle-income country. This work may provide critical new clinical information
on COVID-19, assisting physicians in raising awareness of its association with neurological
symptoms and diagnosis of COVID-19 infection in low- and middle-income countries.

It is particularly signi cant to note that, in our study, contrary to other studies, the
patients rstly presented with neurological features, and COVID-19 infection was subse-
guently discovered. Moreover, quick clinical decline or aggravation may be accompanied
with a neurological event, including stroke in patients with severe COVID-19, contributing
to the disease's high mortality rate. Additionally, doctors might include SARS-CoV-2
infection as a differential diagnosis when meeting patients with these neurological signs
during the COVID-19 pandemic period to prevent late diagnosis or misdiagnosis as well as
to limit the spread. To facilitate future clinical care, additional precise epidemiological data
and further pathophysiology ndings are required.

Global restrictions imposed to prevent and control the spread of a new COVID-19
wave resulted in a nancial crisis in LMICs, restricting access to food and other basic
requirements due to border closures. The combined consequences of poverty, climate
change, and the COVID-19 epidemic have exacerbated food insecurity in some LMICs.
COVID-19, thus, worsened an already-existing food crisis in these countries due to the
imposition of government restrictions and lockdown measures that restricted work options
and income.

Food insecurity is a major socioeconomic and public health problem in low- and
middle-income nations. It is associated with adverse health effects and a reduction in self-
reported health status, decreased micronutrient intake, fruit and vegetable consumption,
weight gain, and birth abnormalities. As with challenges experienced by other resource-
related issues (e.g., housing instability, energy uncertainty), inequality and poverty might
exacerbate nutritional de ciencies, illness, and disease management. Individuals who
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experience poverty have much worse health outcomes and less access to healthcare than
those who do not. Poor nutrition may exacerbate pre-existing illnesses, such as inadequate
glucose control in diabetic patients, nal renal disease in patients with chronic kidney
disease, as well as affect the treatment of other chronic diseases. COVID-1& presence
in LMICs has restricted access to healthcare and impacted attempts to treat, diagnose,
immunize, and monitor other infectious diseases. Food instability may further aggravate
health problems and expenditures for families with children that have speci ¢ healthcare
requirements, or for persons with disabilities.

A number of examples can be provided depicting the impact of the COVID-19 pan-
demic on LMICs.

Afghanistan's continuous struggle has created several dif culties for the country's
population. Afghanistan has seen a signi cant rise in food shortfalls because of its reliance
on neighboring nations during the epidemic [ 17]. Individuals attain food security when
they have continuous physical and economic access to an adequate supply of safe and
nutritious food that meets their dietary demands and preferences. Food scarcity, political
unrest, and the third wave of COVID-19 have made it impossible to obtain basic supplies.
Consequently, folks are forced to contend with the COVID-19 pandemic amid economic
collapse and despair. At this crucial point, worldwide efforts are essential to ameliorate
food security.

The growth in the number of instances of the illness has the potential to overwhelm the
health system, as does noncompliance with social distance measures and the introduction of
variants of concern in LMICs. This rise in the transmission curve may also create conditions
favorable for the emergence of further changes in the virus' structure and DNA. As a result,
genomic monitoring methods are essential to detect and describe these variants as well as
to determine if the vaccines against the virus that are currently in use are ef cacious.

The development of ef cient and dependable infectious disease monitoring systems is
critical for establishing a high-quality public healthcare system and reducing the mortality
rates in low- and middle-income countries. Monitoring helps facilitate the accessibility
of records and knowledge and decreases the burden and propagation of unfavorable
healthcare events. This allows for a rapid response in public health, ef cientimplementation
of methods and countermeasures, and a review of suggested treatments, the rapid detection
of new illnesses, promoting health security and stability for people living in LMICs.

Healthcare workers (HCWSs) have been critical in containing the pandemic and miti-
gating its effects. Increased working hours and frequent exposure to critically ill patients
have major consequences for the health and wellbeing of physicians, which have previously
been disregarded.

Infectious disease epidemics have always posed a threat to public health, especially in
Africa, where outbreaks have exploded in recent years [ 18]. Although several infectious
diseases have emerged in Africa, such as Ebola and certain other epidemic-prone infections,
insuf cient focus has been placed on the development of health surveillance systems.
The inadequacy of the region's healthcare monitoring techniques have only recently been
identi ed. Africa suffers from a shifting epidemiology of disease, a de cient healthcare
system, and a scarcity of resources. Only a vigilant monitoring system can ensure that
the best use of its available resources are made in an effective and strategically managed
manner. Measures are needed to rapidly detect potential public health threats. This could
be accomplished via the use of appropriate, ef cient, and lengthy surveillance methods.

Dengue fever is a serious public health concern in Africa [ 18 and the COVID-19
pandemic has exacerbated this concern. COVID-19 accelerates the transmission of a variety
of ilinesses, including Zika, yellow fever, measles, mucormycosis, Lassa fever, and HIV, as
has been seen in several nations on the African continent. The limits imposed in response to
the COVID-19 pandemic have resulted in the suspension of vector management initiatives
that aid in the management of these diseases. To avert further public health disasters,
urgent and interdisciplinary measures to dengue fever epidemic management in African
nations are necessary.
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COVID-19 cases have impoverished Nigeria's healthcare system and resulted in
additional neglect of persons suffering with mental illness [ 18]. In general, there is a
demand for equitable access to healthcare resources, but there is a need for adequate
attention and treatment for mental health patients, which is rising in Nigeria.

The COVID-19 epidemic has hit public health emergencies in Bangladesh, a low—
middle-income nation in South Asia. The resulting surge of sickness cases may generate an
overburdening of the health system. This rise in the contagion curve may also encourage
further alterations in the virus' structure and DNA. It is important to nd, monitor, and
characterize these polymorphisms and determine the ef cacy of existing vaccinations
against these variants.

India's healthcare sector is suffering signi cant dif culties as a consequence of the
lack of resources to combat the COVID-19 pandemic, with HCWs also suffering the conse-
quences [19). There is an urgent need to address these aws in the healthcare system to
provide a consistent and ongoing supply of high-quality treatments in India.

4. Conclusions

The neurological manifestations associated with SARS-CoV-2 virus infection are fre-
guent, with ischemic stroke being the most common, followed by hemorrhagic stroke
and neoplasia pathology. In this study, we included primary tumoral formations or sec-
ondary determinations. In a small number of cases, other disorders were identi ed, such as
myelitis, convulsive crisis, Guillain—Barre syndrome, paresthesia, paraparesis, myasthenia
gravis, multiple sclerosis, and Rasmussen's encephalitis. These could be related to the
in ammatory response or even the hypercoagulability caused by the virus, or simply to
the virus's cytopathic effect.

Another conclusion we can draw from the study is that the most affected age group was
found to be between 70 and 80 years, representing 58 of the total 150 cases studied, followed
by the 60—70 age group, with a total number of 40 cases, followed by the 80-90 year-old
age group, with 26 cases.

COVID-19 patients often have neurological symptoms. Throughout the duration of
the COVID-19 epidemic, health professionals must consider acute respiratory syndrome
SARS-CoV-2 infection as a differential diagnosis in the cases of patients with neurological
symptoms to minimize postponed or incorrect diagnosis and loss of the opportunity to
prevent and control additional transmission.

The study is limited and observational. More studies aimed at clarifying the neurolog-
ical complications associated with the infection with the SARS-CoV-2 virus are needed to
establish the physiopathological mechanisms.
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Abstract: The present study examines the efficacy of tango therapy on motor and non-motor symp-
tomatology in Parkinson's disease, as detailed in articles published over the previous four decades
(1980-2022). All data was collected using PubMed, Google Sholar, Web of Science, and Science Direct.
The present descriptive study outlines the advantages of tango in the rehabilitation of Parkinson's
disease's motor and non-motor symptoms. Numerous studies h ave been conducted to determine the
usefulness of tango for people with PD. Information from var ious research is critical for determining if
tango is a useful supplementary therapy for the variety of sy mptoms related to Parkinson's disease. The
purpose of this review was to describe the present state of research on this subject. Thus, the objective of
this review is to promote awareness of tango therapy's thera peutic benefits for Parkinson's disease.

Keywords: Parkinson's disease; tango; rehabilitation; Argentine tango; therapy

1. Introduction

Parkinson's disease is a degenerative neurological disorder that manifests with tremor,
bradykinesia, and postural instability. Whereas the typical age at diagnosis is 60, the
majority of those who are af icted are in their 70s and 80s. The condition is caused by
nigral and extranigral degeneration and manifests itself via a gradual decline in physical
functions, cognitive and psychomotor abilities, and also emotional and mood disorders [ 1].
People with PD face a decline in their capacity to do everyday tasks, social exclusion, and a
decline in their life quality [ 2].

Dance represents a multifaceted activity that stimulates the auditory, visual, and sen-
sory systems, as well as provides opportunities for musical experience; social engagement;
memory development; motor learning; and affective observation, expression, and interac-
tion [ 3]. Numerous uncontrolled studies show that people with Parkinson's disease are
enthusiastic about attending dancing classes on a consistent basis, exhibit high compliance,
and have a proclivity to continue participating after the study is over [ 4].

Tango contains various features of movement that might be particularly bene cial
for those with Parkinson's disease. When individuals dance tango, they are involved
in a multitasking activity that needs dynamic balance and includes turning, initiating
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movement, and moving at a range of velocities that frequently reverse in close proximity to
a partner.

Our analysis obtained articles from the following electron ic scientific resources: PubMed,
Google Scholar, Web of Science, and Science Direct. Betweerd980 and 2022, pertinent
English publications were discovered using the terms “tang 0", “tango dance therapy”, and
“Argentinian tango” in conjunction with “Parkinson's ilin  ess” and “Parkinson's disease
symptoms”. One hundred articles were chosen through databa se searches. The search
was manually supplemented with references from current stu dies and case reports. The
titles of the documents were checked for accuracy, and dupli cates were omitted. In total,
215 articleswere identified; 31 articles were excluded after full-text screening; and 84 articles
were excluded because they were duplicates. Publications from the scientific literature on
tango and Parkinson's illness met the eligibility criteria .

Reference lists from identi ed literature were manually searched for completeness
by the authors to con rm content relevant to tango dance therapy in Parkinson's disease
patients. Studies were included in this review if they met the following eligibility criteria:

(1) written in English; (2) type of article being an original article, review, or case report;
(3) patients participating in the studies being diagnosed with Parkinson's disease; (4) no
external intervention during the experiment of the study involved; (5) a lot of patients with
Parkinson's disease only performing tango therapy as an alternative therapy at the time
of the study; and (6) the patients with Parkinson's disease included in the study to not be
diagnosed with dementia and psychiatric disorders.

Studies were excluded if they met the following criteria: (1) citations and patents;
(2) written in a language other than English; (3) abstract papers with no data; and (4) the
alternative therapy to be any other type of dance therapy other than tango or Argentinian
tango. The search results were analyzed, and the important material is given in this paper
as a narrative review.

2. Parkinson's Disease Motor Features

Usually, a person who is unhealthy is assessed medically. The body is seen as an
“object” with quanti able morphology, physiology, and pathology. Those metrics are
used to determine if a person is “ill” or “healthy”. Typically, no extra evaluation of an
individual's perspective of the physique is made; nevertheless, this is necessary for a far
more thorough picture of the body. The body is a personally perceivable reality with
physically perceivable knowledge, feelings, and experiences in this situation. Past years
have seen an explosion in raised attention and scholarly understanding of the relationship
between the body and self-awareness. Body awareness, as de ned by Mehling et al. [5],
is recognized as the most critical common feature in body and mind treatment. Thus,
awareness is permeated by the subjective, experiential part of body awareness and self-
perception, which is malleable enough to vary as a function of cognitive functions such as
attention, comprehension, judgment, ideas, recollections, conditioning, perspectives, and
their effects. Additionally, owing to its effect on motor function [ 6] and its relationship
to variations in motion patterns, body experience is critical for competence in everyday
regular tasks [7]. Perceivable, intellectual, affective, or motor experiences of the body are
all possible. Psychodynamic therapy and psychiatry are elds of study that focus on the
impacts, modi cations, and repercussions of (troubled) bodily experiences [ 8]. The unique
relevance of bodily experience is in its role as a determinant of the experience of illness. It
may manifest as a physical symptom (e.g., a disordered body image in individuals with
disordered eating) or as physical sensations or judgments. Whereas somatic disorders are
associated with pathologic changes in the organism and thus in the body experience, the
study of body experience remains a small sub eld within the eld of physical diseases. For
example, during an iliness (body feelings), the sense of “being secure with one's own body”
or of physical well-being changes [ 9].

Patients with PD exhibit major alterations in their proprioception and other elements
of bodily experience. It might have a detrimental effect on the individual's well-being or
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might result in an estrangement from one's own body, wherein one's personal motor activity
is seen as autonomous, correlating to a disruption in one's body image. Individuals with
Parkinson's disease lose faith in their own bodily functions, which become progressively
unreliable as the condition develops. Fright of falling (body sensation) and additional
awareness of functional actions might induce additional tiredness and pain.

The most visible motor sign is the tremor. In the majority of instances, it is a resting
tremor, unilateral, and most noticeable in the distal portion of the limb, and it subsides with
movement or sleep. Rigidity is induced by an abnormally high rate of muscular activity [  10].
As with tremor, it is frequently asymmetrical and is a common source of arthralgia, which
could be a precursor to this condition [ 11]. Akinesia (or bradykinesia) is a term that
refers to the sluggishness and dif culty associated with the entire movement process,
including planning, initiating, and executing movement. This condition is particularly
bothersome while doing everyday duties such as dressing or writing. Individuals with
Parkinson's disease typically have fewer issues with movement whenever an external
signal is presented [12]. Postural instability and a tendency to fall are two more common
and important symptoms of Parkinson's disease that get worse over time [ 13,14)].

Individuals with Parkinson's disease often have more trouble turning during mo-
tion than they do while walking on a straight path, which puts them at a higher risk of
falling. Such falls are eight times likelier to lead to a hip fracture compared to falls when
walking normally [ 15]. Turning may also result in freezing during walking. Freezing,
a frequent complication affecting 53% of individuals with Parkinson's disease for more
than 5 years [16], also happens at gait initiation and while going through doors or other
restricted places [17]. Individuals with Parkinson's disease frequently have trouble walking
while doing two tasks [ 18-20].

3. Parkinson's Disease Non-Motor Features

Dysfunction of cognition, thinking, emotions, behavior, and speech are all examples
of nonmotor symptoms. Executive dysfunction, attention problems, slow cognitive speed,
trouble remembering information you've already learned, and visuospatial problems are
the most common types of cognitive impairments [ 21,22).

Whenever people with PD are required to walk while doing additional activities,
including mental arithmetic, their gait speed, stride length, and gait stability all decline.
Decreased functional mobility may result in reduced self-esteem, depression, withdrawal
from activities, and a diminished quality of life [ 22].

The primary motor predictor of low quality of life (QoL) is established as balance
impairment [ 23-25]. Falling, stumbling, and trouble rotating as a consequence of postural
instability are found to be signi cant [ 26]. Around 70% of individuals experience falls,
which can lead to devastating repercussions, including fractures [ 27] or stigmatization as
a result of the shame associated with falling in public [ 26]. Fear of falling may prohibit
individuals from participating in outside activities, thereby reducing their quality of life.
Timed Up and Go performance (a straightforward test involving both dynamic and static
balance) was shown to be a good determinant of QoL [28]. Balance enhancement is
regarded as one of the most critical outcomes for determining if a treatment is effective and
ef cient [ 29]. Gait problems and unfavorable drug effects are two more motor issues that
have an impact on overall life quality [ 30].

Tango, being one of the most investigated dance styles in terms of balance in Parkin-
son's disease, is claimed to be quite bene cial for increasing quality of life. It places balance
and gait training in an atmosphere conducive to social contact and intimate collaboration
with a partner [ 31]. A non-randomized experiment of short and intense tango classes has
shown that they greatly improve balance, but not gait [ 37]. In evaluating the bene ts of
tango and traditional exercise on healthy senior citizens and senior citizens with Parkin-
son's disease, only the PD tango group improved all parameters of balance, falls, and gait in
a randomized control trial research. Additionally, the PD tango group had greater balance
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con dence compared with the PD exercise group. Both groups expressed high levels of
satisfaction with their tango practice and with the entire therapy [ 33,34].

4. Theoretical Improvements of Tango Therapy in Motor Features of PD

Music has been shown to stimulate certain brain circuits involved with emotion,
suggesting that it may help to alleviate stress and improve social interactions [ 35]. In
a randomized controlled trial of tango over 2 weeks (meeting 1.5 h and four times per
week) with middle-aged adults who self-reported symptoms of anxiety and depression,
massive changes in their symptoms were observed at the post-test and were preserved at
the 1-month follow-up, and similar improvements were observed in the same cohort after
8 weeks of tango dancing [3€].

Due to the fact that social dance frequently requires periodic gatherings to practice
in couples or groups to learn skills and/or to enjoy the activity, dancing could foster col-
laboration, which could result in the development of social contacts and more community
participation. Additionally, treatments that include self-expression, including emotional
and physical, could be particularly bene cial for treating mental and motor symptoms as-
sociated with aging correlated morbidity. Treatments that enable patients to regain control
of their bodies and engage in intensive social engagement have been found to improve
quality of life [ 37].

In Parkinson's disease rehabilitation, attention has shifted to related cortical regions in
an attempt to correct for de ciencies in dopaminergic and non-dopaminergic circuits and
to improve gait quality [ 38].

The argument would be that the striatum provides phasic signals to the supplementary
motor area (SMA), which is capable of activating and deactivating every sub-movement
inside the movement sequence, including for their ef cient implementation [ 39]. In Parkin-
son's disease, malfunction of the striatum may result in the loss of internal gait rhythm,
resulting in their typical gait problems.

Sensory stimuli seem to be an effective method to enhance gait in Parkinson's disease
(PD) by compensating for dopaminergic, or maybe nondopaminergic, de ciencies [ 39].
Nevertheless, several forms of audio cueing may offer an external rhythm that compensates
for the striatum's dysfunctional inner rhythm in PD [  39]. Additionally, some visual cues
may aid in gait improvement. As a result, sensory cues may be used as a rehabilitation
method for people with Parkinson's disease [ 40].

Tango is a style of dance that incorporates external signals, movement tactics, and
balancing exercises §1]. There is proof of enhanced putamen stimulation throughout
regular, metric-rhythm movements, such as those seen in tango dancing [42]. Additionally,
a change in cortical engagement in healthy tango dancers was observed, with greater
ef cacy in the premotor region and supplementary motor areas throughout the anticipated
sequence of dancing movements [43]. Audio signals are considered to skip the striatum and
directly enter the supplementary motor area via the thalamus or the premotor cortex via
the cerebellum [43]. Tango could provide a substantial impact on displacing affected motor
pathways in Parkinson's disease. Movement problems are exacerbated in PD patients when
they are doing a secondary activity concurrently, and it is well established that multitasking
exercises may enhance their decreased motor performance. Certain dances, such as tango,
provide an excellent opportunity for multitasking. Additionally, it has been shown that
patients truly like this type of tness routine, which has a high adherence (>90%), and
realize that they are capable of doing activities further than the limitations imposed by
Parkinson's disease [43].

Consequently, in the past few years, the science world has shifted the focus of rehabili-
tation for individuals with Parkinson's disease away from treatments with dubious results
and toward approaches focused on cued tactics and cognition. The next step along this
path was to recognize the value of mixing goal-directed physical exercise with emotional
rehabilitation, paving the way for the adoption of non-traditional therapies including tango,
especially Argentinian tango.
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Tango dance can meet several of the essential categories listed as critical for a training
regimen tailored for people with Parkinson's disease [ 44]. To begin, dancing is a musical
practice that may serve as an extrinsic trigger to increase the initiation and quality of motion,
which is a critical component of a Parkinson's disease rehabilitation program. Furthermore,
people must concentrate on their partner's motions, complete synchronization, stepping
tactics, and motion aesthetics [45].

Dance, in particular, could be useful for those with Parkinson's disease. Current data
indicates that basal ganglia, the areas most af icted by Parkinson's disease, are engaged,
especially in the regulation of dance movements. Brown et al. [ 42] utilized positron
emission tomography to investigate the brain areas associated with the regulation of tango
movements of a particular lower limb in supine healthy people. While tango motions were
done to a metered beat in a predictable pattern, they observed signi cant growth in the
basal ganglia, notably in the putamen. At the moment, the usefulness of this information
for people with Parkinson's disease is unknown. Because tango motions stimulate basal
ganglia function, the advantages of tango, like most dances, need movement coordination
to a rhythm. Utilization of auditory cues to aid mobility is recognized to be useful for
patients with PD.

Apart from the precise moves, tango, like other dances, requires synchronization of
movement to music. External acoustic cues could be provided through music. Use of these
signals to aid movement has been shown to be advantageous for those with Parkinson's
disease j46-48]. External cues have the potential to contact cortical circuitry, bypassing the
malfunctioning basal ganglia [ 49].

Additionally, training using auditory cues may help alleviate the intensity of freez-
ing [50]. Auditory signals may be able to circumvent the faulty circuit connecting the
striatum with the supplementary motor region through the thalamus, which is generally
employed for internal cued movements [ 51]. Auditory signals might contact the premotor
cortex through the cerebellum, according to research [52]. The utilization of rhythmic sig-
nals from music could therefore be a critical aspect of dancing as a therapy for people with
Parkinson's disease. Indeed, music therapy has been shown to enhance motor function,
daily living activities, mood, and life quality in people with Parkinson's disease [ 53].

Various research have shown the ef cacy of various techniques and revealed bene cial
bene ts on motor function, health-related quality of life, balance, leg strength, postural
instability, bradykinesia, and walking [ 54]. While regular participation in physical activities
is required to produce bene cial treatment outcomes, people with Parkinson's disease
frequently lower their exercise intensity due to reduced mobility, concern of falling, or poor
achievement goals. Along with mind—body medicinal techniques to exercise, including
Qi Gong or Tai Chi, dancing has been suggested as a suitable intervention [55]. Music-
based movement therapy for Parkinson's disease patients naturally integrates cognitive
movement tactics, cueing techniques, balancing exercises, and physical exercise$6]. This
may provide a greater incentive for long-term engagement than standard tness training.

Along with medication, physical therapy has been shown to be useful in controlling the
symptomatology of PD. Traditional physiotherapy, treadmill training, cueing, techniques
for elaborate motor sequences, massaging, martial arts, and dancing have all been found to
be useful in regaining stability, and life quality, at least temporarily [ 57,58].

Tango dancing could face various management problems, such as learning tango
teachers to develop in a healthcare setting, locating an adequate location for dancing,
planning an opportune setting for every attendee to participate, and tolerating potential
time delays due to the respondents' mobility impairments. A feasible way to circumvent
the limits outlined before would be to create a system that can be completed from home
and yield comparable results. By completing motor exercises at home according to de ned
protocols, it is possible to maintain the continuation of the rehabilitation program, leading
to lower national health expenses. Various physical-therapy treatments using “at-home”
regimens for individuals with Parkinson's disease have been suggested, including a public

tness routine [ 59|, kinetic-based physiotherapy [ 60], and a customized occupational
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therapy plan [ 61,62]. Every one of these strategies has been demonstrated to be healthy
and to increase self-con dence in everyday tasks.

Tango treatment offers a high level of patient compliance since it is conducted to
music and participants move in time with the music. Tango treatment, for instance, is an
excellent treatment method for correcting the features of Parkinsonian gait with freezing
and festination since the patient is instructed or encouraged to conform to the music's
regular rhythm. Furthermore, tango treatment is assisted by music and has the therapeutic
advantages of music. The tango method, in many respects, is much more than a dance.
The Tango method is also a kind of physical therapy, since tango motions are composed
of many basic tango moves that engage the majority of the muscle system. Thus, tango
has the impact of multiple physical treatment techniques being applied concurrently to the
entire body, which is not possible with any other kind of physical therapy now available.

5. Theoretical Improvements of Tango Therapy in Non-Motor Features of PD

Parkinson's disease is the second most prevalent neurological illness among adults
over the age of 60. A dysfunction of the basal ganglia results in serious motor and non-
motor symptoms. Additionally, the condition is linked with  major psychosocial impairments
and a decline in quality of life [ 52]. Non-motor symptoms and psychosocial factors have
a substantial impact on quality of life [ 52]. Given the demographic changes now occurring
in the western industrialized world, it is reasonable to ant icipate a significant rise in PD
during the next several years. Although there is widespread recognition of the relevance
of non-motor symptoms and psychosocial variables, therapy for Parkinson's disease has
traditionally concentrated only on motor symptoms. Itis on e of the causes behind the present
rise in popularity of “holistic” alternative treatments. A ccording to a 2001 study of US clinics,
around 40% of people with Parkinson's disease might benefit from alternative therapy [ 63).

Regarding conventional PD treatments, it is known that while dopamine-receptor
agonists or deep brain stimulation might alleviate PD symptoms, they might well have
adverse consequences, including drug-induced dyskinesia and medical complications [ 64].

There has been a surge of interest in non-pharmacological therapy in recent periods,
particularly the impact of movement in general, and dancing in particular, on people
with Parkinson's disease. Various recent reviews [ 45,65-67] document dance's impacts on
physical functioning and also cognitive and psychological results, including depression
level, pleasure, and well-being.

Dance has been extensively studied in senior individuals, demonstrating that this
relatively low-impact type of physical exercise improves balance and cognition [ 68].

Apart from its impacts on gait and balance [ 69-74], tango has been shown to improve
quality of life [ 4], as well as individual and interpersonal activities [ 75]. Other observations
are supported by a survey conducted by Quiroga Murcia et al. [ 76,77] on the advantages
of dancing among adults; respondents described how dancing improves emotional and
physical areas of health, and also spiritual and social domains, most notably self-esteem
and coping techniques [77].

Meta-analyses and review articles [41,78-80] all concur that Tango had the greatest
in uence on enhancing gait, balance, and QoL for people with Parkinson's disease.

Recreational dancing in a social context has been shown to increase motivation in
older people [81]. Patients over the age of 65 who have shown sustained engagement
in social dancing had improved balance and gait function compared to age-matched
nondancers [82]. Activities that interest and attract older adults are necessary, since roughly
60% of Americans over the age of 65 do not meet the daily recommended level of physical
exercise B3]. Patients with PD had even lower levels of activity, around 15% less than
age-matched controls [84].

Tango lessons' social contact, social support, and social in uences very certainly
had a good impact on participation as well. In a group context, behavioral models, the
formation and enforcement of social nhorms about health-promoting conduct, and the
development of social networks would all be possible in a group context [ 85]. Indeed,
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multiple studies found that members of the tango group engaged in social activities outside
of class, such as attending concerts, the symphony, and social dances. On an individual
basis, the involvement of a companion may also have aided people with PD in getting
more con dent pushing oneself in the challenges inherent of movements [ 45], therefore
facilitating mastery experiences, a main source of self-ef cacy [ 86]. The increases in self-
ef cacy that might happen during the tango classes may have carried over into everyday
life, promoting the interest in participating in additional or novel practices, reattempting
previously abandoned activities, or dedicating the motivation and engagement needed to
sustain one's existing activity level.

Patients with Parkinson's disease who were motivated to exp eriment with alternate
movement methods using dancing showed improvements in neur ological state and movement
initiation [ 87]. Tango, like other treatments, necessitates balance and a awareness of motion
control. Tango, on the other hand, is distinct from other com plementary movement methods
because it is conducted with a companion in a context that enc ourages social inclusion; it is
also dynamic by the fact that the attendee is constantly lear ning; and finally, it is executed to
music that can interact with the attendee in addition to acti ng as an exterior signal.

In healthy individuals, dancing has been shown to enhance alertness shortly after-
wards [ 88]. On either hand, the research is devoid of research examining the repercussions
of tango dancing on people with Parkinson's disease, apart from a single case study ex-
amining the effects of transcranial direct-current stimulation on core motions and gait
throughout tango dancing [ 89].

According to subjective experiences of patients, dancing seems to be a bene cial and
joyful therapeutic exercise for older and physically challenged individuals in terms of
physical, mental, and emotional well-being [ 90]. It was also found that dancing improves
quality of life, increases program compliance, and improves cardiovascular health in adults
with chronic heart failure [ 91].

Participating proactively in the formation of compensating actions resembles the
sensation of recovering bodily control deliberately. This was seen by participants as an
improvement in communication connecting “body and mind”, which is especially impor-
tant for those with PD who suffer a lack of autonomy of their motor abilities as a result of
motor symptoms, impairing their quality of life [ 92,93]. As a result, it can be hypothesized
that active engagement in the formation of compensating motions can promote an effec-
tively experienced and problem-solving coping behavior that correlates favorably with
an increased feeling of well-being. One aspect that could aid in the development of new
motions and body control is the acknowledgment of one's own limits.

Concerning biomechanical results, there is a shortage of published results owing to the
fact that, although there has been usage of kinematic parameters, biomechanical measures
were just lately included in a collection of reference index data for Parkinson's disease
patients [94]. Considering these facts, the most intriguing biomechanical modi cation
seen after 4 weeks was an enhancement in pelvic rotation in 3 of 10 individuals. The
development might be attributed to the elevated posture enforced by tango dancing.

6. Studies from Literature

Findings suggest that dancing may potentially be utilized therapeutically to success-
fully target balance and complicated gait problems in healthy older persons [ 95]. Among
senior persons, dance/movement therapy has been advised to help them improve or
maintain their range of motion [ 96]. Dance/movement therapy has also been shown to be
an effective therapeutic approach for people with Parkinson's disease. Advancements in
movement starting were seen in a group of patients with Parkinson's disease who engaged
in free-form movement [ 87].

According to the American College of Sports Medicine, the advantages of intense
exercise may be obtained with three to ve 20—-60 min sessions each week. Short, intense
bursts of tango dancing that achieve these qualities may represent an effective kind of
endurance training, according to the same recommendations: 1.5 h a day, 5 days per week,
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for 2 weeks may enhance balance, gait, and mobility. Despite the rigors, patients stayed
enthusiastic, and one experiment had a drop-out rate of just 14%. This rigorous program
had the added bene t of surpassing 180 min per week, the minimal amount of exercise
required for various forms of exercise to have a substantial in uence on habitual gait
parameters in older adults [ 45].

Researchers have observed improvements in patient posture, walking, speech, and
UPDRS items, indicating that this type of dancing could have an effect on axial symptoms,
particularly in PD. The advantages reported following regular tango classes are comparable
to those reported following this home programme [ 97], and they may be attributed to the
impacts of the music's particular tempo [ 98], to the creation of motor techniques throughout
dancing [99], and to social/psychological impacts [ 66].

Nevertheless, scienti ¢ data demonstrating the ef cacy of complementary therapy in
people with Parkinson's disease is quite scarce. Kwok et al. conducted a meta-analysis
in which they incorporated nine pieces of research on the impact of various alternative
treatments into a quantitative review [ 100. Tai Chi, dancing, and yoga all had a substantial
favorable impact on functional mobility and motor clinical signs as judged by the Uni ed
Parkinson's Disease Rating Scale (UPDRS).

A systematic review and meta-analysis of studies on tango and Parkinson's disease [65]
demonstrated that it had highly significant favorable impa cts on motor severity, as evaluated
by the Unified Parkinson's Disease Rating Scale (UPDRS), ard on balance and gait. One mech-
anism through which tango could enhance postural technique s in patients with Parkinson's
disease is through the stimulation of complementary motor a reas via a motor imagery effect,
such that simply training to visualize tango dance results i n a growth of active bilateral motor
areas throughout locomotor imagery [ 101]. Additionally, tango dancing enables PD patients to
design and then perform novel dance schemes that synchronize their trunk and limb motions,
resulting in the recovery of executive cortico-subcortica | output [ 32].

The commonly used life quality assessment for persons with Parkinson's disease, the
PDQ-39, assesses the bodily experience solely indirectly via mobility, daily competency, and
physical complaints. Schrag et al. [62] showed that people with PD performed markedly
lower on such scores than those without PD. Holmes and Hackney [ 107 conducted an
investigation to ascertain the perceived effect of participating in a modi ed tango class on
the quality of life of 16 people with Parkinson's disease. The ndings imply that when
delivered in an organized setting with expert training, modi ed tango can enhance abilities
for everyday tasks and lead to an improvement in QoL. The research examined body
awareness, body control, social advantages, and dissatisfaction inside the context of quality
of life, but did not concentrate on patients' bodily experiences.

An intense study of contemporary dance for 11 persons with initial phase Parkinson's
disease similarly showed improvement on the Fullerton Advanced Balance Scale but not
on the Timed Up and Go test [ 103. When the effects of partnered and unpartnered dancing
on balance and mobility were compared, both groups demonstrated increased balance and
walking ability. Nevertheless, exclusively coupled participants showed greater satisfaction
with lessons and a desire to continue [45]. Although dance events have been shown to
enhance movement patterns in PD patients, uncontrolled research found no change in
the Timed Up and Go and semitandem tests. While dance therapy has been shown to
enhance QoL not only in patients, but also in caregivers [ 104, it also has a favorable impact
on participants' attitudes, reduces apathy and despair, and enhances neuropsychological
function [ 10510€¢]. Besides the physical advantages, Parkinson's disease (PD) patients who
attend dance lessons claim socio-emotional advantages as well [LO7].

Similarly, the majority of research on Parkinson's disease patients employed semi-
guantitative ratings from specialized assessment scales (for example, the Berg Balance Scale
and the Timed Up and Go test), while just a handful used three-dimensional gait analysis.
Hackney et al. reported an increase in the proportion of time spent in stance ortostatism
during forward walking [ 39] and cadence [45]. Therefore, among all the spatiotemporal
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factors, the cadence is perhaps the best indicator of tango's impact, which is presumably
owing to the melodic rhythm's impact.

According to Aguiar et al. [ 10§, dance therapy might improve the mobility and quality
of life of patients with Parkinson's disease. Numerous studies indicate that Argentine
tango could have a rapid training impact on motor symptoms in those with Parkinson's
disease. Lotzke et al. 9] review summarized the ndings of the research and discovered
a considerable increase in motor function. Nevertheless, no considerable reduction in
the incidence of the freezing gait symptom was detected; also, no substantial change was
seen using the Six Minute Walk Test in four considered investigations. The ndings are
similar to research on the effect of dance therapies on motor symptoms associated with
PD generally. For instance, Sharp and Hewitt's [ 80] meta-analysis revealed that dancing
generally improves UPDRS motor symptoms, equilibrium as evaluated by the Berg Balance
Scale, and walking speed.

In a study by Rawson et al. [ 109 that examined tango, treadmill walking, and stretching,
they reported that only the treadmill cohort increased forw ard and backward velocity, but not
the tango group. Further research examined tango to tai chi as an active control and found no
significant improvement in the quality of life or subjectiv e wellbeing of PD patients [ 11d.

Nevertheless, the majority of research focuses on motor symptoms, with few exam-
ining the impact on well-being and non-motor symptoms [ 100. There is evidence that
TA has a bene cial impact on tiredness and active engagement in moderate-intensity ex-
ercises 34,75]. Numerous research studies [34,65,111] and individual situation research
have demonstrated a bene cial effect on wellness quality of life [HRQoL], as evaluated by
the PDQ-39. Hackney and Earhart [117] showed a substantial in uence on the PDQ-39's
mobility, peer assistance, and PDQ score. The above impact was seen following tango
dancing in 2009, while no impact on HRQoL was observed following Tai Chi or Foxtrot.

Hackney and Earhart [ 117 discovered that a 10-week dance program increased active
balance, gait velocity, and cadence in adults with mild to severe Parkinson's disease. This
was signi cant for both non-partnered and paired dancing, although the paired dance
group reported more satisfaction and desire to continue the program.

McKee and Hackney [111] demonstrated that 12 weeks of community-based Tango
classes enhanced spatial cognition, balance, and executive functioning, while also reducing
illness severity when compared to the controls undergoing educational sessions.

McKee et al. [117 and Romenets et al. [34] were unable to replicate these ndings. Two
research studies that examined the impact of tango on depressed symptoms and apathy
constantly found no signi cant differences [ 34,75]. Additionally, TA's impacts on cognitive
function were equivocal. While McKee et al. [ 111] discovered a considerable shift in the
spatial imagination's mental function, Romenets et al. [ 34] discovered just a tendency in
this shift. The tendency toward improved mental function is bolstered by the ndings
of recent research conducted by DeNatale et al. [113], which discovered a considerable
increase in mental function (attention and executive functions).

According to Holmes and Hackney [ 107, research involving 16 people with Parkinson's
disease demonstrated tango might “enhance abilities for in volvement in everyday activities”
and, in this way, enhance the standard of living. Zafar et al. [114] observed that modified
tango enhanced “some areas of engagement,” most notably sodal life. Albanietal. [115
evaluated 4-day home workouts combined with tango dancing | essons over a 5-week period
and observed improvements in motor performance, kinematic function, and life quality.
Koch et al. [116 observed that one (90-min) tango session improved patient s well-being and
bodily self-efficacy while also improving the quality of th  eir moves and other aesthetic appeal.
Therefore, although some data indicate that various life qu ality markers might increase, little
is documented about how TA therapy can affect the bodily expe rience of PD patients.

McKee et al. [117]] reported that 23 persons with mild-to-moderate PD engaged in 30 h
of customized tango and showed improvements in balance, spatial cognition, executive
function, and disease severity when compared to a control group. At 10-12 weeks post-
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treatment, the tango group demonstrated improvements in illness severity and mobility,
with bene ts maintained.

In McNeely et al. [ 117] paper, Parkinson's disease patients participated in tango
dancing and a class structured after the Dance for PD program. Both patient groups
showed comparable improvements in balance and mobility measurements. Additionally,
the tango intervention group had more signi cant improvements in motor sign severity
and functional mobility.

According to Peter et al. [ 118 paper, the tango group with Parkinson's disease exhib-
ited a substantial decrease in fall risk when compared to the control group. Additionally,
tango dramatically enhanced gait performance in their limited study.

According to the Romenets et al. paper [34], Argentine tango may bene t patients
with Parkinson's disease in terms of balance, functional mobility, and satisfaction with
treatment, with perhaps small advantages for cognition and fatigue.

Seidler et al. [119 examined group tango instruction via telerehabilitation in their paper.
Twenty-six individuals with mild to severe Parkinson's dis ease were randomly assigned to
a Telerehab or an in-person training group. Both groups met t wice each week. Both groups
improved considerably in terms of balance and motor symptom severity over time.

Telerehabilitation, or the delivery of rehabilitation therapies remotely using telecom-
munications, has been explored lately as a method of overcoming hurdles and increasing
compliance in a variety of patient groups, with promising results, especially being ben-
e cial in the pandemic period [ 120-127). Telerehabilitation techniques resulted in gains
equivalent to in-person therapy and high engagement with a walking program for patients
with Parkinson's disease [123124].

Nevertheless, other studies consider the potential disadv antages of tango, such as the
demand to learn precise moves and the fact that certain patients may be uncomfortable
dancing with the technique required by tango. Researchers recommended a more impro-
vised style of dancing that might give a more approachable te chnique while retaining the
utilitarian and social aspects of tango. Contact improvisa tion dance shifts the dancer's
emphasis away from apparent presentation and exact movement patterns and toward non-
verbal communication and feeling. Contact improvisation d ance tests an individual's ability
to respond to unexpected movement caused by tactile connection with a dance partner. In
one uncontrolled trial, contact improvisation dance demon strated statistically significant
benefits on a variety of balance measures and tests. Furthemore, PD dancers stated a high
level of satisfaction and a decision to join future contact i mprovisation dance lessons [125].

Argentine Tango

Argentine tango (AT) exposes people with Parkinson's disease to the unique restric-
tions imposed by movement and physical impairments, resulting in a more conscious
perception (and “neutral' acceptance) of their motion shortfalls. That can be linked to poor
feelings of irritability and traumatic events, particularly at the start. Nevertheless, AT
creates a basis within which dancers may create corrective or compensating motions that
result in enhanced mobility and pleasurable bodily feelings while dancing.

There are a variety of methods wherein Argentine tango may have a bene cial effect
on activity engagement in people with Parkinson's disease. As a kind of physical activity,
it assists individuals with Parkinson's disease who have movement dif culties and might
delay disease development [73]. That might lead to higher capability for everyday function
and involvement. Notably, advanced tango sessions include characteristics that might
improve participation in a way that regular exercise does not. Tango, for instance, needs
working memory, attention management, and multitasking in order to combine recently
taught and recall dance parts, maintain rhythm with the music, and move around other
dancers on the dance oor. Self-initiated motions and motor planning are required for
lead, whereas analyzing and reacting properly to the leader's physical cues is required for
follow [ 126. Such cognitive dif culties can enhance everyday effectiveness and lead to
higher or sustained engagement.
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AT may also serve as a substitute for more standard physical education modalities.
Supposedly, this kind of dancing may be especially bene cial for people with Parkinson's
disease, since it presents combined physical and cognitive demands. Additionally, the
aerobic character of the activity, even at a modest intensity, might result in a certain increase
in exercise intensity [73]. A randomized controlled study of community-based dance
examined a cohort of Parkinson's disease patients who attended 1-h tango sessions twice
per week for 1 year compared to a group of PD patients who did not get any exercise
intervention. Motor symptoms decreased signi cantly in the tango group but remained
constant in the control group. The tango group's stability and gait ratings were much
higher and increased with time. Additionally, balance deteriorated in controls with time,
but it enhanced in the tango group; no variations in freezing of gait were seen between
groups, but the 6-min walking distance improved in the tango group and dropped in the
controls. Upper extremity function increased markedly in the tango group in comparison
to the control group. Furthermore, there were no considerable differences in everyday
activities across the groups [73].

Numerous studies have shown that Argentine tango, a music-based dance therapy, is
effective for improving functional ability, life quality, equilibrium, lower extremity power,
postural control, bradykinesia, and locomotion in people with PD [ 34,65,127.

Individuals should concentrate on stepping technique, motor control, and sensorial
awareness in Argentine tango. Also, dancers should observe their partner, course of motion,
surrounding dancers, and the quality of the dance [ 117. When learning Argentine tango,
learners understand how to create with spontaneous emotions, steps, and movements. In
comparison to other dances (such as the waltz or foxtrot), the Argentine tango features a
broader variety of rhythms [ 4]. Given the absence of negative effects, Argentine tango can
be recommended to patients with PD [ 111].

Argentine tango is correctly reported in research examinin g the intervention's efficacy
and effectiveness in persons with PD. The research, on the oher hand, may be improved. The
therapy influences the key regions that physiotherapy targ ets in patients with PD [ 128. The
Argentine Tango dancing program, which was created to fit th e talents and balance constraints
of persons with PD, is the most studied and effective interve ntion currently available.

Recently, there has been an increase in debate among academics and dance artists
on the bene ts of Argentine Tango as a music-based movement therapy for people with
Parkinson's disease [79,129. At the same time, AT can increase spatial cognition since
participants can acquire spatial postures and basic pathways throughout dancing courses,
which must be retained, recalled, and re-used [ 111]. Nevertheless, patients are not required
to remember or follow intricate step sequences; instead, it is critical that people learn to
freestyle with natural responses, steps, and motions to the music. In contrast to other
dances that include less rhythmic variation (e.g., the Waltz or Foxtrot), AT incorporates
rhythmic variety [ 4].

Participants that engage in AT should concentrate on a variety of factors, including the
partner's motions, entire synchronization, stepping techniques, and the aesthetic elements
of movement [ 117]. Additionally, tango utilizes external inputs that might result in more
uid movements [ 130. Additionally, physicians could be inclined to recommend AT to PD
patients due to the absence of adverse effects L 11].

AT may signi cantly enhance the quality of life of persons with Parkinson's disease
by easing more than just physical symptoms [ 131]. Providing strategies that enhance
patients' social networks and also boost their self-esteem could be critical for promoting
emotions of well-being in people with Parkinson's disease [ 137. Once patients feel a
sense of accomplishment as a result of learning speci ¢ dancing skills and their dancing
partner stays in the course, participants can notice an increase in self-ef cacy, self-esteem,
and enjoyment. Additionally, McNamara demonstrated the importance of individual and
family relations in life objectives for patients with PD [ 133. Nevertheless, the majority of
present rehabilitation programs place little or no emphasis on this subject [ 133. Dancing
with a partner has been shown to improve social and personal interactions whilst still
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improving physical limitations such as axial impairments and dynamic stability [ 31]. Every
move in AT is slow and close to the dancing partner. He/she gives stability by assisting
those with PD who are uneasy due to their unstable and motor affections with their balance
via the use of their body. Furthermore, AT can speed the acquisition of motor skills [ 45,12€].

Jacobson et al. [ 3] revealed early ndings on the effects of Argentine tango classes
on clinical parameters of balance and gait in fragile older adults compared to walking.
Researchers observed that the tango group improved more in terms of balance and dif cult
gait tests than the walking group. This shows that tango's movements and sequences could
be just as bene cial as strength/ tness training in correcting balance and gait problems.

AT might just have a beneficial effect on the body experience of people with Parkinson's
disease through increasing body awareness, body control, and acceptance of illness loads.
Body awareness could be critical as an integrated activity f or improving body experience in
people with Parkinson's disease. TA provides a framework fo r dancers with Parkinson's
disease to produce corrective or compensating motions that result in enhanced mobility and
good bodily feelings while dancing. According to the practi cality of new dance techniques
and tango walking, they may indeed be intentionally practic ed in daily life.

Duncan et al. [74] found that the increases in the MDS-UPDRS | score, which represents
decreased nonmotor symptom severity, for the AT group imply that dancing can benefit
not just motor symptoms of Parkinson's disease but also nonm otor symptoms. Over a 2-year
period, participation in community-based AT sessions impr oved motor and nonmotor symptom
severity and balance in a small cohort of adults with Parkins on's disease. Their findings reveal
a reduction in the severity of Parkinson's disease and impro ved physical functioning in a
randomized experiment comparing a tango intervention grou p to a control group.

Also, Duncan and Earhart observed a comparable rise in Mini-BESTest scores in
persons with Parkinson's disease following a year of AT [ 73]. At 24 months, the AT
group displayed improvement in forward and backward walking velocity relative to
baseline, but the control group had a drop in velocity. Substantial improvements in forward
walking velocity and nonsigni cant increases in backward walking velocity have been
previously described following participants' dance for 1 year [ 73]. Additionally, the AT
group displayed decreases in forward and backward walking velocity from 12 to 24 months,
indicating that such bene ts may have been lost over time or that the intensity of the AT
dancing class was inadequate to sustain the advantages reported at 12 months.

Hackney and Earhart [ 4] discovered that AT, due to its improvised character, is more
bene cial in enhancing gait, balance, and quality of life in people with Parkinson's disease
than other dance lessons. Parkinson's patients might not be aware that they are walking
backwards and that they can also turn rmly backwards and forwards. Patients may still
not notice they are going backward because they are so engaged in following and tuned
into their partner in the moment.

7. Results

As a result of our review, it was observed that tango is bene cial in Parkinson's disease
for reducing motor symptom severity and freezing of gait, and improving balance, gait,
endurance, and upper limb mobility. Furthermore, the non-motor symptoms have been
bene cially in uenced by tango regarding the reduction of fatigue, enhancing the quality
of life, participation, and clinical global impression of change. Tango, in addition to medical
therapy, is a useful tool in improving the lives of Parkinson's disease patients, regarding
both motor and non-motor symptoms, not to mention the other non-Parkinson's-disease-
related advantages of using this therapy. Table 1is presenting the studies for the bene cial
evolution of both motor and non-motor features of Parkinson's disease after tango therapy.



Brain Sci.2022 12, 448

13 of 22

Table 1. Representative studies for the bene cial evolution of both motor and non-motor features of
Parkinson's disease after tango therapy.

In Comparison Duration of .
Effects with Scale Used the Study Author Bibliography
Motor symptom severity
The motor component of the
Improvement in motor Control Aroun—no Movement Disorder Society
symptom severity after . group United Parkinson's Disease 1year Duncan et al. [73]
L intervention .
practicing tango Rating Scale Part Il
(MDS-UPDRS-III)
Improvements in motor The motor component of the
;ymptom severity, Physiotherapy Moyement I_Dlsoro!er S_ouety Rios Romenets
improve balance, and group or United Parkinson's Disease 12 weeks [34]
- - . . etal.
functional mobility after exercise group Rating Scale Part Il
practicing tango (MDS-UPDRS-III)
Stagnation for the The motor component of the
symptomatology of the Movement Disorder Society
Control group—no : ; o
tango group, and ) . United Parkinson's Disease Hackneyetal. [4]
A intervention .
worsening in the no Rating Scale Part Il
intervention control group (MDS-UPDRS-III)
Balance
Improvements in balance Control group—no Mini-Balance Evaluation
P ) group Systems Test (Mini-bestest) 1 year Duncan et al. [73]
among tango group intervention .
of Dynamic Balance
Improvements in balance Control group—no Mini-Balance Evaluation
P ) group Systems Test (Mini-bestest) 2 years Duncan et al. [74
among tango group intervention .
of Dynamic Balance
Mini-Balance Evaluation
. Systems Test (Mini-bestest) .
Improvements in balance . . Rios Romenets
Active control of Dynamic Balance 12 weeks [34]
among tango group etal.
Balance
Evaluation—Systems Test
20 tango
The tango group Classes and
improved in balance while  Exercise group Berg Balance Scale 1 week Hackneyetal. [12§
the exercise group did not before and
1 week after
Signi can_t positive . Partnered and Tandem Stance and One Leg 20 tango
changes in balance in non-partnered Hackney etal. [49
Stance tests classes
both groups tango
Gait
Improvement in 12 months
comfortable forward and Control group—no -
. ) : Gaitrite of tango Duncan et al. [73
dual task walking intervention .
- practice
velocities
Improvement in Control group—no Berg Balance Scale, six
P . . group minute walk distance, and 13 weeks Hackney etal. [4]
backwards stride length intervention X
backward stride length
s fasias PaEr o
. - non-partnered Berg Balance Scale 10 weeks Hackney etal. 45]
possible walking
o tango
velocities, cadence
Freezing of gait
Tango group reported less . .
freezing after 12 months Control group—no  Freezing of Gait 1year Duncan et al. [73

compared to baseline

intervention

Questionnaire
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Table 1. Cont.
In Comparison Duration of .

Effects with Scale Used the Study Author Bibliography
Endurance
Maintaining the same
endurance for the tango Control aroun—no
group and worsening in ) group Six Minute Walk Test 1year Duncan et al. [73]

- : intervention
the no intervention
control groups
Improvements in _Control group—no gy Minute Walk Test 13 weeks Hackneyetal. [4]
endurance intervention
Improvements in Self-directed Timed Up and Go and 12 weeks Rios Romenets (34
endurance exercise group Dual-task Timed Up and Go etal.
Upper extremity function
Tango group had
|mpr0v§ments I upper Qontrol group—no " \jine Hole Peg Test 1year Duncan et al. [73]
extremity and intervention
hand function
Fatigue
Patients in the tango
group had modest Self-d_lrected Krupp Fatigue Severity Scale 12 weeks Rios Romenets [34]
borderline improvement exercise group etal.
of fatigue
Quality of life

Improvements in the
scores of Parkinson's
Disease Questionnaire-39  Waltz/ foxtrot, Tai
Summary Index and in Chi and no
Mobility and Social intervention
Support compared to the
other groups
A non-statistically
difference was found in Self-directed Parkinson's Disease Rios Romenets

; . - . . 12 weeks [34]
the quality of life of exercise group Questionnaire-39 etal.
tango group
The quality of life was
improved in the patients Support group
from the tango group

Parkinson's Disease
Questionnaire-39 Summary
Index and in Mobility and
Social Support

20 adapted
tango Hackneyetal. [3]]
sessions

MDS-Uni ed Parkinson's

Disease Rating Subscale Lyear Foster etal. )

Participation

Total current participation

enhanced in the tango

group compared to the

control group without Control group—no
intervention, with overall intervention
activity retention

improving from 77% to

90% in the tango group.

Activity Card Sort 1year Foster et al. [79)

Clinical global impression of change

Signi cant changes in
favor of the tango group
in comparison to the Self-directed Clinical Global Impression Rios Romenets
) . - 12 weeks [34]
self-directed exercise exercise group of Change etal.
group from the examiner's

perspective only
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Our narrative review is valuable because it summarizes the literature and provides
direction, given that the sources are of appropriate methodological quality. Our narrative
review expands the body of knowledge on the subject of Parkinson's disease therapy
through tango and its bene ts being summarized after the literature citations were chosen
to be appropriate and balanced.

Tango therapy is very successful because of the systematic examination and application
of fundamental tango components. Furthermore, tango treatment is neither a straightfor-
ward physical therapy nor a straightforward dance. Until today, it was commonly assumed
that the advantages of tango therapy were psychological in nature. On the contrary, medical
records indicate that the purpose of tango treatment is physical rehabilitation. The neuro-
muscular dysfunction is the most serious medical condition associated with Parkinson's
disease that is alleviated in practicing tango. Tango therapy, on the other hand, has been
found to have psychological positive bene ts and has been used in psychiatric domains.
Tango therapy provides both physical and psychological bene ts for patients suffering
from any condition, and it is more than a dance.

Tango therapy is indeed a con uence of different physical therapeutic interventions,
as well as music and cognitive therapy. Tango therapy's results, nevertheless, appear to be
greater than the total of numerous physical treatment modalities.

As our review examined articles published in the literature over a four-decade period,
we noticed that studies conducted from the 1980s to the 2000s were modest in coverage,
given the materials and methods used, which included more inventories and case reports,
and we also noticed that the studies mentioned used subjectivist (related more to the
answers of the patients and less on the neurological assessment) pre- and post-test scales
and questionnaires as measuring instruments i.e., [38,87,90]. Additionally, in relation to
the aforementioned studies, we observed a dearth of scienti ¢ foundations for comparison,
particularly in the introduction and discussion chapters. Because this is a relatively new
eld of study, studies conducted prior to the 2000s lacked the necessary foundation for
analyzing the ndings of articles in comparison to other publications in the literature to
ascertain similarities or differences in the results obtained. Another feature that is more or
less accurate is that research conducted in the beginning of the studied period had a more
critical stance toward the issue due to a lack of evidence in the literature from that period.

Controversies in this eld of scienti ¢ study and on this subject arise from the belief
that tango had more of a placebo effect than an apparent impact on motor symptoms,
a fact reinforced by the use of self-assessment scales throughout the rst investigations.
Additionally, the therapeutic implements for Parkinson's disease patients with non-motor
symptoms were discovered later and initially received less attention because the non-
motor symptomatology of Parkinson's disease patients was not adequately considered, and
the effects of non-motor symptomatology were not discovered to have such a signi cant
impact on the patients' quality of life. Another point of controversy stems from the fact that
recovery through exercise, physiotherapy, and kinesiotherapy is extremely dif cult and the
effects decrease over time without consistent and continuous practice in this chronic and
progressive neurodegenerative disease, whereas tango practice has demonstrated rapid
and bene cial effects (after more than 20 tango lessons) sustained for an extended period
of time. The comprehensive investigations on the subject of tango bene ts in Parkinson's
disease demonstrated the effectiveness of this alternative therapy over a considerable
length of time of extensive studies.

8. Further Directions

Existing research shows that tango is a bene cial method for people with Parkinson's
disease and positively affects PD-related symptoms. Additionally, signi cant improve-
ments in various motor and non-motor complaints have been seen. The impacts of tango on
interpersonal interactions and psycho-emotional well-being have received relatively little
attention. Additionally, the use of tango as a motivator in the treatment of patients with PD
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should be explored further. Scienti ¢ investigations should include a larger sample size
and concentrate on long-term impacts.

The current research provides preliminary evidence for the usefulness of community-
based dancing in alleviating the motor and non-motor symptomatology among people
with Parkinson's disease. Future research might examine the nature of the changes in
involvement that are happening, as well as the overall relevance of the many dimensions
of engagement to general health and well-being in people with Parkinson's disease.

We believe that more clinical trials on this subject are obviously needed. Randomized
control studies must be developed and done together with neurologists, sports doctors,
and investigators. Speci c trial designs should be used to evaluate the potential disease-
modifying bene ts of tango therapy. Larger controlled studies assessing dance in Parkin-
son's Disease and moreover other types of dance therapies are required to establish if
certain dance intervention characteristics including dance style, abilities trained, amount of
exercise, and class length, are best suited for targeting speci ¢ symptoms in people with
Parkinson's disease. Additional research with active control groups would be bene cial to
determine tango's unique contribution in comparison to other exercise programs.

9. Limitations

Our narrative review primarily focused on the conclusions reached in various studies
on the subject. The limited number of participants in each of the included studies is a
signi cant limitation. Another limitation is he dif culty of identifying and integrating
complicated connections that may occur across a vast number of research. Additionally,
this review included studies involving patients with mild-to-moderate severity of illness.
Studies including individuals with varying degrees of disease severity could enable in-
vestigators to provide more personalized content and focus attention on whether tango
gains in motor sign severity, life quality, equilibrium, mobility, and gait change throughout
the illness's progression. The potential of making judgments that are misrepresentative
is because of the selection bias and subjective assigning of the research selected for the
evaluation. Also, comparing research literature is complicated by variations in research
design, such as the program variables utilized including class duration, regularity, and
period of the therapy; the kind of activity practiced; and the results assessed.

There are not enough dance investigations in the PD research that make comparisons
of dance therapies explicitly. To make recommendations to persons with PD about which
activities would effectively address their symptoms and limitations while also promoting
compliance, future research with bigger sample sizes will be necessary to evaluate different
exercise programs.

10. Conclusions

In summary, the literature reviewed con rms the effectiveness of a home-exercise
tango program and adds additional evidence to validate the possible usage of tango
to enhance motor function in patients with Parkinson's disease. The ndings of this
study imply that dancing could be an ef cient, entertaining, and effective approach for
controlling the symptoms of Parkinson's disease. While home-based exercises would not
be a reasonable replacement for certain facets of a live lesson, including group interaction
and tactile and motor responses of another person, a residence physical therapy method
utilizing tango might just have favorable impacts on posture and gait, and therefore a
decrease in the nancial impact of Parkinson's disease.

While delivered in an organized atmosphere with expert training, adapted tango can
gradually enhance mobility and con dence for participation in everyday activities, hence
leading to an improved quality of life for those with Parkinson's disease. These results
highlight the importance of the complete care of Parkinson's disease, which should incor-
porate occupational, somatic, and cognitive therapies, as well as the possibility of including
dance disciplines. Much more is the possibility of establishing persuasive relevance via
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kinematic data and, eventually, clinically relevant information, including the effect on
motor oscillations and so-called non-motor symptoms.

Academic publications form the foundation for implementing evidence-based clin-
ical practice. Explicit details of intervention strategies in articles are a hecessary but not
suf cient condition for promoting innovation in medical practice and the development of
successful treatment strategies. Earlier research has shown a de ciency in the documenta-
tion of non-pharmacological therapies. The characterization of physiotherapy treatments is
especially dif cult owing to the treatment's many and complex parts.

Dance treatments in clinical practice may help patients maintain elevated levels of
daily mobility and social activity by providing joyful and attractive experiences through
and with their bodies.

We believe that tango dancing, as a multitasking activity that incorporates auditory,
visual, and sensory signals, provides a pleasurable method of rehabilitation for Parkinson's
disease patients by enabling them to engage with motion via the melody of music.
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Abstract: Background and Objective$he purpose of this paper was to perform a literature review on
the effects of the COVID-19 pandemic on cardiothoracic and vascular surgery care and departments.
Materials and Methods To conduct this evaluation, an electronic search of many databases was
conducted, and the resulting papers were chosen and evaluated. Results Firstly, we have addressed
the impact of COVID-19 infection on the cardiovascular system from the pathophysiological and
treatment points of view. Afterwards, we analyzed every cardiovascular disease that seemed to
appear after a COVID-19 infection, emphasizing the treatment. In addition, we have analyzed
the impact of the pandemic on the cardiothoracic and vascular departments in different countries
and the transitions that appeared. Finally, we discussed the implications of the cardiothoracic and
vascular specialists' and residents' work and studies on the pandemic. Conclusions The global
pandemic caused by SARS-CoV-2 compelled the vascular profession to review the treatment of
certain vascular illnesses and nd solutions to address the vascular consequences of COVID-19
infection. The collaboration between vascular surgeons, public health specialists, and epidemiologists
must continue to investigate the impact of the pandemic and the response to the public health issue.

Keywords: cardiothoracic surgery; vascular surgery; COVID-19; pandemics; residency; surgeries

1. Introduction

The coronavirus disease-2019 (COVID-19) pandemic has caused widespread illness
and death on a worldwide scale [ 1-3]. In accordance with public health guidelines on
physical separation and to help save or allocate vital resources, regular medical treatment
has been subject to reasonable, but considerable, constraints. The vast majority of invasive
cardiovascular (CV) surgeries and diagnostic testing have been postponed, with cardiovas-
cular associations urging for enhanced prioritization and treatment of patients on waiting
lists [4]. Consequently, people with untreated cardiovascular disease are more likely to
have unfavorable consequences p].

2. Materials and Methods

Our investigation used the electronic scienti ¢ resources PubMed, Google Scholar,
Web of Science, and Science Direct. Between 2019 and 2022, relevant English articles
employing the phrases “cardiothoracic surgery”, “vascular surgery”, and “cardiothoracic

and vascular surgery” in connection with “COVID-19” and “COVID-19 pandemic” were
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identi ed. The selection of 80 articles was based on database searches. The search was
augmented manually with references from recent research and case reports. The correctness
of the document titles was veri ed, and duplicates were eliminated. In all, 130 articles
were discovered; 31 were omitted following full-text screening, and 20 were omitted due

to duplication. The qualifying requirements were satis ed by scholarly literature on the
impact of COVID-19 on departments of Cardiothoracic and Vascular Surgery.

The authors manually checked the reference lists of the selected literature for complete-
ness in order to validate the inclusion of information pertinent to the effect of COVID-19 on
departments of Cardiothoracic and Vascular Surgery. Articles were included in this review
if they matched the following eligibility requirements: (1) they were published in English,
and (2) they were original research articles, reviews, or case reports. Studies that satis ed
the following criteria were excluded: (1) citations and patents, (2) authored in a language
other than English, and (3) abstract articles with no data.

3. Context

Patients with documented cardiovascular disease will always be impacted by treat-
ment delays. Furthermore, decreased accessibility to diagnostic screening will result in a
high prevalence of undetected cardiovascular illness, thus delaying therapy. Due to this
risk, cardiovascular patients should be given priority when health care systems are back to
full capacity, even if other specialties have goals that con ict[ 4].

Whereas COVID-19 has had a worldwide effect, geographical differences exist in the
pandemic's impact. Certain locations have not witnessed a large increase in instances
correlated with social and health care adaptation efforts, or the increase has disappeared
and was less severe than anticipated. In some regions, there are health sector assets that
can be rapidly reassigned. As areas that continue to treat the COVID-19 pandemic, there is
a chance that routine heart care with the right safety measures can be slowly brought back.

The cardiovascular societies have issued a variety of policy or advisory releases that
emphasize providing cardiovascular care at the pandemic's peak [ 6-12]. These materials
underscore the key concept of combining necessary cardiovascular care services while
avoiding risk and preparing health care assets to ght the pandemic. As the COVID-19
epidemic subsides, it will be essential to create suitable approaches for the reintroduction
of normal cardiovascular care.

Clinics and surgeons might respond to long delays in elective procedures and clinic
visits in a variety of ways, as well as by extending weekday hours or doing surgery on
weekends. Delayed venous therapy may result in the progression of thrombotic illness,
embolization, or worsening of postphlebitic limb morbidity. The relationship between
vascular surgeons and public health professionals and epidemiologists must continue in
order to examine the pandemic's effect and the reaction to the public health problem.

4. The Impact of COVID-19 Infection on the Cardiovascular System

Recent ndings strongly imply complicated interactions among COVID-19 and the
cardiovascular system, with worse results for individuals with preexisting pathologies and
the potential for signi cant and persistent cardiovascular impairment [ 13,14].

Since the discovery of SARS-CoV-2, a variety of cardiovascular consequences, such as
myocardial infarction, heart failure, arrhythmias, and thromboembolic iliness, have been
reported [ 15,16]. Involved are stress caused by hypoxia, hypotension, and tachycardia;
the development of acute coronary syndromes or arrhythmias; direct viral invasion; and
the consequences of in ammatory responses and coagulopathies. In particular, coronary
artery disease and cardiovascular risk factors, including diabetes, obesity, chronic renal
disease, and hypertension, are linked to a higher risk of signi cant COVID-19 infection
symptomatology and death [ 17,18]. The signi cance of angiotensin-converting enzyme
2 (ACE2), a constituent of the renin—angiotensin system (RAS) and the receptor by which
SARS-CoV-2 promotes transmission, has been related to these connections]8-22].
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The association among SARS-CoV2 infection and cardiovascular disease is not revolu-
tionary, as other viruses in the Coronaviridae family, such as SARS-CoV and Middle East
respiratory syndrome (MERS-CoV), have been recognized for a long time to be related to
myocarditis and heart disease, potentially via ACE2 tropism [ 23-27].

4.1. Thromboembolic Condition

COVID-19 is linked to serious arterial and venous thrombotic events, particularly
myocardial infarction, ischemic stroke, pulmonary embolism, and venous thromboem-
bolism, especially in hospitalized patients [ 28-30]. Clinical ndings in China and New
York suggested that biochemical indicators of coagulation were modi ed in COVID-19,
with nearly one hundred percent of patients with severe illness exhibiting moderate throm-
bocytopenia and high D-dimer values [ 31,32]. Subsequently, additional prothrombotic
irregularities have been documented in COVID-19, notably, elevated concentrations of
brinogen degradation products (FDPs), factor VIII, and antiphospholipid antibodies, as
well as lower values of protein C, protein S, and antithrombotic proteins [ 33]. D-Dimer is
considered an individual contributor to mortality [ 34,35]. Elevated D-dimer concentrations
are common in severe disease and have been linked to the severity and mortality of several
major viral diseases, including Ebola, in uenza, HIV, and dengue [ 36,37]. Investigations
revealed that people with COVID-19 are more likely to present with arterial and venous
thrombosis compared to people with other types of viral pneumonia. This shows that
pathophysiological processes have nothing to do with being immobile in the hospital [ 38].

Microvascular thrombi, neutrophil extracellular traps (connections of extracellular
neutrophil-derived DNA), and neutrophil platelet aggregates leading to signi cant mi-
crovascular destruction and thrombotic obstruction are repeatedly documented in post-
mortem ndings in several case studies [ 39,40]. Such vascular alterations have been
partially attributed to deregulation of the endothelium's ACE2 receptor and a prothrom-
botic condition [ 40]. An autopsy reveals extensive microthrombi in several organs, such as
the heart, lungs, and brain [41]. Such processes might cause multisystem organ failure in
people with severe COVID-19 variants [ 42].

4.2. Mechanisms of Coagulopathy Linked with COVID-19

Compared to non-COVID-19 pathologies, the pathophysiology of thromboembolism
in COVID-19 appears to be more platelet-sensitive, with viral-mediated endothelial in am-
mation and hypercoagulability linked to higher levels of coagulation factors, accumulated
antiphospholipid antibodies, and lowered levels of intrinsic anticoagulant proteins. Vari-
ables that signi cantly lead to thromboembolic illness in COVID-19 are immobilization,
systemic in ammation, platelet activation, endothelial impairment, and blood circula-
tion stagnation, all of which enhance coagulation and microvascular and macrovascular
thrombosis [43]. Uncertainty remains about whether these mechanisms are exclusive to
SARS-CoV-2 disease or thrombo-in ammatory consequences of severe viral illness.

In vitro investigations showed that SARS-CoV-2 disease stimulates the reactivity of
platelets, neutrophils, and endothelial cells, along with modulation of coagulation factors,
thrombin fabrication, brin generation, enhanced plasminogen activator inhibitor-1 (PAI-1)
to tissue plasminogen activator (t-PA) ratio, and generation of proin ammatory cytokines,
all of which encourage hypercoagulation [ 44]. Particularly, direct viral infection of pneu-
mocytes and endothelial cells induces an immune and in ammatory reaction represented
by activation of T cells, neutrophils, macrophages, monocytes, and platelets, resulting in
cytokine generation (IL-1, IL-6, IL-10, TNF), enhanced PAI-1 expression, and thrombus
formation [ 29]. Microthrombi in COVID-19 often include brin, platelets, neutrophils, and
neutrophil extracellular traps (NETSs), which are DNA tangles of neutrophils that have
degraded [42]. NETs additionally promote hypercoagulation by engaging platelets and
promoting the extrinsic pathway [ 45].
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A publication study revealed that COVID-19 infection is related with developed
hypercoagulability. COVID-19 is linked to increased thrombus development in extracranial
carotid arteries, according to a study by Nypaver et al. [ 46].

Additionally, llonzo et al. [ 47] documented the thrombotic consequences of 21 ex-
tremely ill New York City patients at the peak of the epidemic. The cumulative death
rate was 28.6%, with almost three-quarters exhibiting acute arterial thrombosis and severe
ischemia. It has also been shown that individuals with COVID-19 who develop venous
thromboemboli have a higher death rate [ 48].

4.3. COVID-19 and Peripheral Venous Diseases

A study conducted has shown that the coronavirus may cause thrombotic problems as
a result of the cytokine storm that initiates a systemic immune reaction [ 49]. Consequently,
infected individuals are more likely to have a hypercoagulable condition characterized by
arterial and venous thrombosis. Determinants include excessive in ammation, platelet
activation, endothelial dysfunction, and stasis [ 50]. It seems that venous thromboembolism
is more prevalent than arterial thromboembolism [ 51].

In the future, vascular surgeons will need to evaluate not just a patient's reaction
to a venous treatment but also if a previous or present COVID-19 infection has affected
coagulation. Unexpected concerns, such as the necessary time to appropriately execute a ve-
nous ablation on COVID-19-infected individuals who are clinically asymptomatic, remain
unclear. Itis becoming evident that the hypercoagulable period of COVID-19 may continue
further than the acute hospitalization and into the convalescent phase; hence, anticoagula-
tion could be required to be prolonged beyond the already recognized recommendations.

The unknown percentage of individuals who might postpone therapy for health
conditions out of worry over getting infected with COVID-19 by requesting medical care
is reason for concern. In the pandemic, emergency room visits for acute cardiac events
have decreased signi cantly, whereas at residence mortality has increased [52]. Due to
the patient's hesitation or failure to obtain early medical assistance, secondary collateral
morbidity and death rates must be accounted for when calculating the health care effect of
COVID-19 [5354].

4.4. Cardiovascular Implications of ACE2 Being the SARS-CoV-2 Receptor

ACEZ2 is a carboxypeptidase that appears in soluble and membrane-bound varieties.
Most of the N-terminal region, such as the catalytic region, of membrane-bound ACE2 is
extracellular, whereas a transmembrane domain region sustains it on the cell membrane.
The soluble version of ACE2 is broken and exported as the N-terminal ectodomain and is
generally detected in tiny quantities in the bloodstream; however, it can rise in pathological
circumstances [55-57]. Angiotensin-(1-9; Ang-(1-9)) and angiotensin-(1-7; Ang-(1-7)) are
produced from Ang | and Ang Il, respectively, by the catalytic action of ACE2 in the
renin—angiotensin system [58]. The principal feature of ACE2 function is Ang-(1-7), which
attaches to the Mas receptor and induces a vasodilator response as well as cardioprotective
antiproliferative, anti-in ammatory, anti brotic, antithrombotic, and anti-arrhythmogenic
properties [ 59-61]. The series of actions resulting in the activation of the Mas receptor is
known as the ACE2-Ang-(1-7)-Mas receptor axis and constitutes the defensive aspect of the
renin—angiotensin pathway [ 61-63].

COVID-19 is associated with SARS-CoV2, which utilizes ACE2 as its host cell entry
receptor [64-66]. Heart and endothelial and vascular smooth muscle cells of arteries, veins,
and lymphatics express ACE2 [67,68]. The tissue dispersion of host entrance receptors is
thought to generally match with viral tropisms; therefore, SARS-CoV-2 might potentially
in Itrate and attack a certain tissue or region that expresses ACE2 [ 69,70]. Nevertheless,
this theory has been contested, since ACE2-expressing enteric cells were resistant to SARS-
CoV infection [ 71]. The same results have been observed for SARS-CoV-2, for which an
indication of ACE2 expression and replicative infection in endothelial cells is lacking [ 72).
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Various components, including transmembrane protease serine 2 and other proteases and
proteins, could be required for viral infection [ 73,74].

Even though the major target of SARS-CoV-2 has been the respiratory tissue, evidence
exists that the virus actively infects cardiomyocytes of the heart through ACEZ2, resulting
in viral myocarditis [ 75,76]. In animal settings, it was shown that lung infection with
SARS-CoV led to an ACE2-dependent myocardial infection, followed by a reduction in
ACE?2 expression [77].

In addition to its function as an entrance receptor for SARS-CoV-2, ACE2 may have an
additional role in the pathogenesis of COVID-19 by modulating the in ammatory reaction.

In ammation and engagement of immune activation, which in COVID-19 might well be
accompanied by a cytokine storm, are essential to many of these events [78].

4.5. Thromboprophylaxis for the COVID-19

Regardless of the definite correlation among hypercoagula ble conditions and COVID-19,
it is unknown to what degree SARS-CoV-2 increases the likelihood of thromboembolic
illness. Several investigations failed to demonstrate changes in hospital-acquired venous
thromboembolism between individuals with COVID-19 and non-COVID-19 sickness, indi-
cating that the coagulopathy is not caused by the virus but rather by the disease's overall
severity and its consequences B3]. Due to the lack of restrictions, current recommen-
dations advise that thromboprophylaxis must be explored for all admitted COVID-19
patients [28,41,79).

In a customized care strategy, prompt diagnosis and treatment of thromboembolism
risk, depending on C-reactive protein or D-dimer levels, and approaching cytokine storm,
depending on serum ferritin, were linked to higher COVID-19 surviving and hospital
results [80].

In admitted patients with COVID-19 that do not have contraindications, including
hemorrhage, the American College of Chest Physicians recommends prevention with
low-molecular-weight heparin or fondaparinux instead of straight oral anticoagulants
or fractionated heparin [ 81]. Nevertheless, optimum anticoagulation guidelines remain
uncertain, and prospective clinical studies are anticipated to discover the most effective
treatment options.

Infection with viruses has been associated with an elevated risk of myocardial infarc-
tion and cardiovascular risk since the early 20th century, with the largest frequency of heart
disease occurring during the rst 7 days after infection, according to research [ 81]. In con-
trast, in the rst worldwide dissemination of COVID-19, fewer cases of acute myocardial
infarction were documented than in prior years [ 82,83]. This decrease was mostly the result
of patients' altered behavior. Individuals were more prone to die at home or arrive late
if they delayed medical interactions [ 84]. These behaviors might well be understood by
hospital-related social fear, social separation tactics, and a decrease in regular outpatient
routines [ 83]. Early presentation with a more complicated disease can undoubtedly increase
the likelihood of persistent chronic complications.

5. COVID-19 Cardiovascular Symptoms

As COVID-19 is largely a disease of the respiratory system, the cardiovascular symp-
toms are signi cant in the context and therapy of all clinical risk groups for infected people.
Included among them are temporary and chronic myocardial dysfunction, cardiogenic
shock, arrhythmias, and vascular thrombosis. Furthermore, cardiovascular disease, hy-
pertension, and diabetes mellitus are some of the most prevalent comorbid conditions
identi ed among COVID-19 patients, according to multiple studies [ 17,85], and the ob-
served mortality rate within patients with cardiovascular disease is 10.5%, particularly in
comparison to 0.9% in patients without comorbid conditions [ 86].

Cardiovascular iliness seems to have a signi cant effect on mortality if linked with my-
ocardial damage, as individuals with an increased troponin T level had a higher incidence
of malignant arrhythmia and a death rate of over 69% [ 87]. Virus-induced myocarditis and
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myocardial impairment resulting from hypoxia or cytokine-mediated systemic in amma-
tion are suggested reasons for the cardiac dysfunction found in COVID-19 infections. As
documented in the SARS-CoV-2 disease, reduced functioning of angiotensin-converting
enzyme-2 in the cardiac area has also been identi ed as a possible modulator of cardiac
dysfunction [ 8g].

The prothrombotic condition that has been associated with SARS-CoV-2 is of special
importance for cardiothoracic surgeons. In an investigation of 1099 patients from over
550 hospitals in China, 46.4% of those evaluated had increased D-dimer levels (260/560),
and this nding was a potential indicator of death [ 89]. Microvascular thrombosis and
endothelial damage of the pulmonary circulation have also been recognized as possible
mediators of the substantial hypoxemia seen in severe cases.

Current anticoagulation guidelines support the use of preventive low-molecular-
weight heparin in all hospital admissions without limitations [  90]. Every cardiovascular pro-
cedure, including mechanical circulatory support and conventional monitoring/infusion
catheters, should take thrombosis risk into account. In mechanical circulatory therapy,
anticoagulation with unfractionated heparin may also be needed.

Given the poor outcome of COVID-19 patients suffering from acute coronary syn-
drome [91], COVID-19 infection after cardiac surgery could be linked with signi cant
mortality, irrespective of the STS score. In 34 patients having elective noncardiac surgery in
Wuhan, China during the initial stages of the pandemic, all patients became infected with
COVID-19, 44 percent needed ICU hospitalization, and 20 percent died [ 97].

5.1. Ischemia and Non-Ischemia-Related Cardiac Injury

Generalized viral infection can predispose patients to acute rst-type myocardial
infarction owing to elevated concentrations of circulating pro-in ammatory cytokines
in COVID-19 and subsequent macrophage involvement inside atherosclerotic plaques,
resulting in plaque rupture and thrombosis. Acute SARS-CoV-2 infection, on the other
hand, is associated with a prothrombotic and pro-coagulable condition; when combined
with risk factors such as diabetes, which are associated with defective brinolysis and
increased platelet activation, coronary thrombosis can develop [ 93]. The second type of
myocardial infarction due to supply and demand imbalance might develop in the context
of ow-limiting obstructive coronary disease, a lower blood oxygen level from COVID-19-
related respiratory arrest, arrhythmia, shock syndromes, and an acid-base or electrolyte
imbalance. The second type of myocardial infarction should only be diagnosed when
there are signs of myocardial ischemia, such as new ischemic ECG changes, the formation
of pathologic Q waves, or signs of new regional wall movement abnormalities or the
destruction of viable myocardium.

5.2. Cardiomyopathies and Myocarditis

Cardiovascular insult is related to a background of cardiovascular illness, and in-
creased cardiac biomarkers, in the situation of COVID-19, are linked with a worse progno-
sis than other types of non-acute coronary syndromes or myocardial damage [ 93]. There
have been reports of direct effects of viral invasion on the heart, although they seem to be
rare [94]. Cardiac pericytes and cardiomyocytes produce ACE2 transmembrane receptor
proteins, and it is hypothesized that their combination with the S protein of SARS-CoV-2
coronavirus is the cause of cell invasion [95]. To date, though, postmortem ndings of
direct cardiac involvement in dead individuals give an indication of viral particles in the
interstitial uid or macrophages instead of in cardiomyocytes [ 96].

Patients with COVID-19 have shown lymphocytic or eosinophilic in Itration of the
heart, whether at autopsy or upon endomyocardial biopsy. The preponderance of ndings
are case studies or small-sample series, which makes it dif cult to determine the prevalence
of myocarditis in admitted COVID-19 patients [ 97]. Myocarditis in individuals with
COVID-19 has been found to be due to cytokine-induced in ammatory myocarditis, instead
of being a consequence of viral invasion [97].
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Severe abnormalities in systemic microvascular and endothelial activity have been
described in COVID-19 patients, especially those needing mechanical ventilation [ 98]. After
an infection, coronary microvascular and endothelial dysfunction are probable sources of
cardiac injury and chronic symptoms. Additionally, there have been instances of diffuse
systemic vasculitis and endothelial dysfunction that might make a substantial contribu-
tion to decreased microvascular activity in COVID-19 individuals [ 99-101]. Postmortem,
microvascular thrombosis has been seen in lung parenchyma, and this might be a source
of microvascular destruction or malfunction in the coronary arteries [ 107. The outcome
of mechanistic image investigations assessing coronary microvascular circulation and
myographic vascular function in individuals with concurrent coronary evaluation after
SARS-CoV-2 infection is expected [L0J.

Takotsubo cardiomyopathy is a recognized acute cardiotoxi ¢ consequence of COVID-19
infection that might be caused by direct myocardial damage, inflammation, and stress [104,105.
Catecholamine in ux and cytokine storm are mechanisms involved in COVID-19-associated
cardiomyopathy.

5.3. Arrhythmia and Abrupt Cardiac Death

Atrial brillation is the most common arrhythmia initially detected in COVID-19
patients, appearing in about one- fth of admitted patients and being related to an elevated
risk of death [ 106. Premature ventricular complexes, ventricular tachycardia, and brady-
cardia have also been documented; however, it should be emphasized that a percentage of
these individuals had previous rhythm problems [ 107. In published research, acute cardiac
mortality was observed; nonetheless, these patients were taking QTc-prolonging drugs,
such as quinolone antibiotics or hydroxychloroquine, that have proven to be minimally
effective in admitted patients [ 109.

5.4. Heart Failure

Infection with COVID-19 might increase susceptibility to abrupt heart failure due
to the revelation of subclinical underlying heart failure or direct cardiac dysfunction.
Virus-induced invasion of in ammatory cells, proin ammatory cytokines, endothelial
damage, microthrombosis, and hypoxia due to respiratory failure are the processes behind
SARS-CoV-2related heart failure [ 109. Once admitted to a hospital, COVID-19 patients are
at an elevated risk of heart failure with maintained ejection fraction, which is linked with
cardiac anatomical and functional irregularities, myocardial damage, and the possibility
of long-term heart disease [11(. Consequently, comprehensive monitoring and cardiac
evaluations, involving echocardiographic measurement of left ventricular diastolic function
and cardiac markers, have been recommended for regular management of COVID-19
patients [111].

Due to immunosuppression and hemodynamic instability, heart failure patients on
complex therapy, particularly those needing a heart transplant, require specialist treatment
and the participation of advanced heart failure team members, since they are at a really
elevated risk [117. In moderate to grave cases of COVID-19, the recommendations of the
International Society for Heart and Lung Transplantation include delaying immunosup-
pressive medicines [113. There have been reports of effective heart transplantation for
COVID-19-associated post-infectious fulminant myocarditis [ 114]. Different cardiovascular
conditions associated with COVID-19, mechanisms implicated, and therapy/management
used are shown in Table 1.
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Table 1. Different cardiovascular conditions associated with COVID-19, mechanisms implicated, and
therapy/management used.

Cardiovascular Condition

Associated with COVID-19 Mechanisms Implicated Therapy/Management References
Reactivity of platelets, with viral-mediated
endothelial in ammation and
Coagulopathy/thrombosis hypercoagulability, higher levels of Antiaggregant/anticoagulant [42-4g]
linked with COVID-19 coagulation factors, accumulated therapy
antiphospholipid antibodies, and lowered
levels of intrinsic anticoagulant proteins
Cytokine storm, systemic immune reaction,
Peripheral venous diseases hypercoagulable condition, excessive Antiaggregant/anticoagulant [49-57]
in ammation, platelet activation, endothelial therapy, venous ablation
dysfunction, and stasis
Low-molecular-weight heparin
Thromboembolism Disease's overall severity and or fondaparinux instead of [81]
its consequences straight oral anticoagulants or
fractionated heparin
Virus-induced myocarditis Hypoxia or cytokine-mediated Depending on the 84
and myocardial impairment systemic in ammation symptomatology
Elevated concentrations of circulating
Myocardial infarction pro-in ammatory cytokines, macrophage Antiaggregant/anticoagulant (93
involvement inside atherosclerotic plaques, therapy
plaque rupture, and thrombosis
. . Lymphocytic or eosinophilic in Itration of .
Cardlomyopath!es and the heart, cytokine-induced Depending on the [97]
myocarditis . o symptomatology
in ammatory myocarditis
Takotsubo cardiomyopathy Direct myocardial damage, in ammation, Depending on the (104105
and stress symptomatology ’
. Systemic illness, systemic infection, .
Arrhythmlfa and abrupt in ammation, QTc-prolonging drugs, i.e., Pharchologlcal mane}g.ement, [107,109
cardiac death . o : i.e., amiodarone and diltiazem
quinolone antibiotics or hydroxychloroquine
Invasion of in ammatory cells,
Heart failure proin ammatory cytokines, endothelial Pharmacological management [116-114

damage, microthrombosis, and hypoxia due
to respiratory failure

6. Solutions
6.1. Management of Cardiovascular Disease in COVID-19-Exposed Patients

Choices concerning the therapy of COVID-19 individuals with prior cardiovascular
disease must be made on an individual basis. Cardiovascular patients should be kept as far
away from people infected with SARS-CoV-2 as possible. Unless contraindicated, vaccina-
tion against SARS-CoV-2 should be recommended in cardiovascular patients [4,115-117].

6.2. The Possibility of Using Renin—Angiotensin System Antagonists as a Treatment in
COVID-19 Pneumonia

The intensity of acute lung collapse could be lessened by inhibiting the renin—angiotensin
system. SARS-CoV infections can be prevented by ACE2 antibodies and soluble ACE2
molecules [11§. IgG1 Fc-fused recombinant ACE2 proteins have been shown to have sig-
ni cant invitro neutralizing action towards SARS-CoV and COVID-19 [ 119. By inhibiting
renal and cardiac brosis, xanthenone, an ACE2 activator, has been demonstrated to lower
blood pressure and enhance heart activity in cases of spontaneous hypertension [120.
It is possible that enhanced ACE2 function is a compensatory response to hypertension,
given that circulating ACE2 function elevates with rising vascular tone [ 121]. Recombinant
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human ACE2 has been demonstrated to have positive cardiac bene ts in a similar man-
ner [120,127. It has been shown that the ACE inhibitor/Angiotensin Il receptor blocker
antagonist renin—angiotensin—aldosterone system reduces in ammation in COVID-19 pneu-
monia, hence reducing mortality [ 123124]. In a retrospective study, however, there was no
connection among severe COVID-19 outcomes and chronic ACE inhibitor/Angiotensin
Il receptor blocker medication [ 125. In a subgroup analysis of diabetic individuals on
a renin—angiotensin system inhibitor, de Abajo et al. [ 126 found that the probability of
COVID-19-related hospitalization was decreased in those patients. In individuals with
hypertension, use of a renin—angiotensin system inhibitor was not linked to higher mor-
tality or severity of COVID-19, according to a comprehensive review and meta-analysis.
Nevertheless, the Angiotensin Il receptor blocker was linked to decreased mortality [ 127].
In another investigation, there was no indication of increased severity of COVID-19 iliness
in London patients receiving chronic ACE inhibitor or Angiotensin Il receptor blocker
therapy [12]. In contrast, severe COVID-19 patients persistently treated with an ACE
inhibitor/Angiotensin Il receptor blocker had a higher risk of acute renal damage compared
to the 149 individuals from the Referral Center Cohort in the northeast of France [ 129.

6.3. Additional COVID-19 Therapy Suggestions

COVID-19 infection must be treated in order to limit the progress of the illness, namely
pneumonia [ 130-132. Furthermore, if individuals also have cardiovascular disease, they
must be managed promptly. In light of previous clinical trials of SARS-CoV-2 and Middle
East respiratory syndrome, epidemiological features, clinical phenotype, and treatment
results of COVID-19 patients with concomitant cardiovascular disease, the therapy outlined
following is advised [ 13(.

General and symptomatic therapies, antiviral medication, hypoxia and dyspnea ther-
apeutic interventions (oxygen therapy, noninvasive and invasive ventilatory assistance),
circulatory support treatment for patients in shock, prompt utilization of antibiotic agents
under proof of secondary infection, therapeutic interventions for cytokine storm, and glu-
cocorticoid medication in severely ill patients [ 131] are recommended. It is recommended
to provide oxygen to hypoxia patients using nasal prongs, face-mask, high- ow nasal
cannula, or noninvasive ventilator. Consequently, extracorporeal membrane oxygen assis-
tance and arti cial breathing are required. Additionally, renal replacement treatment may
be required in certain situations [ 131]. Seventy- ve percent of patients have undergone
antiviral therapy, notably ganciclovir, lopinavir—ritonavir, and oseltamivir[  137. In one
research study of 138 COVID-19 patients, antiviral medications were delivered to 89.9% of
patients [133. Even a broad-spectrum antiRNA drug used to treat Ebola has been tested
for COVID-19 [ 134]. Signi cantly, it is advised that the amount of clotting time tests be
augmented in atrial brillation patients receiving COVID-19 medication in conjunction
with oral anticoagulants [ 129.

Additional drugs/agents that have been explored are arbidol (umifenovir; mostly
used in Russia and China, but not Food and Drug Administration-approved for use in the
United States), interferons, intravenous immunoglobulin, chloroquine, and plasma taken
from patients that recovered from COVID-19 [ 130. Furthermore, traditional Chinese herbs
have been assessed by Chinese medical practitioners 13(. Antibiotics and antifungals are
also recommended when co-infections are con rmed or even suspected [ 130. Moreovet,
chloroquine possesses a promising suppressive effect. However, therapeutic use of chloro-
quine can lead to very adverse effects. In particular, hydroxy-chloroquine has an anti-viral
effect that is extremely comparable to that of chloroquine and may, thus, be utilized as
a more suitable therapeutic method. In particular, hydroxy-chloroquine may reduce the
severe increase in COVID-19, by controlling the cytokine storm through the regulation of
T-cell activation. Consequently, this drug's therapeutic character is safer, making it ideal
for pregnant women [ 135.

In a meta-analysis, Sarma et al. indicated that hydroxy-chloroquine might be promis-
ing for reducing the number of patients with radiological progression, with a safety pro le
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equivalent to that of standard therapies [ 136. Chowdhury found that ve of seven stud-
ies including chloroquine or hydroxychloroquine resulted in good results for patients,
whereas two of seven trials showed no improvement in comparison to controls [ 137].
Nevertheless, a meta-analysis by Singh et al. revealed that there is no advantage in viral
clearance, although a substantial increase in mortality was seen in three studies (n = 474)
with hydroxychloroquine in patients with COVID-19[ 139.

Several medicines, such as chloroquine and hydroxychloroquine, might contribute
to the progression of malignant arrhythmias by prolonging the QT interval [ 139-141]. In
addition, treatment with hydroxy-chloroquine and chloroquine with medications that
suppress the CYP3A4 enzyme may increase the risk of QT interval lengthening [ 139-147.
Consequently, individuals with arrhythmias should be under constant ECG monitoring
while receiving supportive therapy [ 142-147).

Clinicians must therefore delay the routine use of chloroquine and hydroxy-chloroquine
until the results of more thorough studies with more precise parameters become more
de nite [ 147.

6.4. Transplantation of the Heart with Mechanical Circulatory Support

Multiple problems make the usual operation of a heart transplantation program
problematic or unfeasible, especially in areas with high COVID disease incidence [ 149.
Newly transplanted patients who need immunosuppression are likely at signi cant risk
for COVID infection, especially in hospitals located in severely contaminated regions. A
report from China says that COVID infection was found in two orthotopic heart transplant
patients [14g. One of them had few symptoms and recovered normally, while the other
had to be hospitalized, take antiviral medicine, and temporarily stop immunosuppression.

The Extracorporeal Life Support Organization continues to recommend veno-arterial
extracorporeal membrane oxygenation (VA-ECMO) for basic indications; however, dis-
claimers for COVID-19 patients remain as to the choice of health care organizations based
on work-related risk and expenditure limitations [ 149.

Implantation of a left ventricular assist device (LVAD) presents many complications
in the context of COVID-19. Such individuals frequently experience a severe in amma-
tory reaction, and the COVID-19 infection might worsen. Individuals with LVADs have
elevated interleukin-6 cytokine levels six weeks after implant [ 150,151], that are believed to
correspond to the severity of COVID-19 [ 157.

Moreover, due to the now-described COVID-19-related coagulopathy, infected patients
with LVADs might be challenging to anticoagulate, hence, increasing their risk of thrombotic
problems. Lastly, if a patient with an LVAD had acute respiratory distress syndrome, it
would be dif cult to perform prone ventilation due to the possibility of out ow graft and
driveline compression and lower cardiac output because of reduced venous return[ 153154].
In conclusion, throughout the COVID-19 pandemic, it would be preferable to postpone this
procedure as far as feasible due to its extreme physiological impact and resource complexity.
Measures to be taken into consideration when performing a surgical procedure are shown
in Table 2.

Table 2. Measures to be taken into consideration when performing a surgical procedure.

Preoperative

Intraoperative Postoperative

Constant COVID-19 infection screening

prior to 24 to 48 h

History of travel and possible exposure Adaptation of negative-pressure ORs

Non-COVID surgical suites Clean recuperation area

Considering COVID-19 infection in the
event of persistent respiratory distress

Airborne measures and PPE must be Reduce the risk of renal failure and

Accurate CXR evaluation

used by all suppliers persistent respiratory distress
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Table 2. Cont.
Preoperative Intraoperative Postoperative
Protocol for accelerated recuperation, if
Avoid unnecessary testing Non-essential personnel to be absent applicable: Extubation, mobility, and

wherever feasible

Consider using previous test
wherever feasible

through telehealth

Patients wear surgical masks before

arriving at the hospital

Prompt intubation before surgery for
patients with COVID-19 and

respiratory dysfunction

Putting off a case if COVID-19

from room disconnection of chest tubes and pacing
wires as quickly is possible
Shortly following extubation, patients
receive surgical masks

results Just attending-level medical personnel

Presurgical care delivered Video laryngoscopy to Timely collaboration with the family for
facilitate intubation postoperative recuperation at residence
Reduce worker turnover inside the room Early release when clinically stable
Whenever possible, avoid TEE to prevent Following discharge, frequent and
pleural invasion and lung harm regular digital follow-up
. Limit operations that involve Test for COVID-19 if clinical signs
positive . -
CO; insuf ation are seen

COVID-19, Coronavirus disease 2019; CXR, chest X-ray, OR, operating room; PPE, personal protection equipment,
TEE, transesophageal echocardiography.

7. Vascular Surgeons and Ethics-Related Factors

Prior to the COVID-19 pandemic, doctors treating vascular disease routinely con-
ducted a range of elective, urgent, and emergency interventions. When combined with
cases of nonselective arterial disease, urgent and emergency cases of venous thromboem-
bolism and vascular trauma make up 30 to 50 percent of the different types of cases seen in
a busy vascular surgery practice [155.

Past studies have shown a high risk of morbidity and death in patients identi ed
with COVID-19 who need elective or emergency surgery, independent of preoperative
or postoperative COVID-19 contraction. Thoracic surgery patients were a minority of
this previously published cohort, and data related to adult cardiac surgery patients with
COVID-19 are restricted to case studies, with very few large-scale ndings [ 156-15§.

This established order was disturbed by the coronavirus epidemic, endangering the
timeliness and effectiveness of care (Figure1). By bringing patients into a hospital or of ce
environment, physicians are faced with the problem of possible COVID-19 contact with
patients. This prompted clinicians to reconsider possible exposure and hospital resource
consumption for COVID-19-associated admissions [159. According to a worldwide study
conducted by Ng et al. [ 160, 86.9% of vascular surgeons have discontinued or reduced
their outpatient services in reaction to the pandemic.

Vascular surgeons' practical work had to evolve away from desired face-to-face en-
counters and embrace a “just if your existence relies on it” approach for contact with
patients directly due to a lack of preparedness. The evolution of postoperative follow-
up treatment and chronic illness monitoring has been accelerated by “remote” medicine.
Telehealth through phone conversations, video chats, and the digital medical record are
illustrations of such methods. This quick shift in vascular practice management has only
been made feasible by technological and internet advancements.

For patients who could not engage in telemedicine consultations through any of
these networks, other alternatives, including mobile video chat programs or even voice
conversations, were made accessible. A tiny percentage of patients, including those needing
physical inspection or assistance, were not suitable for virtual visits and were instead visited
in person. Despite the particular criteria of emergent and elective surgery during a time
of high risk of COVID-19 infection, it is crucial that surgeons actively follow postponed
patients. These patients are at risk for disease progression as they wait, particularly because
they lack usual contact with their cardiologists, general care physicians, and pharmacists.
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Figure 1. The impact of COVID-19 pandemic on (vascular) surgery.

Guidelines and methods of practicing medicine, particularly cardio-vascular surgery,
have changed throughout the pandemic period and continue to do so, with some mod-
i cations including optimization of therapy principles and, in particular, a complete
veri cation of the bene ts and contraindications of the procedure optimized for each
patient's condition.

Appropriate values to be operationalized include the following [ 161]: (1) optimizing
outcomes in order to save the greatest number of lives or life years possible by prioritizing
operations or examinations that will bene t more people and to a greater extent than those
that will bene t fewer people to a lesser extent; (2) equality, such that similar cases are ad-
dressed similarly while accounting for guideline health disparities; and (3) reasonableness,
ensuring that the risk of further harm is minimized. Lastly, procedural justice needs to be
supported by an ethical framework [ 167 to make sure that all decisions are based on the
best information available and are shared openly.

8. Transition of Cardiovascular Surgery

Despite the possibility of a reduction in the prevalence of COVID-19, the burden on
hospital systems is prone to be experienced for an extended amount of time. In light of this,
it is probable that the most negatively affected hospitals may not be prepared to start elective
surgeries soon, or at least not immediately, at their previous levels. As the proportion of
admitted coronavirus patients reduces, it is probable that cardiothoracic surgical workload
will gradually return, with the sickest patients receiving priority for early surgery. As
operational activity gradually increases, a considerable backlog of patients whose treatment
was postponed owing to the COVID-19 outbreak is anticipated to develop. Therefore, it is
necessary to keep managing the “postponement list”, incorporating communication with
patients and their doctors, so that patients who are suitable for surgery may be appointed
when capability resumes. Researchers are also encouraging the referring doctors to discuss
the people they are not sending because of the crisis so that surgeons can plan virtual
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appointments and construct a plan for patients who require just a quick consultation or
preoperative tests to be surgically prepared. Throughout this healing period, it could be
important to arrange appointments on the weekend to accommodate all of these patients. In
summary, the pandemic had a signi cant impact on the vascular sector; vascular surgeons
had to adjust their everyday practice and react to the situation by reallocating resources.

In Portugal [ 163, the percentage of visits to the emergency department for vascular
surgery decreased by 43.3% in the rst 4 weeks following the initial diagnosis of COVID-19.
During the pandemic, patients came to the emergency department with more serious and
progressive conditions, resulting in an increase in hospitalization and emergency/urgent
surgery rates. Concern of infection and movement restrictions imposed by the quarantine
might have discouraged patients from visiting the emergency department and postponed
the delivery of adequate treatment.

In Italy, not infrequently compelled by the patient's wish to avoid surgeries during
this interval, surgeons have tended to remove low-value therapies and adjust therapeutic
strategies [L64-166. For a considerable number of patients with cardiovascular diseases,
it is dif cult to determine which procedures may be postponed. Interventions thought to
have a minimal bene t were frequently postponed or even discontinued, but individuals
with vascular disease considered this choice challenging. In Rome's four main hospitals,
surgical and elective outpatient admissions decreased at a pace comparable to that of
Pavia. In 2020, the total number of vascular operations performed at the Hospital San
Matteo was lower than in prior years (625 versus 961) [167]. They stopped procedures
for asymptotic carotid occlusive disease, endovascular procedures for claudication, and
minor abdominal aortic aneurysms. There was a rise in the number of procedures for
acute ischemia of the lower limbs due to emboli and abdominal aortic aneurysm rupture.
COVID-19 infection and death are more likely to occur in patients with cardiovascular
disease who are over the age of 65 and who have pulmonary disorders [168169. The
most prevalent risk variables for post-operative lung infection and pulmonary signi cant
events are general anesthesia with endotracheal intubation, postoperative discomfort, and
ICU permanence. Endovascular surgery and other minimally invasive surgical methods
often involve a reduced operation time, no general anesthetic or tracheal intubation, and
less administrative effort. The length of hospital stays has decreased. The incidence of
emergency visits in Pavia for ruptured abdominal aortic aneurysm and acute ischemia
of the lower extremities increased in 2020 compared to the preceding year. This issue
was not apparent in Lazio, in which the pandemic was less severe [ 17(. During the
COVID-19 pandemic in Lombardy, the most common vascular illness needing surgical
treatment was acute limb ischemia. COVID-19 was linked to a fourfold increase in the
risk of mortality and a threefold rise in the risk of serious undesirable consequences [ 171].
This comprehensive experience revealed that acute limb ischemia was the most prevalent
vascular illness needing hospitalization and surgical treatment, particularly in COVID
patients. Prior global reports have shown the connection among SARS-CoV-2 infection and
microvascular in ammation [ 135, distal vasculitis, and the prothrombotic condition [ 171].
These ndings appeared to be associated with the in ammatory cytokine storm (interleukin-

6 and interleukin-1 beta) that contributes to the procoagulant and proadhesive condition of
the defective endothelium [ 171]. In addition, inadequate coagulation measures are often
correlated with a poor prognosis in COVID-19 patients [ 172,173. This could be the reason
for the results of Bellosta et al. [174], who initially documented a rise in the frequency
and extent of native peripheral artery obstruction in COVID-19 patients. This might be
connected to the increased hypercoagulability linked with a D-dimer elevation, which was
seen in COVID-19 patients [17517€].

In a Singapore tertiary hospital's vascular surgery section, medical capacity was
reduced by 50 percent during the pandemic, but a fast-access diabetic foot clinic continued
to operate, since diabetic foot patients often need more rapid and more urgent care [ 177].
Every COVID-19 probable and con rmed positive patient procedure was performed in a
surgery room with negative pressure. An insightful conclusion is that a small minority of
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COVID-19 patients may have a lengthy and challenging ICU hospitalization, necessitating
extended breathing and inotropic support. This may cause peripheral vasoconstriction
and gangrene in the upper and lower extremities. One of their COVID-19-positive patients
experienced peripheral gangrene of all four limbs due to noradrenaline and dopamine
overuse at high doses. The patient ultimately died from COVID-19 complications.

During the COVID-19 pandemic, the practice of vascular surgical treatment in the
United States was drastically altered, and local differences in clinical management were
observed [174]. These included substantial cancellations of elective surgical procedures, a
decline in outpatient visits, and decreased use of the vascular laboratory. Telemedicine was
used to maintain vascular therapy for patients who prioritized life over limb.

The economic effect of the COVID-19 epidemic has drastically altered the United States'
healthcare system. During the pandemic, a multiplicity of de novo stresses exacerbated the
general nurse de cit, exposing and aggravating long-term dif culties that have hampered
the nursing profession for years. In the midst of drastically increasing nurse labor costs and
continuous clinical income production, the studies [ 178179 reveal a serious degradation of
the pro t margin in vascular surgery. As the country ghts to recover from the pandemic,
it is probable that the expenditures in nursing education, training, and recruiting should be
made permanent.

Effects Worldwide

Due to the limitations or patients' unwillingness to access health care services at
the peak of the pandemic, there was also an increase in late presentations of prevalent
cardiac diseases. There might be an increase in the incidence of late sequelae of myocardial
infarction, including heart failure and postinfarct ventricular septal defect. Individuals
with valvular disease might exhibit signs of severe or decompensated heatrt failure, as well
as diminished ventricular activity.

Anecdotally, the reported frequency of aortic dissection presentations for acute treat-
ment has decreased, and chronic dissections may occur as a result. There is proof that
individuals are seeking medical attention less commonly; in a study, more than half of
participants described a 40% to 60% decrease in myocardial infarction hospitalizations [ 180.
Eventually, this delay in treatment might raise the prevalence of chronic cardiac disease and
lead to the need for more extensive follow-up care and rehospitalization, thus increasing
pressure on a hospital system that is recuperating.

As humans proceed to face the COVID-19 pandemic, it is evident that cardiac surgical
initiatives will necessitate multidisciplinary collaborative efforts, an eagerness and versatil-
ity to change institutional practices, and the capacity to preserve core surgical skills while
applying them to the care of critically ill patients. The effect of every initiative will depend
on the equilibrium between the severity of COVID-19 infection and resource capabilities,
and a reversion to normality is expected after the spike and maximum number of cases
have passed.

9. Residency and COVID-19

Within the rst pandemic wave, vascular surgery operations decreased by an average
of 23.3%, and 53.5% of vascular surgery residents were reassigned to other specialties81].

According to three out of four respondents, the postponement or cancellation of
many outpatient visits and elective procedures caused a signi cant reduction in surgical
operations for vascular trainees and other vascular practices, which negatively impacted
their residency despite the fact that they were not on the COVID-19 front lines.

To assess the status of vascular learning throughout Europe during the rst wave of
the COVID-19 pandemic, in the study of Pereira-Neves et al. [ 187, an electronic question-
naire was sent to 104 vascular trainees in 27 European countries. In total, 73.5 percent of
respondents said that the COVID-19 pandemic had a detrimental in uence on vascular
education, and 73.4 percent felt that adjustment actions must be adopted.
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During the COVID-19 pandemic, lborra et al. [ 183, conducted six online training
classes on open vascular surgery procedures for vascular trainees. A practice kit including
the necessary materials for the activity was created and sent to the participants. The carotid
endarterectomy was closed with a bovine patch and the anastomosis was performed using
a biological prosthetic bypass. Participants were instructed to Im the carotid patch closing
and bypass anastomosis with their arms and the model visible; the Ims were further
analyzed, and the results were sent to the participants through email. All the participants
reported that it was a useful tool and that they would repeat the course again, being a
feasible way to continue the study in a pandemic period.

It was anticipated that the in uence of COVID-19 on surgical practices in the United
States would have a substantial effect on the training conditions and particular pressures
for trainees [184]. Numerous modi cations were made to the vascular surgeon trainees'
experiences, varying from the nature of the job requirements (redeployment to respon-
sibilities other than those performed by a vascular surgeon's trainee) to the volume of
work requests (extensive clinical commitments and time dedicated to self-learning) or the
combination of the two.

In conclusion, the COVID-19 pandemic had a considerable detrimental in uence on
vascular education. In light of the protracted pandemic scenario, it is felt that compensating
measures must be considered in order to ensure high levels of vascular education and
create new training instruments for future trainees.

10. Short-Term and Long-Term Consequences of the COVID-19 Pandemic Affecting
Surgical Care Provision

10.1. The Pandemic's Effect on Surgical Services

The pandemic's consequences for surgery were severe, possibly long-lasting, and
broad, according to published studies and growing real-life experiences. Studies [ 185-187]
found in connection to operation and perioperative care included comments, anecdotal
examples, and suggestions.

Certain general concepts are consistent throughout areas and could be utilized to
alleviate the short- and long-term consequences of the pandemic on surgical services, as
well as to inform future preparation efforts.

10.2. Reconstructing Surgical Capability following Pandemic

It is unknown what in uence this reduction in surgical ability will have on the surgical
condition and related health of patients, as well as their well-being, functional capacity, risk
of function loss, and detrimental impacts on prognosis. Patients may experience sadness,
disappointment, anger, irritation, and stress when their appointments are canceled under
regular conditions. This is in addition to the possible economic repercussions (loss of
employment, sick leave, or dif culty in sustaining tenancy) and family life impacts[  189.

Ideally, the COVID-19 period is going to be a once-in-a-lifetime event for several health
care professionals worldwide. This unique period of pandemic crisis necessitates adjust-
ments and increased exibility in cardiothoracic surgery training expectations in order to
address trainee-speci ¢ and surgical education-speci ¢ concerns. Constant reorganization
of the schedule and curriculum for surgical trainees is unavoidable.

10.3. Getting Ready for the Future

We must begin planning for the future. Telemedicine and remote monitoring tech-
nologies, which have thrived during COVID-19, ought to be incorporated into the future
of practice [189. When COVID-19 fades, we will have a signi cant backlog of cases. The
principle of sensible prioritization also remains, such that the most important situations are
handled immediately. As we expand our outpatient and inpatient care to pre-COVID-19
levels, the constant screening for patients who may be infected with COVID-19 should
remain consistent, along with maintaining a high standard of cleanliness.
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Patients with limb ischemia are a frail and sensitive population whose prognosis is
signi cantly impacted by a delay in the standard of therapy [ 190. Throughout a pandemic
period, it is crucial that these individuals continue to receive routine medical treatment,
with caregivers recognizing them and recommending them in time for revascularization.
The higher incidence of major limb amputations seen in research might have a signi cant
in uence on functional outcome and quality of life and should, thus, be avoided [ 191].
Patients should not be frightened to contact their physician, despite the fact that social
isolation is necessary for preventing the transmission of the SARS-CoV-2 virus. In these
individuals, an accurate evaluation of wounds and tissue loss must be conducted by
high-quality computerized video or picture consultation or physical examination.

11. Conclusions

While there is a de nite link between cardiovascular disease and COVID-19, it is
important to note that the majority of the studies are retrospective and, therefore, susceptible
to bias and interference. It is dif cult to differentiate the very signi cant in uence of age on
COVID-19 results from those of other diseases whose incidence increases with age, such as
hypertension, diabetes, and other cardiovascular disorders. Nonetheless, addressing this
connection is crucial, since it has rami cations for patient assessment. Similarly, despite
the fact that heart damage appears to be widespread in people with severe COVID-19,
the long-term health consequences and any subsequent impact of cardiovascular disease
are unknown.

There is currently no cure for COVID-19, although the effective use of medications
including remdesivir and dexamethasone and the implementation of effective vaccination
programs would certainly make a difference. As varieties of SARS-CoV-2 develop for
which existing vaccinations provide less resistance, it is more probable that the pandemic
will persist in a certain form for many years, with COVID-19 cardiovascular complications
continuing to be a clinical issue. This possibility has prompted urgent recommendations for
enhanced research into relevant pathways and better cardiovascular and cardiometabolic
disease prevention and management for patients.

The worldwide pandemic brought on by SARS-CoV-2 compelled the vascular profes-
sion to reevaluate the therapy of selected vascular diseases and discover ways to address
the vascular implications of COVID-19 infection. In the lack of published research or
empirical evidence on COVID-19, vascular surgeons had to determine the risk—bene t of
both regular and emergency treatment in the light of community-based disease incidence
and facility capabilities.
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