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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 HbA1c, 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 A1298C) 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) geneC677Tand A1298Cwas lately correlated with CVST. The aim of our study
was to investigate the prevalence of MTHFR gene polymorphisms, factor V G1691A-Leiden
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 in the 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 G1691A-Leiden, prothrombin G20210A, PAI-1 675 4G/5G, homocysteine level, the
lipid pro�le, blood glucose and glycohemoglobin –HbA1c, 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%),PAI-I 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 II 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 enrollment 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 (HbA1c) 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 [9,10]. 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 A1298C) 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 QIAamp DNA
mini blood kits (Qiagen, Hilden, Germany). PCR ampli�cation was made using LightCycler
480 Instrument II 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 [17]. Considered to be the gold standard in diagnosing cerebral
venous thrombosis as it has a higher sensitivity than computer tomography [ 17]. MRI 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 (CI) was
considered to estimate the precision of OR. A large CI indicates a low level of precision of
the OR, whereas a small CI 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 G1691A-Leiden mutation (18 cases; 15.78%),
prothrombin G20210Agene mutation (three cases; 2.63%),MTHFR gene polymorphism
C677T(44 cases; 38.59%) andA1298C(16 cases; 14.03%),PAI-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 A1298C) gene polymorphism ( n = 60) and other etiology of CVST
(n = 54) using the Mann- Whitney U Test and Chi Square Test.

Variable
Patients Total,

n = 114
With MTHFR Polymorphism

(n = 60)
With Other Etiology ( n = 54) p

Mean � Std
Deviation

Mean � Std
Deviation
(Median)

Mean
Rank

Mean � Std
Deviation
(Median)

Mean
Rank

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
SPB2, 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
SSS4/SSS + LS 60 (52.63%) 33 (55%) 32.56 27 (50%) 27.42 0.158

LS 5/LS+SP 6/LS+SS 7, n (%) 37 (32.45%) 19 (31.66%) 19.40 18 (33.33%) 17.58 0.496
Cav 8. S, n (%) 17 (14.91%) 8 (13.33%) 8.55 9 (16.66%) 8.44 0.585

Factor V 9, n (%) 18 (15.78%) 18 (30%) 13.81 NA NA NA
Factor II 10, 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
tHcy 12, � mol/L 24.1� 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 14, 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 � 29.41 100.8� 39.33 101.37 89.61� 7.41 88.98 0.061
HbA1c 17, % 5.32� 1.13 5.51� 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;3 DBP, diastolic blood pressure; 4 SSS, superior sagittal sinus;5 LS, lateral sinus; 6 PS,
petrosal sinus; 7 SS, sigmoid sinus;8 Cav. S, cavernous sinus;9 Factor V G1691A- Leiden gene mutation (polymorphic variant); 10 Factor
II, prothrombin G20210Agene mutation (polymorphic variant); 11 PAI-1, plasminogen activator- inhibitor gene mutation (polymorphic
variant); 12 tHcy, homocysteine; 13 TC, total cholesterol; 14 LDLc, low- density lipoprotein cholesterol; 15 HDLc, high- density lipoprotein
cholesterol; 16 TGL, triglycerides; 17 HbA1c, glycohemoglobin; 18 hsCRP, high sensitive C- reactive protein; 19 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 II 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 (n = 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 Figures1 and 2.

  
(a) (b) 

Figure 1. MR-venography 2D-TOF (2D- time of flight) in the co ronal (a) and axial (b) plane noting the absence of the flow 

��

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).

  
(a) (b)��

Figure 2. MR- venography 2D-TOF (2D- time of flight) in the coronal ( a) and axial (b) plane reveals permeabilization of 
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 ProjectionFigure 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 (HbA1c) 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 ( C677Tand/or
A1298C) 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%), prothrombinG20210Agene mutation (3 cases,
2.63%),PAI-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� 38.54 mg/dL vs. 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/L vs. 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 (p = 0.091), DBP (p = 0.132),
SSS/SSS+LS (p = 0.158), LS/LS+PS/LS+SS (0.496), Cav.S (p = 0.585), HDL (p = 0.287), TGL
(p = 0.071), blood glucose (p = 0.061), HbA1c (p = 0.699), IMT (p = 0.859) (Table1).

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/L vs. 17.19 � 34.31� mol/L;
p < 0.001). There were no signi�cant difference between groups regarding age ( p = 0.548),
SBP (p = 0.264), DBP (p = 0.326), Cav. S (p = 0.844), factor II (p = 0.082), TC (p = 0.108), LDLc
(p = 0.292), HDLc (0.385), TGL (0.149), blood glucose (p = 0.316), HbA1c (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.

Variable
With MTHFR C677T Polymorphism

(n = 44)
With MTHFR A1298C

Polymorphism ( n = 16)
p

Mean +/ � Std
Deviation (Median)

Mean
Rank

Mean +/ � Std
Deviation (Median)

Mean
Rank

Age, years 35.3� 8.47 35.89 34.36� 8.5 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

SSS4/SSS + LS5 25 (56.81%) 20.88 7 (43.75%) 11.11 p < 0.001 *
LS/LS + SP 6/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 0.722ˆ
Factor V 9, n (%) 16 (36.36%) 12.71 2 (12.50%) 5.28 p < 0.001 *
Factor II 10, n (%) 0 0.78 3 (18.75%) 2.21 0.076 ˆ

PAI-1 11, n (%) 38 (86.36%) 31.83 11 (68.75%) 17.16 p < 0.001 *
tHcy 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 14, 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

HbA1c 18, % 5.5 � 1.53 5.64 5.55� 1.53 5.40 0.817
hsCRP19, 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; ˆ Fisher's test signi�cant difference; n = absolute number of patients;
% = relative number of patients; 1 HTN, hypertension; 2 SBP, systolic blood pressure;3 DBP, diastolic blood pressure; 4 SSS, superior sagittal
sinus; 5 LS, lateral sinus; 6 PS, petrosal sinus;7 SS, sigmoid sinus;8 Cav. S, cavernous sinus;9 Factor V G1691A- Leiden gene mutation
(polymorphic variant); 10 Factor II, prothrombin G20210Agene mutation (polymorphic variant); 11 PAI-1, plasminogen activator- inhibitor
gene mutation (polymorphic variant); 12 tHcy, homocysteine; 13 TC, total cholesterol; 14 LDLc, low- density lipoprotein cholesterol; 15 HDLc,
high- density lipoprotein cholesterol; 16 TGL, triglycerides; 17 Blood glucose, mg/dL; 18 HbA1c, glycohemoglobin; 19 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/L vs. 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. 37;p < 0.005),
SSS/SSS+LS (7 vs. 27:p < 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%) (p = 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
A1298C) 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%),PAI-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 II, 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 (p = 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 A1298Cpolymorphism ( 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+LS (p < 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, HbA1c, hsCRP and IMT.

By comparing the group of patients with MTHFR C677Tgene 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 C677Tpolymorphism 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 C677Tpolymorphism in subarachnoid hemorrhage patients [ 33]. Studies from
literature [ 34–37] have emphasiezed the role of MTHFR C677Tpolymorphism 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 A1298Cpolymorphism 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 A1298C) have a high prevalence in CVST. TheMTHFR 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
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Patients and methods
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�H�Q�G�R�F�D�U�G�L�W�L�V�����G�L�V�V�H�P�L�Q�D�W�H�G���J�R�Q�R�U�U�K�H�D�����V�\�S�K�L�O�L�V�����V�W�U�H�S�W�R�F�R�F�F�D�O��
�D�Q�G�� �P�H�Q�L�Q�J�R�F�R�F�F�D�O�� �L�Q�I�H�F�W�L�R�Q������ �D�Q�G�� �S�D�U�D�V�L�W�R�V�L�V�� ���P�D�O�D�U�L�D����
�V�F�K�L�V�W�R�V�R�P�L�D�V�L�V�����W�U�\�S�D�Q�R�V�R�P�L�D�V�L�V�����W�R�[�R�S�O�D�V�P�R�V�L�V�������D�Q�G���L�L�L�����W�K�H��
�S�U�H�V�H�Q�F�H���R�I���R�W�K�H�U���F�K�U�R�Q�L�F���S�D�W�K�R�O�R�J�L�H�V���L�Q�F�O�X�G�L�Q�J���J�O�R�P�H�U�X�O�R�Q�H��
�S�K�U�L�W�L�V�����X�O�F�H�U�D�W�L�Y�H���F�R�O�L�W�L�V�����&�U�R�K�Q�
�V���G�L�V�H�D�V�H�����L�G�L�R�S�D�W�K�L�F���L�Q�W�H�U�V�W�L�W�L�D�O��
�S�Q�H�X�P�R�Q�L�D�����F�\�V�W�L�F���À�E�U�R�V�L�V�����P�X�O�W�L�S�O�H���V�F�O�H�U�R�V�L�V���D�Q�G���W�K�U�R�P�E�R�W�L�F��
�S�X�U�S�X�U�D���W�K�U�R�P�E�R�F�\�W�R�S�H�Q�L�F���K�H�S�D�W�L�W�L�V��

Patient groups and treatment. �,�Q���W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\�����Z�H���D�L�P�H�G��
�W�R���D�V�V�H�V�V���W�K�H���Y�D�O�X�H�V���R�I���&�,�&�V���L�Q���W�K�H���U�H�O�D�S�V�L�Q�J���U�H�P�L�W�W�L�Q�J���P�X�O�W�L�S�O�H��
�V�F�O�H�U�R�V�L�V���S�D�W�L�H�Q�W�V���L�Q���D�F�X�W�H���D�W�W�D�F�N���D�Q�G���Z�H���G�L�Y�L�G�H�G���������S�D�W�L�H�Q�W�V��
�Z�L�W�K�� �P�X�O�W�L�S�O�H�� �V�F�O�H�U�R�V�L�V�� �Z�L�W�K�� �K�L�J�K�� �Y�D�O�X�H�V�� �R�I�� �&�,�&�V�� �L�Q�W�R�� �W�Z�R��
�W�U�H�D�W�P�H�Q�W�� �J�U�R�X�S�V���� �2�Q�H�� �W�U�H�D�W�H�G�� �Z�L�W�K�� �J�O�D�W�L�U�D�P�H�U�� ���&�R�S�D�[�R�Q�H����
���L�P�P�X�Q�R�P�R�G�X�O�D�W�R�U�\���W�U�H�D�W�P�H�Q�W�����D�Q�G���W�K�H���R�W�K�H�U���Z�L�W�K���S�U�H�G�Q�L�V�R�Q�H��
���F�R�U�W�L�F�R�V�W�H�U�R�L�G���W�U�H�D�W�P�H�Q�W�������$�I�W�H�U���W�K�U�H�H���P�R�Q�W�K�V���R�I���W�U�H�D�W�P�H�Q�W�����Z�H��
�D�V�V�H�V�V�H�G���W�K�H���O�H�Y�H�O�V���R�I���&�,�&�V���L�Q���W�K�H���W�Z�R���P�X�O�W�L�S�O�H���V�F�O�H�U�R�V�L�V���W�U�H�D�W��
�P�H�Q�W���J�U�R�X�S�V�����,�Q���D�G�G�L�W�L�R�Q�����Z�H���D�V�V�H�V�V�H�G���W�K�H���O�H�Y�H�O�V���R�I���Y�L�W�D�P�L�Q���'��
�L�Q���E�R�W�K���R�I���W�K�H���J�U�R�X�S�V���W�R���R�E�V�H�U�Y�H���L�I���D�Q�\���G�L�I�I�H�U�H�Q�F�H���Z�D�V���Y�L�V�L�E�O�H��
�E�H�W�Z�H�H�Q���W�K�H���O�H�Y�H�O�V���R�I���Y�L�W�D�P�L�Q���'���L�Q���E�R�W�K���J�U�R�X�S�V�����9�L�W�D�P�L�Q���'���L�V��
�U�H�O�D�W�H�G���W�R���W�K�H���E�R�Q�H���K�H�D�O�W�K���D�Q�G���F�D�O�F�L�X�P���P�H�W�D�E�R�O�L�V�P�����D�O�R�Q�J���Z�L�W�K��
�W�K�H���J�H�Q�H�U�D�O���L�P�P�X�Q�L�W�\���O�H�Y�H�O���R�I���W�K�H���R�U�J�D�Q�L�V�P�����F�X�U�U�H�Q�W�O�\���E�H�L�Q�J���R�I��
�J�H�Q�H�U�D�O���L�Q�W�H�U�H�V�W���L�Q���P�X�O�W�L�S�O�H���V�F�O�H�U�R�V�L�V��

�7�K�H���W�K�H�U�D�S�H�X�W�L�F���V�W�U�D�W�H�J�\���I�R�U���H�D�F�K���S�D�W�L�H�Q�W���Z�D�V���G�H�F�L�G�H�G���X�S�R�Q��
�E�\���W�K�H���W�U�H�D�W�L�Q�J���G�R�F�W�R�U���R�Q���W�K�H���E�D�V�L�V���R�I���W�K�H���E�H�V�W���S�R�V�V�L�E�O�H���V�R�O�X��
�W�L�R�Q���I�R�U���H�D�F�K���S�D�W�L�H�Q�W�����*�O�D�W�L�U�D�P�H�U���D�F�H�W�D�W�H���U�H�S�U�H�V�H�Q�W�V���D���V�\�Q�W�K�H�W�L�F��
�S�U�R�W�H�L�Q���Z�K�L�F�K���V�L�P�X�O�D�W�H�V���P�\�H�O�L�Q���E�D�V�L�F���S�U�R�W�H�L�Q�����D���F�R�P�S�R�Q�H�Q�W���R�I��
�W�K�H���P�\�H�O�L�Q���W�K�D�W���L�V�R�O�D�W�H�V���Q�H�U�Y�H���À�E�H�U�V���O�R�F�D�W�H�G���L�Q���W�K�H���E�U�D�L�Q���D�Q�G��
�V�S�L�Q�D�O���F�R�U�G�����7�K�L�V���G�U�X�J���I�X�Q�F�W�L�R�Q�V���E�\���E�O�R�F�N�L�Q�J���P�\�H�O�L�Q���G�D�P�D�J�L�Q�J��
�7���F�H�O�O�V���X�V�L�Q�J���D���P�H�F�K�D�Q�L�V�P���Z�K�L�F�K���L�V���Q�R�W���H�Q�W�L�U�H�O�\���X�Q�G�H�U�V�W�R�R�G����
�3�U�H�G�Q�L�V�R�Q�H���U�H�S�U�H�V�H�Q�W�V���R�Q�H���R�I���D���J�U�R�X�S���R�I���F�R�U�W�L�F�R�V�W�H�U�R�L�G�V���W�K�D�W��
�F�R�Q�W�U�L�E�X�W�H�� �W�R�� �U�H�O�L�H�Y�H�� �L�Q�Á�D�P�P�D�W�L�R�Q�� �L�Q�� �G�L�I�I�H�U�H�Q�W���S�D�U�W�V�� �R�I�� �W�K�H��
�E�R�G�\�����&�R�U�W�L�F�R�V�W�H�U�R�L�G�V���D�U�H���X�V�H�G���L�Q���P�X�O�W�L�S�O�H���V�F�O�H�U�R�V�L�V���I�R�U���W�K�H�L�U��
�D�E�L�O�L�W�\���W�R���V�H�D�O���W�K�H���G�D�P�D�J�H�G���E�O�R�R�G���E�U�D�L�Q���E�D�U�U�L�H�U���D�Q�G���G�H�F�U�H�D�V�H��
�L�Q�Á�D�P�P�D�W�L�R�Q���O�R�F�D�W�H�G���L�Q���W�K�H���F�H�Q�W�U�D�O���Q�H�U�Y�R�X�V���V�\�V�W�H�P�����3�D�W�L�H�Q�W�V��
�I�U�R�P���W�K�H���S�U�H�G�Q�L�V�R�Q�H���W�U�H�D�W�P�H�Q�W���J�U�R�X�S���U�H�F�H�L�Y�H�G������ �P�L�O�O�L�J�U�D�P��
�3�U�H�G�Q�L�V�R�Q�H���S�H�U���N�L�O�R�J�U�D�P���R�I���E�R�G�\���Z�H�L�J�K�W���S�H�U���G�D�\�����G�X�U�L�Q�J���W�K�H��
�W�K�U�H�H���P�R�Q�W�K�V�����7�K�H���S�D�W�L�H�Q�W�V���I�U�R�P���W�K�H���&�R�S�D�[�R�Q�H���W�U�H�D�W�P�H�Q�W���J�U�R�X�S��
�U�H�F�H�L�Y�H�G�� �W�K�U�H�H�� �L�Q�M�H�F�W�L�R�Q�V�� �R�I�� �&�R�S�D�[�R�Q�H�� �������� �P�J���P�O�� �V�R�O�X�W�L�R�Q��
�I�R�U���L�Q�M�H�F�W�L�R�Q���L�Q���S�U�H���À�O�O�H�G���V�\�U�L�Q�J�H�����S�H�U���Z�H�H�N���G�X�U�L�Q�J���W�K�H���W�K�U�H�H��
�P�R�Q�W�K�V��

CIC serum test method. �7�K�H���Y�H�Q�R�X�V���E�O�R�R�G���F�R�O�O�H�F�W�H�G���Z�D�V���W�U�H�D�W�H�G��
�D�F�F�R�U�G�L�Q�J���W�R���W�K�H���S�U�R�W�R�F�R�O�V���R�I���W�K�H���K�R�V�S�L�W�D�O�
�V���D�Q�D�O�\�V�L�V���O�D�E�R�U�D�W�R�U�\����
�X�V�L�Q�J���W�K�H���(�/�,�6�$���W�H�F�K�Q�L�T�X�H�����Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J���P�H�W�K�R�G�R�O�R�J�\����
�&�,�&�V�� �L�Q�� �W�K�H�� �S�D�W�L�H�Q�W�
�V�� �V�H�U�X�P�� �Z�H�U�H�� �À�[�H�G�� �E�\�� �W�K�H�� �)�F�� �I�U�D�J�P�H�Q�W��
�R�Q�� �&���T�� �I�U�R�P�� �W�K�H�� �P�L�F�U�R�S�O�D�W�H���� �L�Q�� �R�U�G�H�U�� �W�R�� �T�X�D�Q�W�L�I�\�� �W�K�H���S�U�H�V��
�H�Q�F�H���R�I���&�,�&���,�J�*���F�R�P�S�O�H�[�H�V�����S�H�U�R�[�L�G�D�V�H���F�R�Q�M�X�J�D�W�H�G���D�Q�W�L���,�J�*��
�D�Q�W�L�E�R�G�L�H�V�� �D�Q�G�� �W�K�H�Q�� �W�H�W�U�D�P�H�W�K�\�O�E�H�Q�]�L�G�L�Q�H�� �V�X�E�V�W�U�D�W�H�� �Z�H�U�H��
�D�I�W�H�U�Z�D�U�G�V���D�G�G�H�G�����7�K�H���F�R�O�R�U���L�Q�W�H�Q�V�L�W�\���R�E�W�D�L�Q�H�G���Z�D�V���G�L�U�H�F�W�O�\��
�S�U�R�S�R�U�W�L�R�Q�D�O���W�R���W�K�H���O�H�Y�H�O���R�I���&���T���&�,�&���F�R�P�S�O�H�[�H�V���U�H�O�D�W�H�G���W�R���W�K�H��
�V�R�O�L�G���S�K�D�V�H�����7�K�H���Y�H�Q�R�X�V���E�O�R�R�G���F�R�O�O�H�F�W�H�G���Z�D�V���W�U�H�D�W�H�G���D�F�F�R�U�G�L�Q�J��
�W�R�� �W�K�H�� �S�U�R�W�R�F�R�O�V�� �R�I�� �W�K�H�� �K�R�V�S�L�W�D�O�
�V�� �D�Q�D�O�\�V�L�V�� �O�D�E�R�U�D�W�R�U�\���� �X�V�L�Q�J��
�W�K�H���L�P�P�X�Q�R�F�K�H�P�L�F�D�O���P�H�W�K�R�G���Z�L�W�K���G�H�W�H�F�W�L�R�Q���E�\���H�O�H�F�W�U�R�F�K�H��
�P�L�O�X�P�L�Q�H�V�F�H�Q�F�H�����,�Q���D�G�G�L�W�L�R�Q�����W�R�W�D�O���Y�L�W�D�P�L�Q���'���Z�D�V���P�H�D�V�X�U�H�G��
���Y�L�W�D�P�L�Q���'�������Y�L�W�D�P�L�Q���'�����D�Q�G���R�W�K�H�U���K�\�G�U�R�[�\�O�D�W�H�G���P�H�W�D�E�R�O�L�W�H�V��
�R�I���Y�L�W�D�P�L�Q���'����

Statistical analysis. �$�O�O���V�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�H�V���Z�H�U�H���S�H�U�I�R�U�P�H�G��
�X�V�L�Q�J�� �,�%�0�� �6�3�6�6�� �6�W�D�W�L�V�W�L�F�V�� ������ ���,�%�0�� �&�R�U�S�������� �'�D�W�D�� �I�U�R�P��
�W�K�H�� �S�D�W�L�H�Q�W�V�� �Z�H�U�H�� �F�R�P�S�D�U�H�G�� �X�V�L�Q�J�� �W�K�H�� �Q�R�Q���S�D�U�D�P�H�W�U�L�F��
�0�D�Q�Q���:�K�L�W�Q�H�\�
�V���8�� �W�H�V�W���� �3���Y�D�O�X�H�V�������������� �Z�H�U�H���F�R�Q�V�L�G�H�U�H�G���W�R��
�L�Q�G�L�F�D�W�H���V�W�D�W�L�V�W�L�F�D�O���V�L�J�Q�L�À�F�D�Q�F�H��

Results

�$�� �0�D�Q�Q���:�K�L�W�Q�H�\�� �8�� �W�H�V�W�� �Z�D�V�� �U�X�Q�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �Z�K�H�W�K�H�U��
�W�K�H�U�H���Z�H�U�H���G�L�I�I�H�U�H�Q�F�H�V���L�Q���W�K�H���U�H�V�X�O�W�V���R�I���W�K�H���L�Q�L�W�L�D�O���&�,�&���V�H�U�X�P��
�W�H�V�W�� �S�H�U�I�R�U�P�H�G�� �R�Q�� �W�K�H�� �P�X�O�W�L�S�O�H�� �V�F�O�H�U�R�V�L�V�� �S�D�W�L�H�Q�W�V�� �W�U�H�D�W�H�G��
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�Z�L�W�K�� �J�O�D�W�L�U�D�P�H�U�� �D�F�H�W�D�W�H�� �Y�V���� �W�K�H�� �S�D�W�L�H�Q�W�V�� �W�U�H�D�W�H�G�� �Z�L�W�K�� �S�U�H�G��
�Q�L�V�R�Q�H���� �'�L�V�W�U�L�E�X�W�L�R�Q�V�� �R�I�� �W�K�H�� �U�H�V�X�O�W�V�� �I�R�U�� �E�R�W�K�� �R�I�� �W�K�H���J�U�R�X�S�V��
�R�I�� �S�D�W�L�H�Q�W�V�� �Z�H�U�H�� �V�L�P�L�O�D�U���� �D�V�� �D�V�V�H�V�V�H�G�� �D�W�� �D�� �À�U�V�W�� �J�O�D�Q�F�H���� �&�,�&��
�G�R�V�L�Q�J���U�H�V�X�O�W�V���Z�H�U�H���Q�R�W���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�À�F�D�Q�W���E�H�W�Z�H�H�Q���W�K�H��
�J�O�D�W�L�U�D�P�H�U�� �D�F�H�W�D�W�H�� �W�U�H�D�W�P�H�Q�W�� �J�U�R�X�S�� ���P�H�D�Q�� �U�D�Q�N� �������������� �D�Q�G��
�W�K�H���S�U�H�G�Q�L�V�R�Q�H���W�U�H�D�W�P�H�Q�W���J�U�R�X�S���R�I���P�X�O�W�L�S�O�H���V�F�O�H�U�R�V�L�V���S�D�W�L�H�Q�W�V��
���P�H�D�Q���U�D�Q�N� �����������������8� �����������]� �����������������3� �����������������7�K�H���U�H�V�X�O�W�V��
�D�U�H���S�U�R�Y�L�G�H�G���L�Q���7�D�E�O�H�V���,���D�Q�G���,�,��
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Abstract. Human helminth zoonosis is one of the most 
encountered helminthiases worldwide. Representative diseases 
include Toxocara canis and Toxocara cati, which are common 
�Q�H�P�D�W�R�G�H�V���S�U�H�Y�D�O�H�Q�W���L�Q���G�R�J�V���D�Q�G���F�D�W�V�����7�K�H���L�Q�À�O�W�U�D�W�L�R�Q���R�I���W�K�H�V�H��
roundworms in the human body through contaminated food or 
nematode eggs could lead to central nervous system injury as the 
roundworms can cross the blood-brain barrier leading to neuro-
toxocariasis. Among the neurological and neuropsychological 
disturbances produced by Toxocara infection, in humans, the 
most representative are meningitis, encephalitis, myelitis and 
cerebral vasculitis, but asymptomatic central nervous system 
infection is probably the most prevalent. The present review 
examines the clinical symptomatology of neurotoxocariasis in 
case reports in the literature in the last 7 decades (1950-2020). 
The available evidence was retrieved from PubMed and 
Medline electronic databases. The present review reports the 
most prevalent clinical symptomatology in the cases of detected 
and diagnosed Toxocara infection with neuroinvasion. Thus, the 
present review aims to raise the awareness of neurological cases 
of Toxocara infection with the potential to at least establish 
differential diagnosis of neurotoxocariasis.
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1. Introduction

The incidence of parasitic infections remain prevalent 
disregarding the advancement in different countries. This 
increased incidence is generated partially by a rising number 
of travelers abroad and pet owners (1). In some countries, the 
food habits and preferences are varied and this factor can 
make humans in these countries more prone to this disease (1). 
Forms of toxocariasis in literature have been described after 
the ingestion of meat from chickens, cows and quails in Japan 
in adult patients with pulmonary and liver affections (1).

At the time of intrusion in the host gastro-intestinal system, 
the progression continues through the portal vein to the liver, 
where it can be cantonated, but also, with the possibility of 
by-passing the liver and continuing to migrate through the 
circulation in systemic organs, causing the manifest form of 
the disease depending on the concerned organ (1).

A categorical diagnosis of Toxocara cati or Toxocara canis 
infection can be established after the discovery of the larvae 
and eggs originating from the patient, but this situation is 
infrequent. Broadly, the diagnosis is determined in the hospital 
using the anamnesis of a history of eating uncooked meat, 
paraclinical laboratory exams hypereosinophilic syndrome 
with the existence of specific antibodies. The severity of 
this disease may be directly proportionate to the dose of 
inoculation (2). Glickman et al raised the concern about a 
high risk of potential infections with parasites from Canis and 
Felids in the situations of hunting and possessing hunting dogs 
inside human establishments (2).

Toxocara cati (T. cati) and Toxocara canis (T. canis) are 
the etiological factors of human toxocariasis. In addition, 
these ubiquitary zoonotic nematodes belong to the family 
Ascaridae (2). The adult parasites from T. cati and T. canis 
are located in the first part of the small intestine of the 
terminal host. T. cati and T. canis can be hosted in various 
types of paratenic beings such as humans, mammals, birds and 
rodents (3). The natural evolution of the presence of the larva 
in these organisms involves migration to certain tissues and 
organs of the hosts and long-term survival (3). This fact has 
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

Studies and experimental studies on animals have reported the 
presence of T. canis larvae in the brain, liver and other organs 
�R�I���W�K�H���K�R�V�W�V�����F�R�Q�À�U�P�L�Q�J���P�L�J�U�D�W�L�R�Q���R�I���W�K�H���O�D�U�Y�D���L�Q���W�K�H���R�U�J�D�Q�L�V�P��
of the host (3,4). Fenoy et al presented the theory that larvae 
are not always prevalent in histopathological lesions because 
of the motility of the larvae (5). Studies with animals have 
demonstrated that the most prevalent organ preferred by 
larvae in migration is the liver of the host, especially in the 
case of the chicken as the paratenic host (6,7).

Azizi et al���G�H�P�R�Q�V�W�U�D�W�H�G���I�R�U���W�K�H���À�U�V�W���W�L�P�H���W�K�D�W���I�R�O�O�R�Z�L�Q�J��
experimental infection with embryonated eggs in chicken with 
T. cati, the larvae had the capacity to migrate to other tissues 
and organs in the host besides the gastrointestinal tract. In 
this study, the migration of the larvae to the brain and liver of 
the hosts was reported along with the presence of mild infec-
tion. In addition, the research team recovered larvae from the 
brain and the liver of two chickens that were infected. The 
authors concluded by projecting an awareness of raw meat 
consumption, especially raw chicken brain and liver (8).

Studies involving mice infected with T. canis, reported 
�¶�F�R�Q�J�H�V�W�L�R�Q�����W�K�L�F�N�H�Q�L�Q�J���R�I���D�U�W�H�U�L�R�O�H�V�����P�R�G�H�U�D�W�H���L�Q�Á�D�P�P�D�W�R�U�\��
�L�Q�À�O�W�U�D�W�H���D�Q�G���V�H�Y�H�U�H���J�O�L�R�V�L�V�·�����������������,�Q���D�G�G�L�W�L�R�Q�����V�L�P�L�O�D�U���U�H�V�X�O�W�V��
related to the morphological aspects in toxocariasis were 
reported by Oryan et al in studies with chickens infected with 
T. cati (9).

In a study by Oryan et al with chicken infected with T. cati, 
the authors discovered, after 240 days after the inoculation 
of the larvae eggs, larvae recovery in 3 chicken brains and 
�D�O�V�R���P�R�G�L�À�F�D�W�L�R�Q�V���D�V���K�H�P�R�U�U�K�D�J�H�V���D�Q�G���L�Q�À�O�W�U�D�W�L�R�Q�V�����P�R�V�W�O�\��
lymphocytic, less eosinophilic) located in the meninges and 
also in the vessels in cerebral parenchyma and in the region 
of the cerebellum. The brain infection was mild, without any 
impairment of behavioral pattern observed in the infected 
chickens. Furthermore, histopathological changes were found 
in the organs of all the infected chickens (9).

In addition, Janecek et al reported similar structural brain 
damage in the cerebrum of T. canis-infected mice with the 
presence of activated microglia and focal accumulation of 
phagocytic cells (10). Similarly, Othman et al reported many 
T. canis larvae scattered in brain tissues of the infected group of 
�P�L�F�H���L�Q�G�X�F�L�Q�J���Y�D�V�F�X�O�D�U���F�R�Q�J�H�V�W�L�R�Q���E�X�W���Z�L�W�K�R�X�W���L�Q�Á�D�P�P�D�W�R�U�\��
�L�Q�À�O�W�U�D�W�H������������

�,�Q���D���V�W�X�G�\���E�\���3�H�J�J�����F�R�P�P�R�Q���Á�L�H�V���Z�H�U�H���L�Q�I�H�F�W�H�G���Z�L�W�K���H�J�J�V���R�I��
T. canis���D�Q�G���D�I�W�H�U�Z�D�U�G�V�����%�H�D�J�O�H���S�X�S�S�L�H�V���Z�H�U�H���I�H�G���Z�L�W�K���W�K�H���Á�L�H�V����
after being treated with antihelminthics. From the puppies in 
the group, 80% became infected with T. canis after ingestion 
of the flies. Larvae and eggs were collected from various 
tissues of the dogs. This study has enormous importance in 
�F�R�Q�V�L�G�H�U�L�Q�J���Á�L�H�V���D�V���V�R�X�U�F�H�V���R�I���L�Q�I�H�F�W�L�R�Q���Z�L�W�K��T. canis not only 
for dogs, but as well as humans (12).

3. Neuroinvasion in humans

Neurotoxocariasis is a severe disease that has been associated 
with a decrease in mental activity, social changes and neuro-
degenerative diseases. The importance of the disease is 
determined by its ubiquitous spread as a zoonosis generated 
by T. canis or T. cati (9-11).

Toxocariasis in humans is produced by the presence in the 
digestive system of eggs in the embryonate stage or the tissues 
of hosts that contain the infective larvae. Humans develop the 
infectious disease after consumption of embryonated eggs 
coming from soil (geophagia, pica) or in the case of contact 
with dirty hands, raw vegetables, or larvae from undercooked 
or raw meat consumption (9-11). Present in the human body, 
�W�K�H���O�D�U�Y�D�H���E�H�J�L�Q���W�K�H�L�U���H�[�R�G�X�V���X�V�L�Q�J���W�K�H���E�O�R�R�G���Á�R�Z���W�R���P�L�J�U�D�W�H��
to various organs in the body.

Toxocariasis can be categorized into four main stages: 
Asymptomatic-the most prevalent phase, visceral, ocular and 
neurotoxocariasis. The factors that contribute to the stage of 
the disease include: The quantity and quality of the infection, 
the patient's immune response and the concerned organs (9-11).

Toxocariasis that is located in the nervous system is a 
chronic disease that may recur for a considerable amount 
of time and may interfere with the functions of the nervous 
system, characterized by a decrease in cognitive capacity, 
neuropsychological impairment, depression, behavioral 
alteration and neurodegenerative diseases (11-13).

As a consequence of this localization, the treatment of 
�Q�H�X�U�R�W�R�[�R�F�D�U�L�D�V�L�V���L�V���G�L�I�À�F�X�O�W���D�Q�G���F�R�Q�V�L�V�W�V���R�I���P�D�Q�\���F�K�D�O�O�H�Q�J�H�V����
as drugs destined to treat this disease have variable effects. 
In addition, effective treatment must take into consideration 
�W�K�H���G�L�I�À�F�X�O�W�\���R�I���S�H�Q�H�W�U�D�W�L�Q�J���W�K�H���E�O�R�R�G���E�U�D�L�Q���E�D�U�U�L�H�U�����D�Q�G���R�Q��
the other hand, the treatment can sometimes cause more detri-
mental effects than the disease itself due to allergic responses 
that may occur during treatment (11). Another challenge in the 
treatment of neurotoxocariasis is the fact that the treatment 
�F�R�P�E�L�Q�H�V���D�Q�W�L���L�Q�Á�D�P�P�D�W�R�U�\���G�U�X�J�V���W�R���U�H�G�X�F�H���W�K�H���J�H�Q�H�U�D�O�L�]�H�G��
�L�Q�Á�D�P�P�D�W�R�U�\���U�H�D�F�W�L�R�Q�����Z�K�L�F�K���D�O�V�R���G�H�F�U�H�D�V�H�V���W�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V��
of treatment on the pathogenic larvae, especially taking into 
consideration the fact that the immune reactions occur in the 
�E�U�D�L�Q�����W�K�X�V�����L�W���L�V���G�L�I�À�F�X�O�W���W�R���H�U�D�G�L�F�D�W�H���W�K�L�V���G�L�V�H�D�V�H��

The cells mainly involved in the defense process against 
the penetration of pathogens and parasites into the brain 
are astrocytes, which also modulate neuroinflammation. 
Through these processes, astrocytes maintain homeostasis in 
the brain (11). Taking into consideration the disruptions that 
occur in the neurotoxocariasis pathology, it is assumed that the 
function of astrocytes is impaired (11).

4. Case reports from the literature

The clinical intensity and type of manifestations in neurotoxo-
cariasis are related to the quantity of the larvae that penetrate 
the blood-brain barrier and also are related to the severity of 
�W�K�H���G�H�V�W�U�X�F�W�L�R�Q���D�Q�G���L�Q�Á�D�P�P�D�W�R�U�\���U�H�V�S�R�Q�V�H���������������7�K�H���F�O�L�Q�L�F�D�O��
manifestations of neurotoxocariasis are distributed on a broad 
extent, generating varied syndromes: Encephalitis, seizures, 
brain vasculitis, extramedullary space-occupying lesion and 
meningitis (9-12).

�7�K�H���À�U�V�W���F�D�V�H���R�I���Q�H�X�U�R�W�R�[�R�F�D�U�L�D�V�L�V���Z�D�V���U�H�S�R�U�W�H�G���L�Q�������������E�\��
Beautyman and Woolf (13), in the case of a child with clinical 
�D�Q�G���S�D�W�K�R�O�R�J�L�F�D�O���À�Q�G�L�Q�J�V���R�I���D���Q�H�X�U�R�O�R�J�L�F�D�O���G�L�V�R�U�G�H�U���F�D�X�V�H�G���E�\��
an encapsulated larva recovered from serial sections of the 
brain at autopsy (the child's death was due to poliomyelitis) 
�W�K�D�W���Z�D�V���À�U�V�W�O�\���Z�U�R�Q�J�O�\���D�V�V�X�P�H�G���W�R���E�H��Ascaris lumbricoides. 
In 1956, Nichols (14) described the morphological features of 
Toxocara and Beautyman and Woolf (13) concluded that in 
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their case report the child presented with T. canis, rather than 
the initial larvae believed. As the response of the infection with 
these zoonotic agents, at the molecular level, there appears a 
�G�H�P�\�H�O�L�Q�D�W�L�R�Q���R�I���W�K�H���Q�H�U�Y�H���À�E�H�U�V�����,�Q���R�E�V�H�U�Y�D�W�L�R�Q�V���L�Q���P�L�F�H�����L�W��
was demonstrated that T. canis has a higher prevalent inclina-
tion of migration in the central motor system than T. catis (10). 
�7�K�H���W�H�U�P�L�Q�R�O�R�J�\���R�I���Q�H�X�U�R�W�R�[�R�F�D�U�R�V�L�V���Z�D�V���À�U�V�W���L�Q�W�U�R�G�X�F�H�G���L�Q��
the literature in 2007 (15).

In a case report by Marx et al (16), a 2-year-old girl 
presented with impairment of gait and ataxic gait, dysarthria, 
�Q�\�V�W�D�J�P�X�V�����K�\�S�H�U�U�H�Á�H�[�L�D���R�I���W�K�H���O�R�Z�H�U���O�L�P�E�V�����F�X�W�D�Q�H�R�X�V���S�O�D�Q�W�D�U��
�U�H�Á�H�[���L�Q���H�[�W�H�Q�V�L�R�Q���E�L�O�D�W�H�U�D�O�O�\�����Q�X�F�K�D�O���U�L�J�L�G�L�W�\���D�Q�G���%�U�X�G�]�L�Q�V�N�L��
�V�L�J�Q�����&�H�U�H�E�U�R�V�S�L�Q�D�O���Á�X�L�G�����&�6�)�����D�Q�D�O�\�V�L�V���V�K�R�Z�H�G���S�O�H�R�F�\�W�R�V�L�V��
with the predominance of lymphocytes. Magnetic resonance 
was suggestive for acute disseminated encephalomyelitis, but 
the laboratory analysis tests of the blood and CSF showed 
the presence of antibodies against T. canis. This case report 
�Z�D�V���W�K�H���À�U�V�W���F�D�V�H���U�H�S�R�U�W�H�G���L�Q���D�Q���D�U�W�L�F�O�H���R�I���Q�H�X�U�R�W�R�[�R�F�D�U�L�D�V�L�V��
with acute disseminated encephalomyelitis pattern images in 
magnetic resonance imaging (MRI).

The systemic symptomatology may be absent in most cases, 
but regarding the neurological symptomatology, the most preva-
lent are: Deterioration in the motor area, seizures of the epileptic 
type and impairments in the neuropsychological area (17).

The eating patterns of individuals are particularly impor-
tant because of the prevalence of human ingestion of animal 
raw organs, especially the liver and brain, a situation reported 
by Morimatsu et al in a familial case of ingestion of raw 
chicken liver that presented visceral larva migrans caused by 
T. canis larvae. Both patients in this family presented with 
mainly systemic and pulmonary signs and symptomatology, 
but one of the patients also presented neurological symptoms 
in anamnesis, before admission to the hospital which included 
posterior headache and neurologic abnormality of the front of 
the right arm of 3-week duration (18).

In a case report by Goffette et al, a woman presented 
�Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J���Q�H�X�U�R�O�R�J�L�F�D�O���À�Q�G�L�Q�J�V�����6�X�E�D�F�X�W�H���Z�H�D�N�Q�H�V�V��
located in the right leg and dysesthesia located in the right 
Th8-Th10 dermatomes; the cerebrospinal f luid findings 
showed eosinophilic pleocytosis and also the levels of T. canis 
�Z�H�U�H���P�R�U�H���V�L�J�Q�L�À�F�D�Q�W���L�Q���W�K�H���&�6�)���W�K�D�Q���L�Q���W�K�H���E�O�R�R�G������������

Mikhael et al presented a case of an 18-month-old male 
�Z�K�R���Z�D�V���D�G�P�L�W�W�H�G���W�Z�L�F�H���W�R���W�K�H���K�R�V�S�L�W�D�O�����À�U�V�W�O�\���Z�L�W�K���L�Q�F�R�Q�F�O�X-
�V�L�Y�H���G�L�D�J�Q�R�V�L�V���D�Q�G���O�D�E�R�U�D�W�R�U�\���À�Q�G�L�Q�J�V�����E�H�L�Q�J���S�U�R�E�D�E�O�H���D���F�D�V�H��
of visceral larva migrans. At the second admission, the child 
presented with ataxia and went into status epilepticus repeat-
edly and became comatose. The patient's exitus came after 
�����G�D�\�V�����7�K�H���S�D�W�K�R�O�R�J�L�F�D�O���À�Q�G�L�Q�J�V���V�K�R�Z�H�G��T. canis larvae in 
�W�K�H���E�U�D�L�Q���D�Q�G���R�W�K�H�U���R�U�J�D�Q�V�����1�X�P�H�U�R�X�V���J�U�D�Q�X�O�R�P�D�W�R�X�V���L�Q�Á�D�P-
matory regions located both in the white and gray matter were 
found in both cerebral hemispheres, cerebellum and brain 
stem and also, observed parts of the larvae were found in these 
regions (20). Table I summarizes the results from the literature 
regarding the cases of cerebral toxocariasis in chronological 
order (13,16-19,20-51).

5. Conclusions

The specificity of the clinical manifestations of neuro-
toxocariasis has not been clearly determined, but the clinical 

�P�D�Q�L�I�H�V�W�D�W�L�R�Q�V���U�H�Á�H�F�W���L�Q���D�Q���L�Q�V�L�J�K�W�I�X�O���Z�D�\�� �W�K�H���S�U�R�Y�H�Q�L�H�Q�F�H��
of the lesions located in the central nervous system. In the 
literature, a prevalence of male gender has been reported 
among cases of neurotoxocariasis, with 75% of the cases 
cited with a mean age of 42.5±15.5 (52); compared with cases 
of visceral larvae migrans that are more prevalent among 
children (53).

The cerebral localization was most prevalent in Europe 
and subsequently America with reference to the geographical 
�F�O�D�V�V�L�À�F�D�W�L�R�Q���� �$�� �I�H�Z�� �F�D�V�H�V�� �R�I�� �H�Q�F�H�S�K�D�O�L�F�� �O�R�F�D�O�L�]�D�W�L�R�Q�� �Z�H�U�H��
reported in Asia, in contrast to the large number of cases of 
spinal cord localization reported in this area (54).

The most encountered form of debut in neurotoxocariasis 
is the isolated myelitis that is prevalent in approximately 
70% of the cases (52,54,55). The symptoms are repre-
sented by sensory and motor impairments, mostly being 
located in the lower limbs and usually being followed by 
autonomic dysfunction. In a study by Lee et al, 33 patients 
that presented with atopic myelitis were positive for the 
Toxocara excretory-secretory antigens in immunological 
tests, developing a new branch of research and differential 
diagnosis for the patients that present with unusual cases of 
myelitis (56). In a study by Lee et al in 2010, the authors 
investigated retrospectively the MRI findings of visceral 
larva migrans of neurotoxocariasis located in the spinal 
cord of 8 patients, and the authors found only one patient 
that presented a migration of lesion (56). Furthermore, in 
a study by Jabbour et al that contained the examination of 
17 patients with myelitis due to T. canis infection, only one 
lesion in the spinal cord revealed characteristic MRI spinal 
cord imaging (42). These three studies on myelitis caused by 
Toxocara infection represent a number of 56 cases, about half 
of all cases of neurotoxocariasis reported in the literature. 
Moreover, most cases of myelitis due to Toxocara infection 
were diagnosed in Korea and Japan and several cases were 
reported in Western countries (52,54,55).

The cerebral localization of Toxocara infection is 
revealed through presentation of meningitis, encephalitis, 
meningoencephalitis, encephalomyelitis, and meningoen-
cephalomyelitis, but cerebral abscesses have been reported in 
several cases (56,57). Encephalic and meningeal toxocariasis 
implication is correlated with a large area of clinical symptoms 
�F�R�Q�W�D�L�Q�L�Q�J���K�H�D�G�D�F�K�H�����V�H�L�]�X�U�H�V�����I�R�F�D�O���G�H�À�F�L�W�V�����F�R�Q�I�X�V�L�R�Q�D�O���V�W�D�W�H����
and cognitive impairment, the presence of fever not being 
mandatory (56,57).

Another important factor to be taken into consideration as 
a symptom of neurotoxocariasis is the presence of epileptic 
seizures, as demonstrated in a study by Luna et al (57). 
Another theory targets the implication of neurological 
disorders that are evolving in a paraclinical frame of high 
Toxocara seropositivity (58,59). Depressive symptoms, 
mental confusion, cognitive impairment and even schizo-
phrenia have been reported to be prevalent among patients 
with neurotoxocariasis (60,61). Furthermore, in a study by 
�+�R�W�H�]���� �W�K�H�� �V�L�J�Q�L�À�F�D�Q�F�H�� �R�I�� �L�Q�I�H�F�W�L�R�Q�V�� �L�V�� �Y�L�H�Z�H�G�� �D�V�� �D�� �I�D�F�W�R�U��
that causes lower academic achievement between students 
that come from rural areas, due to the presence of the 
effects that infections have on the human brain (62). In light 
of all of the cases presented, awareness must be maintained 
concerning the implications of Toxocara infection on the 
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whole organism, but especially in the nervous system. It is 
extremely important to consistently consider infection with 
Toxocara as a differential diagnosis.

Neurotoxocariasis represents a rare diagnosis. It is 
possible to be underdiagnosed especially due to the vague 
and wide-ranging characteristics of the symptomatology 
aggravated by an insufficiency of supporting diagnostic 
investigations. This is also the reason why MRI investigation 
has become so important and vital in this disease. Therefore, 
a classification of brain imaging conclusions have been 
�G�H�V�F�U�L�E�H�G���L�Q���F�R�Q�Q�H�F�W�L�R�Q���Z�L�W�K���Q�H�X�U�R�W�R�[�R�F�D�U�L�D�V�L�V�����À�U�V�W�O�\���E�H�L�Q�J��
assessed by computed tomography and currently with the aid 
of magnetic resonance imaging (63). Regardless of the obvious 
�V�L�J�Q�L�À�F�D�Q�F�H���R�I�� �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I�� �Q�H�X�U�R�L�P�D�J�L�Q�J���F�R�Q�F�O�X�V�L�R�Q�V����
only several clinicians use MRI to diagnose and evaluate 
neurotoxocariasis (63).

MRI could represent the most accessible aid for evaluating 
�W�K�H���H�I�À�F�D�F�\���R�I���W�U�H�D�W�P�H�Q�W���D�Q�G���W�R���S�X�U�V�X�H���W�K�H���H�Y�R�O�X�W�L�R�Q���R�I���W�K�H��
disease, facts that alternatively could be otherwise challenge-
able or unattainable, particularly for patients which present 
sporadic seizures. In an article by Rüttinger and Hadidi (63), 
which assessed the importance of MRI in neurotoxocariasis, 
it was concluded that gadolinium-enhanced MRI could be 
significantly valuable for determining the requirement of 
treatment, as well as to assess a disrupted blood brain-barrier 
�W�R���D�Q���D�F�W�L�Y�H���L�Q�Á�D�P�P�D�W�L�R�Q��
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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�c 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 Figure1.

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.



Brain Sci.2021, 11, 595 3 of 11

���‘�Ž�1 �–�˜�œ�•�1 �œ�’�•�—�’�•�’�Œ�Š�—�•�1 �Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�œ�1�’�—�1���Š�›�”�’�—�œ�˜�—���œ�1�•�’�œ�Ž�Š�œ�Ž�1 �›�Ž�œ�™�’�›�Š�•�˜�›�¢�1 �’�–�™�Š�’�›�–�Ž�—�•�œ�1�Š�—�•�1 �•�‘�Ž�1 �›�Ž�•�Š�•�’�˜�—�œ�‘�’�™�œ�1�‹�Ž�,

���Ž�ž�›�˜�Š�—�Š�•�˜�–�¢�1�Š�—�•�1���Š�•�‘�˜�™�‘�¢�œ�’�˜�•�˜�•�¢�1�˜�•�1���Ž�œ�™�’�›�Š�•�˜�›�¢�1���¢�œ�•�ž�—�Œ�•�’�˜�—�1�’�—�1���Š�›�”�’�—�œ�˜�—���œ�1

��

�.

�.

Figure 1. The most signi�cant characteristics in Parkinson's disease respiratory impairments and the relationships
between them.

2. Neuroanatomy and Pathophysiology of Respiratory Dysfunction in
Parkinson's Disease

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 [25]. 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 ¶ncio 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% [22,23], 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 [ 32]. 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
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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 [23].

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 Stegemöller 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 [45].

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 [50]) 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 [58,59]. 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 [65]. 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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2. Main characteristics of CLIPPERS
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�W�L�R�Q���D�P�R�Q�J���W�K�H���K�L�Q�G�E�U�D�L�Q�����W�K�H���V�S�L�Q�D�O���F�R�U�G���D�Q�G���H�Y�H�Q���W�K�H���F�R�U�W�H�[�����,�Q��
�W�K�R�V�H���F�D�V�H�V�����E�H�F�D�X�V�H���R�I���W�K�H���O�D�F�N���R�I���G�L�V�H�D�V�H���H�Y�R�O�X�W�L�R�Q�����W�K�H���F�O�L�Q�L�F�D�O��
�D�Q�G���U�D�G�L�R�O�R�J�L�F�D�O���V�H�T�X�H�O�D�H���Z�H�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���I�R�U�P�H�U���D�W�W�D�F�N�V��
�W�K�D�W�� �Z�H�U�H�� �V�H�Y�H�U�H�� �R�U�� �X�Q�W�U�H�D�W�H�G���� �$�F�F�R�U�G�L�Q�J�O�\���� �S�U�H�V�H�U�Y�L�Q�J�� �W�K�H��
�G�L�V�H�D�V�H���Z�L�W�K�L�Q���U�H�P�L�V�V�L�R�Q���P�L�J�K�W���D�Y�R�L�G���L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q���R�I���L�P�S�D�L�U-
�P�H�Q�W�����7�K�H���V�F�L�H�Q�W�L�À�F���D�Q�G���P�H�G�L�F�D�O���Z�R�U�O�G���K�D�V���G�H�F�L�G�H�G�����I�R�O�O�R�Z�L�Q�J��
�R�E�V�H�U�Y�D�W�L�R�Q�V���I�U�R�P���W�K�H���F�D�V�H���U�H�S�R�U�W�V�����W�K�D�W���U�H�O�D�S�V�H���G�R�H�V���Q�R�W���R�F�F�X�U��
�D�V���R�I�W�H�Q���R�U���D�W���D�O�O�����L�Q���F�D�V�H�V���L�Q���Z�K�L�F�K���F�K�U�R�Q�L�F���F�R�U�W�L�F�R�V�W�H�U�R�L�G���W�K�H�U�D�S�\��
�Z�D�V���P�D�Q�D�J�H�G���H�[�F�H�H�G�L�Q�J���������P�J���S�H�U���G�D�\��������������

�,�Q���W�K�H���F�D�V�H�V���S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H���6�,���������������������V�R�P�H���S�D�W�L�H�Q�W�V��
�H�[�S�H�U�L�H�Q�F�H�G���Q�R�Q���&�/�,�3�3�(�5�6���V�\�P�S�W�R�P�V�����$���V�H�Y�H�U�H���K�H�D�G�D�F�K�H��
�Z�D�V���W�K�H���À�U�V�W���V�\�P�S�W�R�P���G�H�V�F�U�L�E�H�G���E�\���W�K�H���S�D�W�L�H�Q�W���U�H�S�R�U�W�H�G���E�\��
�%�X�W�W�P�D�Q�Q��et al�������������D�Q�G���R�Q�H���S�D�W�L�H�Q�W���R�I���W�K�H���V�H�U�L�H�V���R�I���V�W�X�G�L�H�V���E�\��
�6�L�P�R�Q��et al�������������G�H�Y�H�O�R�S�H�G���K�H�D�G�D�F�K�H�V���D�V���W�K�H���À�U�V�W���V�\�P�S�W�R�P���D�V��
�Z�H�O�O��

�$�G�G�L�W�L�R�Q�D�O�O�\�����L�Q���W�K�H���H�Y�R�O�X�W�L�R�Q���R�I���W�K�H���G�L�V�H�D�V�H�����V�R�P�H���S�D�W�L�H�Q�W�V��
�H�[�S�H�U�L�H�Q�F�H�G���K�H�P�R�U�U�K�D�J�H�V�����V�X�F�K���D�V���I�R�U���W�K�H���S�D�W�L�H�Q�W���V�W�X�G�L�H�G���E�\��
�%�X�W�W�P�D�Q�Q��et al�������������Z�K�R���S�U�H�V�H�Q�W�H�G���V�X�E�D�F�X�W�H���E�O�H�H�G�L�Q�J���L�Q���W�K�H��
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�U�L�J�K�W���F�H�U�H�E�H�O�O�D�U���Z�K�L�W�H���P�D�W�W�H�U���V�X�U�U�R�X�Q�G�H�G���E�\���D���O�D�U�J�H���S�H�U�L�I�R�F�D�O��
�H�G�H�P�D���Z�L�W�K���D���P�L�Q�L�P�D�O���L�Q�F�U�H�D�V�H���L�Q���Y�H�Q�W�U�L�F�X�O�D�U���V�L�]�H�����$�G�G�L�W�L�R�Q�D�O�O�\����
�L�Q���W�K�H���F�D�V�H���U�H�S�R�U�W���S�U�H�V�H�Q�W�H�G���E�\���%�O�D�D�E�M�H�U�J��et al���������������W�K�H���S�D�W�L�H�Q�W��
�U�H�V�S�R�Q�G�H�G���W�R���V�W�H�U�R�L�G���W�U�H�D�W�P�H�Q�W���E�X�W���W�K�H�Q���K�D�G���D���I�D�W�D�O���E�U�D�L�Q�V�W�H�P��
�K�H�P�R�U�U�K�D�J�H��

�/�H�V�L�R�Q�V���P�D�\���E�H���V�L�W�X�D�W�H�G���L�Q���W�K�H���V�S�L�Q�D�O���F�R�U�G�����E�D�V�D�O���J�D�Q�J�O�L�D��
�R�U�� �F�H�U�H�E�U�D�O�� �Z�K�L�W�H�� �P�D�W�W�H�U���� �7�K�H�� �S�H�U�L�Y�D�V�F�X�O�D�U�� �J�D�G�R�O�L�Q�L�X�P��
�H�Q�K�D�Q�F�H�P�H�Q�W���S�D�W�W�H�U�Q���D�Q�G���V�W�H�U�R�L�G���U�H�V�S�R�Q�V�L�Y�H�Q�H�V�V���V�X�J�J�H�V�W���D�Q��
�D�X�W�R�L�P�P�X�Q�H���L�Q�Á�D�P�P�D�W�R�U�\���Q�D�W�X�U�H���R�I���W�K�L�V���F�R�Q�G�L�W�L�R�Q����������������������

�$�� �G�L�V�W�L�Q�F�W�� �F�D�S�W�L�Y�D�W�L�Q�J�� �D�Q�G�� �X�Q�L�G�H�Q�W�L�I�L�H�G�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F��
�L�Q�F�O�X�G�H�V���S�H�U�L�Y�D�V�F�X�O�D�U���L�Q�Á�D�P�P�D�W�L�R�Q���W�K�D�W���D�I�I�H�F�W�V���W�K�H���S�R�Q�W�L�Q�H��
�D�Q�G���S�H�U�L�S�R�Q�W�L�Q�H���D�U�H�D�V�����Z�K�L�F�K���L�P�S�O�L�H�V���W�K�D�W���W�K�H���G�L�V�H�D�V�H���K�D�V���D��
�V�S�H�F�L�À�F���W�H�U�U�L�W�R�U�L�D�O���L�P�P�X�Q�R�O�R�J�L�F�D�O���D�L�P�����'�H�À�Q�L�W�L�Y�H���L�P�P�X�Q�R-
�O�R�J�L�F�D�O���D�Q�G���K�L�V�W�R�O�R�J�L�F�D�O���V�W�X�G�L�H�V���V�K�R�X�O�G���E�H���F�R�Q�G�X�F�W�H�G���W�R���W�D�U�J�H�W��
�W�K�L�V���I�D�F�W�����.�D�V�W�U�X�S��et al�������������U�H�Y�H�D�O�H�G���W�K�H���S�U�H�V�H�Q�F�H���R�I���H�Q�K�D�Q�F�H�G��
�,�J�(���O�H�Y�H�O�V���L�Q���W�Z�R���R�I���W�K�H�L�U���S�D�W�L�H�Q�W�V�����L�Q�G�L�F�D�W�L�Q�J���W�K�D�W���W�K�H���L�Q�Á�D�P-
�P�D�W�R�U�\�� �P�H�F�K�D�Q�L�V�P�� �L�Q�� �&�/�,�3�3�(�5�6�� �V�\�Q�G�U�R�P�H�� �F�D�Q�� �E�H�� �G�X�H�� �W�R��
�D�Q���D�O�O�H�U�J�L�F���S�U�R�F�H�V�V�����&�/�,�3�3�(�5�6���V�\�Q�G�U�R�P�H���U�H�S�U�H�V�H�Q�W�V���D���Q�R�Y�H�O��
�G�L�V�H�D�V�H���L�Q�Y�R�O�Y�L�Q�J���W�K�H���&�1�6���� �I�R�U���Z�K�L�F�K���W�K�H���I�H�D�W�X�U�H�V���K�D�Y�H���\�H�W��
�E�H�H�Q���F�O�H�D�U�O�\���G�H�À�Q�H�G������������

�.�D�V�W�U�X�S��et al� � � �� �� �� �� � �U�H�S�R�U�W�H�G�� �W�K�D�W��� � �L�Q�� �S�D�W�L�H�Q�W�V��� � �D�W�D�[�L�D�� �D�Q�G��
�S�H�U�L�R�U�D�O���S�D�U�H�V�W�K�H�V�L�D���D�S�S�H�D�U���W�R���E�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F���R�I���W�K�H���V�\�P�S-
�W�R�P�D�W�R�O�R�J�\�����D�Q�G���K�L�V�W�R�O�R�J�L�F�D�O���H�[�D�P�V���G�L�G���Q�R�W���U�H�Y�H�D�O���H�Y�L�G�H�Q�F�H��
�R�I���G�H�P�\�H�O�L�Q�D�W�L�R�Q�����1�H�X�U�R�S�D�W�K�R�O�R�J�L�F�D�O���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���V�K�R�Z�H�G���D��
�V�L�J�Q�L�À�F�D�Q�W���D�Q�J�L�R�F�H�Q�W�U�L�F���E�X�W���V�W�L�O�O���G�L�V�S�H�U�V�H�G���L�Q�À�O�W�U�D�W�L�R�Q���V�H�T�X�H�Q�F�H��
�R�I���W�K�H���&�1�6���S�D�U�H�Q�F�K�\�P�D���L�Q���V�P�D�O�O���P�D�W�X�U�H���7���O�\�P�S�K�R�F�\�W�H�V�����7�K�H��
�S�D�W�L�H�Q�W�V���L�Q���W�K�L�V���F�D�V�H���V�K�R�Z�H�G���I�D�V�W�����E�H�Q�H�À�F�L�D�O�����V�\�P�S�W�R�P���U�H�O�D�W�H�G����
�D�Q�G���U�D�G�L�R�O�R�J�L�F�D�O���U�H�D�F�W�L�R�Q��

�7�K�H���Q�D�P�H���&�/�,�3�3�(�5�6���V�X�J�J�H�V�W�V���D���S�U�L�Q�F�L�S�D�O�O�\���S�R�Q�W�L�Q�H���O�H�V�L�R�Q��
�D�Q�G���H�Q�K�D�Q�F�H�P�H�Q�W���S�D�W�W�H�U�Q�����Q�R�Q�H�W�K�H�O�H�V�V�����H�[�W�U�D�S�R�Q�W�L�Q�H���L�P�S�O�L�F�D-
�W�L�R�Q�V�� �F�D�Q�� �D�O�V�R�� �E�H�� �S�U�H�V�H�Q�W�H�G���� �7�K�H�� �R�U�L�J�L�Q�� �R�I�� �&�/�,�3�3�(�5�6�� �K�D�V��
�\�H�W���W�R���E�H���G�L�V�F�R�Y�H�U�H�G�����6�F�L�H�Q�W�L�À�F���U�H�V�H�D�U�F�K�H�U�V���K�D�Y�H���V�X�J�J�H�V�W�H�G���D��
�S�U�H�F�L�V�H���L�Q�Á�D�P�P�D�W�R�U�\���S�U�R�F�H�V�V���R�U���D�Q���L�P�P�X�Q�H���U�H�O�D�W�H�G���S�H�U�L�Y�D�V-
�F�X�O�D�U���Y�D�V�F�X�O�D�U���L�Q�Á�D�P�P�D�W�R�U�\���U�H�V�S�R�Q�V�H������������������

�6�H�Y�H�U�D�O���F�O�L�Q�L�F�D�O���I�H�D�W�X�U�H�V���D�Q�G���R�Q�H���Q�H�X�U�R�L�P�D�J�L�Q�J���H�O�H�P�H�Q�W��
�V�K�R�X�O�G���E�H���W�D�N�H�Q���L�Q�W�R���F�R�Q�V�L�G�H�U�D�W�L�R�Q���W�R���J�H�Q�H�U�D�W�H���D���F�R�U�U�H�F�W���G�L�D�J-
�Q�R�V�L�V�����V�L�J�Q�V���D�Q�G���V�\�P�S�W�R�P�V���U�H�O�D�W�H�G���W�R���W�K�H���E�U�D�L�Q�V�W�H�P�����F�R�P�P�R�Q�O�\��
�D�W�D�[�L�D�����G�\�V�D�U�W�K�U�L�D�����D�Q�G���G�L�S�O�R�S�L�D�����D�Q���D�P�H�O�L�R�U�D�W�L�R�Q���X�V�L�Q�J���V�W�H�U�R�L�G��
�W�U�H�D�W�P�H�Q�W���D�Q�G���G�H�J�U�D�G�D�W�L�R�Q���Z�L�W�K���V�X�E�V�H�T�X�H�Q�W���R�I���Z�L�W�K�G�U�D�Z�D�O���R�I��
�W�U�H�D�W�P�H�Q�W�����0�5�,���V�K�R�Z�L�Q�J���S�X�Q�F�W�D�W�H���V�L�P�L�O�D�U���W�R���¶�V�D�O�W���D�Q�G���S�H�S�S�H�U�·����
�S�U�H�G�R�P�L�Q�D�Q�W�O�\�� �O�R�F�D�W�H�G�� �L�Q�� �W�K�H�� �S�R�Q�V���� �D�Q�G�� �F�R�Q�W�U�D�V�W�� �H�Q�K�D�Q�F�H-
�P�H�Q�W������������������������

�7�K�H�� �Q�H�X�U�R�S�D�W�K�R�O�R�J�L�F�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �R�I�� �&�/�,�3�3�(�5�6��
�L�Q�F�O�X�G�H���S�H�U�L�Y�D�V�F�X�O�D�U���D�Q�G���S�D�U�H�Q�F�K�\�P�D�O���O�\�P�S�K�R�F�\�W�L�F���L�Q�À�O�W�U�D�W�H�V��
�F�R�U�U�H�O�D�W�H�G�� �Z�L�W�K�� �P�D�F�U�R�S�K�D�J�H�V���� �P�L�F�U�R�J�O�L�D���� �D�Q�G�� �L�Q�I�U�H�T�X�H�Q�W�O�\����
�S�O�D�V�P�D���F�H�O�O�V���R�U���Q�H�X�W�U�R�S�K�L�O�V���������������������'�H�P�\�H�O�L�Q�D�W�L�R�Q���L�V���D�E�V�H�Q�W����
�&�'�����S�R�V�L�W�L�Y�H�� �F�H�O�O�V�� �D�U�H�� �P�R�U�H�� �I�U�H�T�X�H�Q�W�O�\�� �H�Q�F�R�X�Q�W�H�U�H�G�� �L�Q��
�F�R�P�S�D�U�L�V�R�Q���Z�L�W�K���&�'�����S�R�V�L�W�L�Y�H���O�\�P�S�K�R�F�\�W�H�V���R�U���&�'���������S�R�V�L�W�L�Y�H��
�%���F�H�O�O�V������������������

4. Additional information

�7�K�L�V���L�P�P�X�Q�R�W�K�H�U�D�S�\���U�H�V�S�R�Q�V�L�Y�H���G�L�V�R�U�G�H�U���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\��
�W�K�H���S�X�Q�F�W�D�W�H�����F�X�U�Y�L�O�L�Q�H�D�U�����S�H�U�L�Y�D�V�F�X�O�D�U���J�D�G�R�O�L�Q�L�X�P���H�Q�K�D�Q�F�H-
�P�H�Q�W���S�H�S�S�H�U�L�Q�J���W�K�H���S�R�Q�V�����Z�L�W�K���W�K�H���V�S�U�H�D�G���R�I���W�K�H���G�L�V�H�D�V�H���R�I�W�H�Q��
�O�R�F�D�W�H�G���L�Q���W�K�H���F�H�U�H�E�H�O�O�D�U���S�H�G�X�Q�F�O�H�V���D�Q�G���K�H�P�L�V�S�K�H�U�H�V�����F�D�X�G�D�O�O�\��
�L�Q�W�R�� �W�K�H�� �V�S�L�Q�D�O�� �F�R�U�G�� �D�Q�G�� �U�R�V�W�U�D�O�O�\�� �L�Q�W�R�� �W�K�H�� �E�D�V�D�O�� �J�D�Q�J�O�L�D���L�I��
�S�U�H�V�H�Q�W������������������

�6�\�P�S�W�R�P�D�W�R�O�R�J�\�� �L�V�� �P�L�U�U�R�U�H�G�� �E�\�� �W�K�H�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �R�I��
�Q�H�X�U�R�L�P�D�J�L�Q�J���� �I�D�F�L�D�O�� �S�D�U�H�V�W�K�H�V�L�D���� �G�L�S�O�R�S�L�D���� �J�D�L�W���D�W�D�[�L�D���� �D�Q�G��

�P�\�H�O�R�S�D�W�K�\�����7�K�H���F�O�L�Q�L�F�D�O���V�\�P�S�W�R�P�V���D�Q�G���V�L�J�Q�V�����D�Q�G���W�K�H���Q�H�X�U�R-
�L�P�D�J�L�Q�J�� �L�P�S�D�L�U�P�H�Q�W�V���� �D�S�S�H�D�U�� �W�R�� �E�H�� �K�L�J�K�O�\�� �V�X�V�F�H�S�W�L�E�O�H�� �W�R��
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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 [1]. 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�c 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 [11].

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 III, 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 1

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.

On the �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�c 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 4Gof PAI-1. Moreover, the A1/A1 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 III, the dosage of serum homocysteine, and lupus
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anticoagulant in the ambulatory. The details of treating the patient and the �ndings can be
seen in Figure 1.

 

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.

  
(a) (b) 

  
(c) (d) 

  
(e) (f ) 

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�c 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. ( l ,m,n,o) 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.
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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 C677T and A1298Calleles in the MTHFR gene, mutant homozygous for the V34L
allele in the factor XIII 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.

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.

  

(a) (b) 

 
 

(c) (d) 

Figure 4. Cont.
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(e) (f ) 

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. ( c) T1 hyposignal.
(d) restrictive in diffusion coef�cient. ( e) 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 XIII 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 l 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�c, 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 henselaethat 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 disease;Bartonella henselae; neuro-ophthalmology; ocular; neurological

1. Introduction

Cat-scratch disease (CSD), caused byBartonella henselae, is 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. henselaeand 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 henselaeinfection”
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combined with “neurologic symptoms”, “ophthalmologic symptoms”, “neurology”, or
“ophthalmology”. Another search combined the terms “cat scratch disease” and “ Bartonella
henselaeinfection” 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 genusBartonellaGram-
negative bacilli [ 1–4]. The principal species involved in cat-scratch disease is Bartonella
henselae, previously referred to as Rochalimaea henselae, but in the literature, it has also been
described asBartonella clarridgeiae, as an etiologic agent (Table1) [5]. Cats, particularly
younger and stray ones, represent the elemental reservoir of eachBartonellaspecies [6]. 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

Cat-scratch
disease

B henslaerapidly infects human
erythrocytes and can be found in
lymph nodes or affect any cell or

organ in the body.

Bartonella henselaetransmitted by cats
or dogs

Carrion's
disease

The bacterium adheres to erythrocyte
surfaces. Through bacterial invasion
and reproduction, many erythrocytes

in the bloodstream are destroyed
prematurely, leading to

hemolytic anemia.

Bartonella bacilliformistransmitted by
the night-biting sand �y known as

Lutzomyia (formerly Phlebotomus).

Trench fever

Fever is the predominant symptom,
with isolated febrile episodes or

four-to-�ve-day feverish episodes or
two-to-six-week persistent

febrile episodes.

Bartonella quintanais transmitted by
contamination of a skin abrasion or

louse-bite wound with the feces of an
infected body louse (Pediculus

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. henselaecan 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. henselaein 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. henselaeinfection 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 henselae. Numerous 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. henselaeinfection 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 henselaeis 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. henselaeis 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. henselaeseropositivity 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. henselae. Fleas have a four-stage life span. Humidity and
temperature are key factors in �ea reproduction, development, and lifespan. The seropos-
itivity of B. henselaeis 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 [10,11]. 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. henselaeinfection 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. henselaefrom cat to cat.
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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. henselaewas 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. henselaeinfection,
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. henselaeinfection,
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 illness. 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 [16,17]. The cat �ea (Ctenocephalides felis) was previously dis-
covered as a disease vector arthropod [18,19]. Ctenocephalides felisspreadsBartonella 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 felisin skin abrasions caused by cat scratches
or bites [18,19]. Numerous Bartonellasubspecies have been linked to human illnesses, but
Bartonella henselaeseems to be the most often involved with ophthalmic in�ammations.

Between 1.5% and 20% of patients with CSD develop nonspeci�c 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
(Table2). 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�ltration, 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. henselaefrom 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. henselae[24–26]. 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. henselaeDNA 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. henselaeusing microbiological cultures is dif�cult owing
to the bacterium's slow growth rate. Although more sensitive than microbiological culture,
serological analysis for anti-B. henselaeIgM 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. henselaeIgG 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. henselaeantibodies 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. henselaemay have diminished and
can occasionally be negative. In a quarter of patients, IgG titers last for a year [26]. In
patients with a comparable clinical condition, elevated IgG 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 illness 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 [ 28].

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. henselaeillness. Infections from B. henselaeare 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. henselaeinfection (Table 3). CD4 Th1 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 Th1- 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 ofBartonella henselaeinfection.

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. henselaeis quickly absorbed
by endothelial cells in vitro, a
mechanism mediated by actin
B. henselaeis quickly absorbed
by endothelial cells in vitro, a
mechanism mediated by actin

B. henselaestimulates
endothelial cell growth
through VEGF release

Bacterial 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

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. henselaemay invade human

brain vascular pericytes

Auxiliary 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. henselae-induced 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. henselaeinfection [ 40].

B. henselaehas been shown to be intraerythrocytic in cat erythrocytes. Endothelial
cells are a preferred host for Bartonellaspp., and intracellular B. henselaemay 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. henselaemay in�ltrate endothelium cells, epithelial cells, mono-
cytes, or macrophages, there is debate regarding its potential to infect red blood cells [ 42].
B. henselaehas 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 henselaeor Bartonella quintanainfections may induce endocarditis and systemic
vasoproliferative lesions affecting the brain, bone, bone marrow, lymph node, skeletal mus-
cle, and mucosa [45]. Histologically, B. henselaeinfection 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. henselaeinfection causes sensomotor polyneuropathy [ 48]. Bartonella's
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. henselae. It 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. henselaeinfection was already
demonstrated to stimulate endothelial cell growth through paracrine vascular endothelial
growth factor (VEGF) release [51]. The immunological response to B. henselaeinfection
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�c erythrocyte infection [ 52]. A Trw-system, extra adhesins, and
�lamentous hemagglutinins may further contribute to B. henselae's pathogenicity [ 7]. Im-
munocompromised persons (e.g., AIDS patients) who contract B. henselaemight 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. henselae, Bartonellaadhesin
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. henselaepromotes vasoproliferation. In fact, the vitro infection of endothelial cells
with B. henselaecauses �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. henselae, leukocytes 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 Bartonella-containing 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. henselaeexpresses 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 [ 56].

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�ltration 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. It is 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. henselaedemonstrates 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 [55].

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. henselaemay invade human brain vascular pericytes
in vitro [ 63–66]. Bartonellaenters host cells by two means: endocytosis, which forms a
Bartonella-containing 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. henselaecontamination on pericyte multiplication and discovered
that B. henselaeacted 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 henselae's preference 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 whichBartonellainduces 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. henselaeinhibits 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. henselaeincreased VEGF in a
dose-dependent manner [74]. The involvement of VEGF in Bartonella-induced 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-I 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. [ 76], 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 Bartonella-induced vasoproliferation. There may be a link between the
production of IL-12 and the avoidance of pathologic angiogenesis in immunocompetent
patients in B. henselaeinfection [ 80]. Given that B. henselaelargely elicits a Th1 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. henselaecould 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. henselaeinfection and indicate the possibility of chronic CNS
infection with B. henselae. Infection with B. henselaehas 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. henselaepreferentially 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. henselae; the 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. henselaewas demonstrated [50].

Given the considerable number of publications indicating CNS illness caused by
B. henselae, no 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. henselaemight
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
cells in 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. henselaeinfection 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 [91]. 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. henselaeinfection, 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�c literature as a consequence of B. henselae
disease [95].

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. henselaeinfects 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 henselaebacteremia 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 lymphadenopathy. 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 [ 98]
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 [ 100], and may result in infarction because of a vasculitic
complication [ 101] 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 [ 108].

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 henselaewas 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 [ 112,113],
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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 [103], 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 �rst instance 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 et al. [ 111] described a
novel etiology of parotid edema, brief facial paralysis, and mild ptosis. Chiu et al. [ 122]
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 [125]. 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 [ 126]. 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 [100].

7. Ocular Manifestations

B. henselaewas discovered to be the causal agent of this disease in only the past
decade [128]. 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 illness, 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.
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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 henselaeprior 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�ltrates
observed in Behcet disease or toxoplasmosis, the investigators reported. They advised the
careful monitoring of retinal in�ltrates 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�l-
trates resembling cotton-wool exudates, or endophthalmitis [ 132]. The pathogenesis of
retinal in�ltrates 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�ltrates in ocular CSD from retinitis or retinal in�ltrates seen in individuals with
sarcoidosis, Adamantiades-Behcet's disease, toxoplasmosis or rickettsia infection [131].

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�ltrates 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. [141] 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. [142] discovered that B. henselaeinfection 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 [145]. 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 [146]. 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 [ 148].
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 [ 146]. 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. [130], 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 [ 155,156]. 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 [ 158]. 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 [ 161]. 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 [ 129,162]. Although neuroretini-
tis is a well-described complication of B. henselaeinfection, angiomatous lesions remain
uncommon.

Habot-Wilner et al. [ 163,164] 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 [ 163,164].

B. henselae-induced 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
henselaeis sensitive to a variety of antibiotics [ 165]. There is no conclusive randomized
clinical research demonstrating the effectiveness of antibiotic or corticosteroid therapy for
B. henselaeinfection, but an uncontrolled study indicated the effectiveness of antibiotic
therapy [ 165].

While B. henselaeseems 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 [166]. 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. [48]
found that antibiotics resulted in a faster visual recovery and a shorter duration of illness.
Chiu et al. [ 122] 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. henselaewith oral
doxycycline (60 mg) every 12 h [169].

Chiu et al. found no link between systemic corticosteroid usage and visual results [ 122].
Meanwhile, Habot-Wilner et al. [ 163,164] 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 [ 172].

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 [ 102],
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 [172]. 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 illness, recuperation from CSDE is typically quick ( 4–14 days).
Collipp [ 175] 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, VII-th
nerve palsy, severe sleeping problems, convulsions, extreme fatigue, cognitive de�cits, and
memory problems. Physiopathologically, originally, B. henselaegenerated vasculitis, which
resulted in subsequent cerebral ischemia, tissue destruction, and surgical excision.

Rosas et al. [176] described a case of cat-scratch-illness 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. henselae[177].

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

Lee et al. [167]
Nodule of the

upper lid

Topical gentamicin
and systemic
erythromycin

- N/A N/A

Kodoma et al.
[170]

Neuroretinitis

14 patients:
Antibiotics:

cipro�oxacin,
doxycycline,

sulfamethoxazole,
erythromycin or

cephems

14 patients:
prednisolone,

betamethasone,
methylpred-

nisolone

N/A N/A

Garcia Garcia et al.
[13]

Parotid gland
abscess and

aseptic
meningitis

Doxycycline and
rifampicin

- N/A Two weeks

Canneti et al. [171]
Thirty-nine

CSD patients

31 patients
(8 patients with

neurologic
manifestations

of CSD)

2 patients with
neurologic

manifestations
of CSD

N/A N/A

Bejarano et al.
[172]

encephalopathy

Clarithromycin
(5 days),

cefotaxime
(3 days),

Meropenem
(2 days),

Vancomycin
(2 days),

Piperacillin-
tazobactam

(5 days),
Azithromycin

(134 days),
rifampin

(134 days)

-

Clarithromycin
15 mg/kg/day,

cefotaxime
90 mg/kg/4 h,

meropenem
40 mg/kg/8 h,
vancomycin

10 mg/kg/6 h,
piperacillin-

tazobactam 80
mg–10 mg/kg/6 h,

azithromycin
10 mg/kg/day

NA

Armengol et al.
[97]

encephalopathy Erythromycin - NA 5 days

Fouch et al. [109] encephalitis Cephalexin - NA 7 days

Balakrishnan et al.
[101]

Vasculitis,
cerebral

infarction

Azithromycin
Ceftriaxone

Azithromycin 500 mg
Ceftriaxone 2 g

Azithromycin
8 weeks

Ceftriaxone
8 weeks

Cerpa et al. [124]

Encephalitis
with

convulsive
status

Cipro�oxacin
Cotrimoxazole

Rifampicin
Azithromycin

Cipro�oxacin 300 mg
� 3/day

Cotrimoxazole 110 mg
� 3/day

Rifampicin 450 mg
Azithromycin 350 mg

Cipro�oxacin
two weeks

Cotrimoxazole
two weeks
Rifampicin

4 weeks
Azithromycin

4 weeks

Schuster et al.
[102]

Neurologic
CSD with

hyperactivity

Doxycycline
Rifampin

NA 2 weeks

Rosas et al. [176]

encephalitis
associated with
left arm �accid

paralysis

Doxycycline 100 mg � 2/zi 2 weeks
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Table 4. Cont.

Author Site of Lesion Treatment Dosage Time

Antibiotics Corticoids

Bilawsky et al.
[179]

Neuroretinitis
in pregnant

woman
None

Celiker et al. [147]
Neuroretinitis

in three
patients

Doxycycline NA NA

Raihan et al. [177]
Neuroretinitis

in four patients

Azithromycin
(3 cases)

Doxycycline
(1 case)

Azithromycin 250 mg
Doxycycline 200 mg

Azithromycin
4–6 weeks

Doxycycline
4 weeks

Mutucumarana
et al. [120]

VII-th nerve
palsy

Azithromycin and
rifampin

NA 2 weeks

Zakhour et al.
[178]

Transverse
myelitis and

Guillain-Barr ²
syndrome

Ceftriaxone,
vancomycin,
doxycycline

Ceftriaxone and
vancomycin a

few days;
Doxycycline

2 weeks

Fouch et al. [109]
Disseminated

Bartonella
henselae

Cephalexin NA

Farooque et al.
[107]

Persistent focal
seizures and
encephalopa-

thy

NA 4 weeks

Pinto et al. [180]
aseptic

meningitis and
neuroretinitis

Azythromicin,
Doxycicline,

Rifampin

Azythromicin 500 mg;
Doxycicline 100 mg;

Rifampin 300 mg

Azythromicin a
few days;

Doxycicline and
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. henselaeinfection; the baby died nine days after birth. These �ndings
indicate that B. henselaeinfection 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 henselaeinfrequently 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. henselaeis the most often identi�ed cause of neuroretinitis, with about two-thirds of
patients exhibiting serologic evidence of prior B. henselaeinfection. 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�ltrates.

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.
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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
2.2.1. Case 1

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
Number
of Cases

Males Females 30–50 Years 50–70 Years 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

Hemorrhagic transformation
after ischemic stroke

6 3 3 - 2 4

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 SaO2= 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 (a,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.
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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 ( e). 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.

On day 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 II 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).
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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.

2.2.5. 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
questions, 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.



Diagnostics2022, 12, 473 11 of 28���’�Š�•�—�˜�œ�•�’�Œ�œ�1�X�V�X�X�ð�1�W�W�ð�1�¡�1�������1���������1�������������1 �W�W�1 �˜�•�1 �X�^�1
�1

�1

�1 �1
�û�Š�ü�1 �û�‹�ü�1

�1 �1
�û�Œ�ü�1 �û�•�ü�1

Figure 6. Cont.
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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 III 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�ltration 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 = 9.9,NSE = 40.1),
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.
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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 ( c) 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 II 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�c in�ammatory samples were collected on the
recommendation of the infection specialist, with whom repeated consultations were carried
out to establish therapeutic management.
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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�ltrates 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�ltrates 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 ( e). 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 (a), 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 (a). 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.
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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.
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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 MRI in the Case 10 patient
showed foreshadowing of intense T2 signal ( a), with deposits of predominantly peripheral methe-
moglobin ( b), de�cient restriction of diffusion ( c,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.

Case ID Age Neurological Features Other Diagnostics

Neurological-COVID-19-
related diagnostic

Other neurological
diagnoses

Neurological
symptoms

1 49 Myelitis; paraparesis

Ascending lower
limb paresthesia
and lower limb
motor de�cit

Biological in�ammatory
syndrome; acute urinary

retention; con�rmed
infection with SARS-CoV-2.

2 78

Acute ischemic stroke in the
super�cial and deep-left

Sylvian territory and in the
super�cial border territories,

middle cerebral
artery/posterior cerebral

artery, and middle cerebral
artery/left anterior cerebral

artery by cardioembolic
mechanism; right hemiplegia

A crisis of loss of
consciousness,

language disorder,
and right limb
motor de�cit

Permanent atrial �brillation;
hypertension; gout;

biological in�ammatory
syndrome; interstitial

pneumonia; con�rmed
infection with SARS-CoV-2.

3 57
Cerebrovascular disease;
involuntary right upper

limb movements

Cerebral
atherosclerosis

Confusion
syndrome and

involuntary right
upper limb
movements

Dilated cardiomyopathy
with left ventricular

dysfunction; congestive
heart failure class III (New

York Heart Association
(NYHA)); mild mitral

regurgitation; acute chronic
kidney disease; upper rectal

neoplasm operated and
radio chemically treated;
hypertension; con�rmed

infection with SARS-CoV-2.

4 69 Cerebrovascular disease
Sequelae of stroke;

right sequelae
hemiparesis

Right limb motor
de�cit and speech

impairment
with onset

Left internal carotid artery
occlusion; hypertension;
type II diabetes mellitus

with diabetic nephropathy.
Chronic kidney disease

grade 3B; left-thigh
amputation; con�rmed

infection with SARS-CoV-2.

5 68

Subacute ischemic stroke in
the territory of the anterior

choroidal artery by the most
likely atherothrombotic

mechanism; sub intending
tonic–clonic seizures

Sequelae of stroke; left
hemiparesis spastic

sequelae; Alzheimer's
disease; Alzheimer's

dementia;
cerebrovascular

disease; agenesis of the
corpus callosum;

cerebellar abiotrophy

Subtended
tonic–clonic

seizures

Con�rmed infection with
SARS-CoV-2.
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Table 2. Cont.

Case ID Age Neurological Features Other Diagnostics

6 66
Left

transverse–sigmoid–jugular
venous subacute thrombosis

Cerebrovascular
disease;

predominantly
sensory axonal

polyneuropathy;
newly discovered type

II diabetes; C6-C7
protrusion with left C7

radicular con�ict;
neurocognitive

disorder

Language
disorders with

�uctuating
evolution

Con�rmed infection with
SARS-CoV-2

7 71
Secondary

epilepsy-generalized seizures
Secondary cerebral

determinations

Two generalized
tonic–clonic

seizures, without
sphincter

relaxation, without
biting tongue

Pulmonary secondary
determinations; pancreatic

head tumor; sequelae of
ischemic stroke left

posterior cerebral artery;
essential hypertension;

temporospatial
disorientation; con�rmed

infection with SARS-CoV-2

8 79
Left occipital subacute stroke

by atherothrombotic
mechanism

Sequelae of stroke;
cerebral atheromatosis;

mixed dementia

Right limb motor
de�cit,

predominantly
brachial

Bilateral carotid
atheromatosis;

insulin-dependent type II
diabetes mellitus with poor

control; diabetic
polyneuropathy; con�rmed
infection with SARS-CoV-2

9 41 Morphic seizure.

Right parietal cystic
expansive process; left
parietal hemangioma;
chronic left parietal
microhemorrhages

Headaches and
seizure during his

admission

Mixed dyslipidemia;
con�rmed infection with

SARS-CoV-2

10 72

Left ischemic posterior
cerebral artery stroke

transformed hemorrhagic;
�accid paraplegia; exitus by

cardiorespiratory arrest

Sequelae of stroke
Bilateral lower

limb plegic motor
de�cit

Hypertension; atrial �utter;
recent post-COVID-19

condition

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.
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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, PER1, 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�c 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 [ 11,12].

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 illness 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 [13]. 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 [15].

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 illness 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 assessment of neurologi-
cal symptoms related with SARS-CoV-2 infection and to detai l 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-
quently 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-190s 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�c 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�cient implementation
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 (HCWs) 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 illnesses, 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-
quent, 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 Scholar, Web of Science, and Science Direct.

The present descriptive study outlines the advantages of ta ngo 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. Between1980 and 2022, pertinent
English publications were discovered using the terms “tang o”, “tango dance therapy”, and
“Argentinian tango” in conjunction with “Parkinson's illn 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 illness (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 [ 32]. 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 [36].

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 [41]. 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 [46–48]. 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 [56]. 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. It is 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 [83]. 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 norms 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 an 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 encourages social inclusion; it is
also dynamic by the fact that the attendee is constantly learning; 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�c 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 an d 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), and 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 l 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 [ 102] 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 [ 105,106]. Besides the physical advantages, Parkinson's disease (PD) patients who
attend dance lessons claim socio-emotional advantages as well [107].

Similarly, the majority of research on Parkinson's disease patients employed semi-
quantitative 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. [ 108], 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. Lötzke et al. [69] 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 [ 110].

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 [112] 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 [ 112] 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. [112] 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 [ 102], 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 social life. Albani et al. [ 115]
evaluated 4-day home workouts combined with tango dancing l 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. [111] 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 [ 120–122]. Telerehabilitation techniques resulted in gains
equivalent to in-person therapy and high engagement with a walking program for patients
with Parkinson's disease [123,124].

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 r ecommended 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. Furthermore, 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 [ 112]. 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 other 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 [ 112]. 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 [111].

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 [ 132]. Once patients feel a
sense of accomplishment as a result of learning speci�c 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 [ 45,126].

Jacobson et al. [134] 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 I 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 1 is presenting the studies for the bene�cial
evolution of both motor and non-motor features of Parkinson's disease after tango therapy.
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Table 1. Representative studies for the bene�cial evolution of both motor and non-motor features of
Parkinson's disease after tango therapy.

Effects
In Comparison
with

Scale Used
Duration of
the Study

Author Bibliography

Motor symptom severity

Improvement in motor
symptom severity after
practicing tango

Control group—no
intervention

The motor component of the
Movement Disorder Society
United Parkinson's Disease
Rating Scale Part III
(MDS-UPDRS-III)

1 year Duncan et al. [73]

Improvements in motor
symptom severity,
improve balance, and
functional mobility after
practicing tango

Physiotherapy
group or
exercise group

The motor component of the
Movement Disorder Society
United Parkinson's Disease
Rating Scale Part III
(MDS-UPDRS-III)

12 weeks
Rios Romenets
et al.

[34]

Stagnation for the
symptomatology of the
tango group, and
worsening in the no
intervention control group

Control group—no
intervention

The motor component of the
Movement Disorder Society
United Parkinson's Disease
Rating Scale Part III
(MDS-UPDRS-III)

Hackney et al. [4]

Balance

Improvements in balance
among tango group

Control group—no
intervention

Mini-Balance Evaluation
Systems Test (Mini-bestest)
of Dynamic Balance

1 year Duncan et al. [73]

Improvements in balance
among tango group

Control group—no
intervention

Mini-Balance Evaluation
Systems Test (Mini-bestest)
of Dynamic Balance

2 years Duncan et al. [74]

Improvements in balance
among tango group

Active control

Mini-Balance Evaluation
Systems Test (Mini-bestest)
of Dynamic Balance
Balance
Evaluation—Systems Test

12 weeks
Rios Romenets
et al.

[34]

The tango group
improved in balance while
the exercise group did not

Exercise group Berg Balance Scale

20 tango
Classes and
1 week
before and
1 week after

Hackney et al. [126]

Signi�cant positive
changes in balance in
both groups

Partnered and
non-partnered
tango

Tandem Stance and One Leg
Stance tests

20 tango
classes

Hackney et al. [45]

Gait

Improvement in
comfortable forward and
dual task walking
velocities

Control group—no
intervention

Gaitrite
12 months
of tango
practice

Duncan et al. [73]

Improvement in
backwards stride length

Control group—no
intervention

Berg Balance Scale, six
minute walk distance, and
backward stride length

13 weeks Hackney et al. [4]

Improvement in
comfortable and fast as
possible walking
velocities, cadence

Partnered to
non-partnered
tango

Berg Balance Scale 10 weeks Hackney et al. [45]

Freezing of gait

Tango group reported less
freezing after 12 months
compared to baseline

Control group—no
intervention

Freezing of Gait
Questionnaire

1 year Duncan et al. [73]
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Table 1. Cont.

Effects
In Comparison
with

Scale Used
Duration of
the Study

Author Bibliography

Endurance

Maintaining the same
endurance for the tango
group and worsening in
the no intervention
control groups

Control group—no
intervention

Six Minute Walk Test 1 year Duncan et al. [ 73]

Improvements in
endurance

Control group—no
intervention

Six Minute Walk Test 13 weeks Hackney et al. [4]

Improvements in
endurance

Self-directed
exercise group

Timed Up and Go and
Dual-task Timed Up and Go

12 weeks
Rios Romenets
et al.

[34]

Upper extremity function

Tango group had
improvements in upper
extremity and
hand function

Control group—no
intervention

Nine Hole Peg Test 1 year Duncan et al. [73]

Fatigue

Patients in the tango
group had modest
borderline improvement
of fatigue

Self-directed
exercise group

Krupp Fatigue Severity Scale 12 weeks
Rios Romenets
et al.

[34]

Quality of life

Improvements in the
scores of Parkinson's
Disease Questionnaire-39
Summary Index and in
Mobility and Social
Support compared to the
other groups

Waltz/ foxtrot, Tai
Chi and no
intervention

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

20 adapted
tango
sessions

Hackney et al. [31]

A non-statistically
difference was found in
the quality of life of
tango group

Self-directed
exercise group

Parkinson's Disease
Questionnaire-39

12 weeks
Rios Romenets
et al.

[34]

The quality of life was
improved in the patients
from the tango group

Support group
MDS-Uni�ed Parkinson's
Disease Rating Subscale

1 year Foster et al. [75]

Participation

Total current participation
enhanced in the tango
group compared to the
control group without
intervention, with overall
activity retention
improving from 77% to
90% in the tango group.

Control group—no
intervention

Activity Card Sort 1 year Foster et al. [ 75]

Clinical global impression of change

Signi�cant changes in
favor of the tango group
in comparison to the
self-directed exercise
group from the examiner's
perspective only

Self-directed
exercise group

Clinical Global Impression
of Change

12 weeks
Rios Romenets
et al.

[34]
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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�c 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�c 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�c 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�c 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 necessary 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 Objectives: The 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 [5].

2. Materials and Methods

Our investigation used the electronic scienti�c 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 illness, 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 [18–22].
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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 (NETs), 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, Ilonzo 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. It is 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 [53,54].

4.4. Cardiovascular Implications of ACE2 Being the SARS-CoV-2 Receptor

ACE2 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 I and Ang II, 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�ltrate 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 ACE2, 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
ACE2 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 [43]. 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 illness 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 [ 88].

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 [ 92].

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�ltration 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 [ 102]. 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 [103].

Takotsubo cardiomyopathy is a recognized acute cardiotoxi c 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 [ 108].

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-2-related 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 [110]. 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 [112]. 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

Coagulopathy/thrombosis
linked with COVID-19

Reactivity of platelets, with viral-mediated
endothelial in�ammation and

hypercoagulability, higher levels of
coagulation factors, accumulated

antiphospholipid antibodies, and lowered
levels of intrinsic anticoagulant proteins

Antiaggregant/anticoagulant
therapy

[42–48]

Peripheral venous diseases

Cytokine storm, systemic immune reaction,
hypercoagulable condition, excessive

in�ammation, platelet activation, endothelial
dysfunction, and stasis

Antiaggregant/anticoagulant
therapy, venous ablation

[49–52]

Thromboembolism
Disease's overall severity and

its consequences

Low-molecular-weight heparin
or fondaparinux instead of

straight oral anticoagulants or
fractionated heparin

[81]

Virus-induced myocarditis
and myocardial impairment

Hypoxia or cytokine-mediated
systemic in�ammation

Depending on the
symptomatology

[88]

Myocardial infarction

Elevated concentrations of circulating
pro-in�ammatory cytokines, macrophage

involvement inside atherosclerotic plaques,
plaque rupture, and thrombosis

Antiaggregant/anticoagulant
therapy

[93]

Cardiomyopathies and
myocarditis

Lymphocytic or eosinophilic in�ltration of
the heart, cytokine-induced
in�ammatory myocarditis

Depending on the
symptomatology

[97]

Takotsubo cardiomyopathy
Direct myocardial damage, in�ammation,

and stress
Depending on the
symptomatology

[104,105]

Arrhythmia and abrupt
cardiac death

Systemic illness, systemic infection,
in�ammation, QTc-prolonging drugs, i.e.,

quinolone antibiotics or hydroxychloroquine

Pharmacological management,
i.e., amiodarone and diltiazem

[107,108]

Heart failure

Invasion of in�ammatory cells,
proin�ammatory cytokines, endothelial

damage, microthrombosis, and hypoxia due
to respiratory failure

Pharmacological management [110–114]

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 [118]. IgG1 Fc-fused recombinant ACE2 proteins have been shown to have sig-
ni�cant in vitro 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 [120,122]. It has been shown that the ACE inhibitor/Angiotensin II receptor blocker
antagonist renin–angiotensin–aldosterone system reduces in�ammation in COVID-19 pneu-
monia, hence reducing mortality [ 123,124]. In a retrospective study, however, there was no
connection among severe COVID-19 outcomes and chronic ACE inhibitor/Angiotensin
II 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 II receptor blocker was linked to decreased mortality [ 127].
In another investigation, there was no indication of increased severity of COVID-19 illness
in London patients receiving chronic ACE inhibitor or Angiotensin II receptor blocker
therapy [ 128]. In contrast, severe COVID-19 patients persistently treated with an ACE
inhibitor/Angiotensin II 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 [ 130].

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 [ 132]. 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 [130]. Antibiotics and antifungals are
also recommended when co-infections are con�rmed or even suspected [ 130]. Moreover,
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 [ 138].

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 [ 139–142].
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 [ 142].

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 [ 148].
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 [148]. 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 [ 152].

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 [ 153,154].
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

Non-COVID surgical suites Clean recuperation area

History of travel and possible exposure Adaptation of negative-pressure ORs
Considering COVID-19 infection in the
event of persistent respiratory distress

Accurate CXR evaluation
Airborne measures and PPE must be

used by all suppliers
Reduce the risk of renal failure and

persistent respiratory distress
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Table 2. Cont.

Preoperative Intraoperative Postoperative

Avoid unnecessary testing
wherever feasible

Non-essential personnel to be absent
from room

Protocol for accelerated recuperation, if
applicable: Extubation, mobility, and

disconnection of chest tubes and pacing
wires as quickly is possible

Consider using previous test results
wherever feasible

Just attending-level medical personnel
Shortly following extubation, patients

receive surgical masks

Presurgical care delivered
through telehealth

Video laryngoscopy to
facilitate intubation

Timely collaboration with the family for
postoperative recuperation at residence

Patients wear surgical masks before
arriving at the hospital

Reduce worker turnover inside the room Early release when clinically stable

Prompt intubation before surgery for
patients with COVID-19 and

respiratory dysfunction

Whenever possible, avoid TEE to prevent
pleural invasion and lung harm

Following discharge, frequent and
regular digital follow-up

Putting off a case if COVID-19 positive
Limit operations that involve

CO2 insuf�ation
Test for COVID-19 if clinical signs

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 [ 156–158].

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 [ 162] 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 [164–166]. 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 [ 168,169]. 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 [ 170]. 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 [175,176].

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 [ 178,179] 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 heart 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 specialties [181].

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. [ 182], 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, Iborra 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 �lm the carotid patch closing
and bypass anastomosis with their arms and the model visible; the �lms 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 [ 188].

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�c and surgical education-speci�c 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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