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ABSTRACT:

0630pbT 06xXBaLL@ HAKOM BaXXHN HAXOAKN U
NHTEprpeTaumm, CBbp3aHN C OYHaTa satepa-
nv3aums. MbpBOHAYanHoO 3anoysaMe C npea-
CTaBsiHE Ha SBNIEHWETO NaTepanu3aums, Hero-
BOTO 3HA4YeHWe M MpoM3XoA WM cnes Tosa Mo-
[ETANNHO OMMCBaMe HOpPMasHaTa O4Ha aTte-
panv3aumsi 1 HEMHWUTE EBOJIOLIMOHHK, aHaTo-
MUYHU M YHKUMOHANHK ocHoBK. ObpbLiuame
BHMMAHME HA HAKOW OT Hal-3HAYMMUTE MNpPOo-
y4BaHUs1 BbpXYy OYHaTa nartepanmsaumsi, 0co-
6eHO Npu ronsIMOTO HEBPOMCUMXMATPUYHO pas-
CTpOMCTBO Wn3odpeHns. Hakpas obcbxaame
3HAUMMOCTTa Ha YCTaHOBEHaTa Mo-4yecTa nsiBa
natepanusaums cpe nauveHTn C wunsodpe-
HMS1 BbB Bpb3Ka C HEBPOPAa3BUTUMHUTE TEOPUN
3a AM30HTOreHes3a npu Toea 3abonsBaHe.

KnrouoBu AyMu: natepanmsaums, O4YHO
[IOMUHVpaHe, Wn30(hpeHns, ANCOHTOreHe3a

The review tries to cover some important
findings and interpretations, related to eye
lateralization. We first start with introducing
the phenomenon of lateralization in nature, its
importance and origins and then go into more
details concerning normal eye lateralization,
its evolutionary, anatomical and functional
foundations. Attention is then more closely
paid to some of the most significant research
studies on eye lateralization and especially the
major neuropsychiatric disorder of schizo-
phrenia. Finally we discuss the importance of
the findings of more left eye dominance
among patients with schizophrenia in relation
to neurodevelopmental theories about dyson-
togenesis in that disorder.

Keywords: lateralization, eye dominance,
schizophrenia, dysontogenesis
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Introduction

The word lateralization in the narrow sense
means the preferred localization of a function
or activity on the one side of the body.
Lateralization is characterized by sexual differ-
entiation (sexual dimorphism). It is thought
that the male brain is more lateralized than
the female, although more research is needed
on that (30, 36, 52).

Eye dominance, just like hand and foot
dominance, as well as linguistic lateralization,
can be regarded as an expression of the func-
tional asymmetry of the brain (25). Recent
research shows that lateralization exists in the
animal kingdom and is certainly not a human
specific phenomenon (53). The asymmetry in
vertebrate animals shows the evolutionary
advantage of the specialization of each hemi-
sphere (34, 42, 43). Unilateral specialization
allows fast, effective processing without the
need for input from, or the possibility of dis-
ruption by the other hemisphere; quick pro-
cessing of multiple forms of ecologically rele-
vant stimuli in increasing complex environ-
ment; increasing neural capacity (14).

Cerebral asymmetry is a unique feature of
the human nervous system and might have
been related to the development and the evo-
lution of humans from earlier primates (10).
Crow (2000) proposed that psychosis and lan-
guage are linked with each other and have ori-
gin in a common genetic event (11).
Hemispheric imbalance might underlie the
genesis of psychosis (18). Recent work also
shows that some of the genes associated with
asymmetry and schizophrenia are preferen-
tially selected in human evolution (26).

Eye lateralization - basics;
research on healthy subjects

The choice of a dominant eye for vision is
not the result of external influence, which
makes it a strong predictor of brain lateraliza-
tion. Descendants with left eye dominance
have been found to be more present among
the generations of ancestors with the same,
proving that hereditary factors are involved in
determining it (4). It is not a classical reces-
sive or dominant Mendelian type, but a rather
more complex and not completely understood

genetic model of inheritance, probably involv-
ing environmental influence (41). Eye domi-
nance is fixed approximately at the age of 2 2
years. The concept of eye dominance relates
to the tendency to prefer visual information
coming through one of the eyes and the
objects being thus more clearly and exactly
reproduced, more stable and even larger (48).
The dominant eye has priority in perceptional
processing (48). The eye with the more effi-
cient control system is probably preferred,
which may be related to a motor ability such
as hand dominance.

Some suggest that eye dominance is not a
monolithic asymmetry, but instead includes
sighting, sensory and acuity dominance (40).
Of all procedures assessing eye preference
(sighting dominance, sensory dominance, and
acuity dominance), sighting dominance is
most frequently investigated, best under-
stood, and yields the most reliable results (40,
41).

There is indeed agreement that handed-
ness and eyedness are associated (3, 16).
Hand and eye dominance are connected in a
continuous, uninterrupted way (9). Those who
possess a stronger left hand are more often
characterized by left eye dominance. Eye
dominance is one of the first characteristics
proposed as a ,key” to hand dominance and
other asymmetries (24). Some authors point
out that the sighting dominant eye changes
according to the hand used for grasping the
object (7). One possibility is that human
handedness actually derives from deeper per-
ceptual (particularly visual) lateralization (53),
rather than preexisting manual biases in pri-
mates. A preference for using the right
eye/left hemisphere for routine activity might
have driven a corresponding right-hand
advantage for tool use, supported by a gener-
al left eye/right hemisphere superiority for
spatial processing.

As to the cerebral dominance the relation-
ship between the eye and the preferred hemi-
sphere is more complex than in handedness,
because fibers of any eye reach both cerebral
hemispheres, and the foveal region of each
retina is bilaterally represented. Though the
behavioral preference of the eye is not identi-
cal with the term ,,ocular dominance,” some of
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the findings in ,ocular dominance” are
remarkable with regard to hemispheric asym-
metry. The preference of one eye is assumed
to be associated with a certain preponderance
of the contralateral hemisphere. In line with
this assumption are findings by Luria (33),
who considered left eye dominance as a sign
of latent left-handedness, which like left-
handedness results in a latent right-hemi-
spheric dominance. Left-eyed subjects appear
to have traits and preferences similar to those
of left-handers, although probably to a less
pronounced degree. Hence, studies investi-
gating verbal and nonverbal abilities found
that left-eyed persons, like left-handers,
scored lower in verbal abilities (50), but high-
er in nonverbal skills (28).

Bourassa, McManus, and Bryden (1996)
conducted a meta-analysis of hand eye con-
cordance in 54,087 participants from 54 pop-
ulations and 47 papers. They reported that in
54,087 participants, the rates of left-handed-
ness and left-eyedness were 9.25% and
36.53%, respectively; and 34.43% of right-
handers and 57.14% of left-handers were left-
eyed. They suggested that this pattern of
hand-eye association is problematic for previ-
ous genetic models of cerebral lateralisation.
Sex-related factors are important for both
handedness and eyedness distribution in the
normal population. The incidence of left-hand-
edness was 1.314 higher in males than in
females and the incidence of left-eyedness
was 1.153 higher in females than males
among 9480 male and 8899 female partici-
pants in 21 studies (3).

Eye dominance may also affect intermanu-
al coordination (IMC). In a study, 105 right-
handed subjects with left or right eye domi-
nance were compared with 105 corresponding
left-handed persons. The study indicated that
the left-handers scored higher in IMC than did
the right handers and in addition, also left-
eyed right-handers scored higher in IMC than
did right-eyed right-handers (20). In healthy
children those with crossed hand-eye lateral-
ity showed better performance in bimanual
coordination than did children with uncrossed
laterality (17).

Eye lateralization -
patients with schizophrenia

Eye dominance is considered to be a neg-
lected aspect of human lateralization
[Bourassa 1996], (3). This is also true for
schizophrenia research, in which most find-
ings deal with eye dominance only in relation
to crossed pattern (unequal preference of
hand and eye), (13, 19).

Decreased anatomical and functional
asymmetry have been demonstrated in indi-
viduals who develop psychosis. Schizophrenia
patients have reversal of brain torque,
reduced asymmetry of planum temporale,
and sylvian fissure. There is also reduction in
functional asymmetry as reflected by
decreased language lateralization in a dichotic
listening task (1, 2, 21). There is also reduc-
tion in functional asymmetry as reflected by
decreased language lateralization (44).

Similar findings have been reported in
studies examining handedness, a proxy indi-
cator for language and cerebral lateralization;
children of mixed or left-handedness have a
higher risk of developing schizophrenia in later
life (12), and non-righthandedness is more
prevalent in schizophrenia (38). Left and
mixed handedness are found to be significant-
ly higher in patients compared with controls
(49, 15).

A major investigation of the eye, foot and
hand dominance of 200 patients with schizo-
phrenia and 200 controls found more left
dominance among schizophrenic patients. The
authors pointed out that this can be seen in
other central nervous system disorders such
as epilepsy and dyslexia. However, no connec-
tion was found between eye and hand domi-
nance with both patients with schizophrenia
and controls (22).

A later study confirmed those results and
left dominance was found in the three dimen-
sions - eye, hand, food - among patients with
schizophrenia in comparison with controls.
Piran (1982) found that 73% of the schizo-
phrenics are left eye dominant whereas only
23% are left-handed writers; it seems that left
eye dominance is much more characteristic of
adolescent schizophrenics than left handed-
ness. The authors suggested that the excess
of left-eye dominance they found in schizo-

Bulgarian medicine vol. 10 N° 2/2020)




phrenics could be considered as left-hemi-
spheric dysfunction of this disorder. Eye dom-
inance seemed to be the most important
measure for differentiating schizophrenic from
psychiatric or normal controls. Incongruence
between laterality measures was also impli-
cated for schizophrenia. Incongruence in lat-
erality preference, in addition to increased
left-sidedness, seemed to occur more typically
in the schizophrenic group (39).

Another study did not confirm such a con-
nection for neither eye, nor foot dominance. A
significant difference was found between the
group of patients with schizophrenia and that
of the control subjects in crossed dominance
(left eye and right hand dominance). The
authors thus conclude that crossed domi-
nance is a more reliable measure of sensomo-
tor lateralization in schizophrenia. Left-eyed-
ness was more prevalent in nonparanoid
patients with younger age of onset and earlier
age of hospitalization (23).

One study found both more frequent left
eye dominance among schizophrenic patient
in comparison to controls and more frequent
crossed eye-hand dominance (19).

An excess of crossed hand-eye dominance
has been reported for schizophrenics (6, 29,
31, 32, 37, 47). Among these was also the
oldest such study: Oddy and Lobstein com-
pared the handedness and eye dominance of
140 schizophrenics (age range, 18 to 65
years) with that of 497 previously tested nor-
mal subjects. They found no differences for
either handedness or eye dominance.
However, cross dominance (especially right-
handedness and left eye dominance) was
much more frequent in the schizophrenic
group (37). Liu, Yang, Lin, Lee, Jeffries, Lee
(2004) investigated hand preference and eye
dominance in 73 schizophrenic patients.
Schizophrenic patients showed a significant
excess of left-eye dominance relative to con-
trols (65.8% vs 29.6%). Female schizophrenic
patients showed a higher rate of non-right
(either left or inconsistent) eye dominance
(80%) than male schizophrenic patients
(55.8%) and controls (33.3%), (31).

Senol Dane et al. (2009) investigated the
possible relationships among handedness, eye
dominance, and crossed and non-congruent

hand-eye dominance in 88 patients with
schizophrenia. The male patients with schizo-
phrenia had significantly increased frequen-
cies of left eye dominance, crossed hand-eye
dominance, and non-congruent hand-eye
dominance compared to controls, but not the
female patients. In this study patients with
schizophrenia had significantly increased fre-
quencies of the left-eye dominance compared
to controls. These results are consistent with
findings from previous studies. They suggest
a shift from right to left for eyedness or a left
occipital hemispheric dysfunction. Also, in this
study the male schizophrenic patients had sig-
nificantly increased frequencies of crossed
hand-eye dominance and non-congruent
hand-eye dominance compared to male con-
trols. These results were again consistent with
findings from previous studies (13).

Some studies have shown that crossed
dominance may indicate a poorly established
hemispheric specialization (5) and develop-
mental brain impairment in various neuropsy-
chiatric diseases (8).

Another study found a connection between
the onset of the disease and crossed domi-
nance. Patients with schizophrenia who have
right hand and non-right eye dominance have
an earlier onset of their disease when com-
pared to the group characterized by right
hand and right eye dominance (46). Merrin
(1984) reported that left-eyedness, particular-
ly in right-handed paranoid schizophrenics,
was associated with later age of first hospital-
ization and a more benign course of the dis-
ease (35). Recently, Tabaris, Sanjuan,
Gomez-Beneyto, and Leal (1999) found that
the group of schizophrenics with increased
incidence of crossed hand-eye dominance had
significant earlier clinical onset and smaller
brain size than the group of schizophrenics
with decreased incidence of hand-eye cross
dominance (51). A longitudinal study used the
more frequent left or mixed foot and eye dom-
inance, but not hand dominance, as a differ-
ential for children who would later develop
disorders from the schizophrenia spectrum in
comparison to those who would not develop
such disorders (45).

What's more, sexual dimorphism may be
implicated in eye dominance among patients
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with schizophrenia. Cross-dominance is much
more common in male schizophrenic patients
(27). Yan, et al., 1985), reported that left eye
dominance tends to be more common in
female schizophrenics (33.7%) than others in
a study that included only ethnic Chinese sub-
jects (47). Leung and Chue (2000) suggested
that the female brain is more symmetrically
organized (less lateralized) than the male
brain (30). If left hemispheric dysfunction is
related to schizophrenia, then eye dominance
is directly related to cerebral hemispheric
dominance (27), and females with schizo-
phrenia might have a greater chance of show-
ing left eye dominance.

Discussion and Conclusion

The lateralization of brain functions (includ-
ing eye dominance) is embedded in the fetal
stages of individual development, although by
still not fully clarified mechanisms. The eyes
are a part of brain structure and probably the
most direct indicator for hemispheric lateral-
ization. Eyes have much in common with the
development of the central nervous system,
because they originate from the proen-
cephalon. Left eye shift could indicate right
hemispheric dominance and hypothetically left
hemispheric disturbances or inferior left hemi-
spheric performance. If this leftward shift is
due to generalized CNS disorder or specific
dysfunction in the left hemisphere is to be fur-
ther investigated. Left side asymmetry is the
result of the implementation of precisely guid-
ed programs of development during the
embryonic period and specifically during the

first three weeks of pregnancy, when the
human ectoderm forms a thickened band
called a neuronal disc. This means that
impaired cerebral lateralization can be taken
in its essence for a disorder of neuroontogen-
esis, which in turn underlies the development
of schizophrenia. This again can make left eye
dominance an indicator of neurodevelopmen-
tal deficit. Probably the inconsistent motor
asymmetry or a poorly defined such is an
essential pattern for neurodevelopmental dis-
orders such as schizophrenia.

Currently the most widely used instrument
for assessing laterality is hand dominance.
However, eye dominance is a much subtler
indicator of altered hemispheric lateralization
than foot and hand dominance. Handedness
was under cultural pressure against using the
left hand during the Communist Regime
(before 1990). Social conformity determines
the use of the right hand as well as the fact
that the material world has been adapted for
right-handed people. Such pressures are less
likely to impact foot preference and do not
affect eye preference at all. Eye dominance
assessment provides an adequate compara-
bility among different countries (cultures)
without cultural confounding when investigat-
ing laterality and studying different neuroon-
togenetic disturbances such as ADHD, autism,
schizothypy, psychosis, affective disorders.
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to this manuscript.
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HEBPOJIOTr'MYHU YCNOXXHEHUA
BCJIEACTBUE HA SARS-COV-2 UHOEKLIUNA

M. Anmuntposa, K. umutposa, [x. Camyesn, H. [abpoBcku
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SUBSEQUENT NEUROLOGICAL COMPLICATIONS
OF SARS-COV-2 INFECTION - A REVIEW

M. Dimitrova, K. Dimitrova, J. Samuel, N. Gabrovsky

UMHATEM ,N. I. Pirogov"

PE3IOME:

ABSTRACT:

3abonsisaHeTto COVID-19, npuynHeHO OT
SARS-CoV-2, ce nosiBsABa 3a MbpBM MbT B
NpoBMHUMS YXaH , KuTan, npe3 aekemspwu
2019 roamHa n 6bp30 Ce pas3npocTpaHu Mo
Lens cBat Kato naHaemusl. MHdekumsTa cbe
SARS-CoV-2 ce Meamupa OT CBbpP3BaHETO Ha
peLenTop CBbp3BalLUMs AOMENH Ha BUPYCHU-
T€ YacTMuM W KIETbYHWUTE peuenTopu Ha
AHIMMOTE3NH  KOHBEPTUpPALUMSA  €H3UM-2
(ACE2). ACE 2 peuenTtopuTe ce ekcnpecmparT
B MHOro TbkaHu (6enu apobose, cbpue, 6b6-
peuu, , LeHTpanHa HepBHa CMCTEMa, YepBa U
TEeCTUCK).

MbpBUTE ONUCaHW 3acaraHus oT 3abons-
BAHETO Ca pecnupaTopHM W CbpAEYHM, HO
BMOCNeACTBME Ce ONUCBaT M HEBPOSIOMMYHM
YCNOXHeHMs B nutepatypaTta nog dopmata
Ha OMMCaHWUS Ha KIIMHWYHM CITyYan W aHanum-
3u.

HeBponornyHuTe ycnoxHeHus moraT Aa
BKNOYBAT 3abonsBaHMs Ha LUeHTpanHaTa
HepBHa cucteMa (rnasobonne, CBETOBLPTEXK,
MO3bYHO-CbA0BM 3abonsBaHusl, HapylleHue
Ha Cb3HaHWETO, TpaHCBep3aseH MWEenuT,
eHuedanonatns, eHuedanut, envnencus) u
Ha nepudepHaTa HepBHa cucTeMa (3acsraHe
Ha BKyCa W MUpuUca, HeBpaarnm, CUHAPOM Ha
MneH-bape, Mmonatus)

[MbpBOHAYaNHO Ce npeanonaralle, Ye HeB-
PONOrNYHUTE YCNIOXHEHUSI Ce MOosIBABAT Npw
NaumMeHTn C TeXKO npotuyaHe Ha COVID-19,
HO BeyYe € ACHO, Ye HaIMYMETO 1 TexecTTa Ha
HEBPONOrMYHUTE YCITOXXHEHUS HE € CBbP3aHO

The disease COVID-19, caused by
SARS-CoV-2, appeared in Wuhan, China,
in December 2019 and quickly spread to
more than 200 countries as a global pan-
demic. Infection with SARS-CoV-2 is
mediated by binding between the recep-
tor-binding domain of viral thorns and
the cellular angiotensin-converting
enzyme-2 (ACE2) receptor. ACE2 recep-
tors are expressed in many tissues
(lungs, heart, kidneys, central nervous
system, intestines, testicles), it is the
reason for multiorgan complications.

The primary manifestations are respi-
ratory and cardiac, but neurological com-
plications are also reported in the litera-
ture as analyses and cases.

Symptoms can be both: from the cen-
tral nervous system (headache, dizzi-
ness, cerebrovascular disease, impaired
consciousness, transverse myelitis,
encephalopathy and encephalitis, epilep-
sy) and the peripheral nervous system
(hypogeusia, hyposmia, neuralgia,
Guillan-Barre syndrome, myopathy).

Firstly, the suggestion was that the
neurological complications are most com-
mon in patients with severe COVID-19
infection. Now it is clear that the severity
of neurological complications is not
dependent on the disease course. The
knowledge for neurological involvement
comes from the most affected world
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C TexecTTa Ha 3abonsBaHeTo. [TbpBUTE 3Ha-
HUS 3@ HEBPOJIOTMYHOTO BbB/IMYAHE NpU
COVID-19 ponpoxa oT ,orHuwarta” Ha 3abo-
naBaHeTo B YxaH 1 CeBepHa Utanus, HO BMo-
CneacTsMe ce noTBbpAMXa OT HaIMYMETO Ha
KJIMHWUYHW CITyYan U U3cneaBaHus OT Lenus
CBAT.

KnrouoBu ayMun: KopoHapupyc, HeBposo-
FMMYHWN YCNOXHEHUS

points Wuhan and Northern Italy, and
the data confirmed with reports from all
over the world.

Key words: coronavirus, neurological
complications

Introduction

COVID-19 is an acute infectious disease
caused by a beta-coronavirus called SARS-
CoV-2, which affects the lower respiratory
tract and manifests as pneumonia in humans.
Most patients have an acute onset with fever,
myalgia, cough, shortness of breath, and
radiographic evidence of SARS. The risk of
exitus letalis is 1.4% but increases significan-
tly after the age of 60. [1] Interestingly, the
relative number of symptomatic infections
also increases with age, raising questions
about the biological response of the host to
the infection. [2]

Neurological complications

Patients with severe disease usually have
neurological complications, probably due to
viral invasion of the central nervous system
(SARS-CoV-2 is found in the brain and cereb-
rospinal fluid). [3] Even at the beginning of
the pandemic a study of 214 patients, neuro-
logical symptoms were observed in 36% of
them and were more common in patients with
severe disease. In a small retrospective study
of intensive care patients, 44% of patients
with neurological symptoms had abnormal
MRI findings of the brain. [4] Complications
include acute cerebrovascular disease, impai-
red consciousness, ataxia, seizures, neuralgia,
corticospinal tract injury, meningitis, encepha-
litis, and encephalopathy. Patients may pre-
sent with these signs/symptoms or may deve-
lop them during the disease. These patients
have a poor prognosis.

Once the COVID-19 virus was found to use
the ACE2 receptor to enter cells, targeted stu-
dies began on the expression of ACE2 in
neurological tissue. ACE2 receptors have been

described on glial cells and neurons, making
them a potential target of COVID-19.

The research on neurological complications
in COVID-19 expanded in the last year and
other theories were proposed.

Mechanism of CNS involvement
in SARS-CoV-2

In a review of CNS viral infections, Koyuncu
et al. concluded that all viruses can reach the
CNS under appropriate conditions depending
on viral factors (mutations in specific virulence
genes) and host factors (immunosuppression,
age, and comorbidities) [6]. The spread of
SARS CoV-2 into the systemic circulation or
through the cryptoform plate of the ethmoid
bone during the early or later phase of infec-
tion can lead to brain damage. The presence
of the virus in the general circulation under-
standably allows it to enter the cerebral circu-
lation. Slow blood flow within the microcircu-
lation may be one of the factors that may faci-
litate the interaction of S-protein with ACE2
expressed in the capillary endothelium. [5]
This was followed by the passage of viral par-
ticles through the capillary endothelium and
damage to the endothelial mucosa. Once in
the middle of neuronal tissues, its interaction
with ACE2 receptors present in neurons can
initiate a cycle of viral replication. Neuronal
damage follows. However, neuroinflammation
mediates secondary damage through cytokine
secretion, neurotrophic factors, and protease
activation to remodel the extracellular matrix.
Molecules of the systemic innate immune sys-
tem or directly affected neuronal populations
can activate microglia in the brain and initiate
neuroinflammatory events. Autopsy materials
from patients who developed encephalopathy
weeks after SARS-CoV-2 infection showed
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edema, neuronal necrosis, and extensive
glyocyte hyperplasia [7].
Immunohistochemical staining showed that
SARS-CoV in the brain was associated with
increased expression of the cytokine, interfe-
ron-induced monokin, and infiltration of
monocytes, macrophages, and T cells. These
findings are consistent with viral entry into the
CNS, causing the infiltration of immune cells
and the release of cytokines and chemokines,
which contribute to tissue damage [8]. The T-
cell response is initiated by antigen presenta-
tion by dendritic cells and macrophages. CD4
+ T cells activate B cells to stimulate virus-
specific antibody production, while CD8 + T
cells can kill virus-infected cells [9,10]. The
movement of the COVID-19 virus to the brain
through the crib plate near the olfactory bulb
may be an additional pathway that allows the
virus to reach and affect the brain. Findings
such as an altered sense of smell or hyposmia
in an uncomplicated patient in the early sta-
ges of COVID-19 support this theory.

Microvascular injury

Neurological manifestations of COVID-19
have been believed to be a result of direct
damage to nerve cells. But the recent studies
suggest that the virus may damage the brain’s
small vessels [43]. The researchers presen-
ted magnetic resonance microscopy, histopat-
hological examination, and immunohistoche-
mical analysis in 13 patients with COVID-19.
The results revealed the microvascular injury
in the brain and olfactory bulb, despite no evi-
dence of viral infection.

Mechanism of PNS involvement
in SARS-CoV-2

The mechanisms of SARS- CoV 2 PNS
involvement are an immune-mediated mec-
hanism of involvement and a mechanism of
molecular mimicry. While the direct effect of
viruses on the nervous system occurs during
the acute phase of the disease, the indirect
effect is detected days, weeks, or even
months after infection.

Immune-mediated mechanism

The immune-mediated mechanism is clo-
sely related to the development of a systemic

inflammatory response syndrome. The mec-
hanism of nerve damage may be by activating
T cells and releasing inflammatory mediators
from macrophages. Patients with COVID-19
may develop systemic hyperinflammation,
referred to as a cytokine storm, also known as
secondary hemophagocytic lymphohistiocyto-
sis (sHLH). Resistance to CoV infections and
their ability to infect macrophages, microglia,
and astrocytes are particularly important. The
neurotropic virus can activate glial cells and
induce hyperinflammation [11]. Thus, due to
excessive secretion of inflammatory factors
such as IL-6, IL-12, IL-15, and TNF-a after
infection with CoV, damage to the PNS is pos-
sible [12].

Molecular mimicry

The attachment of SARS-CoV-2 to cell sur-
faces is thought to be mediated by the viral
spike (S) protein, which binds to the angioten-
sin-converting enzyme 2 receptors, as well as
gangliosides containing sialic acid residues,
including residue GalNAc on GML1. It has been
suggested that cross-reactivity between viral
protein-associated gangliosides and periphe-
ral nerve gangliosides results from molecular
mimicry.

Because the SARS-CoV-2 protein interacts
with the N1-acetyl-galactosamine residue of
GM1 to attach to the cell surface, an immune
cross-reaction between epitopes in spike-bea-
ring gangliosides and sugar residues from sur-
face peripheral glycolipids is also possible. A
study demonstrates that SARS-CoV-2 shares
a unique amino acid sequence with human
heat shock proteins (HSP). HSPs are involved
in several immune-mediated clinical conditi-
ons and may be subject to an immune res-
ponse, possibly as a result of molecular
mimicry [13]. In molecular mimicry, an exo-
genous antigen has structural similarities to
some host antigens. Thus, any antibody pro-
duced against this antigen can bind to host
antigens and enhance the immune response.
Evidence is important from a neurological
point of view that autoantibodies targeting dif-
ferent families of HSPs are elevated in the
serum and cerebrospinal fluid (CSF) of pati-
ents affected by myasthenia gravis, multiple
sclerosis, and Guillain-Barre syndrome (GBS)
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[14]. Sharing common sequences between
virus peptides and HSPs strongly supports
immune-mediated neurological damage in
COVID-19. In particular, the hexapeptide sha-
red with HSP90B and HSP90B2 is part of 5
experimentally validated epitopes of SARS-
CoV. The epitope (antigenic determinant) is
part of the antigen that is recognized by the
immune system. Although epitopes are usual-
ly foreign proteins, sequences derived from
their antigens can also be recognized as epi-

tial pathogenetic mechanism of neuropathy
after SARS-CoV-2 infection and offer special
testing of sera and CSF in a patient with
COVID-19 affected by GBS and possibly other
peripheral neuropathies for autoantibodies to
these proteins.

The neurological complications of
COVID-19 can affect the central and periphe-
ral nervous system (Table 1).

Table 1. Neurological complications and clinical presentation in COVID-19

consciousness,
necrotizing
epilepsy, ataxia

Central nervous system

Dizziness, headache, acute cerebrovascular disease, impaired
transverse
encephalopathy,

hemorrhagic
encephalitis,

myelitis, acute
encephalopathy,

Peripheral Nervous

System Bell’s palsy

Hypogeusia, hyposmia, neuralgia, Guillian Barre syndrome,

topes. The hexapeptide is located proximal
and terminal in these epitopes, thus forming
the only sequence common to all epitopes.
Therefore, the shared hexapeptide is very
likely to be the immunogenic determinant of
all five epitopes. Thus, this hexapeptide is the
ideal candidate for eliciting an autoimmune
response against HS90B and H90B2 as a con-
sequence of SARS-CoV?2 infection. The second
immunologically relevant motif, shared by
SARS-CoV-2 and human HSP, belongs to cha-
perone protein 60 and is recognized by lym-
phomonocytes of patients affected by demye-
linating CNS disease [15]. This finding neces-
sitates further investigation of a possible asso-
ciation of SARS-CoV-2 infection with inflam-
mation and demyelination not only in the PNS
but also in the CNS. HSP60 is a mitochondrial
protein that is distant from the plasma mem-
brane. Nevertheless, immune responses aga-
inst intracellular autoantigens are a well-
known phenomenon [16,17]. Also, it has been
shown that post-translational modifications
(PTMs) of HSP can cause the protein to
"move" across the plasma membrane [18].
Multiple concomitant mechanisms could then
explain the immune responses against HSP60
in the case of autoimmunity. In summary, the
present data point to the immunological tar-
geting of HSP 90B, 90B2, and 60 as a poten-

Encephalitis is an inflammation of the
brain tissue, and viruses being the most com-
mon etiological factor. Recent studies have
reported a possible complication of SARS-
CoV-2 in human CNS, mainly encephalopathy
but encephalitis as well. Cases of acute necro-
tizing encephalitis associated with COVID-19,
acute  disseminated  encephalomyelitis
(ADEM), and stem encephalitis have been
reported.

Although the final diagnosis of viral encep-
halitis largely depends on the isolation of the
virus, this is difficult for COVID-19 because
the prevalence of SARS-CoV-2 is transient and
its titer in CSF can be extremely low.
Therefore, the diagnosis is based primarily on
neurological status and anamnestic data.
Except two cases of positive PCR in CSF for
SARS-Cov2 in two meningitis/encephalitis
users [19, 20], all other studies in which CSF
was developed could not detect SARS-Cov2
by PCR [21, 22, 23, 24]. This failure to detect
traces of SARS-Cov2 can occur in the absence
of optimal CSF testing techniques for this virus
[25]. The pathophysiological characteristics of
SARS-CoV-2-associated encephalitis are not
fully understood. The SARS-CoV-2-induced
immune response can cause inflammation
and swelling of the brain, leading to changes
in consciousness.
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Ye Mingxiang et al. reported a case of a
Wuhan man positive for SARS-CoV-2 who
developed a complication of encephalitis. It is
one of the first reported cases. The initial sym-
ptoms were fever, shortness of breath, and
myalgia, and 10 days later progressive blur-
ring of consciousness was added. The neuro-
logical status revealed neck rigidity, positive
Kernig, and Brudzinski. The laboratory test
showed a low number of WBC (3.3x109 / L)
and lymphopenia (0.8x109 / L). Chest CT
reveals multiple subpleural "frosted glass"
shadows, and brain imaging is normal. A lum-
bar puncture was performed and an increased
CSF pressure (220 mmHg) was found, while
the other laboratory parameters of the CSF
remained within normal limits. CSF was fur-
ther tested for SARS-CoV-2, but negative.
Treatment in this patient is mainly supportive,
including infusion of mannitol. The patient's
consciousness gradually improved and after
two negative PCRs for SARS-CoV-2 the pati-
ent was discharged. [26]

A series of cases with encephalitis starting
with seizures were reported. Sandeep Sohal
et al. reported a case of a 72-year-old man
with a history of hypertension, coronary heart
disease, permanent patient stent, type 2 dia-
betes, CKD in the final stage of hemodialysis.
The patient complains of weakness and dizzi-
ness after a hypoglycemic episode. After the
admission, the patient deteriorates for a short
time and develops respiratory failure, accom-
panied by quantitative impairment of consci-
ousness and hemodynamic instability. PCR for
SARS COV-2 was positive. CT of the head sho-
wed chronic microvascular ischemic changes,
but there was no evidence of the acute cereb-
rovascular accident. Chest CT shows shading
of both lung bases with the consolidation of
the right lower lobe. On the 3rd day of admis-
sion, numerous episodes of generalized tonic-
clonic seizures had been observed. A 24-hour
EEG shows epileptogenic areas in the left tem-
poral region. Before admission, the patient
had no history of seizures. Blood glucose
levels recorded before and after episodes of
seizures did not indicate hypoglycemia. Over
the next two days, tonic movements of the
upper limbs had been observed, 2-3 times a
day. Despite intensive care and antiepileptic

therapy exitus letalis occurred on the 5th day
of admission to the hospital. The patient was
persistently febrile during hospitalization, pos-
sibly associated with the cytokine storm cau-
sed by COVID-19. Imaging and lumbar pun-
cture were not performed due to the constan-
tly unstable condition of the patient. [27]

Gary N. McAbee et al. reported a case of an
11-year-old child who had status epilepticus
and CSF data for encephalitis. The nasopha-
ryngeal swab was positive for COVID-19. The
patient had a two-day history of generalized
weakness and fever without respiratory sym-
ptoms. CT of the head was normal, but the
EEG shows frontal intermittent delta activity.
[28]

Po Fung Wong et al. described a case of a
40-year-old man with stem encephalitis asso-
ciated with SARS-CoV-2 infection. [26] The
patient developed acute brainstem dysfuncti-
on three days after hospitalization with sym-
ptoms of COVID-19. The initial complaints had
been unstable gait, and in the next 24 hours
developed diplopia, oscillopsia, ataxia of the
limbs, sensory disturbances in the right hand,
hiccups, and disorders of swallowing function.
MRI showed changes consistent with inflam-
mation of the brainstem and upper cervical
spine, leading to a diagnosis of rhombencep-
halitis. PCR for SARS-CoV-2 was not possible.
The patient had a good response to conserva-
tive treatment.

Acute necrotizing encephalopathy
(ANE) is a rare complication of viral infections
associated with an intracranial cytokine storm
that results in disruption of the blood-brain
barrier without direct viral invasion or parain-
fectious demyelination. To date, no direct
association of ANE with COVID-19 infection
has been demonstrated. However, a recent
report in the Lancet suggests that a subset of
patients with severe COVID-19 may develop
cytokine storm syndrome. [29] In support of
this, it was present a case of a 58-year-old
woman positive for COVID-19 and diagnose
with ANE [29]. The patient's initial symptoms
are associated with the typical manifestations
of COVID-19 - fever, cough, and muscle
aches. A few days later, however, the patient
became confused, lethargic, suggesting CNS
involvement. CSF analysis was negative for
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HSV type 1 and HSV type 2, HZS, and West
Nile virus. A test for the presence of SARS-
CoV-2 in CSF has not been performed.
Imaging examinations of the brain revealed
symmetrical hemorrhagic lesions in the thala-
mus, medial temporal lobes, and subinsular.

Acute transverse myelitis Kang Zhao et
al. described a case of acute myelitis in a 66-
year-old man from Wuhan. The patient's initial
symptoms were fever and body aches. During
admission, he developed acute paralysis in the
lower extremities, with a sensory disturbance
- hypoesthesia from Tx-10 down, with incon-
tinence of the pelvic reservoirs. Chest CT con-
firmed pneumonia and PCR of nasopharyngeal
swab was positive for COVID-19. He was trea-
ted empirically with IVIG, steroids, antibiotics,
and antiviral therapy, with gradual improve-
ment. The presence of acute myelitis is due to
cytokine storm and overactive inflammatory
response. [30]

Maike Munz et al reported a 60-year-old
patient with typical respiratory symptoms of
COVID-19 infection without neurological sym-
ptoms. He recovered quickly from COVID-19
pneumonia and was discharged home 5 days
later without any symptoms. Three days after
the discharge, he developed bladder dysfun-
ction and progressive weakness of the lower
extremities. When re-administered two days
later, clinical examination revealed hypoaest-
hesia below Th9 levels and moderate spastic
paraparesis. Babinski's sign was positive on
both sides. Paraclinical studies were unobst-
ructed, and repeated nasopharyngeal swabs
showed negative PCR for SARS-CoV2. MRI of
the spine revealed hyperintense levels from
Th2 to Th9, suggesting acute transverse mye-
litis. MRI of the brain showed no inflammatory
changes. CSF analysis revealed protein-cell
dissociation. SARS-CoV2-PCR in CSF and oli-
goclonal bands are negative. Numerous addi-
tional CSF tests have been performed, such as
PCR for herpes viruses, antineuronal antibody
panel, Aquaporin-4, and myelin oligodendro-
cyte glycoprotein antibodies. Follow-up MRI
on day 6 further showed uneven hyperinten-
sity of thoracic myelon at Th9-10 and at level
Th3-5, suggesting transverse myelitis.
Methylprednisolone treatment was started.
The patient was discharged at home on day

13 with mild spastic paraparesis and hypoa-
esthesia below the Th9 level, but normal blad-
der function. [31] [32]

Cerebrovascular disease Wu et al. sug-
gest that virus-mediated cytokine storm and
coagulation disorders, evidenced by elevated
D-dimer and platelet counts, increase the
chance of acute CVA in patients infected with
SARS-CoV-2. [33]

Sharifi et al. describe a case from Iran with
intracerebral hemorrhage, in a 79-year-old
man with COVID-19 positive. He was hospita-
lized with severe impairment of consciousness
(Glasgow coma scale 7/15) and a history of
fever and cough. PCR for nasopharyngeal sec-
retion was positive for COVID-19. A CT scan of
the chest confirmed pneumonia, and a CT
scan of the brain revealed a massive hemor-
rhage in the right cerebral hemisphere, with a
rupture in the ventricles and subarachnoid
space. The patient had no history of hyperten-
sion and was not on anticoagulant treatment.
The coagulogram on admission to the hospital
was normal. The authors postulate that dys-
regulation at ACE2 receptors is likely to lead to
disturbances in cerebral autoregulation, the
sympatho-adrenal system, and cerebral blood
flow, leading to bleeding. [34]

Mao et al. reported 6 cases of cerebrovas-
cular accidents, 5 with ischemic and 1 with
hemorrhagic stroke. A French cohort reported
three cases of ischemic stroke from imaging
studies. Patients were free of focal neurologi-
cal deficits. [35]

The cerebrovascular complications are con-
firmed with series of cases from different
countries and it is clear they are the most
common neurological disorder after COVID-
19.

Parkinsonism The occurrence of transient
or permanent parkinsonism following a viral
infection is well known. In these cases, par-
kinsonism might occur through different mec-
hanisms: 1) structural and functional basal
ganglia damage mainly involving the substan-
tia nigra pars compacta and nigrostriatal
dopaminergic projection; 2) extensive inflam-
mation or even hypoxic brain injury within the
context of an encephalopathy; 3) unmasking
of underlying but still non-symptomatic
Parkinson's disease; or 4) the hypothetical
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possibility that a viral infection might trigger a
series of processes that result in the develop-
ment of Parkinson's disease over the long
term in individuals with genetic susceptibility.
Marcelo Merello et al. analyze three cases with
parkinsonism after SARS-CoV-2 infection.
Onset had been acute in the three cases (10-
32 days after COVID-19 diagnosis); one pati-
ent (the 58-year-old male) had developed aki-
netic rigid syndrome in the context of a com-
plex neurological presentation compatible
with encephalopathy, including myoclonus
and opsoclonus, while the other two patients
had had pure asymmetric akinetic-rigid featu-
res, with tremor, and mild respiratory disease.
The spontaneous improvement had been
reported in one of the patients Functional nig-
rostriatal neuroimaging was abnormal in all
three cases, which implies dopaminergic nig-
rostriatal impairment, but is not diagnostic of
Parkinson's disease [44].

Headache and dizziness Headache and
dizziness are non-specific symptoms of many
diseases. They have been reported as minor
symptoms associated with the presentation of
COVID-19.

Anosmia and taste disturbances The
disturbance in taste and smell is shown to be
pronounced in COVID-19 positive patients.
Most of these patients had mild symptoms
and were outpatients. They theorize that the
virus is likely to spread through the nasal pas-
sages to outpatients with COVID-19 compa-
red to severely ill patients with the most likely
pulmonary spread. Bagheri et al. reported
that the results of a large Iranian cohort with
anosmia were reported in 48.23% of patients,
while 83.38% also had a decreased sense of
taste. [36]

Guillain Barre syndrome (GBS): Zhao et
al. reported the first case of GBS in a 61-year-
old woman traveling to Wuhan, China. The
patient was admitted with acute weakness in
the lower extremities and severe fatigue, pro-
gressing within a day. Nerve conduction studi-
es (NCS) and electromyography (EMG) have
demonstrated demyelinating polyneuropathy.
Treatment with IVIG was started, but later
respiratory symptoms developed. The COVID-
19 test was positive. The authors conclude
that based on travel history, lymphopenia and

thrombocytopenia at the time of admission
are consistent with the GBS parainfectious
model due to COVID-19. Their patient achie-
ved good motor recovery after isolation and
application of antiviral drugs. [1]

Sedaghat et al. also reported a case of GBS
in a 61-year-old man and the patient was
treated with IVIG. [37] Virani et al. described
a case of GBS in a 54-year-old man from the
United States who was hospitalized with pro-
gressive ascending paresis that led to a respi-
ratory disorder. The COVID-19 test was posi-
tive. The patient was treated with IVIG as
well. [38]

A study of GBS patients diagnosed during
an outbreak of SARS-CoV-2 infection in 12
hospitals in seven cities (Bergamo, Brescia,
Cremona, Milan, Padua, Pavia, and Verona) in
Northern Italy was included between March
and April 2020. They are divided into COVID-
19-positive and COVID-19-negative patients.
A total of 34 GBS patients with symptoms bet-
ween 1 March and 30 April 2020 were collec-
ted. Thirty (88.2%) patients were diagnosed
with confirmed SARS-CoV-2 infection with a
nasopharyngeal swab and/or serum-specific
antibodies against SARS-CoV-2 and designa-
ted as COVID-19-positive GBS. The other four
patients were negative for SARS-CoV-2 infec-
tion. The interval between the onset of
COVID-19 and neuropathic symptoms was
24.2 £ 11.6 days. In five patients, GBS sym-
ptoms appeared within 20 days of the clinical
remission of COVID-19 symptoms. In the
remaining patients, GBS began when the
symptoms of COVID-19 were still present.
The clinical presentation of GBS is the classic
form in 27 (90%) patients. One patient
(3.3%) had facial diplegia with mild distal
weakness, one (3.3%) pharyngeal-cervical-
brachial weakness, and one pure sensory
form (3.3%). Both COVID-19-positive and
COVID-19-negative patients with GBS recei-
ved similar treatment (intravenous immunog-
lobulin or plasmapheresis) and no significant
difference in response was observed. This
study found a significantly higher than expec-
ted number of GBS cases during the COVID-
19 outbreak in Northern Italy and a high inci-
dence of GBS in patients with COVID-19.
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In another analysis, a total of 50 cases of
GBS with COVID-19 from 39 studies worldwi-
de were identified and examined through dif-
ferent series of cases and reports. This exami-
nation was from a total cohort of 50 patients,
of whom 49 patients (98%) underwent
nasopharyngeal RT-PCR testing. A positive
test was obtained in 45 patients (91%), and
the remaining 4 (9%) had a negative result.
The remaining 5 cases (10%) were diagnosed
with COVID-19 with a confirmatory serum
antibody test against SARS-CoV-2 IgG.
Interestingly, none of the reported patients
had a positive PCR for SARS-CoV-2 in the CSF.
Although intravenous immunoglobulins have
some association with thromboembolic adver-
se events and SARS-COV-2 is associated with
a prothrombotic condition [40], none of the
SARS-COV-2 GBS patients treated with intra-
venous immunoglobulin developed thrombotic
complications. [41]

Myopathy Mao et al. reported myopathy
in 19% of COVID-19 patients in severe condi-
tion, and 5% of patients with the mild clinic.
Complaints of myalgia with elevated creatini-
ne kinase levels serum above 200 U / L con-
firmed myogenic damage. It is not clear whet-
her the myogenic damage is due to the direct

effect of the virus on the muscles. Another
possible mechanism of the immune response,
mediated by infection, is suggested, which
causes elevated proinflammatory cytokines in
the serum and leads to skeletal muscle dama-
ge. No NCS / EMG or muscle biopsy was per-
formed in these patients. It is therefore diffi-
cult to rule out that these patients may also
have critical disease myopathy and neuropat-
hy in addition to skeletal muscle damage. [42]

Conclusion

SARS-CoV-2 was discovered only at the
end of 2019. At the beginning of the pande-
mic, changes in the respiratory system pred-
ominated, but later there were descriptions of
cases with neurological complications, and
data and research in this direction began to
accumulate. We have presented the possible
pathogenetic mechanisms known so far to
involve the nervous system. We also presen-
ted some of the first descriptions of cases with
neurological complications of COVID-19. Our
knowledge of the neurological symptoms of
COVID-19 is to be supplemented.
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NPErNeEQ U TIEYEHUE HA CUHAPOMA
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PE3IOME:

ABSTRACT:

AHTMHeonnacTMyHaTa LUMTOTOKCUYHA Tepa-
Nnsi M3NON3BaHa 3a fledyeHrne Ha OHKOOOMHM
nauMeHTn, BOAM A0 TeXKa MUenocynpecus m
HapylaBa WHTerpuyteTa Ha racTpOMHTECTU-
HanHaTa MyKo3a, KOETO BOAW A0 TeXKa MHBa-
3MBHa MHMEKUMS NPUYMHEHA OT HOpMasiHaTa
bakTtepmnanHa n rbuyHa cdnopa obutasalla
raCTPOVHTECTUHANHMUS TpakT. [launeHTn c
NpoAb/HKUTENHA HEYTPOMNEHMS Ca BUCOKOPUC-
KOBM MO OTHOLLUEHME Ha TEXKO MpoTMYaLm
6aKkTepmanHn MHbEKUNN, TakaBa NPOABbIKN-
TenHaTa HeyTponeHus MOXe [a HacTbnn B
noaroTeutenHaTa dasa Ha TpaHcnaaHTaumsTa
WAM NO BpeMe Ha WHAYKUMOHHaTa dasa Ha
TepanusataHa octpata neBkemusi. Cepuo3Ha
XXMBOTO3acCTpallaBalla MHMeKuus Moxe aa
HaCTbN1 C MMHUMANHM NPU3HALUM, YECTO TeM-
nepatypata € eAuHCTBEHWUS 3HaK 3a MHdeK-

Cancer patients receiving cytotoxic anti-
neoplastic therapy sufficient to adversely
affect myelopoiesis and the integrity of the
gastrointestinal mucosa are at risk for inva-
sive infection due to colonizing bacteria or
fungi that translocate across intestinal mucos-
al surfaces. Patients with profound neutrope-
nia are at particularly high risk for serious
infections; prolonged neutropenia is most
likely to occur in the pre-engraftment phase of
hematopoietic cell transplantation (HCT; par-
ticularly allogeneic) and in patients undergo-
ing induction chemotherapy for acute
leukemia. Serious infection can occur with
minimal symptoms and signs, fever is often
the only sign of infection. Infections in neu-
tropenic patients can progress rapidly, leading
to hypotension and/or other life-threatening
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LMO3HOTO YCNoXHeHune. WHdekumsta npwu
HEYTPOMNEHNYHM MaUMEHTU npoTuMya 6bp30,
BOAM A0 XWMMOTEH3US U APYrO XMBOTO3aCT-
pallaBaLLo ycnoxxHeHue. OT CbLLEeCTBEHO 3Ha-
YyeHuWe, € Aa ce pasno3Hae HeyTponeHn4yHaTa
Tpecka paHO M Aa ce 3arno4vyHe eMnupuyHa
aHTMbaKTepmanHa Tepanus paHo, 3a Aa ce
n3berHe TEXKO CENTUYHO CbCTOSIHUE M Bb3MO-
)XEH CMbPTEH M3X0a,.

KnrouoBu AyMM: HeBpornaTuyHa Tpecka,
HEeYTpPOrneHnsl, HPEKUMS, aHTUHEONNACTUYHA
Tepanus, aHTMbMOTU4YHa Tepanusi, HakTepu-
a/lHW NaToOreHn, BUPYCHU NaToreHun, rebuyHmn
naToreHun

complications. It is critical to recognize neu-
tropenic fever early and to initiate empiric
systemic antibacterial therapy promptly in
order to avoid progression to a sepsis syn-
drome and possibly death.

Key words: neutropenic fever, neutrope-
nia, infection, antineoplastic therapy, antibi-
otic therapy, bacterial pathogens, viral
pathogens, fungal pathogens

INTRODUCTION

Cancer patients receiving cytotoxic antineop-
lastic therapy sufficient to adversely affect mye-
lopoiesis and the developmental integrity of the
gastrointestinal mucosa are at risk for invasive
infection due to colonizing bacteria and/or fungi
that translocate across intestinal mucosal surfa-
ces. Since the magnitude of the neutrophil-
mediated component of the inflammatory res-
ponse may be muted in neutropenic patients [1],
a fever may be the earliest and only sign of infec-
tion.

The definition of fever as an indicator of infec-
tion in neutropenic patients has varied. In 1868,
Carl Wunderlich proposed that the mean normal
body temperature was 37°C with an upper limit
of normal of 38°C (100.4°F), above which fever
was defined [3-5]. The British Society for
Haematology regarding their institutional defini-
tions of fever identified 10 definitions of fever,
ranging from a single temperature >37.5°C to
either a single temperature >39°C or two suc-
cessive temperatures >38.4°C [6]. These beliefs
notwithstanding, the empirically observed mean
oral temperature of 148 healthy adults between
the ages 18 and 40 years was reported as
36.8+0.4°C (98.2+0.7°F) with a range of
35.6°C (96.0°F) to 38.2°C (100.8°F), the latter
defining the upper limit of normal [4].

The Infectious Diseases Society of America
defines fever in neutropenic patients as a single
oral temperature of >38.3°C (101°F) or a tem-
perature of >38.0°C (100.4°F) sustained over a
one-hour period [2]. Similar definitions have
been provided from South America, Europe, and
Asia [7-9].

It is known from animal models that glucocor-

ticoids may have a mitigating effect on the deve-
lopment of fever due to bacterial or endogenous
pyrogens [10]. The antipyretic effect of concomi-
tant use of glucocorticoids in neutropenic pati-
ents may confound the recognition of an infection
[10]. The presence of signs of systemic inflam-
matory response syndrome (SIRS), including
tachycardia, tachypnea, or hypotension in an
afebrile neutropenic patient who is receiving con-
comitant glucocorticoids, should raise the suspi-
cion of infection.

Neutropenia is usually defined as an absolute
neutrophil count (ANC) <1500 or 1000
cells/microL, severe neutropenia as an ANC
<500 cells/microL or an ANC that is expected to
decrease to <500 cells/microL over the next 48
hours, and profound neutropenia as an ANC
<100 cells/microL [2, 11]. The risk of clinically
important infection rises as the neutrophil count
falls below 500 cells/microL and is higher in those
with a prolonged duration of neutropenia (>7
days). Further, the risk for bacteremic infection
increases as the ANC decreases below 100
cells/microL.

1. Neutropenic fever syndromes

A number of neutropenic fever syndromes
have been described [12, 13]. The International
Immunocompromised Host Society has classifi-
ed initial neutropenic fever syndromes into the
following three categories [12]:

e Microbiologically documented infection -
Neutropenic fever with a clinical focus of infection
and an associated pathogen

e Clinically documented infection -
Neutropenic fever with a clinical focus (eg, cellu-
litis, pneumonia) but without the isolation of an
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associated pathogen

e Unexplained fever — Neutropenic fever with
neither a clinical focus of infection nor an identi-
fied pathogen

The first neutropenic fever is the first febrile
episode occurring during a given period of che-
motherapy - induced neutropenia. A persistent
neutropenic fever syndrome is a febrile episode
without defervescence after at least five days of
initial empiric broad-spectrum antibacterial the-
rapy in high-risk neutropenic patients or after at
least two days in low-risk neutropenic patients. A
recrudescent neutropenic fever syndrome is a
febrile episode that recurs following initial defer-
vescence during a course of broad-spectrum
antibacterial therapy. The myeloid reconstitution
syndrome is defined by fever and a new inflam-
matory focus or progression of a preexisting
inflammatory focus in temporal relationship to
neutrophil recovery from aplasia.

The initial clinical evaluation focuses on asses-
sing the risk for serious complications. This risk
assessment dictates the approach to therapy,
including the need for inpatient admission, intra-
venous antibiotics, and prolonged hospitalizati-
on.

Validated scoring systems used to estimate
the risk for medical complications include the
Talcott rules [14], the Multinational Association
for Supportive Care in Cancer (MASCC) score
[15], and the Clinical Index of Stable Febrile
Neutropenia (CISNE) score [16]. These scoring
systems assume the states of neutropenia and
fever for a given patient and do not focus upon
either the degree or duration of neutropenia as
predictors of the likelihood of medical complica-
tions that require or prolong hospitalization. Only
the CISNE score considers the absolute monocy-
te count in the estimate of complication risk.
Further, the CISNE score predicts three levels of
risk of serious complications: low (score = 0),
intermediate (score = 1 to 2), and high (score
>3).

e Low-risk patients are those who are expec-
ted to be severely neutropenic (absolute neut-
rophil count [ANC] <500 cells/microL) for <7
days, have an MASCC score =21 or a CISNE
score of 0 at the time of assessment, and who
have no comorbidities or evidence of significant
hepatic or renal dysfunction. This group of pati-
ents has been well studied in randomized trials
and has been shown to be at low risk for serious
complications [2]. Most patients receiving che-

motherapy for solid tumors are considered to be
low risk for complications requiring hospitalizati-
on or prolonging hospitalization.

¢ High-risk patients are those who are expec-
ted to be severely neutropenic (ANC <500
cells/microL) for >7 days and who have an
MASCC score <21 or a CISNE score of >3 at the
time of assessment. Intermediate CISNE scores
(1 or 2) may require clinicians to judge the rela-
tive safety of outpatient oral therapy versus hos-
pitalization for parenteral antibacterial therapy.
Patients with neutropenic fever who have ongo-
ing comorbidities or evidence of significant hepa-
tic or renal dysfunction are also considered to be
high risk for medical complications, regardless of
the duration of neutropenia.

Some experts have defined high-risk patients
as those expected to have profound neutropenia
(ANC <100 cells/microL) for >7 days based on
experience that such patients are the most likely
to have life-threatening complications [2, 3].
However, formal studies to clearly differentiate
between patients with an ANC <500 cells/microL
and <100 cells/microL are lacking. Profound pro-
longed neutropenia (ie, ANC <100 cells/microL
expected to last >7 days) is most likely to occur
in the pre-engraftment phase of hematopoietic
cell transplantation (particularly allogeneic) and
in patients undergoing induction chemotherapy
for acute leukemia.

In general, neutropenic fevers develop in
approximately 5 to 10 percent of solid tumor
patients receiving cytotoxic therapy and who are
at low risk for medical complications [17], com-
pared with 20 to 25 percent of non-leukemic
hematologic malignancy patients and 85 to 95
percent of acute leukemia patients [18].

2. Therapeutic approaches

Approaches to the management of infection
in patients at risk for neutropenic fever include
primary prophylaxis, secondary prophylaxis,
empiric therapy, and preemptive therapy.

Primary prophylaxis involves the administra-
tion of an antimicrobial drug to prevent infection
in patients at increased risk.

Secondary prophylaxis involves the administ-
ration of prophylactic doses of an antimicrobial
drug to prevent recurrent infection.

In patients with chemotherapy-induced neut-
ropenia, empiric therapy involves the initiation of
therapy at the time of the onset of neutropenic
fever but before a firm diagnosis of infection has
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been established. Empiric antimicrobial therapy
is a standard part of the management of neutro-
penic fever.

Preemptive therapy involves the initiation of
therapy based upon screening with a sensitive
microbiology assay (eg, antigen detection or
molecular assays) in an attempt to detect the
presence of a putative pathogen or early subcli-
nical infection. Patients whose infections are
detected using a preemptive approach are trea-
ted to avoid progression to invasive disease. A
preemptive approach is sometimes used for anti-
fungal therapy.

An elevated body temperature is the trigger
for initiating an aggressive protocol of neutrope-
nic fever management.

Since the decision of whether to initiate the
neutropenic fever management pathway may be
based upon the difference of half a degree
Celsius [19], the reliability of the procedure used
to measure body temperature is extremely
important. The risk of serious complications in
high-risk patients who are not treated promptly
is substantial. A potential toxicity of antimicrobial
agents, the impact of antimicrobial use, and the
costs of hospitalization and antimicrobial therapy
are significant factors. It is therefore critical to
accurately assess body temperature in order to
aggressively treat patients with neutropenic
fever and to avoid the overtreatment of stable
neutropenic patients who do not have a fever.

Oral thermometry in patients without oral
mucositis, and tympanic membrane thermometry
or axillary thermometry in patients with oral
mucositis [5]. Peripheral methods of monitoring
temperature (temporal artery, axillary, and oral
thermometry) do not accurately reflect core body
temperature as measured by central methods
(pulmonary artery catheter, urinary bladder, esop-
hageal, and rectal thermometry) and are less sen-
sitive [20]; however, central methods are not
practical or safe in neutropenic patients.

Rectal thermometry is not recommended in
neutropenic or thrombocytopenic patients becau-
se it may increase the risk for local mucosal trau-
ma-induced bacteremia and bleeding.

Contributory factors to the pathogenesis of
neutropenic fever include [2]:

¢ The direct effects of chemotherapy on muco-
sal barriers and the immune system

e Breeches in host defenses related to the
underlying malignancy

Chemotherapy-induced mucositis occurs thro-
ughout the alimentary system, and seeding of the
bloodstream from endogenous flora in the gastro-
intestinal tract is believed to cause the majority of
episodes of neutropenic fever. Obstruction of lym-
phatic channels, the biliary tract, and/or bronchial,
gastrointestinal, or urinary systems by tumor(s)
or as a result of surgical procedures are also com-
mon causes of infection.

Immune defects related to underlying hemato-
logic disorders, in addition to the immunosuppre-
ssive effects of chemotherapy, also place patients
at higher risk for infection [21].

The risk for specific types of infections is influ-
enced by the nature of the underlying malignan-
cy and its associated humoral or cellular immune
deficits:

e Abnormal antibody production or clearing of
immune complexes in multiple myeloma, chro-
nic lymphocytic leukemia, and splenectomized
(including functional asplenia) patients results in
an increased risk of sepsis from encapsulated
organisms, including Streptococcus pneumoni-
ae, Haemophilus influenzae, Neisseria meningi-
tidis, Capnocytophaga canimorsus and Babesia
spp.

e The T cell defects associated with lympho-
ma result in an increased risk of infection with
intracellular pathogens, such as Listeria monocy-
togenes, Salmonella spp, Cryptococcus neofor-
mans, and Mycobacterium tuberculosis. Patients
with acute lymphocytic leukemia, central nervo-
us system tumors, and other cancer patients
receiving high-dose glucocorticoids are at increa-
sed risk for Pneumocystis jirovecii pneumonia
[18].

3. Pathogens

An infectious source is identified in approxi-
mately 20 - 30 % of febrile neutropenic episodes
[2, 21]. Often the only evidence of infection is
bacteremia, which is documented in 10 to 25
percent of patients [2]. Approximately 80 per-
cent of identified infections are believed to arise
from the patient's endogenous flora [21].

3.1. Bacterial pathogens — Gram-negative
bacilli, particularly Pseudomonas aeruginosa,
were the most commonly identified pathogens in
neutropenic patients until the 1980s [22].
Subsequently, gram-positive bacteria have
become the most common pathogens [23, 24].
Common  gram-positive  cocci  include
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Staphylococcus epidermidis (by far the most
common), Staphylococcus aureus, and strepto-

cocci; gram-positive  organisms include
Corynebacterium jeikeium, Bacillus spp,
Leuconostoc  spp, Lactobacillus  spp,

Cutibacterium acnes, and Rhodococcus spp
[25].

A number of changes in practice likely acco-
unted for the trend toward gram-positive infecti-
ons, including the introduction of long-term
indwelling central venous catheters [26], the use
of empiric antibiotic regimens for neutropenic
fever designed to cover P. aeruginosa.

However, the ratio of gram-positive to gram-
negative bacteria as the cause of bacteremia in
cancer patients remains at approximately 60:40
[27, 28].

In a study from the Multinational Association
for the Supportive Care in Cancer (MASCC) of
2142 high- and low-risk patients with chemothe-
rapy-related neutropenic fever, there were 499
bacteremias (23 percent) [29]. Gram-positive
organisms accounted for 57 percent of cases,
gram-negative organisms for 34 percent, and
polymicrobial bacteremia for 10 percent.

The following observations have been made
about bacterial infections in neutropenic pati-
ents:

e Bacteria are the most frequent infectious
causes of neutropenic fever [30].

e Gram-negative bacteria (eg, P. aeruginosa)
are generally associated with the most serious
infections.

e S. epidermidis is the most common gram-
positive pathogen, accounting for approximately
one-half of all infections due to gram-positive
infections [28].

e Among gram-positive bacteria, S. aureus
(particularly methicillin-resistant strains), some
viridans streptococci, and enterococci (particu-
larly vancomycin-resistant strains) can cause
serious infections [24].

e Although anaerobic bacteria are abundant
in the alimentary tract, they are infrequent pat-
hogens isolated from patients with neutropenic
fever. However, they can contribute to the patho-
genesis of necrotizing mucositis, sinusitis, perio-
dontal cellulitis, perirectal cellulitis, intra-abdomi-
nal or pelvic infection, and neutropenic enteroco-
litis (typhlitis) and can cause anaerobic bactere-
mia.

e Polymicrobial infections are infrequent, but

their frequency appears to be rising [30].

3.2. Fungal pathogens are common in
high-risk patients with neutropenic fever, but are
uncommon in low-risk patients. The risk for inva-
sive fungal infections increases with the duration
and severity of neutropenia, prolonged antibiotic
use, and number of chemotherapy cycles. Fungi
are rarely the cause of the first febrile episode in
neutropenic patients [31, 32]. The following
observations have been made about fungal
infections in general and about specific fungal
pathogens:

¢ Fungi are rarely identified as the cause of ini-
tial fever during neutropenia. More commonly,
they are identified as causes of persistent or
recurrent fever beyond the first week of neutro-
penia.

e Candida spp and Aspergillus spp account for
most invasive fungal infections during neutrope-
nia. The former are acquired through gastroin-
testinal tract colonization and translocation
across damaged intestinal epithelial surface.

e Fever is often the sole manifestation of can-
didemia. Erythematous macronodular skin
nodules may occur in some patients with candi-
demia. The reported median time of candidemia
following standard remission-induction therapy
for acute myelogenous leukemia (AML) has been
16 days (range 13 to 25 days) from the first day
of the cytotoxic regimen, coincident with the time
of maximum cytotoxic therapy-induced intesti-
nal epithelial damage [33]. Among patients who
develop disseminated candidiasis following che-
motherapy, hepatosplenic involvement is com-
mon; signs and symptoms are often not present
until the neutropenia resolves. The reported
median time to a diagnosis of hepatosplenic
involvement after AML induction therapy has
been 26 days (range 19 to 31 days) from the first
day of the cytotoxic regimen [33].

e Candida albicans accounts for the majority
of candidemias; C. glabrata, C. tropicalis, and
other Candida spp account for the remainder. A
higher proportion of candidemias are due to non-
albicans Candida species when fluconazole pro-
phylaxis has been administered.

e Candida spp are common fungal causes of
central venous catheter-associated infections
and can cause disseminated candidiasis.

e Aspergillus spp is a common fungal patho-
gen in immunocompromised hosts.

e Fusarium spp have been increasingly repor-
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ted to cause invasive fungal infections in patients
with hematologic malignancies with prolonged
severe neutropenia or significant glucocorticoid
exposure.

e New infection or reactivation infection with
endemic fungi (Histoplasma capsulatum,
Blastomyces dermatitidis, and Coccidioides spp)
should also be considered in patients who have
lived in or traveled to endemic areas, particularly
in the setting of prolonged glucocorticoid use or
other immunosuppression.

3.3. Viral infections, especially human her-
pesviruses, are common in high-risk patients
with chemotherapy-induced neutropenia and
are effectively prevented with antiviral prophyla-
xis. Most herpes simplex virus (HSV)-1 and -2
infections in adults are due to reactivation of
latent infections in seropositive patients. The
likelihood of reactivation is influenced by the
intensity of the chemotherapy regimen and by
the relative impact upon virus-specific cytotoxic
T-lymphocyte-mediated  host  defenses.
Reactivation occurs in two-thirds of seropositive
patients undergoing induction chemotherapy for
AML and those undergoing hematopoietic cell
transplantation (HCT) in the absence of antiviral
prophylaxis [34, 35]. Ulcerations of the oral or
esophageal mucosa are the most common mani-
festations. HSV can cause a wide variety of syn-
dromes, including encephalitis, meningitis, mye-
litis, esophagitis, pneumonia, hepatitis, erythe-
ma multiforme, and ocular disease.

The reported median time to reactivation of
herpes zoster in lymphoma patients has been
approximately five months following initiation of
chemotherapy (range 0.4 to 51.3 months) [36].
Immunocompromised patients with dissemina-
ted varicella-zoster virus infection can have pul-
monary involvement and should be placed on
respiratory precautions to prevent aerosolized
transmission to susceptible individuals.

Reactivation or, less commonly, primary
acquisition of other human herpesviruses
(Epstein-Barr virus, cytomegalovirus, or human
herpesvirus 6 A or B) can also occur in this patient
population as a result of immunosuppression or
receipt of blood products or stem cells, respecti-
vely. Allogeneic HCT recipients are at particularly
high risk for these infections.

Infections caused by community-acquired
respiratory viruses (CARVs) are a significant
threat to patients with hematologic malignancies
and stem cell transplantation [37-39]. CARVs

include influenza virus, respiratory syncytial
virus, parainfluenza viruses types I to IV, human
adenovirus, human rhinoviruses, human coro-
naviruses, and human metapneumovirus. The
risk for infection by these organisms tends to
coincide with respiratory virus outbreaks in the
general population. Although information on
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), the causative agent of corona-
virus disease 2019 (COVID-19), in cancer pati-
ents and organ transplant recipients is limited,
reports suggest that the severity of the infection
may be greater, particularly among those with
active comorbidities [40, 41]. SARS-CoV-2 is
also potential cause of neutropenic fever.

Reactivation of tuberculosis should be consi-
dered in patients with epidemiologic risk factors,
especially in those with prolonged glucocorticoid
use or other forms of immunosuppression that
increase the risk (eg, a tumor necrosis factor-
alpha inhibitor). Babesia microti or B. divergens
infection can cause overwhelming sepsis in pati-
ents with compromised splenic function.

4. RECOMMENDATION:

Antibiotics should be given as early as pos-
sible. The guidelines recommend that empiric
broad-spectrum antibacterial therapy be initia-
ted immediately after blood cultures have been
obtained and before any other investigations
have been completed in all patients with neut-
ropenic fever [8, 42]. International guidelines
recommend the administration of empiric anti-
bacterial therapy within 60 minutes of presen-
tation in all patients presenting with a neutro-
penic fever [18, 42-44]. In a retrospective
cohort study of 2731 patients with septic shock
(only 7 percent of whom were neutropenic),
each hour delay in initiating effective antimicro-
bials decreased survival by approximately 8
percent [46]. The in-hospital mortality among
adult patients with severe sepsis or septic shock
decreased from 33 to 20 percent (odds ratio
0.30, 95% CI 0.11-0.83) when the time from
triage to appropriate antimicrobial therapy was
one hour or less compared with more than one
hour [45, 47].

The successful management of neutropenic
fever and sepsis syndromes is a time-depen-
dent process analogous to acute stroke or ST-
segment elevation myocardial infarction syn-
dromes [42]. There is a spectrum of the seve-
rity of the illness. In one multicenter observa-
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tional French study using standard definitions,
55 percent of febrile neutropenic cancer pati-
ents presenting to emergency departments had
a defined sepsis syndrome and almost one-half
(45 percent) had evidence of a severe sepsis
syndrome or septic shock [49]. Approximately
2 to 5 percent of febrile neutropenic patients
seeking medical care from the emergency
department require critical care services [49-
51].

The reported median times from assess-
ment of febrile neutropenic cancer patients in
an emergency department setting to the initia-
tion of empiric antibacterial therapy have ran-
ged widely from 15 minutes to over 9 hours [6,
48, 49-57].

The aim of empiric therapy is to cover the
most likely and most virulent pathogens that
may rapidly cause serious or life-threatening
infection in neutropenic patients [2]. Although
antimicrobial agents are usually administered
empirically, they should always include appropri-
ate coverage for suspected or known infections.
Even when the pathogen is known, the regimen
should provide broad-spectrum empiric covera-
ge for the possibility of other pathogens, unlike
the treatment strategy adopted in many immu-
nocompetent hosts [58]. Consideration of the
risk of resistant organisms has emerged as a fac-
tor that impacts the choice of empiric therapy
and targeted therapy once a pathogen has been
identified, as well as outcomes.

REFERENCES:

1. Sickles EA, Greene WH, Wiernik PH. Clinical
presentation of infection in granulocytopenic
patients. Arch Intern Med 1975; 135:715.

2. Freifeld AG, Bow EJ, Sepkowitz KA, et al. Clinical
practice guideline for the use of antimicrobial
agents in neutropenic patients with cancer:
2010 update by the infectious diseases society
of america. Clin Infect Dis 2011; 52:e56.

3. Wunderlich CA, Seguin E. Medical thermometry
and human temperature, William Wood & Co,
New York 1871.

4. Mackowiak PA, Wasserman SS, Levine MM. A
critical appraisal of 98.6 degrees F, the upper
limit of the normal body temperature, and other
legacies of Carl Reinhold August Wunderlich.
JAMA 1992; 268:1578.

5. Davie A, Amoore J. Best practice in the meas-
urement of body temperature. Nurs Stand
2010; 24:42.

6. Clarke RT, Warnick ], Stretton K, Littlewood TJ.
Improving the immediate management of neu-
tropenic sepsis in the UK: lessons from a
national audit. Br J Haematol 2011; 153:773.

7. Santolaya ME, Rabagliati R, Bidart T, et al.
[Consensus: Rational approach towards the
patient with cancer, fever and neutropenia].
Rev Chilena Infectol 2005; 22 Suppl 2:579.

8. Link H, Bdhme A, Cornely OA, et al.
Antimicrobial therapy of unexplained fever in
neutropenic  patients--guidelines of the
Infectious Diseases Working Party (AGIHO) of
the German Society of Hematology and
Oncology (DGHO), Study Group Interventional
Therapy of Unexplained Fever,
Arbeitsgemeinschaft Supportivmassnahmen in

der Onkologie (ASO) of the Deutsche
Krebsgesellschaft (DKG-German  Cancer
Society). Ann Hematol 2003; 82 Suppl 2:5105.

9. Jun HX, Zhixiang S, Chun W, et al. Clinical
guidelines for the management of cancer
patients with neutropenia and unexplained
fever. Int J Antimicrob Agents 2005; 26 Suppl
2:5128.

10. Willies GH, Woolf CJ. The site of action of cor-
ticosteroid antipyresis in the rabbit. J Physiol
1980; 300:1.

11. US Department of Health and Human Services,
National Institutes of Health, National Cancer
Institute. Common terminology criteria for
adverse events (CTCAE).
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.0
3_2010-06-14_QuickReference_5x7.pdf
(Accessed on February 16, 2012).

12. From the Immunocompromised Host Society.
The design, analysis, and reporting of clinical
trials on the empirical antibiotic management of
the neutropenic patient. Report of a consensus
panel. J Infect Dis 1990; 161:397.

13. Bow EJ. Neutropenic fever syndromes in
patients undergoing cytotoxic therapy for acute
leukemia and myelodysplastic syndromes.
Semin Hematol 2009; 46:259.

14. Talcott JA, Siegel RD, Finberg R, Goldman L.
Risk assessment in cancer patients with fever
and neutropenia: a prospective, two-center val-
idation of a prediction rule. J Clin Oncol 1992;
10:316.

15. Klastersky J, Paesmans M, Rubenstein EB, et
al. The Multinational Association for Supportive
Care in Cancer risk index: A multinational scor-
ing system for identifying low-risk febrile neu-
tropenic cancer patients. J Clin Oncol 2000;

(Bulgarian medicine vol. 10 N° 2/2020

18:3038.




16. Carmona-Bayonas A, lJiménez-Fonseca P,
Virizuela Echaburu J, et al. Prediction of serious
complications in patients with seemingly stable
febrile neutropenia: validation of the Clinical
Index of Stable Febrile Neutropenia in a
prospective cohort of patients from the FINITE
study. J Clin Oncol 2015; 33:465.

17. Culakova E, Thota R, Poniewierski MS, et al.
Patterns of chemotherapy-associated toxicity
and supportive care in US oncology practice: a
nationwide prospective cohort study. Cancer
Med 2014; 3:434.

18. Flowers CR, Seidenfeld ], Bow EJ], et al.
Antimicrobial prophylaxis and outpatient man-
agement of fever and neutropenia in adults
treated for malignancy: American Society of
Clinical Oncology clinical practice guideline. J
Clin Oncol 2013; 31:794.

19. Dzarr AA, Kamal M, Baba AA. A comparison
between infrared tympanic thermometry, oral
and axilla with rectal thermometry in neu-
tropenic adults. Eur J Oncol Nurs 2009; 13:250.

20. Niven DJ, Gaudet JE, Laupland KB, et al.
Accuracy of peripheral thermometers for esti-
mating temperature: a systematic review and
meta-analysis. Ann Intern Med 2015; 163:768.

21. Schimpff SC, Young VM, Greene WH, et al.
Origin of infection in acute nonlymphocytic
leukemia. Significance of hospital acquisition of
potential pathogens. Ann Intern Med 1972;
77:707.

22. Bodey GP, Jadeja L, Elting L. Pseudomonas
bacteremia. Retrospective analysis of 410
episodes. Arch Intern Med 1985; 145:1621.

23. Wisplinghoff H, Seifert H, Wenzel RP, Edmond
MB. Current trends in the epidemiology of noso-
comial bloodstream infections in patients with
hematological malignancies and solid neo-
plasms in hospitals in the United States. Clin
Infect Dis 2003; 36:1103.

24. Holland T, Fowler VG Jr, Shelburne SA 3rd.
Invasive gram-positive bacterial infection in
cancer patients. Clin Infect Dis 2014; 59 Suppl
5:5331.

25. Sipsas NV, Bodey GP, Kontoyiannis DP.
Perspectives for the management of febrile
neutropenic patients with cancer in the 21st
century. Cancer 2005; 103:1103.

26. Raad I, Chaftari AM. Advances in prevention
and management of central line-associated
bloodstream infections in patients with cancer.
Clin Infect Dis 2014; 59 Suppl 5:5340.

27. Gudiol C, Bodro M, Simonetti A, et al. Changing
aetiology, clinical features, antimicrobial resist-
ance, and outcomes of bloodstream infection in
neutropenic cancer patients. Clin Microbiol

Infect 2013; 19:474.

28. Mikulska M, Viscoli C, Orasch C, et al. Aetiology
and resistance in bacteraemias among adult
and paediatric haematology and cancer
patients. J Infect 2014; 68:321.

29. Klastersky ], Ameye L, Maertens ], et al.
Bacteraemia in febrile neutropenic cancer
patients. Int J Antimicrob Agents 2007; 30
Suppl 1:S51.

30. Pagano L, Caira M, Nosari A, et al. Etiology of
febrile episodes in patients with acute myeloid
leukemia: results from the Hema e-Chart
Registry. Arch Intern Med 2011; 171:1502.

31. Gardner A, Mattiuzzi G, Faderl S, et al.
Randomized comparison of cooked and non-
cooked diets in patients undergoing remission
induction therapy for acute myeloid leukemia. ]
Clin Oncol 2008; 26:5684.

32. Cho SY, Choi HY. Opportunistic fungal infection
among cancer patients. A ten-year autopsy
study. Am J Clin Pathol 1979; 72:617.

33. Bow EJ, Meddings JB. Intestinal mucosal dys-
function and infection during remission-induc-
tion therapy for acute myeloid leukaemia.
Leukemia 2006; 20:2087.

34. Saral R, Ambinder RF, Burns WH, et al.
Acyclovir prophylaxis against herpes simplex
virus infection in patients with leukemia. A ran-
domized, double-blind, placebo-controlled
study. Ann Intern Med 1983; 99:773.

35. Saral R, Burns WH, Laskin OL, et al. Acyclovir
prophylaxis of herpes-simplex-virus infections.
N Engl J Med 1981; 305:63.

36. Lee HS, Park JY, Shin SH, et al. Herpesviridae
viral infections after chemotherapy without
antiviral prophylaxis in patients with malignant
lymphoma: incidence and risk factors. Am J Clin
Oncol 2012; 35:146.

37. Hirsch HH, Martino R, Ward KN, et al. Fourth
European Conference on Infections in
Leukaemia (ECIL-4): guidelines for diagnosis
and treatment of human respiratory syncytial
virus, parainfluenza virus, metapneumovirus,
rhinovirus, and coronavirus. Clin Infect Dis
2013; 56:258.

38. Dignan FL, Clark A, Aitken C, et al.
BCSH/BSBMT/UK clinical virology network
guideline: diagnosis and management of com-
mon respiratory viral infections in patients
undergoing treatment for haematological
malignancies or stem cell transplantation. Br J
Haematol 2016; 173:380.

39. von Lilienfeld-Toal M, Berger A, Christopeit M,
et al. Community acquired respiratory virus
infections in cancer patients-Guideline on diag-
nosis and management by the Infectious

Bulgarian medicine vol. 10 N° 2/2020)




Diseases Working Party of the German Society
for haematology and Medical Oncology. Eur J
Cancer 2016; 67:200.

40. Zhou F, Yu T, Du R, et al. Clinical course and
risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective
cohort study. Lancet 2020; 395:1054.

41. Liang W, Guan W, Chen R, et al. Cancer
patients in SARS-CoV-2 infection: a nationwide
analysis in China. Lancet Oncol 2020; 21:335.

42. Bell MS, Scullen P, McParlan D, et al.
Neutropenic sepsis guidelines. Northern Ireland
Cancer Network, Belfast 2010. p. 1-11.

43. Dellinger RP, Levy MM, Carlet IM, et al.
Surviving Sepsis Campaign: international
guidelines for management of severe sepsis
and septic shock: 2008. Crit Care Med 2008;
36:296.

44. Chemotherapy services in England: Ensuring
quality and safety. National Chemotherapy
Advisory Group, London 2009.

45. Rosa RG, Goldani LZ. Cohort study of the
impact of time to antibiotic administration on
mortality in patients with febrile neutropenia.
Antimicrob Agents Chemother 2014; 58:3799.

46. Kumar A, Roberts D, Wood KE, et al. Duration
of hypotension before initiation of effective
antimicrobial therapy is the critical determinant
of survival in human septic shock. Crit Care Med
2006; 34:1589.

47. Gaieski DF, Mikkelsen ME, Band RA, et al.
Impact of time to antibiotics on survival in
patients with severe sepsis or septic shock in
whom early goal-directed therapy was initiated
in the emergency department. Crit Care Med
2010; 38:1045.

48. Ko BS, Ahn S, Lee YS, et al. Impact of time to
antibiotics on outcomes of chemotherapy-
induced febrile neutropenia. Support Care
Cancer 2015; 23:2799.

49, André S, Taboulet P, Elie C, et al. Febrile neu-
tropenia in French emergency departments:
results of a prospective multicentre survey. Crit

Care 2010; 14:R68.

50. Courtney DM, Aldeen AZ, Gorman SM, et al.
Cancer-associated neutropenic fever: clinical
outcome and economic costs of emergency
department care. Oncologist 2007; 12:1019.

51. Schimpff SC, Gaya H, Klastersky J, et al. Three
antibiotic regimens in the treatment of infection
in febrile granulocytopenic patients with cancer.
The EORTC international antimicrobial therapy
project group. J Infect Dis 1978; 137:14.

52. Cullen M, Steven N, Bilingham L, et al.
Antibacterial prophylaxis after chemotherapy
for solid tumors and lymphomas. N Engl J Med
2005; 353:988.

53. Taccone FS, Artigas AA, Sprung CL, et al.
Characteristics and outcomes of cancer patients
in European ICUs. Crit Care 2009; 13:R15.

54. Nirenberg A, Mulhearn L, Lin S, Larson E.
Emergency department waiting times for
patients with cancer with febrile neutropenia: a
pilot study. Oncol Nurs Forum 2004; 31:711.

55. Richardson S, Pallot D, Hughes T, Littlewood T.
Improving management of neutropenic sepsis
in the emergency department. Br J Haematol
2009; 144:617.

56. Amado VM, Vilela GP, Queiroz A Jr, Amaral AC.
Effect of a quality improvement intervention to
decrease delays in antibiotic delivery in pedi-
atric febrile neutropenia: a pilot study. J Crit
Care 2011; 26:103.€9.

57. Okera M, Chan S, Dernede U, et al. A prospec-
tive study of chemotherapy-induced febrile
neutropenia in the South West London Cancer
Network. Interpretation of study results in light
of NCAG/NCEPOD findings. Br J Cancer 2011;
104:407.

58. Keng MK, Thallner EA, Elson P, et al. Reducing
Time to Antibiotic Administration for Febrile
Neutropenia in the Emergency Department. J
Oncol Pract 2015; 11:450.

59. Sepkowitz KA. Treatment of patients with
hematologic neoplasm, fever, and neutropenia.
Clin Infect Dis 2005; 40 Suppl 4:S253.

Appec 3a kopecnoHAeHLUMUA:
O-p UBAH KMHOEKOB

Byn. l'eoprn Codpuincku 3
BoeHHOMeanumHCcka AkageMus

KnnHnka no xematonorns n oHKOI0rms

ivankindekov@gmail.com

Corresponding author:
Dr. IVAN KINDEKOV

Bul. Georgi Sofiyski 3
Military Medical Academy
Clinic of Hematology
and Oncology
ivankindekov@gmail.com

(Bulgarian medicine vol. 10 N° 2/2020




J

ANATHOCTUYHU NPOYYBAHUA NMPU BOJIHU
C XUNOD®APUHIEANTEH KAPLUMHOM

Cr. CrosiHoB!, H. AHaHoleB’

'YuuBepcuteTcka CrieumannsnparHa 60/1HULAE 3@ aKTUBHO BEYEHME 10 OHKOJIOMMS]

/YCBAJIO/ rp.Cogusi;

Z.VHMBepCMTeTCKa MHOTr OI'I,DO(pMﬂHa 60/1HMLa 3a aKTUBHO JIeHEHUNE

,CBetu leoprn” EAA rp.llnoBanB

PATIENTS WITH HYPOPHARYNGEAL
CARCINOMA - DIAGNOSTIC EVALUATIONS

St. Stoyanovi, N. Ananoshtev?

“University Specialised Hospital for Oncological Diseases Treatment — Sofia;
*University Multiprofile Hospital for Active Treatment ,St.George” - Plovdiv

PE3IOME:

ABSTRACT:

MN3BbpLUEHO e peTPOCneKTUBHO M NPoCneK-
TMBHO Mpoy4yBaHe Ha o06wo 135 naumeHTa C
XunodapuHreaneH MIOCKOKIETbYEH Kapum-
HOM, AMArHOCTUUMPaHW W PernctpupaHn B
KOU-Mnosame npe3 nepuoga 2000-2019 r.
MauneHTUTE ca Ha Bb3pacT oT 45 ao 70 roau-
HW, OT KOMTO Mbxe 119 cnyyas / 88.5%/ un
XKEHU 16 cnydas /11.5%/.
XvnodgapuHreanHUST NI0CKOKIETbYEH KapLum-
HOM MHOrO TPYZAHO Ce AnarHoCTUumMpa B paHeH
CTagun Ha 3abonsBaHe. MHOroBapWaHTHUST
aHanu3 rnokasa, 4ye Bb3pactta, TNM-cragus Ha
AVarHoCTMuMpaHe 1 B1aa Ha neyeHne, BCUYKN
Te 3aefHO MMaT KopernaTMBHa Bpb3Ka 3a
fiowaTa nporHosa oT M3xoaa Ha 3abonsisaHe-
To. EpHOrogvwHa npexuBaeMoCcT uMMaxa
74.9% oT cnydauTe, 3-rogmuiHa rnpexmese-
MocT umaxa 39.8% ot cnyyauTte v easa 15.7%
OT C/yYauTe uMmaxa 5-rogviiHa npexuvssie-
MOCT.KNoybT KbM nogobpsiBaHe Ha MNpexu-
BSIEMOCTTa €:- OrnepaTMBHO JleYeHune, cenek-
TMBHA WM paguKanHa LWWMHA AMcekums u
WHTEH3UTET- MOAy/MpaHa paguoTepanus
(IMRT).

There has been done retrospective
,prospective evaluation of 135 patients , all
with diagnosted hypopharyngeal carcinoma -
at the Complex Oncological Centre - Plovdiv ,
Bulgaria during the period — 2000-2019. All of
them are at an age between 45-70 , among
them 119 are men ( 88.5 % ) , the rest 16 (
11.5 % ) - women. The hypopharyngeal car-
cinoma is still rather difficult to be early diag-
nosted. The multivariant analysis shows that
the age , TNM- stage of the illness ,as well as
the treatment - all taken together influence a
lot over the bad prognosis of the illness itself.
As a matter of fact - just 74.9% of the
patients survive 1 year , 39.8% -do live a bit
more than 3 years , and only 15.7% of these
patients are happy for 5 years whole survival
period of time. So the key for making better
life and longer survival is : operative treat-
ment , neck dissection - both types , intensi-
ty-modulated radiotherapy ( IMRT ).
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KnouoBn payMmmu: xunodapuHreaneH
NIOCKOKNEeTbYEH KapuuHoM, TNM-cTaguu,
NPEXMBSAEMOCT, MHTEH3UTET-MOoAYyIMpaHa
paguotepanusa (IMRT), wwuiiHa amcekums

Key words: Hypopharyngeal squamous
cell carcinoma ,TNM-stage , survival , IMRT-
intensity -modulated radiotherapy , neck-dis-
section

INTRODUCTION:

The hypopharyngeal squamous cell carci-
noma is an almost rarely to be found illness,
but still with extremely bad prognosis.
Nevertheless its” rare occasion, and on the
other hand - diagnostic and theurapetic for-
warding processes, it has a high mortality
index. Most of the patients are usually in
advanced - 3rd, or 4th stage - even rather
advanced, low index of survival and bad pro-
gnosis as a whole — concerning generally the
carcinoma. The mean period of time for a
recurrence - from the beginning of the treat-
ment is 10.4 months ( 3.3-55 months ). Non-
activity survival time in patients, treated by
operatively and radiochemo-therapy is 79% -
regarding 1 and 3 years period of life. Radio-
chemo-therapy alone is not enough, we do
not declare such 3 years survival among pati-
ents with operative treatment, only.

AIM of the study:

The aim is to analyse the disease - rate,
treatment and survival of people, suffering
from hypopharyngeal carcinoma, being pati-
ents for the Complex Oncological Centre in
Plovdiv - during the period 2000-2019, as
well as to analyse the results in the different
ways of treatment and thus- survival rates.

The analysis includes : number of patients,
age, sex, localization of the primary tumour,
clinical estimation of the status of lymph
nodes. Then the results were statistically
checked.

MATERIALS AND METHODS :

There has been done retrospective and
prospective investigation of 135 patients with
hypopharyngeal squamous cell carcinoma,
diagnosted, treated and registered in
Complex Oncological Centre - Plovdiv, during
the period 2000-2019. The investigation is
thoroughly done. All 135 patients with hypop-
haryngeal carcinoma have been checked,

among them- 119 men ( 88.5% ) and 16
women ( 11.5%). Age-between 45 - 70 years
of age. The analysis is performed under
Kaplan- Meier way of analysis, as well as -
the multivariate Koch regressive one.

RESULTS:

The density -rate of the hypopharyngeal
carcinoma during the period 2000-2019 - do
increases by a mean 1.8% change, annually.
Table 1 shows the distribution of the hypopha-
ryngeal carcinoma due to the primary locali-
zation.

So, the tumour itself comes out from :

- sinus pyriformis -101 cases ( 74.8%);

- posterior pharyngeal wall — 25 cases
(18.5 %);

- posterior cricoid region- 9 cases ( 6.7%).

Among all 135 patients, 95 of them have
been treated operatively - as it follows: ( table
2).

97 from all these 135 patients have been
treated in a operative way, so the different
operative methods are :

- Partial hypopharyngeal resection - in 21
cases ( 15.5%);

- Partial laryngectomy with partial hypop-
haryngeal resection - in 7 cases ( 7.2%);

- Total laryngectomy with partial hypopha-
ryngeal resection - in 53 cases (39.1% );

- Total laryngectomy with total hypopha-
ryngeal resection and gastro-pharyngeal
anastomosis - in 12 cases ( 8.7%);

- Total laryngectomy with hypopharyngeal
resection and entero-pharyngeal anastomosis
-in 4 cases ( 2.9%);

- Non-operated patients -36 (28.7%).

The most common way- laryngo-pharyn-
gectomy dicreases by 2.5%, while the radio-
therapy lonely treatment increases. We decla-
re that the common cases, treated by opera-
tive and radio-therapy ways,do increase
during that period of time. There is a trend of
increasing the 5-years whole survival. The
multivariant analysis shows that there is a
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TABLE 1. Distribution of the hypopharyngeal squamous cell carcinoma - due to the primary localization in

hypopharynx - both, in men and women:

Ne Primary localization men women total

1 Sinus pyriformis 87 14 101

2 Posterior pharyngeal wall 24 1 25

3 Posterior cricoid region 8 1 9

Total 119 16 135
TABLE 2. Different ways of operative treatment for hypopharyngeal carcinoma:
Ne Type of an operative treatment Number of | percentage
cases

1 Partial hypopharyngeal resection 21 15.5

2 Partial laryngectomy , with partial hypopharyngeal resection 7 5.1

3 Total laryngectomy with partial hypopharyngeal resection 53 39.1

4 Total laryngectomy with total hypopharyngeal resection and 12 8.7
gastro-pharyngeal anastomosis

5 Total laryngectomy with hypopharyngeal resection and entero- | 4 2.9
pharyngeal anastomosis

6 Non-operated patients from the total number of cases 36 28.7

7 Total 135 100

correlation between the factors - age, TNM-
stage, way of treatment,concerning the bad
prognosis of the disease.

Many of the patients are already in a rather
advanced period -3rd, 4th stage, so the survi-
val rate is low,bad prognosis - in general.

The follow - up of these patients reveals :

- 1 year survival - 74.9% of the cases;

- 3 years survival - 39.8% of the cases;

- 5 years survival - 15.7% of the cases.

CONCLUSIONS:

1. The hypopharyngeal squamous cell car-
cinoma comes to be very difficult for a diag-
nosis on an early stage of the disease;

2. The cancer itself has tendencies for
recurrency and metastasis - soon after an
operation;

3. We declare the main healing strategy,
ie. :

- Strictly and carefully chosen operative
method;

- Neck dissection;

- Adjuvant postoperative radiotherapy;

4. The hypopharyngeal carcinoma of the

posterior pharyngeal wall has greater ability
and tendency for metastasis and recurrency,
in comparision to the other 2 types, concer-
ning the localization-sinus pyriformis and pos-
terior cricoid region;

5. The so-called “KEY” for a better survival
is :

- operative treatment, neck dissection -
both types-radical or selective, intensity-
modulated radiotherapy ( IMRT );

6. The multimodal non-surgical treatment
could be a helpful option for non-operative
patients,but being generally potential-activa-
ted, without main or serious other complaints;

7. Another important moment in the pro-
gnosis of the hypopharyngeal carcinomas”
situation is the lymph node status, especially
after chemo-radio-therapy;

8. Basically regarding - the operative tre-
atment is one of the main standart ways for
solving the problem, called ,Hypopharyngeal
carcinoma”, nevermind whether it is combined
with postoperative radio-therapy, or not. Then
comes the reconstructive way of thinking -
with, or without preserving the larynx.
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ENWAEMUONOrnd, AMArHOCTUKA
N JIEMEHUE HA 3J1IOKAYHECTBEHUTE
TYMOPU HA XUMTODPAPUHKCA

Cr. CrosiHoB!, H. AHaHoleB?

lyHMBepCMTeTCKa CneumanmsnpaHa 60/1HMLA 3@ aKTUBHO JIeYEHME 10 OHKOJI0MS

/YCBAJIO/ rp.Cogusi;

’KoMriieKceH OHKOJI0rm4yeH uyeHTtbp rp.llnoBanBs

EPIDEMIOLOGY, DIAGNOSTIC AND
TREATMENT PROCESSES OVER MALIGNANT
TUMOURS OF THE HYPOPHARYNX

St. Stoyanovi, N. Ananoshtev’

“University Specialised Hospital for an Active Treatment

of Oncological Diseases, Sofia;

’Oncological Diseases Treatment Centre , Plovdiv , Bulgaria

PE3IOME:

ABSTRACT:

N3cnegBaHn ca ennaeMuonormyHo pet-
POCMEKTUBHO UCTOPUUTE Ha 3abonaBaHusITa C
paKk Ha xunodapuHkca obwo 957 cnyyas 3a
nepnoga 2000-2013r. n HOBOPErNCTPUPAHU
B Penybnuka bovarapys no obnactu.
MN3BbpluMXME  KIIMHWKO-eNuae-MUOIOrMyHo
KYMYynaTUBHOTO BpPeMe Ha MpeXxmBSEMOCT Ha
102 605HM C pak Ha xunodapuHCcKa, pernc-
Tpupann B KOU-Mnosames ot Obnactute
Mnoeaws, Masapaxmk n CMoONSH 3a nepuoaa
2000-2013r.YcTraHoBsiBaMe MOYTU [ABONHO
HapacTBaHe Ha akTuyeckata 3abonesae-
MOCT OT pak Ha XuvnodapuHCKa 3a nu3cneasa-
Hus nepuog oT 0.72 cnyyas Ha 100 000
HaceneHune npe3 2000 r. Ha 1.20 ciyyasd Ha
100 000 HaceneHwue npe3 2013 r. Mpn Mbxe-
TE CNpPsIMO XXEHWUTE paka Ha XmnodapuHCka
ce cpeLla noyTn 9 NbTK No-4yecTo. Han-yecto
3ab011eBaeMoCTTa Ce cpella BbB Bb3pacToBa-
Ta rpyna Ha 55-64 rognHun.OT HaweTo Kun-
HUKO-eNUAEMUOSIONMYHO U3CNeA-BaHe Ha
perncTpupaHuTe u aucnaHcepmsmpann 60nHM

There has been done retrospective and
prospective epidemiological investigation of
957 cases of diagnosted primary hypopharyn-
geal cancers in Bulgaria for the period of
2000-2013. The investigation is thoroughly
done. Thus, we checked almost twice
increasing of the real morbididty-i.e.,0.72
cases during 2000 - to 1.20 cases per 100
000 citizens in 2013.The other index- the
standartised morbidity rises up from 0.47
cases in 2000, to 0.66 cases in 2013. Among
men the real morbidity rises from 1.28 cases
in 2000 - to 2.23 cases in 2013. In compari-
son to the women, men suffer 9 times more
often (9.4 :1). 87 % from all primary diagnos-
ted hypopharyngeal cancers belong to third
and fourth clinical stage, which enables such
patient to live longer. We have investgated in
clinical and epidemiological way 102 patients,
living in the following 3 districts in Southern
Bulgaria - Plovdiv, Pazardjhik and Smolyan,
declaring, that 1 year survival have 14.46 %
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C pak Ha xunodapuHcka B KOLU-Mnosane 3a
O6nactute Mnosauv., Masapmxmk n CMonsH
3a nepuoaa 2000-2013 r., ycraHoBsABaMe, ye
1-rogmwHa npexussieMoct gocturat 14.46%
OT cnyyauTe, a 5-roguiHa npexunBsaeMocT
pgocturat egBa 2.41% ot cnydawuTe.
MNpeanarame nNpoekT 3a YTBbpXAABaHe Ha
anropuTbM 3a CbBpPEMEHEH MoAXOA4 3a paHHa
AMarHo3a n KOMMJIEKCHO JlIeYeHMe Ha paka Ha
XvpodapuHcka.

KnrouoBu ayMu: pak Ha xunodapuHcka,
byeneyeHne, XupypruyHo eveHne, XmumMmo-
Tepanusa, TNM- knacudukaumns geceta pesu-
3mg, 2003 r., npexwmBsemocT, 3abonesae-
MOCT.

of these cases, while 5 years survival have
only 2.42 % of them. So, we suggest a proj-
ect for a controlled algorithm for a compre-
hensive behaviour - both - for early diagnos-
tic processes, and then- a complex treatment
of the hypopharyngeal cancers.

Key words: hypopharyngeal cancer, radi-
ological treatment, polychemotherapy, TNM
- classification- 10-th revision, 2003

INTRODUCTION :

The malignant tumours of the hypopharynx
are extremely interesting for us, because of
the discreet symptomatic behaviour, as well
as the difficulties, an ENT- doctor meets with,
while making a certain diagnostic process.
They rank 3-rd among all the pharyngeal
tumours, mainly during the 5-th and first half
of 6-th decade. The cancer rate is 0.4-0.6 per
100 000 citizens. Among all the ENT - malig-
nant tumours, those of the hypopharynx
exceed to 10.7 % (1,2). As far as the ethy-
ological factors are concerned, that - like
tobacco smoking, alcohol drinking, some pro-
fessional activities do play a harmfull effect.
Usually these tumours are primary, coming
out from the structures, forming the pharynx
itself — epithelium, mesenchimal tissues, as
well as such, emerging from local tissues
around by, or being connected with them-
respectively. Among epithelium tumours most
often is the squamous cell carcinoma - both
differentiated and non- differentiated.
According to the level of differentiation thew
are - well -, moderately - differentiated, not-
well developed and finally-non-differentiated.
Adenocarcinoma as a histological evidence is
very rarely to be found. Among these, already
mentioned above forms, extremely rarely is to
fell upon a case, connected with the lymphoid
system - non Hodjhkin - type malignant lym-
phoma. Finally - males suffer 9 times more
than the females - 9.4 : 1 is the ratio.

MATERIAL AND METHODS :

There have been checked retrospectively
957 human being cases during the period
2000-2013 as well as the new-registered
cases. Annually there are approximately 70
such patients in Bulgaria.

We examined thoroughly 102 patients with
diagnosted hypopharyngeal cancer, registerd in
the Oncological Diseases Treatment Centre in
Plovdiv during the period-2000-2013.

The morbidity and death rates are registered
per 100 000 citizens, both men and women.

The standarization process is along with the
World Classical Standard - Segi 1960 . We used
the international Classification of the diseases,
revision 10 - 2003.Finally we used the software
product SPSS for the sake of completing the
data.

RESULTS :

We have made a thorough epidemiological
retrospective investigation for 957 cases of
hypopharyngeal cancer - being diagnosted as
primary such, in Bulgaria during the period
2000-2013.

Nowadays this report reveals the medical
history of 102 hypopharyngeal cancer”s
patients, among them - 90 men (88.23%)
and 12 women 11.77%) -all between 45-70
years of age.

We discovered that the real morbidity for
that disease has increased almost twice - from
0.72 cases per 100 000 citizen in 2000, to 1.20
cases in 2013 (table 1).
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Table 1: Morbidity of hypopharyngeal cancer in Bulgaria during the period 2000-2013.

Year Absolutely new ill patients Real morbidity ratio per 100 Standard morbididty ratio
000 per 100 000
men women | total men women | total Men Wome | total
n

2000 51 8 59 1.28 0.19 0.72 0.86 0.12 0.47
2001 56 6 62 1.45 0.15 0.72 1.06 0.08 0.55
2002 63 8 71 1.65 0.19 0.90 1.13 0.12 0.60
2003 64 3 67 1.68 0.07 0.85 1.08 0.06 0.53
2004 51 8 59 1.35 0.20 0.76 0.92 0.12 0.49
2005 64 10 74 1.70 0.25 0.96 1.11 0.17 0.61
2006 60 4 64 1.61 0.10 0.83 1.01 0.05 0.55
2007 56 10 66 1.51 0.25 0.86 0.95 0.14 0.52
2008 48 7 55 1.30 0.18 0.72 0.81 0.11 0.44
2009 68 7 75 1.85 0.18 0.99 1.19 0.11 0.61
2010 63 6 69 1.73 0.15 0.92 1.10 0.10 0.56
2011 58 8 66 1.62 0.21 0.90 1.05 0.12 0.57
2012 77 6 83 2.12 0.16 1.14 1.27 0.13 0.66
2013 79 8 87 2.24 0.21 1.20 1.28 0.11 0.66

It is obvious that :

- The standard morbidity increases from 0.47 cases per 100 000 citizens in 2000, to 0.66 cases
for the same population during 2013 ;

- The male population is much more ill - real morbidity goes up from 1.28 cases per 100 000
citizens in 2000,to 2.24 cases in 2013 ;

- The female population almost stays unchanged as far the real morbidity is concerned - 0.19
cases per 100 000 in 2000, to 0.21 in 2013;

- The standard morbidity in men goes up from 0.86 cases per 100 000 citizens in 2000, to
1.28 such cases in 2013, while in women this ratio is 0.12 in 2000, to 0.11 in 2013, i.e., no
increasing tendations. Temporally higher morbidity ratio in female patients is to be seen during
2005 (0.17 cases per 100 000), and 2007 (0.14 cases);

- Republic of Bulgaria is devided administratively into 28 regions, so the highest ratio for a stan-
dard morbidity in males is as follows :

- -on the ,first place” is Dobrich region with 3.7 cases per 100 000;

- ,second place” goes to Silistra region-3.7 cases per 100 000, they are ,neighbours” geo-
graphically, also;

- Then comes on the 3-rd place Haskovo region with 3.1 cases per 100 000;

- Finally, on the 4-th place goes Gabrovo region with 3.0 cases per 100 000 citizens. Let us
discuss now the same situation - highest standard morbidity in females among all the regions in
Bulgaria.

- The highest ratio is 1.5 cases per 100 000 people - in Smolyan region;

- Then comes 0.6 cases - in Vratza region;

- Third place goes to Veliko Tarnovo region with 0.33 cases;

- Finally - 0.2 cases per 100 000 are to be found in Pleven and Stara Zagora regions.

Most often the hypopharyngeal cancer is to be found during the 5-th decade-50-54 and 55-
59 years of age. There are extremely rare occasions in people up to 29 years of age in the years
2000, 2003, 2005, 2007.
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Table 2: Density of hypopharyngeal cancer in Bulgaria ,according to the age ,during the period 2000-2013.

Year Real morbidity of hypopharyngeal cancer in ages for 2000-2013
0-29 |30-39 |40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65+ total

2000 1 1 1 4 13 16 5 18 59
2001 2 2 4 11 11 10 11 11 62
2002 0 1 5 8 16 15 11 15 71
2003 1 0 1 6 11 10 15 23 67
2004 0 0 2 10 8 12 12 15 59
2005 1 1 3 8 14 16 12 19 14
2006 0 1 3 13 11 13 13 10 64
2007 1 2 1 2 13 14 13 20 66
2008 0 1 1 6 8 15 7 17 55
2009 0 0 4 7 11 20 9 24 75
2010 0 1 1 9 9 18 11 20 69
2011 0 2 4 8 14 12 10 16 66
2012 0 3 2 7 12 15 18 26 83
2013 0 0 1 9 11 12 16 38 87

And now let us discuss the hystological type of the hypopharyngeal cancer in Bulgaria during
that mentioned period -2000-2013.There are:

- most of all - sgamous cell (carcinoma spinocellularis) carcinoma - in 61.01 % from all the
cases to be seen;

- second- keratinised ( the same spinocellularis carcinoma) - 27.27 %;

- non-keratinised, big cells spinocellularis carcinoma - 9.09 %;

- 4-th place- adenocarcinoma (glandular form) - in 2.60 %.

We investigated the real and standard death rates during that period, thus calculated the
epidemiological indexes for the effectiveness of the treatment.

Table 3: Real and standard death rates in males and females - from hypopharyngeal cancer during the peri-
od 2000-2013 in Bulgaria:

Year | Number of cases Real death rate ratio per 100 | Standard death rate ratio
000 per 100 000
Men wome | total Men wome | total men wome | total
n n n

2000 | 39 9 48 0.98 0.22 0.59 0.71 0.14 0.41
2001 | 51 6 57 1.32 0.15 0.72 0.90 0.07 0.47
2002 | 33 6 39 0.86 0.15 0.50 0.60 0.08 0.33
2003 | 52 9 61 1.34 0.22 0.78 0.89 0.11 0.48
2004 | 56 6 62 1.49 0.15 0.80 0.96 0.08 0.49
2005 | 35 13 48 0.93 0.33 0.62 0.59 0.14 0.36
2006 | 53 14 67 1.42 0.35 0.87 0.95 0.18 0.55
2007 | 44 14 58 1.19 0.35 0.77 0.75 0.22 0.46
2008 | 34 9 43 0.92 0.23 0.56 0.58 0.14 0.34
2009 | 40 10 50 1.09 0.26 0.66 0.72 0.13 0.41
2010 | 38 7 45 1.04 0.18 0.60 0.65 0.11 0.36
2011 | 47 10 57 1.31 0.27 0.78 0.77 0.15 0.44
2012 | 62 6 68 1.74 0.16 0.93 1.05 0.12 0.56
2013 | 48 3 51 1.36 0.08 0.70 0.75 0.04 0.37




Results:

Among men the real death rate increases from 0.98 cases per 100 000 in Bulgaria for the
period 2000-2013.

Among female population - there is a trend of dicreasing the real death rate - from a ratio
0.22 cases in 2000, to 0.08 cases in 2013, but a slowly trend of increasing with a ratio 0.35
cases in 2006 and 2007, as well as a ratio of 0.33 cases in 2005.

And now- let us discuss the standard death rates :

-among men it increases from 0.71 cases per 100 000 in 2000-to 0.75 cases per 100 000
in 2013.

-among women it dicreases from 0.14 case per 100 000 in 2000-to 0.04 cases in 100 000
in 2013.

So, the letality index shows good clinical effect, a result of some complex theurapetical
behaviour, performed everywhere in Oncological - Active Health Care Centres, I.e., hypopha-
ryngeal cancer treatment.

The certain results, showing the distribution of the hypopharyngeal cancer due to the pre-
cise localisation in all these 102 patients in Oncological Centre - Plovdiv is as follows:

Table 4: 102 cases with hypopharyngeal cancer - due to the primary localisation - men ,women ,during the
period 2000-2013 inOncological Centre - Plovdiv.

number | Primary localisation in 102 cases in Men Women Total
Plovdiv”s Oncological Centre

1 Hypopharynx 90 12 102

2 Retrocrycoid region 4 - 4=39%

3 Reccessus piriformis 16 = 16 =15.68 %

4 Plica aryepiglotica towards 8 2 10=9.80 %
hypopharynx

5 Posterior wall of hypopharynx 24 2 26=25.49%

6 Not dedicated area ,unspecified A8 8 56=5490%

7 Total 90 12 102 =100 %

There is an extreme high percentage of the so-called ,not dedicated area”, unspecified -
54.90 % from all the cases. Such a data is a result, because of the emerge difficulties ENT-
doctors meet with, while diagnostic process is going on. The hypopharyngeal cancer is regis-
tered usually still too late, thus comes the low rate of survival among such patients.

Then we checked the cumulated survival period of time for everybody among all these 102
patients - for the sake of reaching a direct epidemiological index for the effectiveness of the
local treatment during that period (Table 5).

(Bulgarian medicine vol. 10 N° 2/2020 m




Table 5: Cumulative survival of 102 patients with hypopharyngeal cancer ,treated in

- Plovdiv , Bulgaria ,for a period 2000-2013.

Oncological Centre

Group Ratio for a cumulative survival in % Intermediate | P
survival
Hypopharyngeal 3 6 9 1 year | over 1 5
cancer months | months | months year | years
% % % % %
C13.9 36,36 | 31.82 | 11.37 |9.09 |6.84 |4.54 |23.00 0.16
Hypopharyngeal
cancer
C13.2 35.89 20.52 | 1538 2052 769 |0 25.0 0.16
Total survival 36.14 | 26.51 | 1325 | 1446 | 722 |2.42 21.00 0.06

The cumulative survival index comes to be a direct epidemiological criteria for declaring the
clinical effect of the treatment in hypopharyngeal cancer patients in the Oncological Centre -

Plovdiv, covering a territory of 3 major regions - Plovdiv, Pazardhik and Smolyan,

with a

total population of over 1 min people, approximately.
The index itself shows the possibility for every patient to survive 5 years —period of active
treatment and observerness in accordance to the localization and time.

Finally,

the result of our investigation is that only 2.42 % of all these 102 cases survive 5

years and more, 14.46 % -do live - up to 1 year. Extremely bad data!

CONCLUSIONS:

1. There have been checked 957 primary cases of
hypopharyngeal cancer in Bulgaria during the
period 2000-2013, or about 70 people annually.

2. We discovered almost twice increasing of the mor-
bidity for that same period — from 0.72 cases per
100 000 citizens in 2000, to 1.20 cases per 100
000 in 2013.

3. The standard morbidity index in 2000 is 0.47
cases, while 13 years later it goes up to 0.66
cases .

4. The cancer itself is much more often to be seen in
men, 9 times more, than in women. (9.4 :1)

5. The real morbidity index in men rises from 1.28
cases per 100 000 men in 2000 - to 2.24 cases
per 100 000 in 2013.

6. The same index among the female population
shows the following : it stays almost steady dur-
ing the years -0,19 cases in 2000, to 0,21 cases
in 2013.

7. Our experience shows, that the highest peak of
morbidity is to be seen during the 5-th decade,
mainly-55-59, as well as 60-64 years of age.

8. There are extremely rare occasions of such
patients bellow 45 and just a case for a person
at 29.

9. The real morbidity index rises from 0.59 cases

per 100 000 in 2000, to 0.70 cases per 100 000
in 2013.

10. The real death rate index in men shows
increasing from 0.98 cases per 100 000 men in
2000, to 1.36 cases per 100 000 men in 2013.

11. The same one index in women, however
dicreases from 0.22 cases per 100 000 women
in 2000, to 0.08 cases per 100 000 women in
2013.

12. The standard death rate index goes down from
0.41 cases per 100 000 citizens in 2000, to
0.37 cases per 100 000 citizens in 2013,
because of the lower standard death rate index
in women .

13. As far as the patients with hypopharyngeal
cancer from Plovdiv, Pazardjhik and Smolyan
regions are concerned, we established, that
only 14.46 % of them survive 1-year period, 5-
years survival have just 2.42 %

14. We discovered also a high percentage
(54.90%) cases with so-called ,not-dedicated,
unspecified” area, as an anatomic localization
of the disease.

15. So, we suggest a modern and up-to date proj-
ect for early diagnostic and complex treatment
of the hypopharyngeal cancer.
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ANOEPEHLUMWANTHO ANATHOCTUYEH
CNEKTBP NMPU OCTPA AOJTHA
NMAPAMAPE3A. KJINMHUYEH CNTYYAN
HA NAUUEHT C BTOPUYHA
XUNEPKAJIMEMUYHA NAPAJIN3A

KpuctuHa nmmntpoBa, Hukonau CiumeoHoB, Mapusi IuMnUTpOBa
YMBAJICM ,,H.U.Mnporos”, OTaeneHne no HepBHU 6o1ectu

THE DIFFERENTIAL-DIAGNOSTIC
SPECTRUM OF ACUTE LOWER
PARAPARESIS. CLINICAL CASE
OF A PATIENT WITH SECONDARY
HYPERKALEMIC PARALYSIS

Kristina Dimitrova, Nikolay Simeonov, Mariya Dimitrova
UMHATEM "N.I. Pirogov", Department of Neurological Diseases

PE3IOME:

ABSTRACT:

BbBeaeHue: OcTpo nossunata ce cnabo-
CT B AOJTHW KpalHWLUWM NpeacTaBisiBa Npeams-
BMKATENCTBO M Hanara pasrnexgaHe Ha
LUIMPOK AndepeHUNanHO ANArHOCTUYEH CreK-
Tbp OT 3abonsiBaHusA. BTopuyHaTa xunepka-
NEeMUYHaA napanu3a Cce XxapakTepusumpa C
HesiCHa MycKysiHa 6osnka ¢ nocneasalla Myc-
KynHa cnaboct, KossTo 06MKHOBEHO ce Mpo-
AIBSIBA BbB Bb3X0ASLL, MOAES, KaTO B KpaHUS
CM €Tan 3acsra JMUEBUTE W AUXaTENHUTE
MYCKY/IN.

Llen: Llenta Ha npeacTtaBsAHETO Ha TO3M
CyYyal € ga MoKaXe LUMPOKUST 06xBaT B
AndepeHuManHaTta agnarHoCTuKa Ha BHesar-
Ha [AOSIHA napanape3a M BaXHOCTTa Ha
PYTUHHUTE NapakIMHUYHM TECTOBE 3a 6bp3a-
Ta AMarHo3a M HaBPEMEHHO JleyeHme.

KnuHnueH cnyuan: lNpeacrassame Knu-

Introduction: Acute weakness in the
lower extremities is a challenge and requires
consideration of a wide range of differential
diagnoses. Secondary hyperkalemic paralysis
is characterized by muscle pain with subse-
quent muscle weakness, which usually mani-
fests itself in an ascending pattern, ultimately
affecting the facial and respiratory muscles.

Aim: The purpose of presenting this case is
to show the wide range in the differential
diagnosis of sudden lower paraparesis and the
importance of routine paraclinical tests for
early diagnosis and treatment.

Case report: We present a case of a
female patient with sudden weakness in the
lower extremities, which progresses to the
impossibility of independent gait. The patient
has a history of chronic kidney disease (CKD)
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HWYEH Clyyan Ha XeHa C BHe3anHa cnaboct
B AOMHW KparHMLUM, KOSTO nporpecvpa Ao
HEBb3MOXHA CaMOCTOATENIHA  MNOXoAka.
MaumeHTKaTa e C aHaMHe3a 3@ XPOHW4YHA
6bbpeyHa HepgocTtaTbyHOCT (XBH) - IV cTe-
neH, Ha xemoamanusa. O6eKTMBHO ce yCTaHo-
BM YMepeHa KbM TeXKa [O0fIHa napanapesa.
Bb3 OoCHOBa Ha napak/vMHMKaTa v nposege-
HWUTe 0bpasHu M3CneaBaHUs peLunxMe, Ye ce
Kacae 3a npexogHa xvnepkKanneMmyHa Mmorn-
nerus.

3awsiroueHume: BtopuyHata xunepkanve-
MUYHA napanusa € >XMBOTO3acTpallaBallo
CbCTOSIHME, HO MOTEHUMAnNHO MoXe Ja ce
npeaoTBpaTh MU C paHHO pa3no3HaBaHe Aa ce
nekyBa 6e3 Texkn nocneanum.

KnoyoBn pymu: napanapesa,
XunepKanmemms

XBH,

- IV degree on chronic hemodialysis. The
neurological examination revealed lower
paraparesis, moderate to severe. Diagnostic
tests, laboratory, and imaging tests led us to
the diagnosis of transient hyperkalemic
myoplegia.

Conclusion: Secondary hyperkalemic
paralysis is uncommon but potentially life-
threatening. However, rapid differential diag-
nosis and treatment usually lead to a com-
plete reversal of symptoms.

Key words: paraparesis, CKD, hyper-
kalemia

Introduction

Secondary hyperkalemic paralysis is cha-
racterized by vague muscle pain with subse-
quent muscle weakness, which usually mani-
fests itself in an ascending pattern, ultimately
affecting the facial and respiratory muscles.
Patients usually experience areflexia, motor
paralysis, preserved muscle tone, and sphin-
cter sensory dysfunction. The onset is usually
progressive over a few days but maybe more
sudden. These non-specific symptoms compli-
cate the diagnosis, but elevated serum potas-
sium and possible changes in the ECG help to
immediately distinguish the diagnosis [1].

Sudden lower paraparesis Lower para-
paresis is a loss of motor power in both legs.
It can be partial (-paresis) or complete (-ple-
gia). The most common cause of lower para-
paresis is spinal cord injury. Non-traumatic
causes are significantly rarer. [2]

In the case of a sudden onset of sym-
ptoms, the anterior spinal artery syndrome
should be ruled out first. This syndrome is
manifested by acute flaccid paraparesis, which
gradually progresses to spasticity and loss of
exteroceptive sensation. The etiology of the
syndrome can be divided into two major gro-
ups: primary (atherosclerosis, lupus,
Sjogren's syndrome) and secondary (tumor
compression or disc prolapse, aortic dissecti-
on). [2,3]

The differential diagnosis may also include

space-occupying inflammatory processes - an
epidural abscess or spondylodiscitis caused by
various skin infections, LP, back injuries, ver-
tebral osteomyelitis, or hematogenesis (IV
drug abuse, DM). The symptoms are chills,
back pain, headache, and malaise; rapidly
progressing paraparesis; sensory disturban-
ces; loss of control of pelvic reservoirs.

Space-occupying non-inflammatory lesions
include slowly progressing or rapidly growing
tumors (metastases or secondary fracture of
the spine). They lead to acute or subacute
secondary ischemia of the spinal cord or com-
pression of spinal vessels. The same result
can give a medial prolapse of the disc.
Clinically, they present with local back pain,
followed by acute flaccid paraparesis, impai-
red sensory function, and loss of bladder/rec-
tum control. [2.4]

Another cause of acute lower paraparesis
can be various spinal hemorrhages - spinal
hematoma; subarachnoid hemorrhage; intra-
medullary hemorrhage. Clinically, they mani-
fest with a sudden onset, and motor and sen-
sory symptoms are eliminated. Vascular mal-
formations, such as spinal fistula or intrame-
dullary AVM, may also be considered, but they
have slowly progressive symptoms and are
less common. [2,3]

Acute inflammatory disorders of the spinal
cord are also included in the differential diag-
nosis of lower paraparesis. These include tro-
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pical spastic paraparesis caused by HTLV-1;
herpes radiculomyelopathies; polio (asymme-
tric weakness); West Nile virus (asymmetric
or ascending), syphilis (meningo-vasculitis),
AIDS (vascular progression), and tuberculo-
sis. Guillain-Barré syndrome onset is acute,
with ascending symmetrical flaccid paresis.
Impaired sensitivity and areflexia are also
observed. [4]

Acute transverse myelitis may be due to
acute segmental trauma to the spinal cord or
may manifest as a post-infectious process
(immunologically mediated (NMO) or after
viral infection and after vaccination (ADEM)).
The initial symptoms are paresthesia, back
pain, and weakness in the legs.

Acute inflammatory demyelinating disor-
ders of the spinal cord also include neuromye-
litisoptica-Devic's disease (simultaneous
inflammation and demyelination of the optic
nerve and spinal cord) manifested with optic
neuritis and acute myelitis (severe spastic
weakness of the legs).

Lower paraparesis is accompanied by
chronic demyelinating inflammatory disorders
of the CNS, such as multiple sclerosis (in
which spastic paraparesis may be acute or
gradually progressive); diseases of motor
neurons, such as amyotrophic lateral sclerosis
(ALS); systemic diseases, such as Behget's
disease (usually flaccid paralysis or incomple-
te paraplegic symptoms).

Hereditary spastic paraplegia (HSP) is a
group of clinically and genetically diverse
disorders. They are manifested by weakness
and spasticity of the lower extremities. They
are due to defects in the mechanisms that
transport proteins and other substances
across the cell membrane. [3.5]

Acquired hypo / hyperkalaemic paralysis is
acute or subacute, with flaccid paraparesis
and areflexia. No sensory impairment was
detected.

Action potential Potassium (K +) is a very
tightly regulated cation, ubiquitous inside and

outside all living cells. It is responsible for
maintaining the potential of the cell membra-
ne needed for physiological functioning.
Because there is a significant gradient of K +
between inside and outside the cells, even a
slight change in the extracellular level of K +
has a significant physiological effect. In addi-
tion, the magnitude of the electrical membra-
ne potential of muscle and nerve tissue is
determined by the ratio of intra- and extracel-
lular potassium. [6]

Under normal conditions, approximately
90% of potassium excretion is excreted in the
urine, with less than 10% excreted in sweat or
faeces. 90% of the filtered K + is reabsorbed
in the proximal tubule and the Henle loop, and
only 10% reaches the distal tubule. There,
however, a significant amount of K + is secre-
ted under the influence of aldosterone. In
turn, aldosterone production and secretion are
stimulated by both angiotensin II and serum
K + concentrations. [6,7,8]

In the case of above-threshold stimulation,
changes in the membrane potential and the
ion currents occur, determining the action
potential. First, a transient increase in sodium
permeability is observed. When the membra-
ne depolarizes above the critical potential, the
number of active sodium channels is so large
that the passive current cannot compensate.
This results in an avalanche-like increase in
sodium permeability and a shift of the mem-
brane potential to the equilibrium potential for
sodium ions. This process is called regenerati-
ve depolarization. Due to the existence of a
small passive current directed outwards, the
value of the equilibrium potential of sodium
ions is not fully reached. At this point, some of
the sodium channels begin to deactivate, and
at the same time, the potassium permeability
increases due to the activation of potential-
dependent potassium channels. This is the
process of repolarization. In most cases, trace
potentials are observed after rapid repolariza-
tion. [9]
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Chronic kidney disease Patients with
chronic kidney disease are particularly vulne-
rable during conditions of dehydration and
acute kidney damage. Proximal tubular sodi-
um reabsorption increases secondary to bulk
shrinkage and compromised glomerular filtra-
tion rate. Reduced sodium delivery to the dis-
tal ducts reduces urinary potassium excretion,
increasing serum potassium concentrations
[10].

The mechanism of muscle weakness and
paralysis is probably due to abnormal depola-
rization of the nerve membrane, secondary to
changes in the potassium gradient and resting
membrane potentials [11]. As the ratio of
intercellular to extracellular potassium decrea-
ses, the magnitude of the resting membrane
potentials will also decrease. The sodium
channels of the cell membrane can be inacti-
vated by this prolonged and permanent depo-
larization, which leads to reduced excitability
of the membrane, which is manifested by
muscle weakness or paralysis. These sym-
ptoms can occur in the heart and/or skeletal
muscle [8, 11,12].

The appearance of symptoms and signs of
hyperkalemia depends on the chronicity of the
disorder. The changes caused by hyperkale-
mia are limited to abnormal cardiac conducti-
on and muscle weakness, which can lead to
potentially fatal arrhythmias and paralysis. An
ECG can give us an idea of the severity of
hyperkalemia. Common findings are high T
waves, extended QRS, prolonged PR interval,
and P wave loss. These changes can progress

rapidly to fatal arrhythmias. Neurological
manifestations are less commonly reported.
Muscle weakness associated with hyperkale-
mia occurs as a result of changes in neuro-
muscular conduction. Increasing the plasma K
concentration decreases the value of the ratio
of intracellular K + concentration / extracellu-
lar K + concentration, which leads to a dec-
rease in the magnitude of the resting mem-
brane potential. Although this should increase
the excitability of the membrane, the effect
observed in patients is different.
Depolarization inactivates sodium channels in
the cell membrane, thus creating a net reduc-
tion in membrane excitability, which may
manifest clinically through muscle weakness
or paralysis. The process that causes hyperka-
lemic paralysis focuses on the level of the
nerve, not the muscle. Muscle weakness does
not usually develop until the plasma K + con-
centration exceeds 8 mEq / L. This is followed
by muscle weakness. It is usually seen in the
legs, then in the torso and arms. The facial
and respiratory muscles are the last to be
affected. [12]

Case report We present a case of a 65-
year-old woman admitted as a matter of
urgency due to sudden weakness in the lower
extremities, which progressed to the impossi-
bility of independent gait. Reports trembling in
the upper extremities. The complaints are less
than 24 hours old. The patient has concomi-
tant diseases: arterial hypertension (III deg-
ree), diabetes mellitus (IBD), chronic kidney
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disease (IV degree), performing chronic dialy-
sis, secondary anemic syndrome. The pati-
ent's systemic therapy is Insulatard 10E / eve-
ning; Actrapid 3x3E; Norvask 1 tablet/mor-
ning; Moxogamma 1-0-1; Betalok ZOK 1tab-
let.

The neurological examination revealed
muscular hypotension for the lower extremiti-
es and lower paraparesis, moderate to severe.
Tendon-periosteal reflexes were preserved for
the four limbs, and no pathological reflexes
were detected. Unconvincing sensory distur-
bances were found with the presence of hl
hyperalgesia distally bilaterally. The postural
tremor was reported bilaterally.

Native computed tomography of the head,
thoracic and lumbar departments, performed
as a matter of urgency, showed an extensive
hypodense zone of ischemic changes with
right frontal and initial degenerative changes
along the spine, without stenosis in the depar-
tments affected by the study.

Paraclinical tests revealed exacerbation on
the background of CKD (creatinine =
885mmol / | and urea = 35.5mmol / I).
Potassium was worth 9.1 mmol / |. An emer-
gency ECG was performed, which bore the
hallmarks of hyperkalemia (high and acute T-
waves; prolonged PR-interval; extended QRS-
complex; decreased P-wave amplitude).

Other changes from the laboratory results
showed evidence of mild leukocytosis (12.9G
/1), ESR (23mm / h), and CRP (6.64mg / dL),
a blood culture was taken that was positive
with isolated Escherichia colli.

A few hours after taking it, the patient also
complained of pain in the lower quadrant of
the abdomen. On this occasion, review radi-
ography of the abdomen was performed -
without pathological abnormalities.
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Ultrasound examination of parenchymal
abdominal organs and retroperitoneum was
also performed without abnormalities.

Treatment included a regimen of intra-
venous calcium administered to antagonize
the effects of potassium on cardiomyocytes
and reduce membrane excitability. Insulin is
administered to displace potassium intracellu-
larly by stimulating sodium-potassium
ATPase. Due to the registered high values of
creatinine, urea, and potassium, and the ECG
changes, emergency hemodialysis was per-
formed to normalize the values. During hospi-
tal treatment, the patient continued to under-
go systematic hemodialysis at the discretion
of the nephrologist, and according to the par-
aclinical. An antibiotic following the CKD dose
(Axetin 1.5 g) was added to the therapy due
to a single fever (up to 38.8 ° C) and paraclin-
ical evidence of inflammation.

As early as the 24th hour after hospitaliza-
tion, there was an improvement in the neuro-
logical deficit and a week later the patient was
discharged with restored gait and without
sensory disturbances.

Discussion Secondary hyperkalemic
paralysis is a life-threatening condition, but
can potentially be prevented and treated with
early recognition without serious conse-
quences. The identification of risk factors for
hyperkalemia is necessary to prevent such an
event. Clinicians should routinely monitor
serum potassium and creatinine levels. The
symptoms outlined in this case should be rec-
ognized early with secondary hyperkalemic
paralysis as part of the differential diagnosis.
Routine therapies for hyperkalemia (insulin
dextrose, sodium bicarbonate, beta-2 ago-
nists, calcium) should be administered imme-

'I-, 3 'i_M,.’.'.r-—"H b
'-"l “1") | ! ll 5
n

[rp— - L b e

B

Fig. 2 ECG with signs of hyperkalemia - high and sharp T-waves;
extended PR-interval; extended QRS complex; reduced P-wave ampli-

tude.
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diately with follow-up doses within 2 hours. If
hyperkalemia, ECG changes, and muscle
weakness persist, immediate hemodialysis is
required.

Upon admission of the patient to the emer-
gency neurological office and after the initial
examination, a very broad differential diagno-
sis was revealed. Due to the sudden onset of
lower paraparesis in the foreground, the ques-
tion arose whether it was a spinal stroke. The
symmetry of symptoms, as well as the pres-
ence of sensory disorders, included in the dif-
ferential diagnostic plan and ascending paraly-
sis of Landry. Discordance syndrome required
additional brain imaging. We also included
compression myelopathy in the differential
diagnostic plan. Considered the possibility of
transverse myelitis, especially in the presence
of evidence of an inflammatory process.

After the paraclinical tests, the diagnostic
and treatment approach changed. High levels
of urea and creatinine, life-threatening serum
potassium, and ECG changes required imme-
diate hemodialysis. Within a week, the patient
underwent regular hemodialysis, remaining
under the active supervision of nephrologists.
Even after the first course of hemodialysis
treatment, enslavement to paraparesis was
reported. Gradually, within the week, the sen-
sory disturbances disappeared. The patient
was discharged with serum K levels of 5.8
mmol / | and regained independent gait. She
was referred for regular follow-up by a GP and
a nephrologist. The importance of control and
regular monitoring of urea, creatinine, and
potassium in an outpatient setting was also
emphasized.
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